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ABSTRACT  
 

Two hundred and twenty bread wheat genotypes with diverse origin were preliminary evaluated 

under normal temperature and heat stress conditions under field condition. Four heat stress 

tolerant and three thermolabile wheat strains were selected on the basis of stress tolerance index 

and relative grain yield performance ratio.  These seven genotypes were crossed in diallel fashion 

including reciprocals. F1 progenies were evaluated in field and laboratory by laying out two set of 

experiments, according to RCBD with three replications, one each under normal and heat stress 

condition. All the agronomic practices were carried out as and when required. Various physio-

morphological traits were studied On grand mean basis a considerable reduction in almost all 

attributes was observed in heat stress as compared to normal temperature regime except for 

canopy temperature depression and cell membrane thermostability, which showed 17.05 and 6.24 

% increase under heat stress condition respectively. Additive gene action with partial dominance 

was revealed for days to heading, days to anthesis, spike index at anthesis, plant height, spikes per 

plant, spike length, grains per spike, 1000-grain weight, grain yield per plant, dry biomass per 

plant at maturity, grain set index, kernels per unit spike dry weight, CTD and CMT while 

overdominance type of gene action was observed for the attributes viz., spikelets per spike, days 

to maturity, dry biomass per plant at anthesis and harvest index. Out of seven parents, the best 

performance under both temperature regimes was showed by genotype BKR-02, which had the 

maximum value of grain yield per plant and most of its components. This parental genotype 

exhibited high spike index at anthesis, dry biomass per plant at anthesis, grain set index, 

number of grains per unit dry spike weight justifying high grain yield in heat stress. 

Considerable crosses under normal temperature regime were BKR-02 x SH-02, Ch-86 x SH-02, 

SH-02 x BKR -02 and SH-02 x Ch-86. However, in heat stress regime hybrids with best 

performance include BKR-02 x V00183, BKR-02 x SH-02, V00183 x Ch-86, SH-02 x BKR-02 

and SH-02 x Ch-86. Similarly F1 hybrids as mentioned above registered good performance for 

various physio-morphological traits confirming the validity of techniques involved for 

determination of high yielding thermotolerant wheat genotypes for hot irrigated dry climate. 

Overall situation displayed the significant role of both additive and non-additive genetic 

variability suggesting the involvement of integrated heat stress breeding strategies which can 

potentially exploit the additive and non-additive genetic variability in stress free and heat stress 

conditions. 

 



 1

CHAPTER 1                                   

                     INTRDUCTION 

             Spring wheat is the main crop in the world, regarding both cultivated area and 

production, a relative importance that is magnified if protein rather than total grain 

production is considered. That explains why it is among the most studied crop plants 

worldwide. Bread wheat is the most widely grown crop in the world (Slafer et al. 1994). 

Approximately one sixth of the total arable land in the world is cultivated with wheat. 

Wheat is grown on 210 million ha throughout the world producing approximately 621 

million tons of grain and providing on average one fifth of the total calorific input of the 

world,s  population (Reynolds  et al. 2006). Wheat is grown in most regions of the globe 

and due to importance as a food and feed source and enormous genetic variability in 

phenological response to photoperiod and temperature, including vernalization, it is 

scarcely surprising that it is grown from almost 60°N in Northern Europe right to 40oS 

South America, passing through the equator, in locations ranging in altitude from a few 

meters to more than 3000 meters above sea level. 

   Average yields for various countries are quite different, ranging from less than 

1.0 to more than 7.0 t ha-1. Differences in yield reflect differences in the level of inputs 

and agriculture sophistication as well as in the quality of the edaphic climatic 

environmental conditions (Calderini et al. 2007). World demand for wheat is growing at 

approximately 2% per year (Rosegrant et al. 1997) while genetic gains in yield potential 

of irrigated wheat stand at less than 1% (Sayre et al. 1997). Similarly International Food 

Policy Research Institute projections indicate that global demand for wheat will rise 40% 

by 2020 (Pingali and Rajaram 1998) and developing countries are projected to increase 

their demand for cereals by about 80% between 1999-2020 (Pinstrup and Pandya 1997), 

while Rosegrant et al. (1995) also reported that over the next two decades global demand 

for wheat could rise by 40%. Meeting these demands by continuing to expand 

agricultural production into remaining natural ecosystems environmentally is 

unacceptable and the economic costs of increasing yield through intensification of 

agronomic infrastructure are high. Hence cost effective and environmentally sound 

means of meeting global demand for grain is through the genetic improvement of wheat. 
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 Biological grain yield potential of a specific genotype can only be realized in 

stress free environment subject to provision of non limiting supply of water, nutrients 

and photosynthetic active radiation. Demand for growth resources increases in heat 

stress due to higher rate of metabolism and evapotranspiration. Hyper sensitivity of 

metabolic processes to temperature stress reduces the length of life cycle of plant 

resulting in substantial grain yield reduction in hot environment.  Therefore genotype x 

environment interaction warrants the adoption of optimal crop management to 

sustain/improve wheat yield in hot environment, provided the availability of high 

yielding and thermotolerant wheat varieties. 

  Pakistan is located on a great landmass North of Tropic of Cancer, between 

latitude 23’ and 37o N, 61’ and 76o E, with a continental type of climate characterized by 

extreme diurnal variations in temperature in the range of 11oC to 17oC (Shariff, 2005) 

and wheat is by far the most important crop of the country claiming three times area and 

twice the value added share of next two crops i.e. cotton and rice. Wheat is also the 

staple food grain of Pakistan, supplying 72% of the calories and protein in the average 

diet. It occupies 70% of Rabi and 37% of the total cropped area in the country. Per capita 

wheat consumption per year is 125 kgs. The wheat straw is also very important as 

livestock feed. In recent years 5 to 10% of wheat harvest has also been utilized as feed 

grain because wheat is cheaper than alternative feed grain substitutes. Wheat crop was 

grown on an area of 8.578 million hectares with a production of 23.295 million tones 

with average yield of 2716 kg/ha during 2006-07 (Anonymous 2008). In general timely 

sowing is recommended up to the mid November in irrigated plains of the Punjab. 

However these sowings are staggered from mid November through late December or 

even into the January depending on cropping sequence. The crop is frequently exposed 

to temperatures higher than the tolerance limit during grain filling stage. Eighty percent 

wheat crop is sown late which is exposed to increasingly high temperature combined 

with hot westerly winds during grain filling and hence grain yields are reduced 

substantially. 

 At global level, 43 million hectares crop is affected by high temperature stress, 

out of which 36 million hectares is subjected to terminal heat stress and 7 million 

hectares is suffered from continual heat stress (Fischer and Byerlee, 1991). National 
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Agricultural Research Systems (NARS) from major wheat growing regions in the 

developing world have identified heat stress as one of their top research priorities 

(CIMMYT 1995) A survey covering nineteen developing countries including major 

wheat producers, prior to the 2006 International Symposium on Increasing Wheat Yield 

Potential, to ascertain substantial yield losses, was conducted and concluded that heat 

stress is one of the most important constraint on wheat production, affecting up to 57% 

of the entire wheat area in the surveyed countries (Kosina et al. 2007). Wheat production 

in India has always been regarded as a gamble with seasonal temperatures (Tandon, 

1994) and similar is the situation in Pakistan as highlighted by Khan (2006). Potential 

yield of present commercial cultivars is limited by high temperatures at any stage of crop 

development (Ageeb 1994). Genetic potential for high yield does exist but high 

temperature stress in the disguise of forced maturity knocks out the yield stability. Wheat 

grain weight is decreased from 4 to 8% per degree rise in mean temperature over the 

range of 12-26oC during grain filling period (Wiegand and Cuellar 1981). Similarly 

wheat yield is reduced by almost 4% for every 1°C rise in mean temperature over the 

range of 12.2-27.5°C (Grover et al. 2004). AbdElShafi et al. (1994) reported grain yield 

reduction under heat stress in Upper Egypt in late planting in the range of 30-46% in 

comparison with optimal planting. 

         According to Khan (2004) in Pakistan temperature usually exceeds the optimum 

limits during grain filling period resulting in instability in wheat yield. Grainfilling 

proceeds steady and robust within 25-28°C. The flowering and grain filling are routinely 

exposed to warming temperatures (maximum 28-38°C) of March/April. The reduction is 

higher, the later the crop is planted or higher the temperature during grain filling and 

lower would be the yield. Heat stress is a major yield limiting factor and genetic 

management is the most apposite solution. With genetic management option heat 

tolerant varieties once developed would be a low economic input technology that would 

be readily acceptable to resource poor heat affected and small land holding farmers 

(Sexena and Toole 2002). Genetic management techniques require robust, reproducible, 

simple and rapid field and laboratory screening methods for identification of traits 

imparting heat tolerance in germplasm, and incorporation of these attributes in high 

yielding varieties alongwith application of physiology in wheat breeding. 
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 Global warming of the magnitude of 1.5-5.5oC by the year 2030 will lead to 

increased precipitation and rise in sea level which, together with the effects of high CO2 

concentration and high temperature per se will have important consequences in 

agriculture and forests productivity and management (Nyabundi and Njoka 1991). 

Recent synthesis and analysis of data on past and future climate suggest that, at present 

rate of green house emissions and population growth, the global mean surface 

temperatures will raise by 1.4 to 5.8oC and we will experience greater climate variability 

characterized by increased frequency of short periods of extreme temperature stress 

(IPCC 2007). These changes could have  significant influence on productivity of grain 

crops (Prasad et al, 2008) Therefore, it is important to understand impact of both season 

long and short episodes of high-temperature stress on physiology, growth and yield of 

wheat crop, and warrants to be addressed by breeding for  heat tolerance. Anonymous 

(2007a) recognized the changing climate as an important factor in future wheat breeding 

and necessitated the incorporation of high temperature tolerance in future varieties to 

sustain production. Rising frequency of chronic high temperature (15-32°C) and heat 

shock conditions (>32°C) and scanty and uneven distribution of rainfall coupled with 

water and energy crises have further jeopardized the food self sufficiency and yield 

stability. 

 This drastic situation calls for development of thermo-tolerant wheat varieties 

with maximum yield potential best suited for irrigated hot climate to ensure high yields. 

Genetic variability for various heat tolerance associated physio-morphological traits has 

been well established. It is desirable to use those components and characters that 

collectively, are expected to impart heat tolerance. Keeping in view the gravity of 

problem and speculated losses this research project was initiated. Main objective of this 

study was to exploit the existing genetic variability, to understand the complex 

mechanism of yield reduction under heat stress to develop thermo-tolerant varieties. 

Comprehensive knowledge of physiological attributes and profound understanding of 

genetic control of various morphological traits are of equal importance and conducive to 

evolution of thermo tolerant wheat varieties. The development of heat stress tolerant 

varieties would ensure yield stability under supra optimal temperature regime. This is 

high time to understand the genetic basis of heat stress tolerant wheat germplasm and to 
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standardize the stress breeding strategies to achieve and appreciate the yield stability. 

The enshrined objectives of this project are to ensure high grain yield despite abrupt 

climatic fluctuations. 

 The objectives of the study are  

i. Screen available wheat germplasm under normal and high temperature 

conditions to identify thermo-tolerant and thermo-sensitive genotypes. 

ii. Evaluate wheat varieties/genotypes and their F1 progenies under normal 

temperature and heat stress conditions. 

iii. Estimate the genetic variability in parental lines/germplasm. 

iv. Estimate genetic basis, general and specific combining ability of various 

wheat genotypes and their F1 progenies for various yield and yield 

components   under normal and high temperature stress conditions. 

v. Heritability estimates and to determine to what extent such genetic estimates 

are influenced by heat stress. 

            In this project wheat genotypes of diverse background were included to develop 

broad based and widely adapted recombinants to ensure high yield and heat stress 

tolerance. Diallel analysis technique given by Hayman (1954a, b) and Mather and Jinks 

(1982) provides information in early generations on genetic make up involved in 

character expression. Similarly combining ability analysis (Griffing, 1956) elucidates the 

nature and magnitude of type of gene action involved in the expression of quantitative 

traits. These techniques are of cardinal importance in formulating and executing an 

efficient breeding program to achieve the maximum genetic gain. Heritability estimates 

give authentic information about genetic variation and reflects the extent, a specific trait 

would be transmitted to the next generation.  

 Information collected on various physio-morphological and genetic aspects of 

wheat plant elaborated in this document will give an insight for the execution of future 

heat stress breeding strategies for irrigated hot climate especially for late planting in 

Pakistan. F1 progenies so developed may prove helpful to enhance per acre wheat yield 

in heat stressed environment and this will ultimately pay good dividend to all 

stakeholders and would lead nation to yield stability and self sufficiency.  
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CHAPTER 2 

                   REVIEW OF LITERATURE 

            Wheat is the most important agricultural product of the globe. Approximately 

90% of global production is consumed directly by humans and consequently wheat 

supplies 20 percent of the world total plant derived edible dry matter (Evans, 1993) 

2.1 Wheat and heat stress 

 Wheat is the primary crop because it is grown across an exceptionally diverse 

range of environments, from the arid plains of Africa to the humid valleys of Veitnam 

and from the cold of Nepal (Rao and Whitcombe, 1977) to the heat of India/Pakistan 

(Bagga and Rawson, 1977). Higher temperature in the post anthesis period shortens 

grain-filling period (Wiegand and Cuellar, 1981) such that each degree increase during 

grain-filling results in about 3 days decrease in the duration of filling regardless of 

cultivars (Asana and Williams, 1965) and accelerate organ production without an 

increase in net photosynthesis (Bagga and Rawson, 1977). Heat stress generally affects 

wheat from anthesis to maturity in Mediterranean. Fischer and Maurer (1976) found that 

development of wheat was hastened by heat and production of biomass is reduced and it 

is well established that temperature affects the rate of development (Evans and Wardlaw, 

1976) as well as grain production characters of wheat (Feyerhem and Paulsen, 1981). 

The grain growth period is reduced resulting in low kernel weight (Sofield et al. 1977; 

Wardlaw et al. 1980; Bhullar and Jenner, 1985).  

 Sullivan and Ross (1979) concluded that metabolic stress and changes induced by 

high temperature have long been considered to be important contributing factors in plant 

growth and yield depression and McWilliam (1980) stated that it is difficult to 

adequately define heat stress in plants because response to heat stress depends on the 

thermal adaptation, duration of exposure and the growth stage and similarly Fischer 

(1985) showed that it is difficult to separate the effect of heat stress from water stress 

since both are confounded at elevated temperatures. Thus the situation seems to be very 

complex, but we neglect the effect of moisture stress assuming our plants are well 

watered and whole response is caused by high temperature. Midmore et al. (1982) stated 
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that late planted wheat is subjected to high temperature at reproductive stage, forcing 

premature ripening, resulting in shortening of life cycle and abortion of late forming 

florets and reduction of potential kernel number (Warrington et al. 1977). Al-Khatib and 

Paulsen, 1984 concluded that high temperature above 30°C affects final grain weight by 

reducing the duration of grainfilling, due to the suppression of current photosynthesis 

and by inhibiting  starch synthesis in the endosperm (Jenner, 1994) and direct evidence 

for a biochemical limitations to heat tolerance was provided by Keeling et al. (1994) that 

enzyme soluble starch synthase was deactivated at high temperatures during grain filling 

and Spiertz (1978) concluded that if conversion of sucrose to starch is limitation to yield 

under heat stress, this would explain the increased level of carbohydrates in vegetative 

tissue of wheat observed when grain filling was limited by heat stress. 

  Dickson and Petzoldt (1987) observed that heat tolerance was a dominant 

character but had low heritability (0-14%) in beans and Blum (1988) found that a 

negative feature as regards the selection for end product of grain yield is its low 

heritability in hot and dry environment. Edwards and Walker (1983) found that C3 plants 

(Wheat) are generally more efficient in dim light and cooler moisture conditions. Tashiro 

and Wardlow (1990) concluded that grains exposed to high temperature early in grain 

filling may become less sensitive (Better adapted to subsequent high temperatures and 

sun). Al-Khatib and Paulsen (1989) reported that optimum temperature for 

photosynthetic activity of wheat from anthesis to maturity is 20°C or lower and elevated 

temperatures accelerate senescence, reduce duration of viable leaf area and diminish 

photosynthetic activities (Harding et al., 1990), leading  to loss in number of chloroplasts 

per cell on the thylakoid membrane (Hurkman and Tanaka 1987). Bluementhal et al. 

(1993) reported that heat stress affects the quality of the harvested product, reduce bread 

making and starch quality (Stone and Nicolas, 1995). Randall and Moss (1990) reported 

that bread making quality increased up to 30oC and decreased at further temperature, 

while increases (above >35oC) in a genotype depended manner (Bluementhal et al. 1993) 

            Fischer and Byerlee (1991) broadly categorized the high temperature stress 

environments into four categories, hot dry, hot humid, very hot dry and very hot humid. 

Hot and very  hot climates are those where the mean temperature for the coolest month 

of the cycle is greater than 17.5° and 22.5°C respectively and Ishag and Ageeb (1991) 
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concluded that temperature, the main limiting factor was responsible for seasonal yield 

variations. Marrow and Hall (1992) on the basis of pods/peduncle and proportion of 

tolerant plants in F1, F2 and backcross progenies indicated that heat tolerance in cowpea 

was conferred by a single dominant gene but narrow sense heritability was only 26%. 

Ferrara et al. (1994) concluded that terminal heat stress is a common abiotic factor 

responsible for reducing yield and there was a need to identify heat tolerant germplasm 

and Devekota (1994) found THS limits major yield components such as 1000-grain 

weight, number of spikes per unit area and number of grains per spike and hence grain 

yields are reduced. Therefore breeding aimed at selecting genotypes with heat stress 

tolerance is one of the most vital objectives and Ageeb (1994) stated that the potential 

yield of present commercial cultivars is limited by high temperatures at any stage of crop 

development. Similarly Elahmadi, (1994) reported that heat stress is one of the main 

constraints of wheat production and is known to cause stunted plant growth, reduced 

tillering and accelerated development leading to small heads, shrivelled grains and low 

yield, and AbdElGhani, et al. (1994) concluded that developing high yielding and heat 

tolerant cultivars would be important to improve wheat production. Wrigley et al. (1994) 

concluded that heat stress is one of the most important factors affecting crop yield. Stone 

et al. (1995) and Calderini et al. (1999) reported that the importance of short periods 

with very high temperature have stimulated many studies and these heat shocks reduce 

more individual kernel weight than progressively increasing temperatures and similarly 

Chen et al. (1990) indicated that gradual exposure to elevated temperature confers 

greater protection to normal plant function than occurs when a rapid rise in incubation 

temperature is employed. Abernethy et al. (1989) concluded that thermo-tolerance is 

known to be developmentally dependent in wheat while, the various measures of 

thermotolerance (Seedling survival, tetrazolium triphenynyl chloride reduction, 

photosynthetic rate) also showed differential thermosensitivity as reported by Mullarkey 

and Jones (2000). 

 Lawlor (1987a) reported that specific responses of a plant to environmental factor 

(heat) are similar but differ quantitatively depending on genotype and are of great 

importance in plant breeding and crop adaptation to stress conditions. Blum (1988) 

stated that there are limited studies on the genetics of heat tolerance, while Lawlor 
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(1994) emphasized the exploitation of natural genotypic variation to realize the yield 

stability in hot dry environment, which may confer productivity combined resistance to 

damage/heat. Reynolds et al. (2001a) stated that breeding efforts by a number of national 

wheat breeding programmes have resulted in the release of germplasm adopted to warm 

growing environments, such as in Egypt and Sudan (AddElShafi and Ageeb, 1994), 

India (Tandon, 1994), Bangladesh (Razzaque et al. 1994) and Uruguay (Pedretti and 

Kohli, 1991). Ferrara et al. (1994) summarized the objectives and outcomes of the 

collaborative research work conducted by CIMMYT network scientists under the name 

of International Heat Stress Genotype Experiment (Reynolds et al. 1992; 1994a; 1994b; 

1997 and 1998a) and Reynolds (1994) established degree of genotype x environment 

interaction and evaluated potential physiological techniques by observing genetic 

diversity for traits and their association with heat tolerance. Vergas  et al. (1998) and 

Reynolds et al. (1998a) concluded the three main outcomes of IHSGE, that the breeding 

for heat tolerance for two broad warm environments based on relative low and high  

humidity should be taken as separate objective and data collected at international low 

R.H. sites showed consistent association between yield and a number of morphological 

(final biomass, grains per m2, grains per spike, harvest index, spikes per m2, days to 

anthesis, days to maturity, plant height,  percent ground cover at anthesis and biomass at 

anthesis) and physiological traits (CTD, MTS, leaf chlorophyll, leaf conductance and 

photosynthesis), while genetic diversity for heat tolerance in cultivated wheat is well 

established (Midmore et al. 1984; Rawson 1986; Wardlaw et al; 1989a; Al-Khatib and 

Paulsen, 1990; Reynolds et al. 1994a). Similarly genetic variation to heat tolerance 

among wheat genotypes has also been reported by Vishwanathan and Chopra (2001), 

Tahir and Nakata (2005) and Singh (2005) reported that genetic variation in heat 

tolerance is known for germination, growth during heat stress, growth recovery after heat 

stress, photosynthesis, photosynthate translocation, flowering and fruit per seed set, and 

stability of cellular membranes and limited information on genetics of heat tolerance 

reveals a polygenetic control, involving both additive as well as dominance gene actions 

with importance of additive effects (Kamaluddin and Singh, 2005). Dhanda and Munjal 

(2006) used cell membrane stability, heat susceptibility index, heat response index and 

grain yield to evaluate 20 diverse wheat genotypes under normal and heat stress 
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conditions for 2 years and reported that genotype having high HRI also had high grain 

yield and was better in membrane stability under heat stress. Significance of GCA and 

SCA variances indicated the presence of both additive and dominant type of gene action 

and the use of parents with high GCA effects in crossing program for thermo-tolerance 

may provide desirable segregants through selection.                  

2.2 Morphological traits 

      Genetic information regarding yield and various yield components contribute 

significantly in the selection of desirable parents and resulting progenies to develop and 

execute effective breeding program to evolve high yielding and stress tolerant varieties. 

Realization of potential wheat yield in hot irrigated climate is enshrined goal of our 

breeding program. Diallel cross technique is widely used in plant breeding research to 

obtain information on genetic effects for a fixed set of parental lines or estimates of 

general combining ability, specific combining ability, variance components and 

heritability. AbdElShafi and Ageeb (1994) found that late sowing reduce plant height in 

the range 0-8%. Shpiler and Blum (1991) concluded that more apparent and striking 

effects of high temperature on wheat growth is overall reduction in plant size. Chowdhry 

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

controlled by additive type of gene action, but over dominance for plant height was 

observed by Afiah et al. (2000), while Iqbal (2004) reported that partial dominance was 

involved for genetic control of plant height. AbdElShafi and Ageeb (1994) reported that 

late sowing decreased the heading date by 10.7 to 11.8%. Warrington et al. (1977)  

found that of three major development phases (GS1, GS2 and GS3) the most important 

thermo-sensitive stage was found to be GS2 (Double ridge to anthesis) and Fischer 

(1985) emphasized the effect of solar radiation and temperature on growth before 

anthesis, while Ishag and Ageeb (1991) concluded that hot environment reduce the 

length of all development stages and high grain yield can only be obtained when anthesis 

coincides with coolest period, while yield decreased by about 13 percent per day delay in 

anthesis and this was due to increased temperatures reducing the length of grain-filling 

phase (Cooper 1992). Ishag (1994) found that mean rate of reduction for number of days 

from anthesis to maturity between early and late planting was 20% and this shortened the 

grain filling period, as also reported by Fischer and Maurer (1976) and Midmore et al. 
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(1982). Lawlor (1987b) stated that plant in hot dry environment must make and maintain 

ample photosynthesis machinery of higher efficiency to maximize the total assimilate 

production and Evans (1993) emphasized to enhance the ability to store assimilates 

before anthesis and to remobilize them for grain filling under adverse conditions.  

 AbdElShafi and Ageeb (1994) reported that tiller per plant were reduced in late 

planting up to 9%, while reduction of the duration of GS2 (Double ridge to anthesis) 

under the influence of high temperature resulted in reduction in spikes/plant (Fischer and 

Maurer, 1976), spikelets and or grains per spike (Halse and Weir, 1970: Warrington et 

al. 1977; Sofield et al. (1977) reported that higher grain weight is associated with a 

longer grain filling period and Warrington et al. (1977) concluded that reduction in the 

duration from anthesis to maturity is often associated with a reduction in grain weight 

and (AbdElShafi and Ageeb, 1994) reported that late sowing significantly decreased 

1000-kernel weight in wheat crop in the range of 5.2-18%. 

 Fischer and Maurer (1976) reported that exposure to hot wind, even for a short 

time during reproductive period could drastically reduce spike fertility and grain filling 

and Rawson and Bagga (1979) found that there was a progressive reduction in grain 

number for every day that the plants of two wheat cultivars remained at higher 

temperature compared to lower one, while Ishag (1994) concluded that high temperature 

decreased the number of grains per plant due to fewer grains per spikelets and increased 

yield has been associated considerably more with increased grain number than grain 

mass (Calderini et al.1999). 

 Musich and Dusek (1980) showed that increasing temperature resulted in earlier 

termination of grainfilling and Reynolds et al. (1992) indicated that genetic variability 

for longer life cycle is not the key trait conferring yield potential and found correlation 

between grain yield and biomass, while low correlation between grain yield and days to 

anthesis or maturity was reported and Ghanem (1994) concluded that release of early 

maturity cultivars might be advantageous to escape the high temperatures prevailing 

during grain filling  stage, and  Zhuang (2003) concluded that combination of tolerance 

to late sowing and early maturity has been a major factor for the wide adoption of the 

current Chinese  wheat-maize double cropping  system. Samad et al. (1994) reported 

strong correlation between grain yield and biomass at anthesis (r=0.72***), plant height 
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(r=0.33**) and reported grain yield, biomass at 50% anthesis and biomass at maturity in 

the ratio 1:2:2.50 respectively. 

 Richard (1996) concluded that incorporating genes that contribute height 

reduction and early flowering is a simple and effective way to increase harvest index and 

traits that enhance drought independent harvest index were phenology, height, peduncle 

length, tiller inhibition (high heritability) and assimilate re-translocation (intermediate 

heritability). Sayre et al. (1997) concluded that morphological traits associated with 

increased yield potential include grain number and harvest index but the fact remains 

that no cultivar with a high yield potential has H.I. below 40% while Austin et al., 

(1980) stated that there is a theoretical limit to H.I. estimated at 60%, which would imply 

that unless biomass is raised yield can increase by 20% at the most, using H.I. as 

selection criterion. Reynolds (1994a) stated that total above ground biomass would show 

a stronger association with yield and H.I. under heat stress conditions.  

        Fischer (2001) stated that high spike index at anthesis (SIA) would seem to be an 

excellent index of efficient partitioning and reported moderate correlation with yield 

potential,  however Quail et al. (1989) failed to demonstrate spike index at anthesis as a 

selection criterion, but it showed some promise in a latter study by Siddique and Whan 

(1994) and modern awned cultivars appear to have a potential grain yield of about 4 

times the spike weight at anthesis (Fischer and HilleRislambers, 1978). Sink strength 

(ie.,grain number ) is determined during juvenile-spike growth (Fischer, 1985) and by 

increasing the relative duration of spike development may, through increasing 

partitioning of assimilates to the developing spike, increase  grain number (Slafer et al. 

1996). 

            Abbate et al. (1998) reported that increased grains per spike weight ratios rather 

than increased partitioning to the spikes has also been documented to appreciate grain 

yield potential and Fischer (2001) proposed to determine the number of kernels per unit 

spike dry weight to integrate partitioning with in spike, floret survival and grain setting 

and survival, and reported its moderate correlation with yield potential. Hobbs and Sayre 

(2001) concluded that grain set index is an indicator of stress events occurring around 

anthesis (e.g., drought, temperature extremes, boron deficiency or genetic sterility which 

can interact with environment) and it is a more precise and hence, more useful measure 
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than grains per spikelets or grains per spike and Fischer (2001) reported its moderate 

correlation with yield potential. Rerkasem (1994) concluded that grain set failure is a 

common and widespread in the warm, non traditional growing areas of Asia and grain 

set index (GSI) on a low boron soil ranged from 27-69% and always >90% under 

optimal conditions (Rerkasem et al. 1991) and that grain set failure in wheat is caused by 

the absence or failure of fertilization which would be associated with unviable pollen or 

unsuccessful fertilization. (Rerkasem and Jamjod, 1989; Cheng, 1992) 

 Hanchinal  (1994) studied wheat heat tolerance under three temperature regimes 

in Peninsular region (India) and reported heat susceptibility index (HSI) in range of 0.09-

2.66 for early planting (EHS), 0.69-1.36 for late planting (THS), calculated by 

incorporating the yield value of normal planting (control), alongwith stress intensity 

valu1es of 0.11 and 0.35 for early and late planting respectively and Manmohan et al. 

(2004) studied wheat heat tolerance in diverse wheat cultivars alongwith identification of 

genotypes with general and specific adoptability to heat stress and concluded that 

genotypes (PBW 138 and PBW 226) from short duration group showed low heat 

susceptibility index (HSI). Yang et al. (2002a) studied heat tolerance to identify wheat 

genotypes that resist chronic heat stress (prolonged exposure up to 32°C) and heat shock 

condition (brief exposure to 33°C and above) and found that both stable photosynthesis 

in some genotypes and high content of reserves in other genotypes were associated with 

low heat susceptibility index (HSI) and grain yield.  Rasal et al. (2006) reported that heat 

stress reduced the wheat grain yield by 17.45% and maturity duration by 15 days and 

genotypes with low heat susceptibility index for grain yield were found to be heat 

tolerant. Gavhane et al. (2005) studied the response of 25 aestivum genotypes to their 

heat susceptibility index for yield under normal and late sown irrigated conditions and 

reported HSI for yield of different strains in the range from 0.45-1.41 and genotypes 

with low HSI values were found heat tolerant compared to the rest of test entries. 

Gavehane et al. (2007) studied the influence of heat stress conditions (Timely and late 

plantings) on heat susceptibility index for grain yield and thermal requirement of 25 

wheat genotypes and concluded that genotypes with low values of HSI were found to be 

heat tolerant, while the duration and thermal requirement for physiological maturity of 

all the genotypes were reduced due to heat stress under late sown conditions.  
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           Genetic mechanism for yield and yield components by using diallel cross 

technique was studied by various workers. Yield being a polygenic trait is greatly 

influenced by the environment. Austin et al. (1980) reported that yield improvement of 

post green revolution was associated with increased dry matter partitioning to grain but 

above ground biomass was not modified (Khulshrestha and Jain, 1982; Calderini et al., 

1995 and Sayre et al., 1997). 

             Increases in temperature from 15/10°C to 21/16°C decreased the grain filling 

duration from 60 to 36 days and further increases in temperature to 30/25°C reduced 

GFD to 22 days (Sofield et a. 1977) and heat decreases wheat grain weight (Wardlaw et 

al. 1980) and (Wiegand and Cuellar, 1981) indicated that in the range of 12 to 26°C of 

increase in mean temperature during wheat grain filling the grain weight decreases from 

4 to 8% per degree rise in the mean temperature. Genetic variability is reported for the 

traits related to growth and development of wheat from anthesis to grain filling (Acevedo 

et al. 1991) such as glaucousness, grain weight (Wardlaw et al. 1989b),  photoperiod and 

vernalization sensitivity (Midmore et al. 1982, 1984) and grain yield (Acevedo et al. 

1991). Effect of heat at anthesis and during GFD due to late planting (High temperature 

stress) is widely recognized as it reduces grain yield, number of grains per ear, grain size 

and height (Julsrigalval and Tiyawalee 1982; Na-Lampang et al. 1985; Sukprapan 1885: 

Meechoui, 1988). Yield reduction can occur above a mean of 15°C and hot, dry 

condition and lack of full ground cover further contribute to further yield loss (Fischer, 

1989) and grain yield is negatively correlated with increasing mean temperatures 

(Randall and Moss, 1990) and grains per spike may correlate best with yield in hot 

environment (Shpiler and Blum, 1991). AbdElShafi and Ageeb (1994) reported that 

grain yield was reduced in late planting (heat stress condition) in upper Egypt as 

compared with optimum sowing dates (Normal temperature) by 19 % and in range of 30-

46% as reported by AbdElGhani et al. (1994). Bhatta (1994) evaluated twelve spring 

wheat genotypes under normal and heat stress (late sowing) conditions  to identify 

wheats for warmer areas and concluded that plant traits were reduced viz days to heading 

by three days and days to maturity by six days, average plant height by 15cm and spike 

length from 9.2 to 7.8 cm, while other traits spike per m2 (22%), 000 grain weight  (3%), 

biological yield (12%), and grain yield (6%) in the late planting as compared with 
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normal sowing, while traits viz plant height, spike length, kernels per spike and 

biological yield were well correlated to grain yield under both conditions and productive 

tillers showed significant positive correlation with grain yield under heat stress 

condition. Ishag (1994) studied the effect of temperatures (sowing date variation) on 

growth, yield and yield components of wheat cultivars differing in phasing development 

and found that late sowing decreased the grain yield by about 33% and biological yield 

32% and in addition, traits viz., spikes per plant, number of grains per plant and 100 

grain weight were significantly affected by delayed planting (heat stress). Hanchinal  

(1994) studied wheat heat tolerance under three temperature regimes (Early, normal and 

late planting) and concluded that there was a considerable reduction in traits viz. spike 

length (20%), spikes per m2 (29%), grains per spike (28%), spikelets per spike (15%) 

and days to maturity (11%) under late planting and high phenotypic and genotypic 

coefficient of variation alongwith high heritability were observed for test grain weight, 

spikelets per spike and grains per spike  under normal planting, and high PCV and GCV 

values with high genetic advance for spike length and spikes per m2 under late planting, 

indicative of additive gene action under both temperature regimes, suggesting that 

considerable improvement may be achieved in these two traits (Spike length and 

spike/m2) through selection in very hot environments. Rajaram (1998b) emphasized the 

promotion of optimum planting dates and fortification of wheat varieties with heat 

tolerance. Amin et al. (1999) studied spring wheat heat tolerance and recorded 

considerable genetic coefficient of variation and moderate heritability for grain yield and 

1000-grain weight, while grain yield was significantly and positively correlated with 

mature plant biomass. Singh et al. (2000) studied combining ability for yield and its 

components in late sown wheat by line x tester approach and reported preponderance of 

non additive genetic variance for all the characters such as day to earing, days to 

maturity, number of spikes per plant, plant height, spike length, number of grains per 

spike, 1000-grains weight, grain yield per spike and per plant and suggested recurrent 

inter mating and selection for the exploitation of non additive gene effects. The yield 

potential can be enhanced by various mechanisms like improvement in above ground 

biomass (Singh et al. 1998; Reynolds et al. 1999; Donmez et al. 2001; Shearman et al. 

2005). Shukla et al. (2001) studied wheat heat and moisture stress tolerance under 
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laboratory and field conditions and found high genotypic coefficient of variation for 

tillers per plant, ear length, grain yield per plant and harvest index, while high 

heritability was observed for, (1) days to 50%, heading, ear length (Ist sowing) and (2) 

ear length (Second and Third sowing). Budak (2001) performed experiments on breeding 

durum and bread wheat lines resistant to high temperatures during grain filling period by 

using diallel technique excluding reciprocals and indicated that there were significant 

differences among F1 cross combinations for grain yield and heading date. Sharma et al. 

(2002) investigated nature and magnitude of gene action of days to heading, day to 

maturity and plant height in durum wheat under normal and late sown conditions and 

concluded that dominant gene effects were significant in all the traits and absolute total 

of non-additive gene effects were much higher than additive gene effects in both the 

environments indicating the greater role of non additive gene action. Mahmood and 

Chowdhry (2002) studied combining ability of six wheat genotypes under normal and 

late planting conditions by 6 x 6 diallel analysis and found additive type of gene action 

for flag leaf area, tillers per plant and 000-grain weight and grain yield per plant under 

normal planting. Yang et al. (2002a) studied wheat heat tolerance by involving wheat 

alien amphiploids under controlled conditions with two temperature regimes (20/15°C 

and 30/25°C day night) during maturation and found that GFD, yield and kernel weight 

were highly negatively correlated with heat susceptibility index (HSI) at 30/25°C and 

concluded that hexaploids and amphiploids might be useful for improving wheat heat 

tolerance. Yang et al. (2002b) studied genetic basis of heat tolerance by combining 

quantitative genetic estimates and molecular marker analysis by involving two cultivar 

Ventor (heat tolerant) and karl 92 (heat susceptible) and  found at least 1.4 genes with 

both additive and dominance effects, broad sense heritability (80%) and realized 

heritability (16%) for GFD in F2 and F3 populations. It was concluded that heat tolerance 

of common wheat was controlled by multiple genes and suggested that marker assisted 

selection with microsatellite primers might be useful for developing heat stress tolerant 

cultivars.  

 Rudra (2000) studied combining ability in tetraploid wheat and indicated 

preponderance of additive variance for 50% heading, grains per spike, days to maturity, 

plant height, grain yield per plant, 1000 grain weight, dry biomass per plant and harvest 
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index. Singh et al. (2002) studied combining ability in 8x8 parental diallel wheat 

progenies for yield traits (number of grains per spike, 100-grain weight and yield per 

plant) and found that magnitude of the additive genetic variance was higher than non 

additive variance for all the traits. Additive gene effect with partial dominance was 

observed for fertile tillers per plant, spike length, spikelets per spike and grains per spike, 

1000-grain  weight  and over dominance type of gene action was reported for traits, grain 

yield per plant (Hussain,1991), number of tillers per plant and 1000-grain weight  by 

Baksh et al. (2004). Over dominance gene action for spike length and spikelets per spike 

were also reported by Khan and Habib, 2003; Day-Sarkar and Roy, 1993; Hussain, 

1991).  

Hassani et al. (2005) estimated genetic parameters and combining ability for yield 

and yield components by 8 x 8 diallel analysis of bread wheat cultivars and reported that, 

as indicated by average degree of dominance, traits; 1000-grains weight, grain weight per 

spike and grain yield per plant may be controlled by over dominance effects and effects 

of recessive alleles were apparent on the traits, spikelet, number per spike, grain number 

per spike and 1000-grain weight, while Tandon (1961) found that grain yield in wheat 

varieties studied by him was also controlled by additive gene effects in F1 generation and 

similarly Esmail, (2002) assessed the genetic variability in the F1 and F2 generations of 

7x7 diallel crosses of bread wheat for various yield and yield component viz days to 

heading, plant height, number of spikes per plant, main spike length, 1000-grain weight 

and grain yield per plant and it was concluded that additive gene effects were more 

important than non additive gene effects, and in a study Hamada et al. (2002) found that 

additive gene effects were larger for spike length, number of spikes per plant, number of 

kernels per spike, 1000-grains weight and grain yield per plant. Joshi et al. (2002) 

undertook genetic analysis in 10x10 half parental diallel progenies (F1 and F2) for various 

traits under three environment conditions (early, normal and late) in bread wheat and 

found both additive and non additive gene effects. However ratio of additive and non 

additive genetic variance revealed the preponderance of additive gene effects in 

expression of yield per plant and other yield components, and also reported that both 

gene actions (additive and non-additive) were highly influenced by the environment.  

Kashif and Khaliq (2003) investigated genetic basis of some polygenic traits through 
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combining ability analysis involving five bread wheat varieties and found that mean 

squares for GCA effects were highly significant for fertile tillers per plant, spike length, 

spikelets per spike and grains per spike, significant for plant height and flag leaf area and 

non significant for 1000-grain weight and grain yield per plant. Mean squares for SCA 

effects were highly significant for all the traits except fertile tillers per plant, while 

reciprocal effects were non significant for all the traits except spike length and grain yield 

which were highly significant. Additive genetic effects were dominant for flag leaf area, 

fertile tillers per plant, spike length, spikelets per spike and grains per spike, whereas, 

plant height, 1000-grains weight and grain yield per plant were found under the control of 

non additive gene effects.  

However GCA component of variance was predominant indicating the 

predominance of additive gene effects for the traits, grain yield and protein content (Joshi 

et al., 2003) and similar studies conducted by El-Sayed (2004) indicated importance of 

both additive and dominance genetic variance in the inheritance of most of the character 

with greater importance of additive gene action. Siddique et al. (2004) reported higher 

specific combining ability variance for the traits, tillers per plant, spikelets per spike, 

grains per spike, 1000-grain weight, and grain yield per plant, indicating non additive 

gene action, while traits, days to heading, days to maturity and plant height exhibited 

additive gene action, and the trait grains per spike showed both additive and non-additive 

gene action. Genetic composition of spike traits in wheat was studied by Yao-JinBao et 

al. (2004) and found that additive and non additive gene effects were signfiicnat in the 

inheritance of traits, main spike length, kernels per spike, 1000-grain weight and kernel 

weight per spike although additive gene effects were predominant Significant differences 

for general combining ability and specific combining ability for the traits like spike 

length, 1000-grain weight, plant height and yield per plant were found by Joshi et al. 

(2004) and additive type of gene action was also reported by him for plant traits like 

number of spikes per plant, grains per spike, 1000-grain weight and grain yield per plant. 

                 Significant mean squares due to both general combining ability and specific 

combining ability were recorded for plant height, tiller per plant, 1000 grain weight and 

grain yield (Asad et al. 1992; Borghi and Perenzin, 1994), while significant mean 

squares due to SCA for plant height, 1000-grain weight (Li et al., 1991; Chowdhry et al. 
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1994), grains per spike (Asad et al. 1992; Ali and Khan 1998: Senapati et al. 1994) have 

been reported. Khan and Bajwa (1990) recorded greater GCA variance for grains per 

spike and 1000-grains weight and additive genetic control for plant height (Wagoire, 

1998; Li et al. 1991) and tillers per plant (Mishra et al. 1994) have also been reported.  

               Both additive and dominance gene effects for inheritance of plant height, 

headed tiller number, grain number per main culm ear and 1000 grain weight under both 

high and low input production system, were obtained by Koumber and Esmail (2005) 

Similarly additive gene effects controlled the expression of the traits such as number of 

spikelets per spike and number of grains per spike, while gene action was non-additive 

for 1000-grain weight and grain yield, as reported by Saeed et al. (2005). Chowdhry et 

al. (2005) also evaluated genetic values for some poly genic traits in a 5x5 diallel cross 

of bread wheat and reported that mean squares for reciprocal effects were non-significant 

for all the traits studied, and additive gene effects were found to control the expression of 

traits such as number of fertile tillers per plant and spike length, while plant height was 

conditioned by non additive gene action. 

                Khan et al. (2005) indicated additive type of gene action for  plant height, 

1000-grain weight and spike length, while number of tillers per plant exhibited non 

additive type of gene action. Partial dominance involved in the inheritance of tillers per 

plant, 1000-grain weight and number of grains per spike as reported by Khaliq et al. 

(1991) and Chowdhry et al. (1999)  and number of spikelets per spike were controlled by 

partial dominance with additive type of gene action (Baksh  et al. 2004) 

              Heritability is the ratio of genetic variance to phenotypic variance for a trait and 

plays a key role in achievement of requisite significant genetic change in the plant 

architecture and Ketata et al. (1976) reported in a study of winter wheat crosses that 

heritability estimates were high for heading date, moderately high for kernel weight and 

plant height, moderate for tiller number and low for spikelets per spike and grain yield. 

Heritability estimates were investigated by Khadr (1970) in progenies of six wheat 

crosses and calculated by variance components method and reported relatively high for 

all three traits and averaged 86 for heading, 77 for plant height and 70 for kernel weight. 

Narrow sense heritability was studied in wheat by Camargo et al. (2000) for plant height, 

spike length and grain yield, and reported that it had played dominant role in exhibition 
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of genetic variability due to additive gene action, while broad sense heritability in six 

wheat genotypes for mature plant height, number of spikes per plant and grain yield per 

plant was ranged form 49.48-88.83, 52.25-88.82 and 65.58 to 90.01 respectively. 

Ibrahim and Quick (2001) evaluated the genetic variability of wheat using two assays of 

heat tolerance (MTS and TTC),  and concluded that the parent offspring regression and 

correlation heritability was intermediate to high (0.50-0.65 for TTC) and relatively low 

for MTS, while realized heritability, based on 15% selection intensity was intermediate 

to high (0.49-0.64) for TTC and low to intermediate (0.27-0.47) for MTS. Hamada, et al. 

(2002) evaluated 35 wheat genotypes using line x tester approach and concluded that 

heritability  was high and exceeded 70% for traits, heading date, plant height, number of  

spikes per plant, kernel/spike, 1000-kernel weight and grain yield per plant, while it was 

moderate for spike length. However narrow sense heritability was high (more than 50%) 

for plant height, number of spike per plant, number of kernels per spike, 1000-kernel 

weight and yield per plant and was moderate (30-50%) for heading date and spike 

length. Soylu and Sade (2003) studied heritability estimates for plant height, harvest 

index and traits affecting them in durum wheat and reported bread sense heritability 

ranging from 0.57 (number of fertile tillers) to 0.95 (plant height), while narrow sense 

heritability ranged from 0.08 (plant height) to 0.43 (peduncle length). Li-Wei et al. 

(2003) studied heritability estimates in 10 elite wheat genotype in 5x10 incomplete 

diallel cross combinations and reported fairly high broad sense heritability for ear length 

and plant height, while narrow sense heritability was 48.42% for grain yield per ear and 

39.62% for spikelet number and El-Sayed (2004) evaluated some quantitative characters 

in bread wheat using diallel cross analysis and reported low narrow sense heritability in 

some of traits, while additive gene action (GCA) was of great importance for most of the 

traits studied. 

 Chandrashekhar and Kerketta (2004) estimated genetic parameters under normal 

and late sown conditions in wheat and reported high heritability for traits, days to 75% 

flowering, days to maturity, plant height, grains per spike, 1000 grain weight, grain yield 

per plant and harvest index and suggested predominance of additive gene action for the 

traits studied, while  narrow sense heritability was rather higher for spike traits (main 

spike length, main spike kernel number ) and 1000-grain weight as reported by Yao-
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 JinBao et al. (2004), and high narrow sense heritability estimates were detected 

for  heading date, ear yield, main culm ear length, grain number per main culm, 1000-

grain weight, while moderate heritability values were observed for plant height, and 

headed tiller number, and low heritability estimates were found for grain yield as 

reported by Koumber and Esmail (2005), and heritability estimates were also reported by 

Khan et al. (2005); as high for plant height (98.02%), spike length (81.83%), grain yield 

per plant (81.15%) and number of tillers per plant (78.99%) and low for number of 

spikelets per spike (34.17%), while Hassani et al. (2005) estimated genetic parameters 

for yield and yield components in bread wheat using 8 x 8 diallel analysis and reported 

narrow sense heritability for grain yield (4%), biological yield (14%) and harvest index 

(37%), while for other traits studied >50%.  

 Sharma et al. (2002) studied wheat heat tolerance through 10x10 diallel approach 

including reciprocals to evaluate various yield traits under heat stress (E1) and no stress 

(E2) environments and found both additive and dominance components of variance as 

significant for most of the traits in both environments. Over dominance was observed for 

number of spikelets per spike (E1 and E2), grain yield (E1) and 1000 grain weight (E1), 

and both dominant and recessive alleles appeared to contribute towards expression of 

these traits. The predominance of dominant genes was observed for the majority of traits 

among parents. Combining ability analysis revealed the significance of both GCA and 

SCA variances in both environments for number of spikes per plant, number of grains 

per spike, number of spikelets per spike, 1000-grain weight and grain yield except SCA 

for number of grains per spike in non stress environment while reciprocal effects were 

also significant for all traits except 1000-grain weight in heat stress environment.  

 Li-Wei et al. (2003) studied combining ability and heritability in 10 wheat 

genotypes in 5x10 incomplete diallel cross combinations and found that ear length, grain 

weight per ear, spikelet number and grain number per ear to be controlled by additive 

effects, while plant height and 1000-grain weight were conditioned by both additive and 

non additive effects, while additive gene effects were estimated for plant height and 

number of fertile tillers by Soylu and Sade, (2003). Chinnusamy and Chopra (2003) 

studied wheat heat tolerance in 32 wild and cultivated genotypes belonging to diploid, 

tetraploid and hexaploid species under field conditions in November and January for 
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normal and late sowing respectively. The late sown crop experienced mean maximum 

temperature of 31.0 -39.3°C during grain development. It was concluded that hexaploid 

had the highest grain starch content and the lowest heat susceptibility index. The HSI for 

grain starch was correlated significantly and positively with that of grain weight. Patil et 

al. (2003) studied wheat heat tolerance by involving six early wheat cultivars and 5 

sowing dates from 15 November to 15 January with 15 days sowing interval and 

concluded that total biomass at maturity, grain number per spike, 1000-grain weight and 

grain yield per m2 decreased significantly with delay in sowing, similarly genetic 

parameters were estimated by Chandrashekhar and Kerketta (2004) under normal (15 

November) and late (23 December) sown conditions in wheat. A wide variation was 

observed in plant height, grains per spike, 1000-grain weight, grain yield per plant and 

harvest index and highly significant differences for traits, days to 75% flowering, days to 

maturity, plant height, number of tillers per plant, spikelets per spike, 1000-grain weight, 

biomass per plant, grain yield and harvest index were observed, alongwith predominance 

of additive gene action in the inheritance of all the trait studied.  

Renu and Dhanda (2004) studied associations for wheat heat tolerance on forty three 

genotypes under normal (Ist week of November) and late (last week of December) 

sowing conditions and reported that grain yield was positively correlated with tiller per 

plot under normal conditions, while it was positively correlated with 1000 grain weight 

and heat resistance index under heat stress (late sown) conditions, and path analysis 

showed that tillers per plot had direct and positive effect on grain yield under both 

conditions, while 1000-grain weight had the highest positive and direct effect on yield. 

Dogiwal et al. (2004) conducted field trial on 12 diverse bread wheat genotypes to 

identify suitable heat tolerant traits and genotypes by laying out on three dates (10 Nov., 

10 Dec. and 10 Jan.) and concluded that among the 18 agrophysiological traits studied, 

harvest index, grain productivity, grain filling rate and thermal use efficiency, were 

highly associated with grain yield. Kamaluddin and Singh (2005) screened 320 

lines/varieties of diverse origin for grain filling duration and noted the range of variation  

from 12.86 to 55.80 days available for development of high yielding and terminal heat 

stress varieties, and selected  eleven genotypes/ parents and subjected to diallel analysis 

and reported significant both additive and dominance variances. Tewolde et al. (2006) 
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studied wheat heat tolerance and concluded that early heading is an important and 

effective single trait defining wheat cultivars adapted to production systems prone to 

high temperature stress during the post heading period. Mian et al. (2007) explored the 

response of wheat genotypes to post-anthesis temperature stress and recorded reduction 

in 1000-grain weight in the range from 16.4-46.2%, while main spike grain yield was 

reduced from 11.1-54.6% in comparison with control, and short periods (1 to 6 days) of 

high temperature stress at flowering can cause significant decreases in seed numbers and 

seed yield in rice (Jagadish et al. 2007). Akbar et al. (2008) evaluated combining ability, 

in F1 generation of 6x6 diallel cross in maize under normal and high temperature 

conditions and indicated significant variability attributable to genotypes with additive, 

non additive and reciprocal effects. The GCA/SCA variance ratio exhibited the 

preponderance of non additive genes for all the traits studied under stress condition, 

while grand mean reduction in various traits, plant height (19.86%), ear leaf area 

(34.38%), number of grains per plant (61.57%) and grain yield per plant (42.57%) under 

high temperature regime, alongwith relative grain setting (%) in the range of 6.59-69.5 

was also reported. Prasad et al. (2008) reported that high temperature stress at flowering 

and 10 days before flowering in grain sorghum caused maximum reduction in seed set, 

seed numbers and seed yields.  

2.3 Physiological traits 

Although wheat yields have continued to improve over the last 30 years (Calderini et 

al. 1999), the physiological and genetic bases for this improvement are only partially 

understood (Reynolds et al. 1999). Physiological understanding adds to the science and 

as such complements the intuitive knowledge required to conduct good breeding, and use 

of physiological selection criteria can improve the probability of success by making 

empirical selection more efficient (Reynolds et al. 2001b) and wheat breeding program 

worldwide have achieved significant genetic gains in yield potential without the aid of 

physiological selection tools (Rajaram and Ginkel, 1996), breeders, as well as 

physiologists, generally agree that future successes will be realized through a greater 

integration of disciplinary research (Jackson et al. 1996). The major advances in wheat 

genomics have lead to a radical change in thinking about wheat breeding, QTL analysis 

and SNP discovery. Rees et al. (1993) showed that decreased crop temperature is related 
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to potential wheat yield across genotypes (higher flag leaf stomata conductance, lower 

temperature, and higher yield) Canopy  temperatures as much as 5°C below air 

temperature have been reported for wheat in dry environments, when soil moisture was 

plentiful (Idso et al. 1984), and we routinely measure temperature up to 10°C below air 

temperature in some wheat genotypes in CIMMYT, Mexico and canopy temperature was 

well correlated with yield in Tlaltizapan and Sudan (Reynolds 1994) and similarly work 

emphasizing genetic improvement under marginal environments has illustrated that 

physiological traits including canopy temperature depression (CTD), when measured in 

hot selection environments in Mexico, were strongly associated with performance in 

yield trials at a number of warmer wheat growing regions worldwide (Reynolds et al. 

1994a). Studies in CIMMYT have shown that CTD is best expressed on warm, sunny, 

cloudless afternoons at high vapor pressure deficit conditions associated with low relative 

humidity and high air temperature, and pre heading readings are usually higher and 

readings made during grain filling are best correlated with yield potential, besides being a 

function of stomatal conductance (Amani et al. 1996). Fischer et al (1998) reported that a 

study conducted in a high yielding environment in Mexico, revealed that leaf 

photosynthetic rate, leaf conductance and canopy temperature depression were all 

associated with yield potential in a set of eight spring wheat lines, and one important 

advantage of such traits like CTD, can be measured reasonably simply in the field, and 

homozygous sisters from crosses between high-and low-CTD parent showed good 

association between yield and CTD (Reynolds et al. 1998b) and further, C.T.D showed 

high genetic correlation (rg) value (0.86) with yield  (Reynolds et al.1998a) and also 

indicated that the trait is heritable and therefore amenable to early generation selection, 

and this made it a powerful integrative trait with moderate heritability and low to high 

correlation coefficient values with different traits, yield (0.60**), biomass (0.40**), grain 

per m2 (0.62**), spikes per m2 (0.33**), grains per spike (0.40**) and days to flowering 

(0.42**) (Reynolds et al. 1997) and data also indicated that CTD measured in 3-row plots 

was a good predictor of yield, suggesting that the technique would be amenable to 

selection in smaller plots (Reynolds et al. 2001a), and greater CTD has been associated 

with increased wheat yield under irrigated, hot environments (Reynolds 2002). Rudra 

(2000) studied combining ability in tetraploid wheat and indicated preponderance of 
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additive variance for canopy temperature depression. Balota et al. (2007) demonstrated 

consistent differences among the wheat lines for CTD, and correlated yield under dryland 

conditions with CTD. 

 Raison et al. (1980) reported the disturbance of the membrane structure and 

function by heat and a cell-membrane system that remains functional during heat stress 

appears central to adaptation of plants to high temperature, and this is especially 

important during grain filling stage of wheat crop, and grain growth is greatly reduced by 

environmental conditions that adversely affect the assimilate supply or utilization 

(Bhullar and Jenner 1986). Puri et al. (1985) concluded that heat tolerance is a polygenic 

trait and selection in segregating populations is difficult and thereby it is necessary to 

develop novel approaches to enhance the efficiency of selection in program of wheat 

breeding for heat stress. Sullivan (1972) developed a heat tolerance test that determines 

cellular membrane thermostability (CMT) through measuring the amount of electrolyte 

leakage from leaf discs bathed in de-ionized water after exposure to heat treatment. 

Modification to this method has also been proposed for wheat crop (Blum and Ebercon, 

1981; Tahir and Singh, 1993) Sullivan and Ross (1979) later used this procedure to 

identify genetic variability for heat tolerance in Sorghum and related this variability to 

field performance of several varieties grown under high temperature stress. CMT has 

been used as a measure of heat tolerance in several other crops, including soybean 

(Martineau et al. 1979), potato and tomato (Chen et al. 1982), cowpea (Ismail and Hall, 

1999), citrus (Zhong et al. 1999) turfgrass (Wallner et al. 1982) and Kentucky grass 

(Marcum, 1999). Rahman et al. (2004) used CMT test to screen upland cotton for heat 

tolerance. There are limited studies on the genetics of heat tolerance in cereals (Blum, 

1988) and most of these have utilized solute leakage as measure of membrane stability 

(Saadalla et al. 1990a) or chlorophyll fluorescence (Moffat et al. 1990) to indicate 

relative acclimation to exposure to heat and membrane thermostability, which is 

measured by electrolyte leakage from leaf tissue after a heat shock, has shown 

correlations with grain yield of field grown plants in hot environments (Shanahan et al. 

1990) and similarly measurement made on leaf tissue from the 2nd IHSGE (International 

heat stress genotypes experiment) at Tlaltizapan showed a high correlation between 

injury and yield loss  and studies with the seedlings of the same genotypes showed a 
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similar but a weaker correlation (Reynolds 1994) and results have accumulated to 

suggest that the temperature constraint in hot environments operates both via shortening 

the life cycle and interfering directly with physiological processes, while high membrane 

and photosynthetic thermostability are consistently associated with high yield in hot 

environments (Fischer 1994). Genetic variation in membrane thermostability (MT) has 

been inferred using conductometric measurements in various field grown crops including 

spring wheat (Blum and Ebercon, 1981). Shanahan et al. (1990) obtained a significant 

increase in yield of spring wheat in hot locations by selection of membrane thermostable 

lines, as determined by measurements on flag leave at anthesis. By applying CMT test 

on winter wheat seedlings, Saadalla et al. (1990b) found a high correlation in CMT 

between seedlings and flag leaves at anthesis for genotypes grown under controlled 

environmental condition and variation in CMT of both field acclimated wheat flag leaves 

and seedlings grown in controlled conditions was associated with heat tolerance 

(Reynolds et al. 1994b). Saadalla et al. (1990b) estimated genetic effects for MTS by 

examining 90 F1 genotypes derived from crosses among heat tolerant and heat sensitive 

parents, and observed transgressive segregation in F5 progeny means of relative injury 

values determined by MTS tests, suggesting that the parents contributed different genes 

of heat tolerance and that the trait is not simply inherited. Saadalla. (1996) conducted 

extensive experiments in wheat to standardize the appropriate hardening conditions for 

determining genetic differences in CMT values at seedling and at reproductive stages 

and recorded large variations in relative cell injury (%) in the range of 37-80 and 31-69 

respectively. Inheritance of cellular thermo-tolerance among 56 spring wheat cultivars 

was evaluated by Fokar et al. (1998) at both seedling and flowering stages by cell 

membrane thermostability and TTC assays, and found that with both assays average 

thermo-tolerance tended to decease from seedling to flowering stages. However 

thermoterlance was well correlated between growth stages for both CMT (r=0.92; 

P=0.004) and TTC (r=0.84; P=0.050) and broad sense heritability was estimated at 89% 

and most of the genetic variance was additive, suggesting that improvement of heat 

tolerance can be achieved by selection. Kumar et al. (2000) studied some physiological 

parameters related to terminal heat stress tolerance by laying out 10 wheat genotypes 

under normal (20 November) and late (20 December) sown conditions and found 
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significant influence of genotypes and sowing dates on membrane thermostability, 

canopy temperature depression, specific leaf weight, yield and biological yield. Blum et 

al. (2001) have reported a positive association of membrane thermostability index and 

yield under heat stress in wheat. Ibrahim and Quick (2001b) determined the genetic 

control of wheat heat tolerance through 6x6 complete diallel analysis and indicated the 

importance of additive gene effects in acquired thermotolerance. Rahman et al. (2004) 

studied heat tolerance of upland cotton during fruiting stage under field and green house 

environments using cellular thermostability test and  indicated  negative relationship 

between SCY and CMT (RCI%), and positive between SCY and CMT (MTI%) only 

under heat stress conditions.  

 Renu et al. (2004) evaluated heat tolerance of twenty wheat cultivars at seedling 

and maturity stage under field and laboratory conditions, and concluded that genotypes 

having mean values for membrane thermostability in the range of 61.6**-72.5** 

appeared to be heat tolerant in terms of their minimum injury to the plasma membrane, 

low reduction in grain yield and high heat resistance index (HRI, 0.780) based on heat 

tolerance parameters. Singh et al. (2005) studied the physiological traits associated with 

terminal temperature tolerance under late sowing in irrigated wheat and found a 

significant differential variation for physiological traits with respect to grain yield  under 

high post anthesis temperature i.e. or 4.5-6.8 degrees (>28°C )in late sowing. Genotypes, 

Halna, K8962, GW 173, HD2189, HD2402 and AKW381 exhibited earliness in their 

flowering, high canopy temperature depression (CTD), lower thermostability index 

(RCI%), greater seed size (1000-grain weight), longer grain growth duration and higher 

grain yield, thereby showed a greater degree of high temperature tolerance as compared 

to long duration wheat genotypes. Sunita and Gupta (2005) exposed leaf discs of 15-day-

old seedlings of wheat genotypes. C-306 (temperature tolerant) and HD2329 (Widely 

adapted) at 25, 35 and 45°C to analyse the extent of membrane injury and antioxidative 

defense mechanisms and concluded that higher water retention capacity and lower 

membrane injury enhanced heat tolerance in C-306 and to some extent in HD2329. 

Verma et al. (2006) screened 12 wheat genotypes for heat tolerance and reported 

significant genotypic differences in canopy temperature depression and membrane 

thermo-stability measured as relative cell injury percentage and reported negative 
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correlation with grain and biological yield. Hirayama  et al. (2006) evaluated rice 

drought tolerance based on leaf temperature measured by non contact infrared radiation 

thermometer and reported that upland rice lines with medium late maturity and deep root 

system exhibited lower leaf temperature alongwith higher trnaspiration and 

photosynthetic rates as well as high grain yield under upland conditions. Significant 

parent offspring correlation (r=0.812**) between F4 and F5 progenies indicted relative 

higher inheritance for leaf temperature in upland rice genotypes. Ma-XiaoDi et al. 

(2006)  studied  heat tolerance  in 66 wheat recombinant inbred lines (RILs) of Siete 

Cerros x Seri-82 by measuring the relative conductivities of leaf under the condition of 

heat acclimation (34o C. 48 h) and heat stress (49o C 60 min.) and indicated that 51 

(77.25%) RILs were thermo-susceptible, 7 (10.61%) moderately thermo-tolerant and 8 

(12.12%) were thermo-tolerant displaying the obvious recombination and separation of 

heat tolerant alleles. Six wheat varieties were exposed to high temperature stress at milky 

growth stage and 25% reduction in grain yield was recorded, and varieties having high 

proline and protein contents and less relative membrane injury appeared to be heat 

tolerant genotypes (Anonymous, 2007b). 

2.4 Selection criterion 

 Johnson (1980) recognized the fact that breeders have to assess plant performance 

at the critical development stage and field performance is the standard to assess plant 

response under stress. Membrane stability was suggested by Marshal (1982) to quantify 

heat tolerance, while Gusta and Chen (1987) concluded that tolerance to heat stress is a 

complex phenomena and no single trait fully explains why some wheat varieties are able 

to yield satisfactorily even under heat stress environments and grain set and grain weight 

reduction was proposed by Wardlaw et al. (1989b) and Tashiro and Wardlaw (1989) 

respectively as selection criterion for heat tolerance. Nachit and Ketata (1991) conducted 

field research based on different planting times, which proved an efficient tool for 

evaluation of large number of lines under heat stress. Mann (1994) analysed the data of 

Ist to 7th International hot climate wheat screening nurseries (1985-1991) and indicated 

that crosses originating in Pakistan, Brazil and Zambia might be useful as future source 

of heat tolerant germplasm and breeding for hot environment is more successful if 

conducted in target areas and concluded that many attributes viz days to anthesis, days to 
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maturity, canopy temperature depression, early vigor, grain set index and grain weight 

reduction, have been identified as contributing to heat tolerance  and genetic variability 

have been shown for most of them. Elahmadi (1994) reported that screening for heat 

tolerance may be carried out by easy observable traits (days to heading and maturity, 

plant height and grain yield) and above all days to heading seems to the simplest 

character that holds promise to aid in screening for heat tolerance and concluded that 

yield performance determined by testing in comparative yield trails is the most reliable 

screening criterion. AbdElShafi and Ageeb (1994) reported that multi-location testing, 

creating heat stress environments by using different planting times and continuous 

regional activities between countries having similar environment are an efficient 

screening strategy for heat stress and concluded that straw yield, plant height, plant 

population, number of grains per spike, days to 50% heading and dry weight at anthesis 

may be useful selection parameter for heat stress. Membrane thermostability is an 

indirect selection criterion for heat stress resistance Blum (1988): Balota et al. (1993).  

 Nagarajan (1998) stated that laboratory screening protocol for membrane 

thermostability has demonstrated the high degree of genetic diversity for heat tolerance 

and indicated that CMT and CTD can be used as selection criteria to develop heat 

tolerant wheat varieties with high yield potential 

 Ferrara et al. (1994) indicated that high temperature stress indirectly reduces yield 

by directly affecting various yield components, hence, yield remains the most reliable 

criterion to select against heat stress and suggested that a combination of empirical 

observations and quantitative measurements might be the best route for selecting heat 

resistant wheats and at CIMMYT/ICARDA screening for heat tolerance is done by 

delaying the planting date and thereby exposing the germplasm to high temperatures 

during reproductive phase, while CIMMYT breeders utilize data of traits, enhanced 

stand establishment, good tillering, delayed leaf senescence, good spike fertility, 

accelerated grain filling period, medium to tall plants, early maturity, 000 grain weight,  

increased leaf rolling and high biomass and grain yield in their work on tolerance to high 

temperature. Hanchinal (1994) concluded that genetic variability and association 

analysis, indicated grain test weight, spikelets per spike and grains per spike under hot 

(Normal planting) environments while spike length and spikes per m2 under very hot 
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(late planting) may serve as  valuable selection criteria for heat tolerance. Rajaram 

(1998a) concluded that late planting is one of the most limiting factors reducing yield in 

India and neighbouring countries (Pakistan) and it can cause reduction in yield as high as 

50% on high yielding temperature sensitive genotypes while reduction is only 1/3 in case 

of thermotolerant varieties and suggested that our testing program must combine 

optimum and late planting based on the same genotypes. Nagarajan and Rane (1998) 

stated that some  physiological and morphological traits closely associated with heat 

tolerance are viz, early vigor, flag leaf photosynthesis, chlorophyll fluorescence, 

membrane thermostability, canopy temperature depression, stem sugar mobilization, 

biomass accumulation, days  to anthesis, days to maturity and yield and yield 

components and further concluded that by prioritizing the relevant combination of 

parameters that influence the yield and by selecting for these attributes under different 

stress environments, genotypes tolerant to heat stress can be developed.  Sikder et al. 

(1999) conducted a field experiment by exposing ten wheat cultivars to two sowing 

conditions i.e. optimum sowing time (November 30) and late sowing (December 30). By 

late sowing cultivars were given high temperature treatment during reproductive phase in 

comparison to optimum sowing and concluded that the membrane thermostability test 

would be a suitable procedure for selecting heat tolerant and sensitive cultivars and the 

long grain filling duration with high filing rate and less dependence on pre-anthesis stem 

reserves could be used to determine the heat tolerance of wheat under late sowing higher 

temperature stress condition.  

 Sikder et al. (2001) studied heat tolerance and relative yield performance of wheat 

varieties under normal and late planting conditions and concluded that relative grain 

number per ear, 1000-grain weight and main shoot grain weight can be used to determine 

heat tolerance of wheat cultivars under late sowing conditions. Rane and Nagarajan 

(2004) concluded that high temperature (>30°C) at the time of grain filling is one of the 

major constraints in increasing wheat productivity and genotypes are generally tested 

across space and time under field conditions by manipulating date of sowing or choosing 

sites which are featured by high temperature at grain filling (hot spots) and magnitude of 

heat stress determines the accuracy of evaluation and selection of genotypes. Poonam et 

al. (2006) studied wheat heat tolerance under normal (27 November) and late (28 
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December) sown conditions in a field experiment in addition growing of same genotypes 

under normal sowing and transferring to heated open top chamber during anthesis stage. 

Under late sown and open heated top chamber wheat cultivars were exposed to a mean 

maximum temperature of up to 3.6 and 3.2°C higher than normal sowing/control 

respectively. All the cultivars showed decreased in yield under both situations, and 

concluded that varietal pattern of heat susceptibility remained more or less the same with 

late sowing and open heated top chamber experiments. Zhou et al. (2007) concluded that 

large kernel size is associated with rapid grain filling under high temperatures and 

therefore TKW is an important selection criterion for Chinese wheat breeding programs. 

Singh et al. (2007) conducted experiment to assess the relative efficiency of different 

selection criteria among 9 wheat genotypes and 3 sowing dates (15 October,15 

November and 15 December) and concluded that grain yield was significantly correlated 

with biomass (0.8067), grain/m2 (0.5387), spikes/m2 (0.6618) and harvest index 

(0.9309), while among different stress parameters, stress tolerance index followed by 

heat susceptibility index was the best parameter to distinguish the genotypes performing 

well under both stressed and non stressed environments. Mohammadi et al. (2007) 

evaluated various screening techniques for heat tolerance in wheat and indicated that 

kernel weight was the most suited for heat stress screening. Balota et al. (2008) 

concluded that wheat cultivars with high canopy temperature depression tend to have 

higher grain yield under dry, hot conditions and therefore, CTD has been used as a 

selection criterion to improve adaptation to drought and heat.  
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CHAPTER 3                        

                       MATERIALS AND METHODS                                                         

 
Research work was conducted in the experimental area of the Department of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad Pakistan (Latitude= 

31.26°N, Longitude=73.06°E, Altitude=184.4m, soil pH 6.50, while photoperiod for 

wheat was 10 h in November 2007, during the three spring wheat crop seasons from 

2005-06 to 2007-08, with the partial coordination of Wheat Research Cell, Arid Zone 

Research Institute, Bhakkar, Punjab. Seeds of 220 wheat genotypes from the germplasm 

resources, maintained and evaluated in hot irrigated arid climate, were obtained on 

request from Arid Zone Research Institute Bhakkar. 

3.1     Field/ laboratory experiments 

3.1.1 Preliminary Screening of wheat genotypes in terminal heat stress 

  
 A field experiment with two sets comprising 220 wheat genotypes in triplicated 

RCBD was laid out during Rabi season 2005-06 (From November 2005-April 2006) 

under normal and high temperature stress condition. Stress free environment was 

attained by planting one set of experiment (control) on 10th November 2005 and thus 

allowing the flowering and grain filling under normal (Optimal) field environment. High 

temperature stress was provided by delaying the planting date of second set of 

experiment up to the 15 December 2005, and thus exposing the crop to terminal heat 

stress during critical stages of plant development (Ferrara et al. 1994; Rajaram 1998a; 

Rane and Nagarajan 2004: Hussain, 2005). Each entry was sown in two rows of two 

meter length with plant to plant and row to row distance of 0.15 m and 0.30 m 

respectively. Genotype to genotype spacing was also maintained 0.30 m to avoid border 

effect and to limit the gross area of experiment. Sowing was done by using a template 

and two seeds per hole were embeded to ensure proper and uniform   plant population.  

However, thinning was done to ensure single plant per hole. Thinning operation was 

executed fifteen days after germination (Z15) and one seedling was ensured at every plant 

position. First irrigation was applied 25 days after germination (Z20). Chemical fertilizers were 
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also applied in the form of di-ammonium phosphate; urea and sulphate of potash at rate 

of 105-85-62 kg/ha. All phosphoric, sulphate of potash and one third of nitrogen 

fertilizers were applied at the time of seed bed preparation. Remaining nitrogen 

fertilizers two third were applied in the form of urea in two splits, one each with first and 

second irrigations respectively. Second and third irrigations were given at booting (Z45) 

and dough (Z58) stages respectively. Experimental plots were maintained weed free by 

application of post emergence weedicide at field capacity  moisture level after first 

irrigation(Z25) All the agronomic and cultural practices were carried out as outlined aove 

alongwith provision of adequate irrigation regime to avoid the confounding effects of 

water deficit. Maximum and minimum mean temperatures remained above normal and 

crop remained almost disease free. Daily air temperature and other meteorological data 

as recorded by Meteorological Unit, Crop Physiology Department, University of 

Agriculture, Faisalabad Pakistan, are depicted in Appendices I-XII. Five plants of each 

genotype per replication from both experimental units were harvested.  Threshing was 

done with single plant thresher and average grain yield data per plant were recorded. 

Data of 220 genotypes used in preliminary screening (2005-06) in respect of average grain yield 

per plant in stress and stress free conditions, relative tolerance index and relative performance 

ratio are appended in annexure XIII. Four terminal heat tolerant and three thermo-labile 

wheat genotypes were identified and selected, according to formulae for relative 

tolerance index % (Ali et al. 2007) and relative performance ratio (Anonymous, 2006) 

and percent reduction in grain yield under heat stress in comparison with optimal 

situation (Rajaram, 1998a) for further studies  

 
                                                      Performance in normal-Performance in stress                        
Relative tolerance index % = ----------------------------------------------------x100 
                      Performance in normal 

                     

 
                                            Performance in stress  
 Relative performance ratio % =   -----------------------------------x 100 
                                                           Performance in normal 
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Table-1.  Mean performance of seven selected wheat genotypes 
(parents for hybridization program) tested under normal 
and heat stress conditions. 

 

S. 

No 
Genotypes 

Grain yield per 

plant (g)  

RTI.%*  RPR%**
Yield 

Red.%***   
Attribute Normal 

te

mp

. 

Heat 

stress 

1  BKR- 02 30 19.67      34.43       65.66 34.34 Tolerant 

2 V00183 31  20.63     33.32       66.54 33.45 Tolerant 

3 Ch -86 30 19.67      34.33       65.66 34.43 Tolerant 

4 SH-02 29  21 29.89       72.41 27.58 Tolerant 

5 3C00l 22.33 8.67       61.12       38.82 61.17 Susceptible

6 93T347 25 11.33      54.66       45.32 54.68 Susceptible

7 Punjab-96 25 11.67      53.46       46.48 53.32 Susceptible

   *=Relative tolerance index %    

 **= Relative performance ratio % 

*** = Yield reduction percentage in heat stress as compared with normal     

          temperature condition.
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Table -2  Parentage/pedigree and salient features of seven wheat 
genotypes selected as experimental material for 7x7 
diallel mating. 

 
S.

N

o

Variety

/line  

Parentage/pedigree Salient features   

1 BKR-02 P20102/PIMA/SKA 

3/TT/Bow’s’Pb238 

1a-1a-1t-1t-0t 

High yielding, heat tolerant short duration, bold  

seeded, shattering resistant variety widely 

adapted in hot irrigated wheat- cotton farming 

system.  

2 V00183 LU26/HD2179//*2 

Inq91PB28633 P-2A-

6A-0A 

High yielding, short duration lodging resistance, 

short stature and heat tolerant genotype. 

3 Ch-86 Fin/ACS//ANA,SWM

45756M-3Y-3M-0Y- 

0PAK 

High yielding, heat, drought and disease resistant 

and medium duration variety.  

4 SH-02 Inqlab-91/FINKS, 

PB25552-IA-0A-0A 

1A0A 

Higher yielding, heat tolerant, medium duration 

variety. 

5 3C001 DHARWAR Dry-

0IND 

Medium duration, heat susceptible experimental 

strain, with good bread making score. 

6 93T347 TTR.S/SKA//WL711/

3/Chll.S. 1A-0A-1T-

3T-IT-0T 

Full season, tall stature, heat susceptible 

experimental strain  

7 Pb-96 SA42/3/CC/INIA//BB

/INIA/4/CNO/HD832 

Medium duration, with good bread making 

quality unfit for late planting due to heat 

susceptibility  
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3.1.2 Hybridization: Development of genetic material 

 During crop season 2006-07 seven wheat genotypes, selected for the study of 

inheritance of high temperature stress tolerance were planted in field on 15-11-2006 

as a pair of parents in such a way that one each line was designated as male and 

female parent interchangeably. Similarly a second set of crossing block was laid out 

on November 25th 2006 to arrest maximum period for execution of efficient and 

successful hybridization program. First irrigation was applied 25 days after 

germination (Z20). Chemical fertilizers were also applied in the form of di-

ammonium phosphate, urea and sulphate of potash at the rate of 105-85-62 kg/ha. All 

phosphoric, sulphate of potash and one third of nitrogen fertilizers were applied at the 

time of seed bed preparation. Remaining two third nitrogenous fertilizers were 

applied in the form of urea in two splits, one each with first and second irrigations 

respectively. Second & third, fourth and fifth irrigations were given at booting (Z45& 

Z50), dough (Z58) and grain filling (Z75) stages respectively. Experimental plots 

were maintained weed free by application of post emergence weedicide at field 

capacity moisture level after first irrigation (Z25). Two special irrigations were 

applied during hand pollination period to get maximum and healthy pollen grains and 

ensure maximum seed setting. Anthesis in wheat initiates from middle of spike and 

proceeds in both directions. At appropriate stage (1/3 spike in boot), desirable 

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

pair of scissors. The tiny florets were held between thumb and fore finger, and 1/3 

part from the top of the floret were cut  by using a pair of scissors and immature three 

anthers in each floret were removed gently by fine pointed forceps avoiding damage 

to pistil. After emasculation the entire spike was covered with a glycine bag. After 2 

to 4 days depending on environmental conditions when bifid ovaries were full 

receptive, in morning after sunrise, emasculated spikes were hand pollinated by 

applying fresh pollen grains from the respective male parent and covered again with 

butter paper bag till seed setting. Forty spikes per cross combination were hybridized 

by making use of 2nd set  (late sown) of crossing block laid out especially to combine 

very early and late heading parents to get maximum F0 seed. Seven parents were 

hybridized in diallel fashion for 42 recombinants as depicted in table-3.  
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Table 3    List showing 42 recombinants alongwith seven parents 
produced by hybridizing in 7x7 diallel fashion during 
crop season 2006-07 

S.No.  Recombinants/parents S.No Recombinants/parents 

1 Bhakkar -2002        (Parent)    26 SH-02 x 3C001 

2 Bhakkar-2002 x V00183 27 SH-02 x 93T 347 

3 Bhakkar-2002 x Chakwal- 86 28 SH-02 x Punjab-96 

4 Bhakkar-2002 x SH-02 29 3C001 x Bhakkar-2002 

5 Bhakkar-2002 x 3C001 30 3C001 x V00183 

6 Bhakkar-2002 x 93T347 31 3C001 x Chakwal-86 

7 Bhakkar-2002 x Punjab-96 32 3C001 x SH-02 

8 V00183  (Parent) 33 3C001  (Parent) 

9 V00183 x Bhakkar-2002   34 3C001 x 93T347 

10 V00183 x Chakwal-86 35 3C001 x Pujab-96 

11 V00183 x SH-02 36 93T347 x Bhakkar-2002 

12 V00183 x 3C001 37 93T347 x V00183 

13 V00183 x 93T347 38 93T347 x Chakwal-86 

14 V00183 x Punjab-96 39 93T347 x SH-02 

15 Chakwal-86 x Bhakkar-2002 40 93T347 x 3C001 

16 Chakwal-86 x  V00183 41 93T347  (Parent) 

17 Chakwal-86     (Parent)  42 93T347 x Punjab-96 

18 Chakwal-86 x  SH-02 43 Punjab-96 x  Bhakkar-2002  

19 Chakwal-86 x  3C001 44 Punjab-96 x V00183 

20 Chakwal-86 x  93T347 45 Punjab-96 x Chakwal-86 

21 Chakwal-86 x   Punjab-96 46 Punjab-96 x SH-02 

22 SH-02  x Bhakkar-02 47 Punjab-96 x 3C001 

23 SH-02  x V00183 48 Punjab-96 x 93T347 

24 SH-02  x Chakwal-86 49 Punjab-96  (Parent) 

25 SH-02  (Parent) -  - 
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 Quantity of F0 seed obtained at maturity was sufficient (about 900-1000 seeds per 

entry) to carryout the study smoothly. Harvesting was done on physical maturity, 

when seed moisture was 15% and it was reduced to 12% by sun drying. The 

harvested seed of 42 crosses (21 direct and 21 reciprocals) alongwith 7 parents was 

reserved under standard storage conditions for evaluation and screening for high 

temperature tolerance during next crop seasons (2007-08). 

3.1.3  Evaluation of genetic material under normal and high temperature    

conditions 

             Two separate experiments were conducted during wheat crop seasons 2007-

08 (November 2007 to April 2008). First under normal temperature condition 

(Timely planting), was laid-out on 10th November 2007 and second under high 

temperature stress situation (late planting) was sown on December 20, 2007. Forty 

two F1 hybrids along-with seven parents were laid out in each set according to 

randomized complete block design with three replications. Each entry consisted of 

five rows of 2.50 meter length with plant to plant and row to distance of 0.15m and 

0.30 m respectively. A template was used to maintain the uniformity in distance and 

depth of seeds. Two seeds per hole were sown to ensure uniform population. After 

germination one healthy seedling was retained at each plant position through 

thinning, Gap filling if any, was executed at an earliest date possible with water 

imbibed seed of respective entry and skipping free populations were ensured. All the 

standard agronomic practices were adapted uniformly. As it was desirable to avoid 

water stress during evaluation of heat tolerance, therefore adequate irrigation regime 

was provided during the crop season. These experiments were laid out adjacently in 

field under similar soil conditions. Daily maximum and minimum air temperatures 

and other meteriological data were obtained from the observatory of Crop Physiology 

department stationed 500 meters from trial location. (Appendices VII-XII) 

                 The data were recorded on 10 randomly selected guarded plants of each 

genotype per replication per treatment for following different physio-morphological 

traits. Most of the parameters studied were secondary traits, as indicator of high 

temperature tolerance (Mann, 1994; Nagarajan and Rane, 1998; Reynolds et al. 

2001b; Fischer, 2001). 
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3.1.3.1 Morphological traits 

3.1.3.1.1 Plant height (cm) 

Plant height of each of ten randomly selected plants was measured from  base of 

plant at  the level of soil surface to the tip of main spike excluding awns. Average 

plant height of each test entry was calculated.  

3.1.3.1.2 Number of spikes per plant  

Spikes of all selected plants of each genotype in each replication were counted 

and average value was computed.  

3.1.3.1.3 Days to heading  

Days to 50% heading was recorded from date of sowing to ½ of earing of   each 

genotype by daily visiting the experiment. 

3.1.3.1.4 Days to anthesis  

Days to 50% anthesis was also recorded from date of sowing of each   genotype 

by daily visiting the experiment in morning hours to ½ main culm spikes anthesis. 

3.1.3.1.5 Dry biomass per plant at anthesis (g) 

Ten guarded plants per entry were harvested from 2nd line on the very date of                  

anthesis and firstly sun dried and then in electric oven to a constant weight and then                    

weighed, and finally average dry biomass per plant at anthesis was computed.  

3.1.3.1.6 Spike index at anthesis (%) 

All spikes of the plants per genotype harvested and dried for computation of dry 

biomass per plant at anthesis attribute were cut at ear base with a nursery cuter and 

weighed and finally spike index at anthesis was calculated as under. 

                                         Dry spike weight per plant at anthesis  

                            S.I.A % =--------------------------------------------------   x 100 

                                            Dry biomass per plant at anthesis  

 

3.1.3.1.7 Spike length (cm) 

Spike length of mother shoot of selected plant at maturity was measured in 

centimeters from base to the tip of ear excluding awns and average value was 

computed. 
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3.1.3.1.8 Spikelets per spike  

Spikelets of main culm spike of all the selected plants of each genotype were 

counted individually and then average number of spikelets per spike was calculated. 

3.1.3.1.9 Number of grains per spike  

Main spikes of all selected plants were threshed manually and grains of each 

main culm ear were counted, and finally average value of number of grains per main 

shoot spike was computed. 

3.1.3.1.10 Kernels per unit spike dry weight (N/g) 

Main spikes used for the computation of number of grains per spike were oven 

dried prior to the threshing and weighed and then incorporating the relevant data 

kernels per unit spike dry weight were obtained as under. 

    Number of grains per main culm spike 

        KPUSDW = ------------------------------------------------------ 

        Main culm spike dry weight  

3.1.3.1.11 1000-grains weight (g) 

Grain yield of ten selected plants in each replication of every genotype was 

bulked, and 1000-grain were counted randomly from each bulk and weighed on 

electronic balance. 

3.1.3.1.12 Days to maturity  

Days to maturity from sowing date were estimated by daily visiting the trials at 

final stage of ripening and by assessing the full maturity visually and also physically 

from the grains hardness. 

3.1.3.1.13 Dry biomass per plant at maturity (g) 

Biological yield was estimated by drying ten randomly selected plants at 65±5°C 

for 48 hours of every genotype in each and every replication under both conditions 

and then weighing separately by an electronic balance before threshing and then 

average value was computed. 

3.1.3.1.14 Grain yield per plant (g) 

Spikes of all individually selected plants were threshed manually and grains were 

weighed with electronic balance and finally average value for grain yield per plant 

was computed for each genotype in each replication. 
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3.1.3.1.15 Harvest index (%) 

Harvest index of each genotype at all positions was ascertained using following 

formula 

      Economic yield per plant  

            Harvest index (%) = --------------------------------      x100 

      Biological yield per plant  

3.1.3.1.16. Grain set index % 

Grains in the 20 basal florets (Two florets, F1 and F2, of each spikelet ) of 10 

central spikelets of main culm spike of ten selected plants were counted and average 

value for grain set index was computed as under (Rerkasem 1994). 

     No. of grains in 20 basal florets  

        Grain set index (%) = ---------------------------------------      x100 

       20 

3.1.3.1.17   Heat susceptibility index 

Heat susceptibility index is a gauge of the reduction in yield at high temperature 

of each line relative to all other line and was calculated as under (Hanchinal 1994) 

                                                             1-Y/Yp 

                                            HSI = ----------- 

                                                  1-X/Xp 

Where    

                Y = Yield under heat stress condition (Late planting). 

                Yp = Yield without stress (Timely planting). 

                X = Mean yield over all cultivars under heat stress condition. 

               Xp = Mean yield over all cultivars under non stress condition.  

3.1.3.2    Physiological traits 

3.1.3.2.1. Canopy temperature depression (°C) 

Canopy temperature depression (CTD) of all F1 progenies and parents of 3 -rows 

plot population as a whole was recorded at grain filling stage during second fortnight 

of March 2008 with a non-contact infra red radiation thermometer (RAY PRM 30 

CFRG, RAYTEK USA), at high vapor pressure deficit associated with low relative 

humidity and on warm, comparatively still cloudless, on three different days at noon 

hours. Care was taken to view the plot by standing to one side at a low angle to the 
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horizontal to minimize the likelihood of including soil temperature. Air temperatures 

were also noted before and after canopy temperature recording operation. Average 

.CTD values were computed according to the formula (Balota et al. 2007) as under  

                 CTD = Ta –Tc     

Where   CTD= Canopy temperature depression  

                  Ta = Air temperature                                               

                  Tc = Canopy temperature 

3.1.3.2.2 Cell membrane thermostability (RCI %) 

Cell membrane thermostability was measured of flag leaf tissue at grain filling 

stage during last week of March 2008 by adopting the procedure as proposed by 

Reynolds et al. (2001a). Plants were heat acclimated in situ because growing 

conditions were warm enough (>34/15oC) for more than 48 hours.10 leaves per 

genotype of each replication under both planting regimes (5 for treatment and 5 for 

control) were sampled. In the laboratory leaf samples were washed twice with de-

ionized water and 1-cm diameter disc from centre of each leaf was cut with a 

specially designed sharp steel puncture for both the control and heat shock 

treatments, and divided into vials containing 17mL de-ionized water after washing 

thricely. Five test tubes per entry were maintained at 46.5°C for 60 minutes in a water 

bath. The second set of vials was used as control and maintained at room temperature 

(25 oC) for the same period. After the treatment periods, the heat treated and 

controlled samples were held at 6°C over night. A first conductometric reading was 

recorded with electro conductivity meter (430 pH/Conductivity meter JENWAY 

Europian Union make) at 25°C. Second EC metre reading was also recorded at 25°C 

after autoclaving for 20 minutes at 120°C  and 0.10 MPa pressure. Percentage 

relative cell injury (RCI %), an indicator of CMT, was calculated by using the 

following formula (Sullivan, 1972). 

                                                1-(T1/T2)                

                RCI% = 1- --------------x100 

                                                1-(C1/C2) 

  Where T and C refer to electro-conductivity values of heat treated and 

controlled vials, and subscripts 1 and 2 denote initial (prior to autoclaving) and final 

(after autoclaving) EC meter readings, respectively. 
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3.2   Biometrical analysis 

3.2.1 Statistical analysis of variance 

 Data recorded for various parameters were statistically analysed using analysis 

of variance (ANOVA) procedures as described by Steel et al. (1997).  Separate 

ANOVA for each environment was performed to determine, whether   heat treatment 

significantly affected various parameters or not. On obtaining significant differences, 

data were analysed further for the determination of other genetic parameters. 

3.2.2 Diallel analysis 

         Data were subjected to diallel analysis as proposed by Mather and Jinks (1982) 

and Hayman (1954ab) and Jinks (1954) to derive the genetic information and 

determine the adequacy of genetic model for various plants attributes. According to 

Mather and Jinks (1982) parents (n) are crossed in all possible combinations to obtain 

n2 progeny. It is called diallel mating and variation in a diallel population is due to 

the differences among male, female or due to their combination. Diallel table is the 

arrangement of data collected from n2 progenies and consists of n number of rows 

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

male parent. Therefore, parental combinations are arranged at diagonal. In this study 

seven parents were used to conduct a diallel analysis as there is no restriction on 

inclusion of number of parental line in this approach.  

           

Preliminary information about the presence of significant additive or non 

additive variation was obtained from diallel table. The main items for differences 

among the same set of genotypes in the absence of complications such as maternal 

effects, should yield estimates of the same components of variation, which will be the 

additive variation. According to Mather and Jinks (1982), where the additive 

dominance and additive environmental models are adequate and there are no 

reciprocal differences, mean squares of most of the items in the analysis of variance 

can be interpreted in simple terms. Therefore ‘a’ item tests the significance of 

additive effects of genes and ‘b’ item tests significance of dominance effects. If ‘b’ 

was non significant ‘a’ item is a test of the additive genetic component. The ‘b1’ item 

tests the mean deviation of F1 progenies from the mid parental values. It is significant 

only if the dominance deviations of the genes are predominantly in one direction, it 
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means there is a directional dominance effect. The ‘b2’ item test whether the mean 

dominance deviation of F1’S from their mid parental values with in each array differs 

over arrays. It will happen if some parents exhibit considerably more dominant 

alleles than others. The ‘b3’ item tests that part of dominance deviation that is unique 

to each F1. This item is equivalent to the specific combining ability of Griffing (1956) 

for a fixed model where the parental lines are omitted from the analysis. On the 

assumption of no genotype x environment interaction and no differences between 

reciprocal crosses, mean squares for ‘c’‘d’ and block interaction are all estimates of E 

(environmental components of variation). If reciprocal crosses differ ‘c’ detects the 

average maternal effects of each parental line and ‘d’ the reciprocal differences not 

ascribed to ‘c’. If genotype x environment interaction is present, it will be detected as 

a difference between the block interaction for the ‘a’ and ‘b’ items if   additive and 

dominance variation are influenced to different extent by the environment.  

3.2.2.1. Gene action 

Information about gene action was ascertained by following Hayman (1954a 

b), Jinks (1954) and Whitehouse et al. (1958) approach. There are some assumptions 

for the applications of diallel analysis as suggested by Hayman (1954b), which 

include normal diploid segregation, absence of reciprocal effects, homozygous 

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

In the present study most of the conditions were assumed to be fulfilled and 

reciprocal differences were avoided by replacing the values in the off diagonal cells 

of the table by the means of direct and reciprocal cross combinations prior to 

analysis. The parental genetic material utilized in this study was selected from the 

gemrplasm resource, being maintained naturally by cliestogamous fertilization and 

repeated cycles of selection over the years. Thus assumption of homozygous parents 

was satisfied. 

            A regression line was drawn by using array mean variances and   covariances 

with in limiting parabola. The standard error of the regression line slope was 

estimated according to Aksel and Johnson (1963). The distance between origin and 

point where regression line cut Wr-axis provides a measure of average degree of 

dominance as follow: 

i   Partial dominance if intercept is positive 

ii. Complete dominance: if regression line passed through the origin 
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iii. Over dominance: if intercept is negative 

iv. No dominance: if regression line touched limiting parabola. 

              Position of array points along regression line in the graph represented the 

distribution of dominant and recessive genes among the parents.  

3.2.2.2. Limiting parabola 

   Limiting parabola was drawn on the basis of formula 

   Wr2 = Vr.Vp, i.e. by plotting Vr (WrxVp) points 

   The corresponding values for Wr were calculated as Vr.Vp 

  Where Vp = parental variance and  

      Vr = genotypic variance 

          Limiting points for different arrays were fitted within the limits of parabola 

using the gingival variance and co-variance. Array nearest to the point of origin gave 

indication of dominant genes, and intermediate position revealed occurrence of both 

dominant and recessive genes in the array. 

3.2.3 Test for the validity of diallel assumption  

           Diallel assumptions suggested by Hayman (1954b) were validated for the 

conduction of present studies. Two scaling tests were employed to fulfill the 

assumptions of absence of epistasis, absence of multiple allelism and independent 

gene distribution. Regression coefficient analysis was the first test, in which variance 

of each array and covariance (arrays with its parental values) was calculated from the 

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

Expected regression coefficient should be significantly different from zero but not 

form unity. Failure of this test indicates that non allelic interaction (epistasis) is 

present or genes are not independent in their action, or show non random association 

among parents. Analysis of variance of Wr+Vr and Wr-Vr was carried out as a 

second test for the adequacy of the additive dominance model. If dominance (or 

certain types of non allelic interaction) is present Wr+Vr must vary from array to 

array, and if there exists epistasis, Wr-Vr will change between arrays. Failure of these 

tests completely invalidates additive dominance model, and however this was 

considered partially adequate and analyzed further, if any these fulfil the assumptions 

(Wilson et al. 1978). 
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3.2.4 Genetic components of variation 

                  The procedures for calculating genetic components variance following 

diallel analysis given by Hayman (1954a,b) and Mather and Jinks (1982) were used in 

the genetic analysis of this study. The genetic parameters and their formulae are given 

below  

3.2.4.1 Additive variation (D) 

  D= Vp-E 

        Where Vp = Parental variance 

  E = Environmental variance 

3.2.4.2 Variation due to dominant effect of genes (H1) 
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      Where, Vr = mean of they array variance 

                          Wr = mean of the coverainces between parents and arrays   

                       N = number of the parents 

3.2.4.3. Variation due to dominant effect of genes correlated for gene  

                   distribution (H2)    

                                EVmVrH 2442    

    Where, Vm = variance of the mean of arrays 

3.2.4.4. Relative frequency of dominant and recessive alleles  

 In the presence of 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 the 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:  
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         3.2.4.5. Overall dominance effect of heterozygous loci  
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3.2.4.6. Environmental variation  
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                Where,  Error SS = error sum of square and  

                            Rep. SS = replication sum of square in the analysis of variance 

                      Errordf = Error degree of freedom 

                      Rep.df = Replication  degree of freedom   

3.2.4.7.     Average degree of dominance 

                      DH /1  

       3.2.4.8   Proportion of genes with positive and negative effects of parents 

                        H2/4H1 

3.2.4.9 Proportion of dominant and recessive genes in the parents. 

                                    4DH1
0.5+F/4DH1

0.5-F  

3.2.4.10 Narrow sense heritability (h2
NS) 
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3.2.3 COMBINING ABILITY ANALYSIS 

          Using method I Model II (Griffing, 1956), combining ability studies were 

conducted. The genetic variability in the material was partitioned into components of 

general and specific combining ability, reciprocal effects and error. Sums of squares 

for these components were calculated as under:  

SS due to GCA = 
222 )/2()()2/1( YnYYn ji 
 

SS due to SCA = 
222 )/1()()2/1)()2/1( xYnYiYjnYjiYijYijxx   

SS due to reciprocals = 
2))2/1( YjiYij   

Where, 

Yi. & Y.j = total of the ith and jth arrays in the mean table 

Y..  = grand total of the mean table  

Yij  = mean value of the cross of ith parent with jth parent 
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 Yji  = men values of the cross of jth parent with ith parent  

                                   (reciprocal cross)  

  N = number of parents 

3.2.3.1. Sum of squares due to error 

 The mean sum of squares obtained in the ANOVA due to error was used 

after dividing with number of replications because mean values are used there, 

Thus, SS due to error =SS (error) in ANOVA/r 

  While, r =number of replications  

Using the values ANOVA for combining ability in method I model II was 

prepared as under 

SOV df  SS MS F-value Expected (MS) 

GCA (p-1) Sg Mg Ng/Ms gnsnne 222 )/2)1(2    

SCA P(p-1)/2 Ss Ms Ms/Me’ snnne 2222 )/)1(2    

Reciprocal P(p-1)/2 Sr Mr Mr/Me’ re 22 2   

Error  (r-1)(p2-1) Se Me’  e2  
 

The component estimation of variation was carried out as under: 
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Where 2g, are the estimates of variance due to general combining ability, 2s 

specific combining ability, 2r reciprocal effects and 2e environment, 

respectively.  

General combing ability effects were calculated using the expression  
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Specific combining ability effects were calculated using the expression: 
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By using the expression reciprocal effects were calculated  
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Variances were calculated as under: 
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By taking the square root of the respective variance standard errors were 

calculated as under: 
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CHAPTER 4   

                       RESULTS AND DISCUSSION 

 
          Data collected from the seven wheat genotypes and their all possible F1 

combinations were subjected to statistical analyses to investigate the genetic 

information on various aspects under both normal and heat stress conditions. After 

standard analysis of variance according to Steel et al. (1997), data were subjected 

further to diallel analysis (Hayman, 1954 a,b and Mather and Jinks, 1982) and 

combing ability analysis (Griffing, 1956) Therefore this chapter is divided into three 

sub sections. Analysis of variance is discussed in the first section, while the results of 

diallel analysis and combining ability are elaborated in the second and third ones 

respectively. 

 4.1 ANALYSIS OF VARIANCE 

            Data subjected to analysis of variance separately for normal temperature and 

heat stress conditions (Table 4 & 5) revealed highly significant differences for all the 

traits studied under both planting regimes except simply significant differences for 

harvest index under heat stress environment. It became further evident that almost all 

the traits with the exception of canopy temperature depression and cell membrane 

thermostability (RCI%) showed considerable reduction under heat stress as compared 

to normal temperature condition. Means of the parents and their F1 progenies for the 

attributes studied are depicted in Tables 6 to 15.               

            On over all mean basis days to heading showed a reduction of 18.26 %   under 

heat stress condition (Table 6). Among the parents maximum reduction of 23.59 % 

was recorded in the genotype Punjab- 96. Similarly, in case of F1 hybrids the   

reduction in days to heading ranged from 9.59% (93T347 x V00183) to 22.46% 

(Punjab-96 x V00183). These results are in accordance with Shpiler and Blum (1991), 

Ishag and Ageeb (1991), AbdELshafi and Ageeb (1994), Ageeb (1994), Bhatta (1994) 

and Tewolde et al. (2006). 

            Under heat stress condition grand mean reduction of 17.50% was recorded for 

days to anthesis (Table 6). Days to anthesis are of paramount importance as far as 

grain yield is concerned. Therefore delay in anthesis eventually leads to the reduction 

in grain yield. Out of the seven parental varieties maximum reduction (20.99%) was 

recorded in  
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Table  4   Analysis of variance for the traits studied under in stress 
 free environment (Timely planting).                                  

 

S.No. 
 

Characters 

Mean squares 

Replication   
df=2 

Genotype  

df=48 

Error  

 df=96 

1 Days to heading (N) 3.190 117.705** 
 
0.993 

2 Days to anthesis (N) 7.761 97.689** 
 
0.352 

3 Spike index at anthesis (%) 2.496 74.774** 
 
0.475 

4 Dry biomass per plant at anthesis (g) 7.800 200.463** 
 
0.257 

5 Plant height (cm) 3.721 128.75** 
 
0.575 

6 Spikes per  plant(N) 4.986 14.807** 
 
1.187 

7 Spike length (cm) 0.719 11.681** 
 
0.232 

8 Spikelets  per spike (N) 8.482 21.480** 
 
1.722 

9 Number of grains per spike (N) 10.088 110.927** 
 
12.407 

10 1000-grain weight (g) 7.843 39.739** 
 
3.468 

11 Grain yield per plant (g) 18.006 59.221** 
 
5.138 

12 Dry biomass per plant at maturity (N) 66.863 261.402** 
 
22.586 

13 Harvest index (%) 2.652 4.001** 
 
1.083 

14 Days to maturity (N) 13.476 83.541** 
 
2.990 

15 Grain set index (%) 3.884 42.898** 
 
6.064 

16 
Kernels per unit dry spike weight 
(N/g). 

4.893 6.549** 
 
1.653 

17 Canopy temperature depression (oC) 1.530 12.598** 
1.252 
 

18 
Cell membrane thermostability  
(RCI %) 

14.823 549.764** 
0.545 
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Table 5.  Analysis of variance for the traits studied in heat stress 
environment.                                             

           
 
S.No.   

 

Characters 

                       Mean squares 

Replications    

df=2 

Genotypes

df=48 

Error   

df=96    

1 Days to heading (N) 5.925 53.867** 
 
0.327 

2 Days to anthesis (N) 3.204 64.771** 
 
0.301 

3 Spike index at anthesis (%) 5.394 32.97** 
 
1.964 

4 Dry biomass per plan at anthesis (g) 3.204 153.746** 
 
14.051 

5 Plant height (cm) 4.061 109.384** 
 
1.616 

6 Spikes per  plant(N) 0.904 10.398** 
 
0.522 

7 Spike length (cm) 0.285 16.076** 
 
0.358 

8 Spikelets  per spike (N) 10.922 38.201** 
 
2.640 

9 Number of grains per spike (N) 7.312 99.879** 
 
20.049 

10 1000-grain weight (g) 4.551 76.638** 
 
0.460 

11 Grain yield per plant (g) 3.326 43.880** 
 
3.902 

12 Dry biomass per plant at maturity (N) 243.449 438.519** 
 
84.893 

13 Harvest index (%) 162.448 130.481* 
 
82.560 

14 Days to maturity (N) 2.068 24.570** 
 
0.561 

15 Grain set index (%) 7.047 186.840** 
 
0.818 

16 
Kernels per unit dry spike weight 
(N/g). 

1.021 9.296** 
 
0.038 

17 Heat susceptibility index  0.004 0.108** 
 
0.0002 

18 Canopy temperature depression ( oC) 0.000 8.958** 
 
0.520 

19 Cell membrane thermostability (RCI%) 8.408 654.969** 
 
0.984 
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Table 6   Means, grand mean, coefficient of variability, LSD values and 
% change for days to heading and days to anthesis in stress free 
and heat stress environments. 

           
 
Genotypes 

Days to heading (N) Days to anthesis (N)
Stress 
free 

Heat
 stress      

 % 
change 

Stress
free  

Heat 
 stress 

 % 
change 

BKR 02   (Parent)    095.00 79.67 -16.14 098.67 82.67 -16.22 
BKR 02 x V00183 093.00 75.33 -19.00 098.33 78.33 -20.34 
BKR 02  x Ch 86 096.00 78.67 -18.05 099.67 82.00 -17.73 
BKR 02  x SH 02 100.00 80.33 -19.67 106.67 84.00 -21.25 
BKR 02 x 3C001 100.00 86.00 -14.00 105.67 89.67 -15.14 
BKR02 x 93T347 108.00 87.67 -18.82 111.67 92.00 -17.61 
BKR 02 x Pb 96 108.00 85.00 -21.30 111.67 89.00 -20.30 
V00183 x BKR 02 093.00 77.33 -16.85 097.33 80.33 -17.47 
V00183   (Parent)  090.00 76.67 -14.81 095.00 79.67 -15.24 
V00183 x Ch-86 097.67 81.00 -17.70 105.00 84.00 -20.00 
V00183 x SH-02 098.00 82.33 -15.99 104.00 85.33 -17.95 
V00183 x 3C001 100.00 85.00 -15.00 105.00 89.33 -14.92 
V00183 x 93T347 097.67 87.67 -10.24 100.67 92.00 -08.61 
V00183 x Pb-96 105.00 82.33 -21.59 109.33 86.33 -21.04 
Ch 86    x  BKR-02 097.00 79.33 -18.22 096.67 83.67 -15.20 
Ch 86   x  V00183 100.00 81.33 -18.76 104.00 84.33 -18.91 
Ch 86     (Parent)  098.33 82.33 -16.27 102.33 85.67 -16.28 
Ch 86   x  SH-02 100.00 80.67 -19.33 104.33 83.67 -19.80 
Ch 86   x 3C001 102.00 85.33 -16.33 106.33 87.33 -17.87 
Ch 86   x 93T347 112.00 88.33 -21.13 114.33 93.33 -18.37 
Ch 86  x  Pb-96 105.00 86.33 -17.78 108.67 89.33 -17.84 
SH 02  x BKR-02 099.00 83.67 -15.48 105.67 87.00 -17.67 
SH 02  x V00183 097.67 81.33 -16.73 104.00 84.00 -19.23 
SH 02  x Ch-86 100.00 80.67 -19.33 105.33 83.67 -20.56 
SH 02   (Parent) 102.00 82.67 -18.95 106.67 85.67 -19.69 
SH 02  x 3C001 104.00 87.33 -16.03 106.67 91.33 -14.38 
SH 02  x 93T 347 110.00 89.67 -18.48 112.67 94.67 -15.98 
SH 02  x Pb-96 107.67 83.67 -22.29 111.33 87.67 -21.25 
3C001  x BKR-02 100.00 86.00 -14.00 106.67 90.33 -15.32 
3C001  x V00183 101.00 84.00 -16.83 106.67 89.00 -16.57 
3C001  x Ch-86 102.00 85.33 -16.34 107.33 88.33 -17.70 
3C001  x SH-02 102.00 87.67 -14.05 107.67 90.67 -15.79 
3C001   (Parent) 108.00 84.33 -21.92 109.33 89.33 -18.29 
3C001  x 93T347 110.00 86.33 -21.52 114.33 91.33 -20.12 
3C001  x Pb-96 108.00 85.00 -21.30 113.67 89.00 -21.70 
93T347 x BKR-02 108.00 87.67 -18.82 112.00 92.33 -17.56 
93T347 x V00183 097.67 88.33 -09.59 101.67 93.33 -08.20 
93T34 7 x Ch-86 111.00 89.33 -19.52 113.33 92.33 -18.53 
93T347  x SH-02 109.67 90.00 -17.94 113.00 94.33 -16.52 
93T347  x 3C001 110.00 87.33 -20.62 114.67 92.33 -19.37 
93T347   (Parent) 114.67 91.33 -20.35 117.33 96.33 -17.90 
93T347 x  Pb-96 117 95.00 -18.80 119.33 99.33 -16.76 
Pb- 96   x  BKR-02  107 86.33 -19.32 110.67 90.33 -18.38 
Pb-96    x V00183 105.33 81.67 -22.46 108.67 85.67 -21.16 
Pb-96    x Ch-86 106 86.00 -18.87 107.33 88.67 -17.39 
Pb-96    x SH-02 106.67 83.33 -21.86 110.33 87.00 -21.15 
Pb-96    x 3C001 107.67 84.33 -21.68 112.33 88.33 -21.37 
Pb-96  x  93T347 116 96.00 -17.24 118.33 99.33 -16.06 
Pb-96    (Parent) 111.67 85.33 -23.59 114.33 90.33 -20.99 
Grand mean 103.58 84.66 -18.26 107.71 88.85 -17.50 
C.V.% 0.93 00.68  0.55 00.62  
LSD 1.562 0.925  0.959 0.887  
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the genotype Punjab-96, followed by the genotype SH-02 (19.69%). However, 

minimum reduction of 15.24% for days to anthesis under stress was recorded in the 

genotype V00183. It was revealed that hybrids involving Punjab-96 as one of their 

parents showed high reduction in days to anthesis  ranging from 16.06 to 21.37% and 

highest reduction (21.70%) was recorded in hybrid  3C001 x Punjab-96. Most of the 

combinations which showed lesser reduction (8.20 to 21.16%) involved parent 

V00183. Similary reduction in days to anthesis has also been reported by Fischer and 

Maurer (1976), Warrington et al. (1977), Fischer (1985), Ishag and Ageeb (1991), 

Cooper (1992) and Ishag (1994). 

Grand mean reduction (over all genotypes) recorded for spike index at 

anthesis under heat stress condition was 22.40% (Table 7) Among the parents 

maximum (28.77%) and minimum (13.18%) reductions were recorded  in the 

genotype Punjab-96 and Bhakkar-2002 respectively. F1 hybrids of thermotolerant 

parental genotypes registered good grain yield in high temperature stress. Physiological traits 

like canopy temperature depression and cell membrane thermostability helped in 

establishment of inheritance of wheat thermo-tolerance. However, in case of hybrids the 

reduction in spike index at anthesis ranged from 11.59% (Bhakkar-02 x V00183) to 

40.29% (3C001 x Punjab-96). This was because of the fact that parental genotypes (BKR-

02; V00183; SH-02) also displayed higher number of spikes per plant alongwith expression 

of good spike index at anthesis. Most of the combinations which showed lesser 

reduction (11.59 to 31.48%) involved parent BKR-02. It was also revealed that the 

hybrids involving Pb-96 as one of their parents showed high reduction in spike index 

at anthesis ranging from 21.55 to 40.29%. Among the parents maximum spike index 

at anthesis was recorded 36.33 % and 31.00 % under normal and heat stress 

conditions respectively in genotype V00183. Findings are in agree with Fischer and 

HilleRislambers (1978), Siddique and Whan (1994) and Fischer (2001).                       

On over all mean basis dry biomass per plant at anthesis showed a reduction of 

35.62% under heat stress condition (Table 7). Among the parents maximum 

reduction of 47.75% was recorded in the genotype 93T347. Similarly, in case of F1 

hybrids the reduction in dry biomass per plant at anthesis ranged from 24.07 % (Ch-

86 x V00183) to 47.85 % (BKR-2 x 93T347). Among the parents maximum dry 

biomass per plant at anthesis was recorded 69.33 g and 49.67 g under normal and 

heat stress conditions respectively in genotype BKR-02. It was evident that F1 hybrid     
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Table 7   Means, grand mean, coefficient of variability, LSD values and 
% change for spike index at anthesis (%) and dry biomass per 
plant at anthesis (g) stress free and heat stress environments.        

 

Genotypes 

Spike index at anthesis (%) Dry biomass per plant at 
anthesis(g) 

Stress
free  

Heat 
stress      

% 
change 

Stress
free  

Heat 
stress 

 %  
Change 

BKR 02   (Parent)    35.33 30.67 -13.18 69.33 49.67 -28.35
BKR 02  x V00183 37.33 33.00 -11.59 69.33 51.67 -25.47 
BKR 02  x Ch 86 35.35 30.67 -13.13 79.33 57.00 -28.14 
BKR 02  x SH 02 34.67 30.00 -13.47 77.33 53.67 -30.59 
BKR 02  x 3C001 29.67 20.33 -31.48 63.00 36.00 -42.86 
BKR02   x 93T347 29.67 20.67 -30.33 69.67 36.33 -47.85 
BKR 02  x Pb 96 29.67 21.67 -26.96 51.33 31.67 -38.30 
V00183  x BKR 02 37.33 30.00 -18.75 71.67 51.67 -27.91 
V00183   (Parent)  36.33 31.00 -14.67 66.33 45.00 -32.16 
V00183  x Ch-86 38.67 32.33 -16.39 63.33 46.67 -24.73 
V00183  x SH-02 34.33 29.00 -15.52 69.00 48.33 -29.96
V00183  x 3C001 27.33 21.33 -19.95 61.67 40.67 -34.05 
V00183  x 93T347 28.33 21.00 -25.87 58.33 34.33 -43.15 
V00183  x Pb-96 27.33 18.00 -34.14 54.33 31.33 -42.33 
Ch 86  x  BKR-02 34.33 27.67 -14.40 80.67 57.00 -29.34 
Ch 86  x V00183 37.33 32.33 -13.39 62.33 47.33 -24.07 
Ch 86    (Parent)  34.67 28.67 -17.30 67.33 45.67 -32.17 
Ch 86  x SH-02 37.33 32.33 -13.39 69.00 47.67 -30.91 
Ch 86  x 3C001 28.67 21.67 -24.42 61.33 40.67 -33.68 
Ch 86  x 93T347 27.33 18.00 -34.13 63.00 37.00 -41.27 
Ch 86  x Pb-96 24.00 17.67 -26.35 52.67 34.67 -34.17
SH 02  x BKR-02 33.67 29.33 -12.89 76.33 53.33 -30.13 
SH 02  x V00183 34.67 29.00 -16.35 67.33 47.33 -29.70 
SH 02  x Ch-86 38.33 31.67 -17.37 70.00 49.33 -29.52 
SH 02     (Parent) 33.33 26.67 -19.98 66.33 47.00 -29.14 
SH 02  x 3C001 23.67 18.00 -23.54 59.33 36.67 -38.19 
SH 02  x  93T 347 26.67 17.67 -37.49 62.67 34.33 -45.22 
SH 02  x Pb-96 27.67 19.00 -31.33 60.33 39.33 -34.81 
3C001 x BKR-02 29.00 23.00 -20.69 62.67 35.67 -43.08 
3C001 x V00183 28.33 22.33 -21.18 62.67 40.67 -35.10 
3C001 x  Ch-86 28.33 22.33 -21.18 59.67 40.67 -31.84 
3C001 x  SH-02 24.33 19.00 -21.90 57.67 39.33 -31.80 
3C001    (Parent) 23.67 18.67 -21.12 44.33 26.00 -41.35 
3C001 x  93T347 24.00 18.00 -25.00 57.33 39.00 -31.97 
3C001 x  Pb-96 24.00 14.33 -40.29 59.67 38.00 -36.32 
93T347 x BKR-02 29.67 22.67 -23.59 68.33 38.00 -44.39 
93T347 x V00183 27..33 20.67 -24.33 60.67 35.33 -41.77 
93T347 x Ch-86 28.67 21.00 -26.75 61.33 35.67 -41.84 
93T347 x SH-02 27.67 21.00 -24.10 61.67 33.33 -45.95 
93T347 x 3C001 23.67 18.33 -22.56 55.67 37.33 -32.94 
93T347   (Parent) 23.67 18.00 -23.95 59.33 31.00 -47.75 
93T347 x  Pb-96 24.00 18.00 -25.00 51.67 32.00 -38.07 
Pb- 96   x  BKR-02  24.00 19.33 -24.15 53.67 30.33 -43.49 
Pb-96    x  V00183 21.67 17.00 -21.55 52.67 29.33 -44.31
Pb-96    x  Ch-86 24.67 17.33 -29.75 54.33 38.00 -30.06 
Pb-96    x  SH-02 28.67 19.33 -32.58 59.33 40.33 -29.02 
Pb-96   x  3C001 24.67 15.00 -39.19 57.33 37.33 -34.89 
Pb-96   x  93T347 24.33 17.67 -27.37 49.33 33.00 -33.10 
Pb-96       (Parent) 24.33 17.33 -28.77 43.33 28.33 -34.61 
Grand mean 29.42 22.83 -22.40 61.95 40.24 -35.62 
C.V.% 0.2.34 06.14 00.80 09.31  
LSD 1.115 2.265  0.803 6.060  
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having BKR-02 parent  produced higher grain yield both in normal and high 

temperature stress. Among the hybrids (Ch-86 x BKR-02 ) maximum (80.67g) dry 

biomass per plant at anthesis was found under normal while under heat stress 

condition its highest equal value (57g) was recorded in crosses Ch-86 x BKR-02 and 

its reciprocal. This was due to the fact that parental genotype BKR-02 accumulated higher 

biomass pre-anthesis, reflecting higher stem reserves accumulation of photosynthates and 

their consequent remobilization to grain in heat stress. These results are in accordance 

with Samad et al. (1994).                     

              A reduction in the plant height (Table 8) with an average of 9.56 % was    

recorded in all the genotypes including   parents and F1 hybrids under heat stress 

condition. Maximum reduction (14.16 %) was recorded in 93T347. Parental genotype 

V00183 had the lowest plant height under late planting with a reduction of 7.90 %. In 

case of hybrids maximum reduction (14.76 %) in plant height was recorded in BKR-

02 x 3C001. These results are in accordance with Julsrigaval and Tiyawalee (1982), 

Na-lampang et al. (1985), Sukprapan 1885 and Meechoui (1988), Shpiler and Blum 

(1991), Bhatta (1994), AbdElShafi and Ageeb (1994) and Akbar et al. (2008).  

          Number of spikes per plant (Table 8) showed considerable reduction (31.87 % 

on an average) under heat stress condition. Under normal temperature parents      

BKR-02, V00183 and SH-02 had greater number of fertile tillers per plant (15.33, 

13.33 and 13.33 respectively). However these genotypes showed a considerable 

reduction under heat stress where number of spikes per plant of these genotypes 

reduced to 11.67, 9.67 and 9.0 respectively. Best cross combinations under normal 

temperature condition with greater numbers of spikes per plant were BKR-02 x SH-

02, Ch-86 x SH-02, SH-02 x Ch-86 and Ch-86 x V00183. The best cross for this trait 

under heat stress condition was BKR-02 x SH-02, however, this hybrid showed 

reduction of 25.53%. Other combinations with greater numbers of spikes per plant 

under heat stress condition were SH-02 x BKR-02, Ch-86 x SH-02, Ch-86 x BKR-02 

and Ch-86 x V00183. Reduction in spikes per plant under heat stress condition has 

also been reported by Hanchinal, (1994); Bhatta, (1994) and AbdElShafi and Ageeb 

(1994).   

           All the genotypes had greater spike length (Table 9) under normal temperature 

condition and showed a mean reduction of 16.30% under heat stress condition. Under 

normal condition longest spikes (14.67cm) were observed in BKR-02 among the 

parents, however, in heat stress 13.33 cm spike length was observed in case of 
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Table 8   Means, grand mean, coefficient of variability, LSD values and % 
change for plant height (cm) and spikes per plant (N) in stress free 
and heat stress environments.       

    
Genotypes Plant height (cm) Spikes per plant (N) 

Stress 
free 

Heat 
stress       

 %  
change 

Stress 
free 

Heat 
stress 

%  
change 

BKR 02   (Parent)    095.33 086.67 -09.80 15.33 11.67 -23.87 
BKR 02 x V00183 099.33 080.00 -11.44 12.67 09.33 -26.36 
BKR 02  x Ch 86 099.67 089.67 -10.03 11.33 08.67 -23.47 
BKR 02  x SH 02 100.33 090.33 -09.97 15.67 11.67 -25.53 
BKR 02 x 3C001 099.33 084.67 -14.76 09.67 06.33 -34.54 
BKR02 x 93T347 107.33 096.33 -10.25 13.00 09.00 -30.77 
BKR 02 x Pb 96 103.67 094.00 -09.33 11.33 07.00 -38.22 
V00183 x BKR 02 090.33 082.33 -08.86 11.00 07.67 -30.27 
V00183   (Parent)  085.33 079.33 -07.90 13.33 09.67 -27.45 
V00183 x Ch-86 092.67 084.33 -09.00 13.33 09.33 -30.01 
V00183 x SH-02 090.33 081.67 -09.59 11.00 07.67 -30.29 
V00183 x 3C001 091.33 082.00 -10.22 09.67 06.67 -31.02 
V00183 x 93T347 101.67 090.00 -11.48 12.00 08.33 -30.58 
V00183 x Pb-96 099.67 092.33 -07.36 08.00 05.00 -37.50 
Ch 86 x BKR-02 100.67 090.67 -09.93 13.67 10.00 -26.85 
Ch 86 x V00183 093.33 082.00 -12.14 14.00 10.00 -28.57 
Ch 86  (Parent)  103.33 093.33 -09.68 12.33 08.67 -29.68 
Ch 86 x SH-02 099.33 089.67 -09.73 14.67 10.67 -27.27 
Ch 86 x 3C001 099.67 089.33 -10.37 09.67 06.33 -34.54 
Ch 86  x 93T347 105.33 094.33 -10.44 09.67 06.67 -31.02 
Ch 86 x Pb-96 103.33 094.33 -08.71 10.00 06.67 -33.30 
 SH 02 x BKR-02 101.33 091.67 -09.53 15.00 11.00 -26.67 
 SH 02 x V00183 091.33 083.00 -90.12 11.33 07.67 -32.33 
SH 02 x Ch-86 099.67 090.33 -09.37 14.67 10.33 -29.58 
SH 02  (Parent) 096.67 090.67 -06.21 13.33 09.00 -32.48 
SH 02 x 3C001 100.00 087.00 -13.00 10.67 07.33 -31.30 
SH 02 x 93T 347 107.00 095.67 -10.59 11.67 07.67 -34.28 
SH 02  x Pb-96 104.00 096.67 -07.05 08.00 04.67 -41.67 
3C001 x BKR-02 100.33 087.00 -13.29 10.67 07.33 -31.30 
3C001 x V00183 092.67 082.33 -11.16 10.00 06.67 -33.31 
3C001 x Ch-86 097.33 089.67 -07.87 10.67 07.33 -31.30 
3C001 x SH-02 100.67 090.33 -10.27 10.67 06.67 -37.48 
3C001  (Parent) 095.00 088.00 -07.37 08.00 05.00 -37.50 
3C001 x 93T347 109.00 099.67 -08.56 12.33 08.33 -32.44 
3C001 x Pb-96 101.00 094.00 -06.93 6.67 03.33 -50.07 
93T347 x BKR-02 106.67 098.67 -07.50 14.33 10.00 -30.22 
93T347 x V00183 101.00 088.67 -12.21 10.00 06.67 -33.30 
93T34 7 x Ch-86 104.00 095.67 -08.01 09.33 06.00 -35.69 
93T347 x SH-02 106.33 098.67 -07.20 12.33 08.33 -32.44 
93T347 x 3C001 108.00 100.00 -07.41 10.67 07.33 -31.30 
93T347  (Parent) 115.33 099.00 -14.16 09.33 06.33 -32.15 
93T347x Pb-96 114.00 0102.33 -10.24 10.33 07.00 -32.24 
Pb- 96 x BKR-02  104.67 094.67 -09.55 11.33 08.00 -29.39 
Pb-96 x V00183 098.67 091.67 -07.09 08.33 05.33 -36.01 
Pb-96 x Ch-86 102.00 094.00 -07.84 11.33 07.67 -32.30 
Pb-96 x SH-02 103.33 094.67 -08.38 08.33 05.33 -36.01 
Pb-96 x 3C001 100.33 092.33 -07.97 08.33 04.67 -43.94 
Pb-96 x 93T347 115.00 104.33 -09.28 11.00 07.00 -36.36 
Pb-96 (Parent) 109.67 097.00 -11.55 07.33 04.67 -36.29 
Grand mean 100.76 091.13 -09.56 11.17 07.61 -31.87 
C.V.% 000.75 001.40  9.76 09.51  
LSD0.05 01.226 2.055  1.761 1.168  
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genotypes BKR-02 and SH-02. A maximum reduction (39.23 %) was found in 

3C001. The best cross combination for spike length (16.78 cm) under normal 

temperature condition was V00183 x SH-02 and this hybrid showed a reduction of 

7.67 % under heat stress condition. The best cross under heat stress was also V00183 

x SH-02. The reduction was minimum (5.68 %) in case of hybrid Ch-86 x SH-02. 

These results are in accordance with Bhatta (1994) and Hanchinal, (1994) who 

reported 15.22 % reduction in spike length under heat stress condition.                   

         Grand mean reduction of 19.47 % was recorded for spikelets per spike under 

heat stress condition (Table 9). Among the parents spikelets per spike were the 

highest (23.73) in BKR-02 which reduced to 20.33 under heat stress (14.32 % 

reduction) Considering the hybrids the greatest number of spikelets per spike (26.17) 

were observed in V00183 x SH-02 under normal temperature which showed reduction 

of 12.76 % under heat stress. Spikelets per spike were maximum (23.50) in BKR-02 x 

V00183 F1 hybrid under heat stress with a reduction of (7.48 %). These results are in 

accordance with Halse and Weir, (1970), Warrington et al. (1977) and Hanchinal 

(1994). 

              Grains per spike were maximum and at par (54.67) in two genotypes BKR-

02 and SH-02 under normal temperature while maximum grain number (45.67) was 

recorded  again in BKR-02 closely followed by Ch-86 under heat stress among the 

parents (Table-10). In case of crosses V00183 x SH-02 hybrid had the maximum 

(61.00) grains per spike under normal, while it was the highest (49.67) and at par in 

two crosses (Ch-86 x SH-02 and BKR-02 x SH-02) under heat stress condition. 

Among the parents minimum (15.71%) and maximum (31.25%) reduction was 

recorded in this trait in Ch-86 and 93T347 respectively. A minimum reduction of 

12.96% was recorded in case of BKR-02 x Ch-86 hybrid. However grand mean 

reduction of 24.56% was recorded for this trait under heat stress condition. These 

results are similar with those of  Halse and Weir (1970), Warrington et al. (1977), 

Bagga (1979), Johnson and Kanemasu, (1983), Julsrigaval and Tiyawalee (1982), Na-

Lampang et al. (1985), Sukprapan (1885), Meechoui, (1988), Shpiler and Blum, 

(1991) Bhatta (1994), Hanchinal (1994),  Ishag (1994), Slafer et al. (1996), Sayre et 

al. (1997) and Akbar  et al. (2008). 

 On average a reduction of 26.45% was recorded in all the genotypes under heat  

 stress condition for 1000-grain weight (Table 10). Out of the seven parents  

maximum 1000 grain weight (44.33 g) in genotype BKR-02 reduced to 37.67 g   
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Table 9   Means, grand mean, coefficient of variability, LSD values and 

% change for spike length (cm) and spikelets per spike (N) in 
stress free and heat stress environments         

 

Genotypes 

Spike length (cm) Spikelets per spike (N) 
Stress 

free 
Heat 

stress 
% 

change 
Stress 

free 
Heat 

stress 
% 

change 
BKR 02   (Parent)    14.67 13.33 -09.13 23.73 20.33 -14.32 
BKR 02 x V00183 14.50 13.33 -08.06 25.40 23.50 -07.48 
BKR 02 x Ch 86 14.83 13.83 -06.74 24.23 21.50 -11.27 
BKR 02 x SH 02 16.00 14.33 -10.44 23.13 19.67 -14.95 
BKR 02 x 3C001 13.67 10.00 -26.85 22.70 17.67 -22.16 
BKR02  x 93T347 12.67 10.00 -21.07 18.47 14.50 -21.49 
BKR 02 x Pb 96 13.17 10.50 -20.27 20.10 15.33 -23.73 
V00183 x BKR 02 14.83 13.82 -06.74 25.53 22.92 -19.22 
V00183   (Parent)  14.00 12.33 -11.93 22.37 21.33 -04.65
V00183 x Ch-86 16.00 14.67 -08.31 25.17 23.33 -07.31 
V00183 x SH-02 16.78 15.50 -07.67 26.17 22.83 -12.76 
V00183 x 3C001 14.17 11.67 -17.64 18.03 13.33 -26.07 
V00183 x 93T347 12.33 09.75 -20.92 19.93 14.50 -27.25 
V00183 x Pb-96 12.83 10.00 -22.05 19.90 14.83 -25.48 
Ch 86 x BKR-02 14.67 13.25 -09.68 25.03 22.50 -10.11 
Ch 86 x V00183 16.67 15.50 -07.01 23.77 22.67 -04.63 
Ch 86  (Parent)  13.83 12.83 -07.23 23.23 20.33 -12.48 
Ch 86 x SH-02 16.17 15.25 -05.68 24.77 23.17 -06.46 
Ch 86 x 3C001 13.33 11.00 -17.48 20.67 14.33 -30.67 
Ch 86  x 93T347 12.33 10.00 -18.89 19.53 13.33 -31.75 
Ch 86 x Pb-96 12.33 9.83 -20.27 21.03 16.33 -22.35 
 SH 02 x BKR-02 15.67 13.92 -11.17 25.47 21.00 -17.55 
 SH 02 x V00183 16.42 14.92 -09.14 25.93 23.00 -11.30 
SH 02 x Ch-86 15.67 13.92 -11.17 25.17 22.83 -09.30 
SH 02  (Parent) 14.50 13.33 -08.06 23.63 19.33 -18.20 
SH 02 x 3C001 13.50 11.00 -18.52 23.87 19.33 -19.02 
SH 02 x 93T 347 11.67 9.67 -17.13 22.43 17.33 -22.74 
SH 02  x Pb-96 13.67 11.83 -13.46 22.07 17.33 -21.48 
3C001 x BKR-02 12.33 10.58 -14.19 21.37 16.33 -23.58 
3C001 x V00183 13.50 10.92 -19.11 18.00 12.67 -29.61 
3C001 x Ch-86 11.67 09.17 -21.42 18.47 13.67 -25.99 
3C001 x SH-02 12.67 10.58 -16.49 24.93 19.50 -21.78
3C001  (Parent) 09.33 05.67 -39.23 16.67 13.33 -19.84 
3C001 x 93T347 11.67 09.33 -20.05 20.70 15.67 -24.29 
3C001 x Pb-96 08.76 06.67 -23.77 17.23 12.33 -28.44 
93T347 x BKR-02 12.50 10.75 -14.00 19.07 14.83 -22.23 
93T347 x V00183 13.00 10.75 -12.31 19.23 15.00 -22.00 
93T34 7 x Ch-86 12.67 10.75 -15.15 18.30 13.33 -27.16 
93T347 x SH-02 11.92 09.50 -20.30 23.30 18.33 -21.33
93T347 x 3C001 12.17 08.50 -30.16 20.10 15.33 -23.73 
93T347  (Parent) 12.83 08.00 -37.65 19.53 15.33 -21.51 
93T347 x Pb-96 09.25 06.33 -31.57 21.77 17.33 -20.40 
Pb-96 x BKR-02  13.17 11.58 -12.07 22.60 15.33 -32.17 
Pb-96 x V00183 12.17 10.17 -16.43 19.60 14.50 -26.02 
Pb-96 x Ch-86 12.92 10.75 -16.80 21.80 17.33 -22.50 
Pb-96 x SH-02 13.33 11.00 -17.48 22.13 17.67 -20.15 
Pb-96 x 3C001 09.33 05.83 -37.51 16.53 11.33 -31.46 
Pb-96 x 93T347 09.50 07.27 -23.47 20.87 16.33 -21.79 
Pb-96 (Parent) 11.00 07.33 -33.36 20.53 14.33 -30.20 
Grand mean 13.19 11.04 -16.30 21.72 17.49 -19.47 
C.V.% 03.65 05.42  06.04 09.29  
LSD 0.77 0.967 2.122 2.627  
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Table 10    Means, grand mean, coefficient of variability, LSD values and % 
change for number of grains per spike (N) and 1000-grain weight 
(g) in stress free and heat stress environments      

    
Genotypes Number of grains per spike (N) 1000-grain weight (g) 

Stress 
free  

 Heat 
stress       

% 
change 

Stress
free  

Heat 
stress 

% 
change 

BKR 02    (Parent)    54.67 45.67 -16.46 44.33 37.67 -15.02 
BKR 02 x V00183 55.00 46.33 -15.76 40.67 35.33 -13.13 
BKR 02 x Ch 86 54.00 47.00 -12.96 39.67 33.33 -15.98 
BKR 02 x SH 02 59.67 49.67 -16.75 46.33 35.67 -18.69 
BKR 02 x 3C001 51.67 37.00 -28.39 34.33 26.33 -23.30 
BKR02  x 93T347 48.67 33.00 -32.20 40.00 27.00 -32.50 
BKR 02 x Pb 96 49.67 36.00 -27.52 38.00 28.00 -26.32 
V00183  x BKR02 55.61 47.00 -15.56 38.00 32.67 -14.02 
V00183    (Parent)  52.00 42.33 -18.60 40.33 34.00 -15.70 
V00183  x Ch-86 59.33 48.67 -17.96 42.67 35.33 -17.20 
V00183  x SH-02 61.00 49.00 -19.67 37.67 33.67 -13.27 
V00183  x 3C001 53.67 37.67 -31.68 37.67 29.00 -23.02 
V00183 x  93T347 49.00 33.00 -32.65 38.67 26.67 -31.03 
V00183 x  Pb-96 48.00 32.00 -33.33 33.00 26.00 -21.21 
Ch 86  x  BKR-02 55.00 46.00 -16.36 42.00 35.67 -15.07 
Ch 86  x V00183 59.00 47.67 -19.20 42.67 36.33 -14.86 
Ch 86        (Parent)  53.00 44.67 -15.71 40.67 33.33 -18.05 
Ch 86  x SH-02 58.00 49.67 -14.36 43.33 36.67 -15.37 
Ch 86  x 3C001 50.33 34.00 -32.45 35.67 27.33 -23.38 
Ch 86  x 93T347 47.33 35.67 -24.63 38.33 26.33 -31.31 
Ch 86  x Pb-96 47.33 33.67 -28.86 37.67 24.67 -34.51 
SH 02 x  BKR-02 58.00 47.33 -18.39 45.67 37.33 -18.26 
SH 02 x V00183 60.67 48.33 -20.33 37.67 33.00 -12.39 
SH 02  x Ch-86 58.00 48.33 -16.67 41.67 34.33 -17.61 
SH 02      (Parent) 54.67 40.67 -25.60 42.33 35.67 -15.73 
SH 02  x 3C001 52.00 35.00 -32.69 38.33 26.67 -30.42 
SH 02  x 93T 347 45.00 34.33 -23.11 38.00 25.67 -32.39 
SH 02  x Pb-96 51.67 35.00 -32.26 32.33 24.67 -23.69 
3C001  x BKR-02 48.00 36.33 -24.31 37.67 25.33 -32.76 
3C001  x V00183 50.67 37.33 -26.33 38.67 27.00 -24.31 
3C001  x Ch-86 44.67 34.33 -23.15 37.00 26.67 -27.92 
3C001  x SH-02 48.00 36.33 -24.31 38.00 27.00 -28.00 
3C001       (Parent) 38.00 27.67 -27.18 33.67 21.00 -37.67 
3C001  x 93T347 44.67 34.00 -23.89 40.00 26.67 -33.32 
3C001  x Pb-96 37.33 29.00 -22.31 30.67 22.33 -27.19 
93T347  x BKR02 46.67 32.00 -31.43 43.33 26.33 -39.23 
93T347  x V00183 49.33 34.00 -31.80 35.00 26.67 -23.80 
93T34 7  x Ch-86 48.67 38.33 -21.25 34.67 25.33 -26.94 
93T347  x SH-02 46.67 37.00 -20.37 40.67 25.00 -38.53 
93T347  x 3C001 47.00 33.00 -29.79 38.00 26.67 -33.34 
93T347     (Parent) 48.00 33.00 -31.25 36.33 25.33 -30.27 
93T347 x Pb-96 37.67 27.00 -28.32 37.33 21.00 -43.74 
Pb-96  x  BKR-02  48.33 36.00 -25.51 39.67 29.67 -24.21 
Pb-96  x  V00183 46.33 34.00 -26.62 35.00 27.00 -22.86 
Pb-96  x  Ch-86 49.67 33.67 -32.21 38.67 23.33 -39.67 
Pb-96  x SH-02 51.67 34.00 -34.20 32.33 25.67 -20.66 
Pb-96  x 3C001 39.33 28.67 -27.10 32.67 23.00 -29.60 
Pb-96  x 93T347 39.67 30.33 -23.54 38.33 26.50 -30.86 
Pb-96        (Parent) 42.00 31.67 -24.60 32.33 23.67 -26.78 
Grand mean 50.09 37.95 -24.56 38.26 28.14 -26.45 
C.V.% 07.03 11.80  04.87 02.41  
LSD 5.694 7.238  3.010 1.097  
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(reduction of 15.02%) still the maximum 1000-grain weight producer under heat 

stress condition. Among crosses BKR-02 x SH-02 hybrid had the maximum (46.33 g) 

1000 grains weight under normal, while it was the highest (37.33 g) in hybrid ( SH 02 

x BKR-02) under heat stress condition. It was also observed that all the crosses 

involving BKR-02, a high 1000 grain weight producing parent, also produced greater 

1000-grain weight. These results are in accordance with Sofield et al. (1977), 

Warrington et al. (1977), AbdELShafi and Ageeb (1994), Bhatta (1994), Ishag 

(1994), Singh et al. (2005) and Mian et al. (2007).  

             Grand mean reduction of 37.01% was recorded for grain yield per plant under 

heat stress condition (Table 11). The best parent under normal temperature condition 

(39.00g) was BKR-02. Parents showing high reduction in grain yield per plant under 

heat stress condition (49.77 and 43.03 %) were Pb-96 and 3C001 respectively. Best 

parent under heat stress was BKR-02 with a grain yield of 25.00g per plant. High 

reduction in grain yield per plant was also evident which was more than 26% in all the 

crosses and more than 40 % in some crosses. The best cross under normal condition 

was BKR-02 x SH-02 with a grain yield of 39.67 g per plant. Under heat stress 

condition F1 hybrids BKR-02 x SH-02 and its reciprocal had the highest grain yield 

per plant (28.00 and 27.33g) with a reduction of 29.42% and 26.78%, respectively. 

Highest reduction in grain yield per plant (48.31%) was recorded in hybrid Pb-96 x 

V00183 which reduced from 24.67g under normal temperature to 12.75g under heat 

stress condition. These results get support from the findings of Wardlaw et al. (1980), 

Wiegand and Cuellar (1981), AbdELShafi and Ageeb (1994),  AbdElGhani et al. 

(1994), Bhatta (1994), Ishag (1994), Rajaram (1998a), Singh et al. (2005) Rasal et al. 

(2006), Mian  et al. (2007), Jagadish et al. (2007), Akbar  et al. (2008)  and Prasad et  

al. (2008). 

           On over all mean basis dry biomass per plant at maturity showed a  
reduction of 32.37% under heat stress condition (Table 11). Among the parents 
minimum (24.61%) and maximum (39.34%) reductions were recorded in the  
genotypes V00183 and Pb-96 respectively.  Similarly, in case of F1 hybrids                             
the reduction in dry biomass per plant at maturity ranged from 21.52 % (SH-02 x 
BKR-02) to 42.34 % (Pb-96 x V00183). Among the parents maximum dry biomass 
per plant at maturity was recorded 94.67 g and 69.00 g under normal and heat 
stress conditions respectively in genotype BkR-02. Among the hybrids (BKR-02 x 
SH-02) maximum (97.00 g) dry biomass per plant at maturity was found under  
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Table 11 Means, grand mean, coefficient of variability, LSD values and %          
               change for grain yield per plant (g) and dry biomass per plant at  
               maturity (g) stress free and heat stress environments 
 

 
Genotypes 

Grain yield per plant (g) Dry biomass per plant at 
maturity(g)

Stress 
free 

Heat 
stress 

%  
change 

Stress 
free 

Heat 
stress 

% 
change

BKR 02    (Parent) 39.00 25.00 -31.61 94.67 69.00 -27.12 
BKR 02 x V00183 33.00 23.33 -29.30 82.67 64.33 -22.18 
BKR 02 x Ch 86 30.67 21.00 -31.52 81.33 61.33 -24.59 
BKR 02 x SH 02 39.67 28.00 -29.42 97.00 72.67 -25.80 
BKR 02 x 3C001 27.67 16.10 -41.81 71.33 47.00 -34.10 
BKR02 x 93T347 34.00 21.67 -36.26 85.00 60.00 -29.41 
BKR 02 x Pb 96 31.00 17.67 -43.00 77.67 49.00 -36.92 
V00183  x BKR02 33.00 21.00 -36.36 77.67 55.67 -28.32 
V00183    (Parent) 34.33 22.33 -34.95 85.33 64.33 -24.61 
V00183 x Ch-86 34.00 24.00 -29.41 83.33 63.33 -24.00 
V00183 x SH-02 29.67 20.67 -30.33 76.33 56.67 -25.75 
V00183 x 3C001 27.67 17.00 -38.56 70.33 47.33 -32.70 
V00183 x 93T347 32.67 20.00 -38.78 82.33 55.33 -32.79 
V00183  x Pb-96 24.00 14.67 -38.87 63.33 42.33 -33.15 
Ch 86  x BKR-02 34.67 24.67 -40.53 85.67 65.67 -23.34 
Ch 86  x V00183 35.67 25.33 -28.98 88.33 71.00 -19.62 
Ch 86     (Parent) 33.00 22.67 -31.30 82.00 60.33 -26.43 
Ch 86  x SH-02 38.00 24.67 -35.00 94.00 65.33 -30.50 
Ch 86  x 3C001 27.00 17.00 -37.03 69.67 47.67 -31.51 
Ch 86  x 93T347 27.00 17.00 -37.03 69.67 48.00 -31.10 
Ch 86 x Pb-96 28.67 18.00 -37.22 73.33 50.33 -34.91 
SH 02 x BKR-02 37.33 27.33 -26.78 91.33 71.67 -21.52 
SH 02  x V00183 30.33 20.33 -32.97 76.33 59.33 -22.22 
SH 02 x Ch-86 37.33 25.00 -33.29 92.67 64.67 -30.21 
SH 02      (Parent) 35.00 22.67 -35.23 87.00 63.33 -27.21 
SH 02  x 3C001 29.67 18.33 -38.22 75.00 51.00 -32.00 
SH 02  x 93T 347 31.33 18.67 -40.40 79.67 53.67 -32.63 
SH 02  x Pb-96 24.00 14.00 -41.66 64.00 42.33 -33.85 
3C001 x BKR-02 30.00 16.67 -44.43 76.67 48.33 -36.96 
3C001  x V00183 27.33 17.67 -35.34 71.00 50.33 -30.04 
3C001 x Ch-86 29.33 19.00 -35.21 74.67 53.33 -28.58 
3C001  x SH-02 29.33 18.00 -38.62 74.33 50.33 -32.29 
3C001     (Parent) 24.00 13.67 -43.03 64.33 40.00 -37.82 
3C001 x 93T347 32.33 18.33 -43.30 80.67 55.67 -30.99 
3C001 x  Pb-96 21.00 11.67 -44.43 57.33 36.00 -37.21 
93T347 x BKR-02 36.67 23.33 -36.37 90.00 65.33 -27.41 
93T347  x V00183 28.33 17.00 -29.99 72.67 50.67 -30.27 
93T34 7  x Ch-86 27.00 14.50 -46.29 68.67 45.33 -33.98 
93T347  x SH-02 32.33 21.33 -34.02 81.00 58.00 -28.39 
93T347  x 3C001 29.33 15.67 -46.57 74.67 48.00 -35.71 
93T347     (Parent) 22.67 14.00 -38.24 68.67 49.67 -27.66 
93T347 x Pb-96 28.33 16.00 -43.52 73.00 49.67 -31.96 
Pb- 96  x BKR-02 30.67 19.50 -36.41 78.00 55.33 -29.06 
Pb-96  x  V00183 24.67 12.75 -48.31 65.33 37.67 -42.34 
Pb-96  x Ch-86 30.67 17.67 -42.38 77.67 51.00 -34.34 
Pb-96  x  SH-02 24.67 15.00 -39.19 67.67 45.67 -32.51 
Pb-96  x 3C001 24.67 13.67 -44.59 65.67 45.00 -31.47 
Pb-96  x 93T347 30.00 20.67 -31.10 76.33 58.00 -24.01 
Pb-96       (Parent) 24.33 12.33 -49.77 61.00 37.00 -39.34 
Grand mean 30.34 19.11 -37.01 77.07 52.57 -32.37 
C.V.% 07.48 9.77 01.67 16.68  
LSD 3.664 3.193 7.683 14.895  
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normal while under heat stress condition its highest  value of (72.67 g) was while 

under heat stress condition its highest  value of (72.67 g) was also recorded in the 

same cross. These results are in accordance Ishag (1994) and Bhatta (1994)                   

              Mean reduction (over all genotypes) recorded for harvest index under heat 

stress condition was 10.70 % (Table 12). Among the parents maximum (16.44 %) and 

minimum (6.65 %) reductions were recorded in the genotype Punjab-96 and Ch-86 

respectively. However, in case of hybrids the reduction in harvest index ranged from 

4.07 % (SH-02 x Ch-86) to 20 % (Punjab-96 x 3C001). Among the parents maximum 

harvest index was recorded 41.19% (BKR-02) and 37.57 % (Ch-86) under normal and 

heat stress conditions respectively. These findings are in accordance with Richards 

(1996), Reynolds (1994a) and Sayre et al. (1997). 

              Under heat stress condition grand mean reduction of 19.84% was recorded 

for days to maturity (Table 12). Out of the seven parental varieties maximum 

reduction (21.88%) was recorded in the genotype SH-02, followed by the genotype 

3C001 (21.32 %). While minimum reduction (18.76 %) in days to maturity under heat 

stress was recorded in the parental genotype V00183. Among the hybrids, cross 

(3C001 x Pb-96) matured in maximum days (156.33) under normal while under heat 

stress condition hybrid (V00183 x BKR-02) matured in minimum days (110.67) with 

the reduction of 25.16 % and 29.06 % respectively. These results are in accordance 

with the findings of Bhatta (1994), Hanchinal, (1994) and Rasal et al. (2006). 

    On average a reduction of 15.64% was recorded in all the genotypes under heat 

stress condition for grain set index (Table 13). Among the parents highest grain set 

index (95.0 %) under normal temperature was recorded in genotype SH-02, while it 

was maximum (88 %) in BKR-02 under heat stress condition. Minimum reduction 

(6.38 %) was recorded in the parental genotype BKR-02. It was evident that highest 

grain number per spike was also displayed by these two parental lines. This observation was 

further confirmed by minimum reduction in grain set index in stress. In case of hybrids the 

best cross for grain set index (97.33 %) under normal temperature was V00183 x SH-

02 while F1 hybrid (BKR-02 x Ch-86) under heat stress with GSI value of 90 %. 

Similarly F1 hybrids involving parental genotypes BKR-02 and SH-02 have also displayed 

higher number of grains per spike justifying the situation of good grain set index in stress. 

Reduction for grain set index among crosses ranged from 3.92 % (BKR-02 x Ch-086) 

to 28.06 % (Pb-96 x 3C001). These results are similar to those of Rerkasem et al. (1991), 

Rerkasem (1994), Hobbs and Sayre (2001). Akbar et al. (2008) and Prasad et al (2008). 
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Table 12   Means, % change, grand mean, coefficient of variability and LSD                  
values for harvest index (%) and days to maturity (N) in heat 
stress and stress free  environments.   

 
Genotypes 

Harvest index (%) Days to maturity (N) 
Stress 

free 
Heat

stress %change Stress 
free 

Heat 
stress %change 

BKR 02   (Parent)    41.19 36.23 -11.83 145.33 116.33 -19.95. 
BKR 02 x V00183 39.91 36.26 -09.14 139.33 111.00 -20.33 
BKR 02  x Ch 86 37.64 34.24 -09.03 139.33 119.00 -14.59 
BKR 02  x SH 02 40.89 38.53 -05.77 141.33 118.33 -16.27 
BKR 02 x 3C001 38.78 34.25 -11.68 141.67 122.00 -13.88 
BKR02 x 93T347 39.99 36.11 -09.70 141.33 122.00 -13.68 
BKR 02 x Pb 96 39.90 36.01 -09.74 146.00 122.00 -16.41 
V00183 x BKR 02 42.48 37.72 -11.20 156.00 110.67 -29.06 
V00183   (Parent)  40.24 34.71 -13,74 140.33 114.00 -18.76 
V00183 x Ch-86 40.79 37.89 -07.10 154.67 120.00 -22.42 
V00183 x SH-02 38.84 36.47 -06.10 156.00 117.00 -25.00 
V00183 x 3C001 39.34 35.91 -08.71 143.00 119.00 -16.78 
V00183 x 93T347 39.64 36.14 -08.82 144.33 117.67 -18.47 
V00183 x Pb-96 37.86 34.65 -08.47 145.00 118.00 -18.62 
Ch 86 x BKR-02 40.48 37.56 -07.21 157.00 117.00 -25.48 
Ch 86 x V00183 40.37 35.67 -11.64 155.00 120.00 -22.58 
Ch 86  (Parent)  40.25 37.57 -06.65 146.67 117.67 -19.77 
Ch 86 x SH-02 40.42 37.76 -06.58 157.00 115.67 -26.32 
Ch 86 x 3C001 38.76 35.66 -07.99 145.00 121.33 -16.32 
Ch 86  x 93T347 38.69 35.41 -08.47 141.33 121.67 -13.91 
Ch 86 x Pb-96 39.09 35.76 -08.51 148.33 121.00 -18.43 
SH 02 x BKR-02 40.86 38.11 -06.73 153.00 121.00 -20.92 
SH 02 x V00183 39.73 34.26 -13.76 156.33 119.00 -23..87 
SH 02 x Ch-86 40.29 38.65 -04.07 156.67 113.67 -27.45 
SH 02  (Parent) 40.21 35.29 -12.23 152.33 119.00 -21.88 
SH 02 x 3C001 39.56 35.94 -09.15 153.00 118.33 -22.66 
SH 02 x 93T 347 39.32 34.78 -11.54 148.33 116.67 -21.33 
SH 02  x Pb-96 37.52 33.07 -11.86 147.33 120.33 -18.33 
3C001 x BKR-02 39.10 34.49 -11.79 149.00 121.00 -18.79 
3C001 x V00183 38.49 35.10 -08.80 152.23 119.67 -21.44 
3C001 x Ch-86 39.26 35.62 -09.27 144.67 121.67 -15.90 
3C001 x SH-02 39.38 35.76 -09.19 150.67 118.00 -21.68 
3C001  (Parent) 37.28 34.17 -8.34 151.67 119.33 -21.32 
3C001 x 93T347 40.06 32.92 -17.82 146.33 123.33 -15.72 
3C001 x Pb-96 36.68 32.11 -19.07 156.33 119.33 -23.66 
93T347 x BKR-02 40.74 35.71 -12.34 145.33 121.67 -16.28 
93T347 x V00183 38.96 33.55 -13.88 143.67 118.00 -17.87 
93T34 7 x Ch-86 39.28 31.98 -18.58 151.67 121.67 -19.92 
93T347 x SH-02 39.90 36.77 -7.84 149.67 116.33 -22.28 
93T347 x 3C001 39.28 32.64 -16.90 145.67 118.67 -18.54 
93T347  (Parent) 33.01 28.00 -15.17 153.67 122.33 -20.39 
93T347x Pb-96 38.78 32.21 -16.94 148.00 123.67 -16.44 
Pb-96 x BKR-02  39.22 35.24 -10.14 148.33 119.67 -19.32 
Pb-96 x V00183 37.76 33.84 -10.38 143.33 118.33 -17.44 
Pb-96 x Ch-86 39.48 34.64 -12.25 148.67 121.33 -18.39 
Pb-96 x SH-02 36.47 32.84 -09.95 150.33 120.67 -1973 
Pb-96 x 3C001 37.50 30.00 -20.00 154.00 121.67 -26.57 
Pb-96 x 93T347 39.26 35.63 -09.24 149.00 123.33 -17.23 
Pb-96 (Parent) 39.88 33.32 -16.44 151.33 119.67 -20.92 
Grand mean 39.24 35.04 -10.70 148.68 116.74 -21.47 
C.V.% 2.66 2.49  1.16 0.67  

LSD 1.683 1.268  2.795 1.210  
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Table 13   Means, grand mean, coefficient of variability, LSD values and 
change for grain set index (%) and kernels per unit spike dry 
weight (N/g) in stress free and heat stress environments    

      

Genotypes 

Grain set index (%) Kernels per unit spike dry weight 
(N/g) 

Stress 
free 

Heat stress 
% 

change 
Stress 
free 

Heat stress 
% 

change 
BKR 02   (Parent)    94.00 88.00 -06.38 13.83 12.28 -11.21 
BKR 02 x V00183 95.00 88.00 -07.37 12.16 11.20 -07.89 
BKR 02  x  Ch 86 93.67 90.00 -03.92 14.78 13.14 -11.10 
BKR 02  x SH 02 97.00 86.67 -10.65 14.76 13.13 -11.04 
BKR 02  x 3C001 93.67 76.67 -18.15 12.29 10.07 -18.06 
BKR02  x 93T347 91.67 75.00 -18.18 12.25 10.20 -16.73 
BKR 02 x  Pb-96 91.00 76.67 -15.75 9.79 08.03 -17.98 
V00183 x BKR 02 95.33 87.00 -08.74 12.29 11.43 -07.00
V00183    (Parent)  93.33 83.00 -11.07 13.36 11.87 -11.15 
V00183  x Ch-86 96.00 87.33 -09.03 13.13 12.34 -06.02 
V00183  x SH-02 97.33 87.00 -10.61 13.81 12.34 -10.64 
V00183  x 3C001 93.67 75.00 -19.93 10.37 08.05 -22.37 
V00183  x 93T347 90.33 75.00 -16.97 09.56 08.08 -15.48 
V00183  x Pb-96 91.00 74.67 -17.95 11.22 09.30 -17.11 
Ch 86  x  BKR-02 95.33 89.67 -05.94 13.93 12.95 -07.04 
Ch 86  x V00183 96.00 89.00 -07.29 13.89 12.52 -09.86 
Ch 86         (Parent)  93.00 80.00 -13.98 13.19 12.02 -08.27 
Ch 86  x SH-02 96.33 86.33 -10.31 13.36 12.14 -09.13
Ch 86  x 3C001 91.33 75.00 -17.82 11.33 09.05 -20.12 
Ch 86  x 93T347 89.67 72.33 -19.34 11.13 09.27 -16.71 
Ch 86  x Pb-96 90.33 75.00 -16.97 11.80 10.15 -13.91 
SH 02  x BKR-02 96.00 87.00 -09.38 14.31 12.94 -10.20 
SH 02 x V00183 97.00 87.33 -09.97 13.65 12.43 -08.94 
SH 02 x Ch-86 95.00 85.00 -10.53 13.65 12.19 -10.70 
SH 02         (Parent) 95.00 81.00 -14.74 13.32 12.13 -08.93 
SH 02 x 3C001 92.33 77.00 -16.60 12.03 09.38 -22.03 
SH 02 x 93T 347 88.67 75.00 -15.42 11.83 09.58 -19.02 
SH 02 x Pb-96 93.00 77.00 -17.20 11.25 09.09 -19.20 
3C001 x BKR-02 89.33 76.33 -14.55 12.83 09.74 -24.08 
3C001 x V00183 91.33 75.33 -17.52 10.81 08.25 -23.68 
3C001 x Ch-86 91.88 74.00 -15.91 11.63 09.48 -18.49 
3C001 x SH-02 89.33 76.00 -14.92 12.17 09.77 -19.72 
3C001        (Parent) 83.67 61.67 -26.29 09.34 07.44 -20.34 
3C001  x 93T347 86.33 69.33 -19.69 11.26 08.77 -22.11 
3C001  x Pb-96 82.67 61.00 -26.21 09.25 06.74 -27.14 
93T347 x BKR-02 88.67 75.00 -15.41 12.53 10.25 -18.20 
93T347  x V00183 91.33 75.67 -17.15 09.95 8.80 -11.56 
93T347  x Ch-86 89.33 71.00 -20.49 11.69 9.42 -19.42
93T347  x SH-02 89.00 74.00 -16.85 11.92 9.45 -20.72 
93T347  x 3C001 90.67 68.67 -24.26 11.20 8.97 -19.91 
93T347      (Parent) 89.67 64.00 -28.63 10.95 9.16 -16.35 
93T347  x Pb-96 84.67 68.00 -19.69 11.41 8.45 -25.94 
Pb-96  x BKR-02  90.33 76.33 -15.50 09.87 8.12 -17.73 
Pb-96  x V00183 88.67 74.33 -16.17 10.71 9.67 -09.71 
Pb-96  x Ch-86 90.33 74.00 -18.08 11.29 10.00 -11.42 
Pb-96  x SH-02 92.33 75.67 -18.04 11.31 9.32 -17.60 
Pb-96  x 3C001 84.33 60.67 -28.06 9.26 6.37 -31.21 
Pb-96  x 93T347 85.00 69.00 -18.82 11.70 8.73 -25.38
Pb-96        (Parent) 85.33 66.00 -22.65 10.92 9.46 -13.37 
Grand mean 91.27 76.99 -15.64 11.13 10.07 -15.94 
C.V.% 2.70 1.18  10.78 1.94  
LSD 3.981 1.462  2.078 0.316  
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             Kernels per unit spike dry weight were maximum (13.83 N/g) in genotypes 

BKR-02 under normal temperature while its maximum value (12.28 N/g) was 

recorded again in BKR-02 closely followed by SH-02 under heat stress among the 

parents (Table 13). It was further confirmed by higher number of grains per spike, as 

was recorded in two parental genotypes BKR-02 and SH-02. In case of crosses BKR-

02 x Ch-86 hybrid had the maximum value (14.78) under normal, while it was the 

highest (13.14) in the same genotype (BKR-02 x Ch-86) under heat stress condition. 

It was evident that F1 hybrids involving parental genotypes BKR-02 and CH-86 

characterized with the highest number of grains par spike coupled with higher grain 

yield per plant, also exceeded in number of grains per unit dry spike weight. Among 

the parents minimum (8.27 %) and maximum (20.34 %) reduction was recorded in 

this trait in Ch-86 and 3C001 respectively. A minimum reduction of 6.02 % was 

recorded in case of V00183 x Ch-86 hybrid. However grand mean reduction of 

15.94% was recorded for this trait under heat stress condition. These results get 

support from Abbate et al. (1998) and Fischer (2001). 

 All the genotypes had higher canopy temperature depression (Table 14) in 

stress and showed a grand mean increase of 17.05 % under heat stress condition.  

Under normal condition maximum CTD (7.67 oC) was observed in Ch-86 among the 

parents, however, in heat stress the highest canopy temperature depression of 9.67 oC 

was observed in genotype SH-02. It may be attributed to the fact that this parental line 

exhibited higher spikes per plant rendering the skip free population. This situation 

resulted in establishment of cooler canopies. The best cross combinations for canopy 

temperature depression (8.6 oC) under normal temperature condition were V00183 x 

SH-02 and Ch-86 x SH-02, as these hybrids showed an increase of 26.87 and 19.14 % 

CDT under heat stress condition respectively It was observed that parental genotypes 

(V00183; SH-02; Chakwal-86) displayed higher productive tiller per plant and 

produced F1 hybrids with cooler canopies in heat stress conditions. Consequently 

high grain yield were achieved in hot irrigated dry climate. The best cross under heat 

stress was also V00183 x SH-02 with CDT value of 11 oC .These results are in 

accordance with those of Idso    et al.(1984), Reynolds (1994b), Amani et al. (1996), 

Fischer et al (1998), Reynolds et al. (2002), Singh et al. (2005), Hirayama et al. 

(2006) and Balota et al. (2008). 

 Cell membrane thermostability (RCI %) was minimum (28.33) in genotype SH-02  

under normal temperature, while minimum CMT (26.00) was recorded again in 
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Table 14   Means, grand mean, coefficient of variability, LSD values and  
% change for canopy temperature depression (oC) and cell 
membrane thermostability (RCI%) in stress free and heat stress 
environments       

  

 
Genotypes 

Canopy temperature
depression  (oC)

Cell membrane thermostability 
(RCI%) 

Stress 
free 

Heat 
stress 

% 
change

Stress 
free 

Heat 
stress %change 

BKR 02   (Parent)   07.00 08.33 +19.00 30.00 38.67 +22.42 
BKR 02 xV00183 06.00 08.67 +44.50 30.33 38.00 +20.18 
BKR 02 x Ch 86 06.67 07.67 +14.99 29.00 35.00 +17.14 
BKR 02 x SH 02 06.33 07.00 +10.58 26.00 30.00 +13.33 
BKR 02 x 3C001 05.33 06.33 +18.76 48.67 52.00 +06.40 
BKR02 x 93T347 04.67 05.00 +07.06 43.33 42.33 -02.36 
BKR 02  x Pb-96 05.00 05.33 +06.60 47.00 52.00 +09.62 
V00183 x BKR02 06.00 07.33 +22.16 31.00 37.00 +16.22 
V00183   (Parent)  07.00 08.00 +14.28 28.00 35.00 +20.00 
V00183 x Ch-86 07.00 09.33 +33.28 27.67 31.00 +10.74 
V00183 x SH-02 08.67 11.00 +26.87 23.00 33.00 +30.30 
V00183 x3C001 05.00 05.67 +13.40 56.00 58.00 +03.45 
V00183 x 93T347 04.00 04.67 +16.75 60.00 67.67 +11.33 
V00183 x Pb-96 03.00 03.33 +11.00 53.00 54.00 +01.85 
Ch 86 x BKR-02 06.67 07.67 +14.99 28.00 37.00 +24.32 
Ch 86  xV00183 06.33 07.33 +15.79 26.33 32.00 +17.72 
Ch 86      (Parent)  07.67 09.33 +21.64 28.00 34.00 +17.65 
Ch 86  x  SH-02 08.67 10.33 +19.14 26.00 30.00 +13.33 
Ch 86  x 3C001 06.00 06.67 +11.16 48.00 46.67 -02.85 
Ch 86  x 93T347 04.33 05.00 +15.47 54.00 47.67 -13.28 
Ch 86  x Pb-96 04.00 04.50 +12.50 55.00 54.00 -01.85 
SH 02 x BKR-02 06.67 07.67 +14.99 25.67 31.00 +17.19 
SH 02 x V00183 08.33 09.67 +16.08 22.33 34.00 +34.32 
SH 02 X Ch-86 06.33 08.33 +31.59 25.00 31.00 +19.35 
SH 02  (Parent) 06.67 09.67 +29.98 26.00 28.33 +08.00 
SH 02  x 3C001 05.00 06.33 +26.60 58.00 47.00 +23.40 
SH 02 x 93T 347 05.33 05.67 +06.37 48.00 50.00 +04.22 
SH -02  x Pb-96 03.50 03.67 +04.85 46.67 53.00 +11.94 
3C001 x  BKR-02 04.67 05.15 +10.27 48.33 52.00 +70.06 
3C001 x V00183 05.33 06.00 +12.57 57.67 57.67 00.00 
3C001  x Ch-86 05.33 06.00 +12.57 46.67 45.00 -03.71 
3C001  x SH-02 04.67 05.33 +14.13 57.67 46.00 -25.37 
3C001  (Parent) 02.33 02.67 +14.59 69.67 74.00 +05.85 
3C001  x 93T347 05.00 05.50 +10.00 61.00 66.00 +07.58 
3C001 x Pb-96 03.33 03.60 +07.50 62.00 70.00 +51.43 
93T347 x BKR02 04.33 04.67 +07.85 43.00 43.00 00.00 
93T347 x V00183 04.00 04.50 +12.50 60.33 68.33 +11.71 
93T34 7 x Ch-86 04.25 04.90 +15.29 53.00 46.67 -13.56 
93T347  x SH-02 05.33 05.67 +06.37 47.00 49.00 +04.08 
93T347 x 3C001 04.00 0 4.50 +12.50 61.00 66.00 +07.58 
93T347  Parent) 02.67 03.00 +12.35 61.67 68.00 +09.31 
93T347Pb-96 02.65 03.00 +13.20 63.00 65.33 +03.57 
Pb-96  x BKR-02  04.33 05.00 +15.47 47.33 51.00 +07.22 
Pb-96  x V00183 03.00 03.67 +22.33 52.00 52.00 00.00 
Pb-96  x Ch-86 04.00 04.33 +8.25 54.67 52.00 -05.13 
Pb-96 x SH-02 04.00 04.45 +11.25 45.00 51.67 +12.92 
Pb-96 x 3C001 03.67 04.33 +17.98 63.00 70.00 +10.00 
Pb-96 x 93T347 02.55 03.00 +17.64 64.00 66.67 +04.00 
Pb-96 (Parent) 03.33 04.00 +20.12 76.00 74.00 -02.70 
Grand mean 05.10 05.97 +17.05 45.80 48.85 +06.24 
C.V.% 14.03 18.16  2.17 01.51  
LSD  1.166 1.809  1.604 1.193  
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SH-02 under heat stress among the parents. (Table14). F1 hybrids 

characterized with low RCI % alongwith higher level of cell membrane thermo 

stability resulted in better grain yield in heat stress confirming the validity of CMT 

lab technique for screening thermtolerant wheat genotypes. In case of crosses  BKR-

02 x SH-02 and Ch-86 x SH-02 hybrids had the minimum (30.00 %) cell injury under 

normal, while it was the lowest (22.33 %) in cross SH-02 x V00183 and closely 

followed by its reciprocal with CMT (RCI %) value of 23.0 % under heat stress 

condition F1 hybrids characterized with low RCI % alongwith higher level of cell 

membrane thermo stability resulted in better grain yield in heat stress confirming the 

validity of CMT lab technique for screening thermtolerant wheat genotypes. Among 

the parents minimum (-2.70 %) and maximum (+22.42 %) deviation was recorded in 

this trait in Pb-96 and BKR-02 respectively. However zero deviation was recorded in 

case of 3C001 x V00183, 93T347 x BKR-02 and Pb-96 x V00183 hybrids. However 

grand mean increase of 6.24 % relative cell injury was recorded for this trait under 

heat stress condition. These results are similar with those of Shanahan et al. (1990), 

Saadalla et al. (1990), Reynolds (1994b) Saadalla (1996), Kumar et al. (2000), 

Ibrahim and Quick (2001), Rahman et al. (2004),  Singh  et al. (2005), Verma et al. 

(2006) and  Anonymous (2007). 

      Heat susceptibility index was minimum (0.87) in parental genotype 

V00183 followed by the cultivar BKR-02 with HSI value of 0.94 among the parents 

(Table15). It may be attributed to the fact the same parental lines (V00183; BKR-02) 

displayed the highest number of tillers per plant with cooler canopies resulting in 

high grain yield in heat stress environment.  In case of crosses Ch-86 x V00183 

hybrid had the minimum (0.78) heat susceptibility index closely followed by its 

reciprocal with HSI value of 0.80, while it was the highest (1.43) in cross Pb-96 x 

93T347. Parental genotypes (V00183; CH-86) with low HSI produced F1 hybrids 

with high grain number per spike and 000 grain weight. 

 It was confirmed that HSI is vital trait for assessment of heat tolerance of 

wheat genotypes. These results are similar with those of Hanchinal, (1994), Yang et 

al. (2002), Manmohan et al. (2004), Gavhane et al. (2005), Rasal et al. (2006) and 

Gavhane et al. (2007). 
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Table 15  Means, grand mean, coefficient of variability and LSD  
                values for heat susceptibility index (HSI) 
 

 

 

 

 

S. 
No. 

 Genotypes 
Heat 

susceptibility 
index 

S. 
No. 

Genotypes 
 

Heat 
susceptibility 

index 
1 BKR- 02   (Parent) 0.94 27 SH -02 x 93T347 1.26 

2 BKR -02 x V00183 0.83 28 SH-02 x Pb-96 1.13 

3 BKR- 02  x Ch 86 0.81 29 3C001 x  BKR-02 1.16 

4 BKR-02  x SH 02 1.03 30 3C001 x V00183 1.16 

5 BKR- 02 x 3C001 1.14 31 3C001  x Ch-86 
1.06 

 

6 BKR-02 x 93T347 1.05 32 3C001  x SH-02 1.08 

7 BKR -02 x Pb-96 1.27 33 3C001  (Parent) 1.40 

8 V00183 x BKR-02 0.85 34 3C001  x 93T347 1.29 

9 V00183   (Parent) 0.87 35 3C001  x Pb-96 1.36 

10 V00183 x Ch-86 0.80 36 93T347 x  BKR-02 0.99 

11 V00183 x SH-02 0.94 37 93T347 x V00183 1.27 

12 V00183 x 3C001 1.13 38 93T347 x Ch-86 1.22 

13 V00183 x 93T347 1.25 39 93T347  x SH-02 1.25 

14 V00183 x Pb-96 1.20 40 93T347 x 3C001 1.25 

15 Ch -86 x BKR-02 0.83 41 93T347  (Parent) 1.45 

16 Ch- 86 x V00183 0.78 42 93T347 x Pb-96 1.43 

17 Ch -86  (Parent) 0.97 43 Pb-96 x BKR-02 1.24 

18 Ch -86 x SH-02 0.94 44 Pb-96 x V00183 1.21 

19 Ch -86 x 3C001 1.04 45 Pb-96 x Ch-86 1,26 

20 Ch -86 x 93T347 1.22 46 Pb-96  x SH-02 1.11 

21 Ch -86 x Pb-96 1.23 47 Pb-96 x 3C001 1,36 

22 SH -02 x BKR-02 0.96 48 Pb-96  x 93T347 1.43 

23 SH -02 x V00183 0.94 49 Pb-96 (Parent) 1.45 

24 SH -02 x Ch-86 0.92 50 Grand mean 1.12 

25 SH -02  (Parent) 0.96 51 C.V.% 1.32 

26 SH -02 x 3C001 1.09 52 LSD 0.0239 
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4.2. DIALLEL ANALYSIS 

              Prior to conducting a formal diallel analysis the data collected  for all the 

traits under normal temperature and heat stress conditions were subjected to standard 

analysis of variance  Steel et al. (1997) as  a  pre-requisite.  Significant genotypic 

differences were for observed (Table 4 & 5) for all the traits studied under both 

planting regimes. The diallel analysis was carried out in three different phases. In the 

first phase the formal analysis of variance was conducted following Mather and Jinks 

(1982). Data was subjected to graphical analysis in second phase following Hayman 

(1954a) and in the third phase genetic parameters of variation for the traits were 

computed. Results for all the traits under both regimes are discussed as under. 
 

4.2.1. Days to heading (N). 

                 Complete analysis of variance following Mather and Jinks (1982) for days 

to heading (N) under normal temperature condition (Table 16) depicted that item a 

which measures the additive gene effects, was highly significant and accounted for 

high proportion of the total variation. Significant differences among F1 cross 

combinations for this trait were also reported by Budak (2001).  The over all 

dominance component b was smaller but highly significant indicating the important 

role of dominance. Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Distribution of dominant genes was non-symmetrical due non 

significant value of b2 item. Significant b3 item indicated the important effect of 

specific genes. Significant value of c required the retesting of a as suggested by 

Mather and Jinks (1982). However, the significance of a was unchanged suggesting 

that additive effects were not influenced by maternal effects. Absence of reciprocal 

effects was confirmed due to non-significant value of d and retesting of b was thus not 

required. Under heat stress condition additive gene effects a was highly significant 

and significant role of dominance at loci was also indicated by highly significant b 

item. (Table16). The non-significant value of b1 item indicated the absence of 

directional dominance of genes for this trait. Significant value of b2 and b3 explained 

the symmetry of genes distribution and presence of specific gene effects among the 

parents respectively. Significant c and d required the retesting of a and b components. 

After retesting, significance of a component remained unchanged indicating that 

maternal effects did not influenced the additive genetic effects. Highly significant b 

item remained unchanged and highly significant b2 item reduced to only significant. 
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However highly significant b3 item remained unchanged indicating that specific gene 

effects were not invalidated by reciprocal effects. 

                  For the validity of additive-dominance model two scaling tests were 

employed following Mather and Jinks (1982).  The joint regression coefficient test 

indicated that under normal temperature, b differed significantly from zero but not 

from unity (Table 28). Thus the data fulfilled the assumptions of the model. However, 

second test which involves the analysis of variance of Wr+Vr and Wr-Vr for the 

confirmation of the absence of non allelic interactions, revealed significant 

differences for both Wr+Vr and Wr-Vr between arrays, indicating both dominance 

and non-allelic interaction. Therefore, data were considered partially adequate to 

explain the genetic information in the presence of dominance and non -allelic 

interaction.       

  Similarly validity of additive-dominance model for this trait under heat stress 

condition was also depicted as partially adequate due to the failure of analysis of 

variance test of arrays which indicated the presence of non-allelic interaction. 

However, regression coefficient b differed significantly from zero but not from unity 

(Table 29).  Components of genetic variation (Table 17) depicted significant additive 

(D) variation while dominance was found absent under normal condition. Under heat 

stress condition, however significant additive (D) as well as dominance variation was 

detected. Distribution of positive and negative alleles was unequal (Unequal values of 

H1 and H2) under both the conditions. F was positive and non-significant but ratio of 

dominant to recessive genes (1.126) suggested the greater frequency of dominant 

alleles under normal condition. F component under heat stress condition was negative 

and significant showing lower frequency of dominant genes supported by ratio of 

dominant to recessive genes (0.683) which was less than 1. Significant value of h^ 2 

under heat stress condition indicated the presence of overall dominance effect due to 

heterozygous loci affecting the expression of this trait. Environmental components of 

variation E were non-significant in both regimes. Average degrees of dominance 

under both condition indicated the presence of partial dominance. Positive intercepts, 

Wr/Vr graphs (Figures 4.1a & 4.1b) also indicated absence of complete dominance 

but partial dominance with additive gene action.  Additive gene action with partial 

dominance for this trait has earlier been reported by Esmail (2002) and 

Chandrashekhar and Kerketta (2004). Preponderance of non-additive gene action for 

this trait was however reported by Sharma et al. (2002). 
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Table 16.  Mean squares and degrees of freedom for the analysis of variance 
of 7x7 diallel in hexaploid bread wheat for days to heading (N). 

 

Items df MS F. Ratio● 
Retesting against Ω 
C D 

A  Stress free environment 
A 6 831.72 782.06** 732.84** - 
B 21 26.14 26.37**   
B1 1 632.69 629.84**   
B2 6 2.41 1.44   
B3 14 4.94 5.34**   
C 6 1.13 8.41**   
D 15 1.33 1.21   
Blocks 2 3.19    
B×a 12 1.06    
B×b 42 1.00    
B×b1 2 1.67    
B×b2 12 0.92    
B×b3 28 0.99    
B×c 12 0.13    
B×d 30 1.10    
Block int. 96 0.93    
Total 146     
B  Heat  stress environment 
A 6 322.56 628.74** 118.15** - 
B 1 613.91 2211.37**  461.53** 
B1 6 8.81 8.38   - 
B2 14 3.00 16.68**  2.25* 
B3 21 24.71 93.51**  18.57** 
C 6 2.73 18.59**   
D 15 1.33 3.35**   
Blocks 2 5.92    
B×a 12 0.51    
B×b 42 0.27    
B×b1 2 1.05    
B×b2 12 0.17    
B×b3 28 0.26    
B×c 12 0.14    
B×d 13 0.39    
Block int. 96 0.32    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01 
● = Each item tested against its own block interaction 

Ω = Retesting against c and d mean squares 
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Table 17     Estimates of genetic  components of variation for days to heading 

                   (N) in stress free and heat stress environments      

 

                      

 

Component 
                                   Variance values 

Stress free regime Heat stress regime 

D 81.631* ±  5.049 21.217* ± 0.888 

H1 21.944 ±12.155 20.756* ± 2.139 

 H2 19.432 ± 10.710 19.194* ± 1.884 

F 5.024 ± 12.112 - 7.899* ± 2.131 

h^ 2 2.203 ± 7.193 8.564* ± 1.266 

E 0.326 ± 1.767 0.147 ±  0.311 

(H1/D)0.5 0.518  0.989  

H2/4H1 0.221  0.231  

4DH1
0.5+F/4DH1

0.5-F 1.126  0.683  

Heritability (narrow 

sense) 
0.8841  0.7561  

* = Value is significant when it exceeds 1.96 after dividing with its standard error. 

D   = Variation due to additive effects. 

H   = Component of variance due to dominance effect of the genes. 

F   = Mean of ‘Fr’ over the arrays  

E   = Environmental component of variation  

h^ 2  = Dominance effect (as the algebraic sum over all the loci in 

heterozygous phase in all loci) 

(H1/D) 0.5  =  Mean degree of dominance 

H2/4H1        =   Proportion of genes with positive and  negative  effects in the parents        

4DH1
0.5+F/4DH1

0.5-F = Proportion of dominant and recessive genes in the parents 
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Fig. 4. 1 : Wr/Vr graph for days to heading in (a) stress free, and (b) 

heat stress environments 
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 High narrow sense heritability estimates were also recorded (Table17) 

indicating considerably large additive proportion in the total heritable genetic 

variation. High heritability estimates were also reported for this trait by Shukla et al. 

(2001), Chandrashekhar and Kerketta (2004), Koumber and Esmail (2005), Khadr 

(1970), Ketata et al. (1976). Moderate narrow sense heritability for this trait was 

however reported by Hamada, et al. (2002).  

            Placement of array points displayed (Figure 4.1a) that genotypes 3C001, SH-

02, V00183 and Ch-86 occupied the intermediary position displaying equal 

proportion of dominant and recessive genes in them. Genotypes BKR-02 and 93T347 

had the least dominant genes being placed farthest from the origin, while Pb-96 had 

maximum dominant genes. Figure 4.1b indicated that 3C001 had the maximum 

dominant genes, while maximum recessive genes were found in BKR-02, V00183, 

Pb-96, SH-02 and Ch-86 occupied intermediary position thus possessing equal 

proportion of dominant and recessive genes   under heat stress condition. 

4.2.2. Days to anthesis (N) 

                 Complete analysis of variance following Mather and Jinks (1982) for days 

to anthesis (N) under normal temperature condition (Table 18) depicted that item a, 

which measures the additive gene effects, was highly significant and accounted for 

high proportion of the total variation. The over all dominance component b was 

smaller but highly significant indicating important role of dominance. Similarly 

significant b1 item indicated directional dominance deviations of the genes. 

Asymmetry of gene distribution among the parents was represented by significant b2 

item. Significant b3 item indicated important effect of specific genes. Significant c and 

d required the retesting of a and b components. After retesting, significance of a 

component remained unchanged indicating that maternal effects did not influenced 

the additive genetic effects. Highly significant b, b1 and b2 items remained unchanged. 

However highly significant b3 item changed to non significant value indicating that 

specific gene effects were invalidated by reciprocal effects.  

              Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item 

(Table 18). Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Significant value of b2 and b3 explained the asymmetry of 

genes distribution and presence of specific gene effects among the parents 

respectively. Significant c and d required the retesting of a and b components. After 
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retesting, significance of a component remained unchanged indicating that maternal 

effects did not influenced the additive genetic effects. Highly significant b, b1 and b2 

items remained unchanged. However, highly significant b3 item was also remained 

unchanged indicating that specific gene effects were not invalidated by reciprocal 

effects. 

                  For the validity of additive-dominance model two scaling tests were 

employed following Mather and Jinks (1982). The joint regression coefficient test 

indicated that under normal temperature regression coefficient b differed significantly 

from zero but not from unity (Table 28). Thus the data fulfilled the assumptions of the 

model. However, second test which involves the analysis of variance of Wr+Vr and 

Wr-Vr for the confirmation of the absence of non-allelic interactions, revealed 

significant differences for both Wr+Vr and Wr-Vr between arrays, indicating both 

dominance and non-allelic interaction. Therefore data were considered partially 

adequate to explain the genetic information in the presence of dominance and non-

allelic interaction.       

              Similarly validity of additive-dominance model for this trait under heat stress 

condition was also depicted as partially adequate due to the failure of analysis of 

variance test of arrays which indicated the presence of non-allelic interaction; 

however regression coefficient b differed significantly from zero but not from unity 

(Table 29).  

              Genetic components of variations are presented in Table 19 which revealed 

that both additive (D) and dominanance variations were significant under both 

conditions. However, additive component (D) was greater than H components under 

both temperature regimes displaying predominance of additive effects. H1 and H2 

values were necessarily equal in magnitude displaying uniformity of distribution of 

positive and negative alleles among the parents. F was positive and non-significant 

under normal condition and ratio of dominant to recessive genes (1.244) indicated that 

dominant genes were more frequent. F component under heat stress condition was 

negative and significant showing lower frequency of dominant genes supported by 

ratio of dominant to recessive genes (0.728) which was less than 1. Significant value 

of h^ 2 under heat stress condition indicated the presence of overall dominance effect 

due to heterozygous loci affecting the expression of this trait. Environmental 

components of variation E were non-significant in both regimes. Average degrees of 

dominance (0.598 and 0.821)revealed the absence of dominanceunder both conditions. 
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Table 18.   Mean squares and degrees of freedom  for  the analysis of variance 
of 7×7 diallel  in  hexaploid bread wheat for days to  anthesis (N). 

 

Items df MS F. Ratio● 
Retesting against Ω 
C D 

A   Stress free environment 
A 6 647.10 876.72** 200.82**  
B 21 32.86 156.84**  45.50** 
b1 1 776.26 3389.45**  1074.83** 
b2 6 10.61 37.14*  14.69** 
b3 14 1.60 6.04**  - 
C 6 3.22 4.61*   
d 15 0.72 3.11**   
Blocks 2 7.76    
B×a 12 0.74    
B×b 42 0.22    
B×b1 2 0.28    
B×b2 12 0.26    
B×b3 28 0.20    
B×c 12 0.70    
B×d 30 0.23    
Block int. 96 0.35    
Total 146     

B Heat  stress environment 
a 6 414.47 1015.47** 105.50**  
b 21 23.16 96.95** 505.14**
b1 1 581.32 2149.15** 6.50**
b2 6 7.48 9.32* 3.10*
b3 14 3.57 14.00** 20.12**
c 6 3.92 27.5**  
d 15 1.15 3.15**   
Blocks 2 3.20    
B×a 12 0.40    
B×b 42 0.27    
B×b1 2 0.80    
B×b2 12 0.26    
B×b3 28 0.24    
B×c 12 0.14    
B×d 30 0.36    
Block int. 96 0.30    
Total 146     
 * = P ≤ 0.05.       ** = P ≤ 0.01   ● = Each item tested against its own block 
interaction  



 78

 

Table 19     Estimates genetic  components of variation for days to anthesis (N)       

                   in stress free and heat stress environments.                            

 

Component 
Variance values 

Stress free regime Heat stress regime 

D 69.932* ± 4.195 22.832* ± 1.305 

H1 25.078* ± 10.099 20.114* ± 3.143 

H2 25.307* ±  8.899 18.214* ± 2.769 

F 9.122 ± 10.063 -7.707* ± 3.132 

h^ 2 10.315 ± 5.977 7.271* ± 2.769 

E 0.167 ± 1.468 0.120 ± 0.457 

(H1/D)0.5 0.598  0.821  

H2/4H1 0.242  0.226  

4DH1
0.5+F/4DH1

0.5-F 1.244  0.728  

Heritability (narrow 

sense) 
0.831  0.808  

 * = Value is significant when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4.2.  Wr/Vr graph for days to anthesis under (a) 
normal temperature, and (b) high 
temperature. 
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Positive intercepts, Wr/Vr graphs (Figures 4.2a & 4.2b) also indicated absence of 

complete dominance but partial dominance with additive gene action. High narrow 

heritability estimates were also recorded (Table 19) indicating considerably large 

additive proportion in the total heritable genetic variation. 

             Placement of array points displayed (Figure 4.2a) that genotypes Pb-96, 

3C001,   V00183 and Ch-86 occupied the intermediary position displaying equal 

proportion of dominant and recessive genes in them. Genotypes BKR-02 and 93T347 

had the least dominant genes being placed farthest from the origin, while SH-02 had 

maximum dominant genes. Figure 4.2b indicated that 3C001 had the maximum 

dominant genes, while maximum recessive genes were found in BKR-02 and V00183 

alongwith intermediary position of SH-02, Pb-96 and Ch-86 genotypes possessing 

equal proportion of dominant and recessive genes under heat stress condition. 

4.2.3. Spike index at anthesis (%) 

Complete analysis of variance following Mather and Jinks (1982) for spike 

index at anthesis (%) under normal temperature condition (Table 20) depicted that the 

item a, which measures the additive gene effects, was highly significant and 

accounted for high proportion of the total variation. The over all dominance 

component b was smaller but highly significant indicating the important role of 

dominance. Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Distribution of the genes was symmetrical due to non-

significant value of b2 item. Significant b3 item indicated important effect of specific 

genes. Component c was non-significant, therefore retesting of a item was not 

required.  Significant d item required the re-testing of b components. After retesting, it 

was revealed that b and b1   items remained unchanged, while highly significant b3 

item reduced to non-significant indicating that specific genes effects were invalidated 

by reciprocal effects.   Under heat stress condition additive gene effects a was highly 

significant and significant role of dominance at loci was also indicated by highly 

significant b item. (Table 20) Similarly significant b1 item indicated the directional 

dominance deviations of the genes. Distribution of dominant genes was symmetrical 

due non significant value of b2 item. Non-significant b3 item displayed the absence of 

specific gene effects. Significant c and d required the retesting of a and b components. 

After retesting significance of a component remained unchanged indicating that 

maternal effects did not influenced the additive genetic effects. Highly significant b 

item remained unchanged and highly significant b1 reduced to non significant which 
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suggested that reciprocal effects suppressed the directional dominance. For the 

validity of additive-dominance model two scaling tests were employed following 

Mather and Jinks (1982).  The joint regression coefficient test indicated that under 

normal temperature, regression coefficient b differed significantly from zero but not 

from unity (Table 28). Thus the data fulfilled the assumptions of the model. However, 

second test which involves the analysis of variance of Wr+Vr and Wr-Vr for the 

confirmation of the absence of non allelic interactions, revealed significant 

differences for both Wr+Vr and Wr-Vr between arrays, indicating both dominance 

and non-allelic interaction. Therefore, data were considered partially adequate to 

explain the genetic information in the presence of dominance and non-allelic 

interaction. Test of regression coefficient b under heat stress condition showed that it 

was significantly different from zero with regression line of unit slope (Table 29). 

Similarly analysis of variance of arrays showed absence of non-allelic interaction and 

data were considered fully adequate for further analysis. 

            When genetic components of variation were computed (Table 21) it was 

revealed that both additive (D) and dominance effects (H) were significant under both 

conditions. H1 and H2 values were necessarily equal in magnitude displaying 

uniformity of distribution of positive and negative alleles among the parents. F was 

negative and non-significant and ratios of dominant to recessive genes (0.704 & 

0.859) suggested lower frequency of dominant alleles under both regimes. 

Environmental component of variation E was non-significant under both conditions. 

Average degrees of dominance under both condition indicated the presence of partial 

dominance. Positive intercepts, Wr/Vr graphs (Figures 3a & b) also indicated absence 

of complete dominance but partial dominance with additive gene action. High narrow 

sense heritability estimates were also recorded (Table 21) indicating considerably 

large additive proportion in the total heritable genetic variation. Placement of array 

points displayed (Figure 4.3a) that genotypes 93T347, 3C001, BKR-02, SH-02 and 

Ch-86 occupied the intermediary position displaying equal proportion of dominant 

and recessive genes in them. Genotype V00183 had the least dominant genes being 

farthest from the origin. Pb-96 had the maximum dominant genes being nearest to the 

origin. Figure 4.3b indicated that Pb-96 and 93T347 had the maximum dominant 

genes, while maximum recessive genes were found in SH-02, alongwith intermediary 

position of BKR-02, 3C001, V00183 and Ch-86 genotypes possessing equal 

proportion of dominant and recessive genes under heat stress condition. 
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Table 20    Mean squares and degrees of freedom for the analysis of variance of  
                   7×7 diallel in hexaploid bread wheat for spike index at anthesis (%). 
 

Items Df MS F. Ratio● 
Retesting against Ω 
C d 

A Stress free environment 
a 6 483.69 784.94** -  
b 21 24.55 39.16**  5.38** 
b1 1 571.50 1031.11**  125.40** 
b2 6 2.41 1.52   
b3 14 2.95 13.86**   
c 6 7.85 0.60   
d 15 4.55 10.18**   
Blocks 2 2.50    
B×a 12 0.62    
B×b 42 0.55    
B×b1 2 1.58    
B×b2 12 0.21    
B×b3 28 0.63    
B×c 12 0.13    
B×d 30 0.45    
Block int. 96 0.48    
Total 146     
B  Heat  stress environment 
a 6 191.40 122.46** 34.16**  
b 21 12.96 5.07**  44.97** 
b1 1 300.96 133.35**   
b2 6 0.003 0.001   
b3 14 2.04 1.25   
c 6 5.60 5.90**   
d 15 6.69 3.15**   
Blocks 2 5.39    
B×a 12 1.56    
B×b 42 2.26    
B×b1 2 1.90    
B×b2 12 1.62    
B×b3 28 2.55    
B×c 12 0.95    
B×d 30 2.12    
Block int. 96 1.96    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01   ● = Each item tested against its own block interaction 
 
 
 
 
 

Ω = Retesting against c and d mean squares. 



 83

 
 

Table 21    Estimates of genetic components of variation for spike index at  

                   anthesis (%) in stress free and heat stress environments                           

 

Component 
                                   Variance values 

Stress free regime Heat stress regime 

D 35.414* ± 2.466 15.613* ± 0.970 

H1 19.317* ± 5.937 8.850* ± 2.336 

H2 17.798* ± 5.231 8.198* ± 2.058 

F -9.082 ± 5.916 - 1.770 ± 2.327 

h^ 2 2.279 ± 3.513 -0.329 ± 1.382 

E 0.172 ± 0.863 0.662 ± 0.339 

(H1/D)0.5 0.738  0.752  

H2/4H1 0.230  0.231  

4DH1
0.5+F/4DH1

0.5-F 0.704  0.859  

Heritability (narrow 

sense) 
0.832  0.767  

  * = Value is significant when it exceeds 1.96 after dividing with its standard 

error. 
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Fig. 4. 3  : Wr/Vr graph for spike index at anthesis in (a) stress free, and 

(b) heat stress environments  
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4.2.4 Dry biomass per plant at anthesis (g)        

             Highly significant differences among the genotypes for dry biomass per plant 

at anthesis were allowed to proceed for complete diallel analysis (Table 22). Under 

normal condition, component a was highly significant indicating the presence of 

greater amount of additive variation. The over all dominance component b was 

smaller but highly significant indicating the important role of dominance. Similarly 

significant b1 item indicated the directional dominance deviations of the genes. 

Asymmetry of gene distribution among the parents was represented by significant b2 

item. Significant b3 item indicated the important effect of specific genes. Significant c 

and d required the retesting of a and b components. After retesting significance of a 

component remained unchanged indicating that maternal effects did not influenced 

the additive genetic effects. Highly significant b, b1, b2 and b3 items remained 

unchanged.  

             Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item. 

(Table22). Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Components c and d were non-significant showing absence of 

maternal and reciprocal effects. For the validity of additive-dominance model two 

scaling tests were employed following Mather and Jinks (1982).  The joint regression 

coefficient test indicated that under normal temperature, it differed significantly from 

zero but not from unity (Table 28).Thus the data fulfilled the assumptions of the 

model. However, second test which involves the analysis of variance of Wr+Vr and 

Wr-Vr for the confirmation of the absence of non allelic interactions, revealed 

significant differences for both Wr+Vr and Wr-Vr between arrays, indicating both 

dominance and non-allelic interaction. Therefore data were considered partially 

adequate to explain the genetic information in the presence of dominance and non -

allelic interaction. Test of regression coefficient b under heat stress condition showed 

that  it was significantly  different from zero with regression line of unit slope (Table 

29). Similarly analysis of variance of arrays showed absence of non-allelic interaction 

and data were considered fully adequate for further analysis. 

         Genetic components of variations are presented in Table 23 which revealed that 

both additive (D) and dominant variations were significant under both conditions. 

However, additive component (D) was greater than dominance (H) component under 

normal planting displaying predominance of additive effects. Distribution of positive 

and negative alleles was unequal (Unequal values of H1 and H2). F was positive and 

non-significant under both conditions. Ratios of dominant to recessive genes under  
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Table 22.   Mean squares and degrees of freedom for the analysis of variance of  
                   7x7 diallel in  hexaploid bread wheat for biomass per plant at  
                   anthesis (g). 
 

Items df MS F. Ratio● 
Retesting against Ω 
c D 

A Stress free environment 
A 6 1222.67 5974.49** 832.73**  
B 21 78.76 306.29**  15.6** 
b1 1 2201.69 8203.54**  436.32** 
b2 6 24.89 78.71**  4.93** 
b3 14 28.44 99.25**  5.63** 
C 6 1.46 4.35*   
D 15 5.04 25.43**   
Blocks 2 7.80    
B×a 12 0.20    
B×b 42 0.27    
B×b1 2 0.32    
B×b2 12 0.29    
B×b3 28 0.26    
B×c 12 0.34    
B×d 30 0.20    
Block int. 96 0.25    
Total 146     
B  Heat  stress environment 
a 6 802.68 91.20** - - 
b 21 99.05 5.82**   
b1 1 2495.43 150.23**   
b2 6 6.82 1.04   
b3 14 26.73 1.53   
c 6 1.95 0.17   
d 15 3.77 0.27   
Blocks 2 3.20    
B×a 12 8.80    
B×b 42 16.61    
B×b1 2 6.51    
B×b2 12 17.38    
B×b3 28 17.00    
B×c 12 11.46    
B×d 30 13.60    
Block int. 96 14.05    
Total 146     
 * = P ≤ 0.05. ** = P ≤ 0.01   ● = Each item tested against its own block interaction  
                           Ω = r 
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Table 23   Estimates  of genetic  components of variation for  dry biomass per     

                  plant at anthesis (g) in stress free and heat stress environments                

 

Component 
                                   Variance values 

Stress free regime Heat stress regime 

D 123.675* ± 6.717 77.887* ± 6.013 

H1 85.337* ± 16.171 81.559* ± 14.476 

H2 69.627* ± 14.249 70.000* ± 12.755 

F 22.978 ± 16.114 14.317 ± 14.425 

h^ 2 24.325* ± 9.570 4.424 ± 8.567 

E 0.133 ± 2.351 4.609* ± 2.104 

(H1/D)0.5 0.830  1.023  

H2/4H1 0.203  0.214  

4DH1
0.5+F/4DH1

0.5-F 1.251  1.197  

Heritability (narrow 

sense) 
0.768  0.629  

* = Value is significant  when it exceeds 1.96 after dividing with its standard error. 
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Fig.  4. 4 : Wr/Vr graph for dry  bimass per plant at anthesis in (a) stress free, 

and (b) heat stress environments 
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both regimes (1.251 & 1.197) indicated that dominant genes were more frequent. 

Significant value of h^ 2 under normal condition indicated the presence of overall 

dominance effect due to heterozygous loci affecting the expression of this trait. 

Environmental component of variation E was non-significant under normal, while it 

was significant in heat stress regime. Average degree of dominance (0.830) under 

normal condition suggested the presence of partial dominance. Positive intercept, 

Wr/Vr graph (Figures 4.4a) also indicated absence of complete dominance but partial 

dominance with additive gene action. High narrow sense heritability estimates were 

also recorded (Table 23) indicating considerably large additive proportion in the total 

heritable genetic variation under normal condition. However, average degree of 

dominance (1.023) and comparatively lower value of narrow sense heritability under 

heat stress condition presented an over dominant type of gene action. The regression 

line in Wr/Vr graph with negative intercept (Figure 4.4b) also depicted the same gene 

action. 

            Placement of array points displayed (Figure 4.4a) that genotypes 3C001, 

SH-02, V00183 and 93T347 occupied the intermediary position displaying equal 

proportion of dominant and recessive genes in them. Genotypes BKR-02 and Ch-

86 had the least dominant genes being farthest from the origin, while Pb-96 had the 

maximum dominant genes being placed nearest to the origin. Figure 4.4b indicated 

that 93T347 and Pb-96 had the maximum dominant genes, while maximum 

recessive genes were found in BKR-02 alongwith intermediary position of SH-02, 

3C001, V00183 and Ch-86 genotypes possessing equal proportion of dominant and 

recessive genes under heat stress condition.   

4.2.5. Plant height (cm)            

                 Complete analysis of variance following Mather and Jinks (1982) for plant 

height (Table 24) depicted that the item a  which measures the additive gene effects, 

was highly significant and accounted for high proportion of the total variation under 

normal temperature condition. The over all dominance component b was smaller but 

highly significant indicating the important role of dominance. Similarly significant b1 

item indicated the directional dominance deviations of the genes. Highly significant b2 

and b3 items depicted asymmetry of gene distribution and important role of specific 

genes governing plant height. However, the significance of a remained unchanged 

suggesting that additive effects were not influenced by maternal effects. Absence of 

reciprocal effects was confirmed due to non-significant value of d and retesting of b 

item was thus not required. Under heat stress condition additive gene effects a was  

highly significant and significant role of dominance at loci was also indicated by 
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highly significant b item. (Table 24) Similarly significant b1 item indicated the 

directional dominance deviations of the genes. Non-significant b2 item indicated the 

symmetrical distribution of genes among the parents. Highly significant b3 item 

depicted important role of specific genes. Significant c and d required the retesting of 

a and b components. After retesting, significance of a component remained 

unchanged indicating that maternal effects did not influenced the additive genetic 

effects. Highly significant b item remained unchanged and highly significant b1 item 

reduced to non- significant. However, highly significant b3 item remained unchanged 

indicating that specific gene effects were not invalidated by reciprocal effects. 

             Test of regression coefficient b under normal temperature condition showed 

that it was significantly different from zero with regression line of unit slope (Table 

28).Similarly analysis of variance of arrays showed absence of non-allelic interaction 

and data were considered fully adequate for further analysis. Test of regression 

coefficient b under heat stress condition showed that it was significantly different 

from zero with regression line of unit slope (Table 29). Similarly analysis of variance 

of arrays showed absence of non-allelic interaction and data were considered fully 

adequate for further analysis.   

   Components of genetic variation (Table 25) depicted significant 

additive (D) variation while dominance was found absent under normal condition. 

Under heat stress condition however, significant additive (D) as well as dominance 

variations were detected. Unequal values of H1 & H2 and ratios of H2/4H1 (0.175 and 

0.167) indicated unequal distribution of positive and negative alleles in the parents 

under both conditions. F was positive and non-significant but ratio of dominant to 

recessive genes (1.468) suggested the greater frequency of dominant alleles under 

normal condition. F component under heat stress condition was negative and 

significant showing lower frequency of dominant genes supported by ratio of 

dominant to recessive genes (0.535) which was less than 1.  Environmental 

components of variation E were non-significant in both regimes. Average degrees of 

dominance under both condition indicated the presence of partial dominance. Positive 

intercepts, Wr/Vr graphs (Figures 5a & b) also indicated absence of complete 

dominance but partial dominance with additive gene action.  Additive gene action 

with partial dominance for this trait has earlier been reported by Chowdhry et al. 

(1997), Li et al. (1991), Khan and Ali (1998), Esmail, (2002), Iqbal (2004), 

Chandrashekhar and Kerketta (2004) but over dominance for plant height was 

observed by Afiah et al. (2000), Khan et al. (2005). 
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Table  24.  Mean squares and degrees of freedom for the analysis of variance 
of 7×7 diallel in hexaploid bread wheat for plant height (cm). 

 

Items df MS F. Ratio● 
Retesting against Ω 
C D 

A.  Stress free environment 
A 6 956.69 687.98** 271.49** - 
B 21 12.26 26.64**   
b1 1 406.80 921.70**   
b2 6 1.81 37.22**   
b3 14 9.88 21.36**   
C 6 3.52 6.88**   
D 15 0.79 1.71   
Blocks 2 3.72    
B×a 12 1.39    
B×b 42 0.44    
B×b1 2 0.04    
B×b2 12 0.46    
B×b3 28 0.46    
B×c 12 0.51    
B×d 30 0.46    
Block int. 96 0.58    
Total 146     
B.  Heat  stress environment  
A 6 782.48 393.69** 102.70**  
B 21 13.08 6.30**  143.92** 
b1 1 461.70 270.47**  - 
b2 6 1.23 0.99  - 
b3 14 12.82 13.90**  4.07** 
C 6 7.61 5.16**   
D 15 3.20 2.29*   
Blocks 2 4.06    
B×a 12 1.99    
B×b 42 1.71    
B×b1 2 1.25    
B×b2 12 0.92    
B×b3 28 2.07    
B×c 12 1.48    
B×d 30 1.40    
Block int. 96 1.62    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01   ● = Each item tested against its own block inter                     
                                                           action 
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Table 25  Estimates of genetic  components of variation for plant height (cm) in 
stress free and heat stress environments                            

 

Component 
                                   Variance values 

Stress free regime Heat stress regime 

D 104.887* ± 6.124  44.137* ± 2.426 

H1 17.825 ± 14.745  20.273* ± 5.841 

H2 12.488 ± 12.992  13.546* ± 5.146 

F 16.171 ± 14.693 -23.498* ± 5.820 

h^ 2 1.673 ± 8.726   0.942 ± 3.456 

E 0.213 ± 2.143   0.555 ± 0.849 

(H1/D)0.5 0.418    0.677  

H2/4H1 0.175    0.167  

4DH1
0.5+F/4DH1

0.5-F 1.468    0.435  

Heritability (narrow 

sense) 
0.931    0.904  

  * = Value is significant when it exceeds 1.96 after dividing with its standard error 
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Fig. 4. 5 : Wr/Vr graph for plant height in (a) stress free, and (b) heat 

stress environments 
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Preponderance of non-additive gene action for this trait was however reported by 

Sharma, et al. (2002), Kashif and Khaliq (2003). High narrow sense heritability 

estimates were also recorded (Table 25) indicating considerably large additive 

proportion in the total heritable genetic variation. High heritability for this trait has 

been reported by Khadr (1970), Hamada, et al. (2002), Soylu and Sade (2003) Li-Wei 

et al. (2003), Chandrashekhar and Kerketta (2004) and Khan et al. (2005). Moderately 

high heritability estimates for this trait has been reported by Ketata et al. (1976) and 

Camargo et al. (2000).  

         Placement of array points displayed (Figure 4.5a) that genotype Ch-86 occupied 

the intermediary position displaying equal proportion of dominant and recessive genes 

in them. Genotypes BKR-02, V00183, Pb-96, 3C001, SH-02 and 93T347 had the 

least dominant genes being farthest from the origin. Figure 4.5b indicated that 

maximum recessive genes were found in BKR-02 and 3C001 alongwith intermediary 

position of SH-02, V00183, 93T347 and Ch-86 genotypes possessing equal 

proportion of dominant and recessive genes, while Pb-96 had the maximum dominant 

genes, under heat stress condition. 

4.2.6. Spikes per plant (N) 

Complete analysis of variance for spikes per plant (N) under normal 

temperature condition (Table 26) depicted that the item a which measures the additive 

gene effects, was highly significant and accounted for high proportion of the total 

variation. The over all dominance component b was smaller but highly significant 

indicating the important role of dominance. Similarly significant b1 item indicated the 

directional dominance deviations of the genes. Non-significant b2 item indicated the 

symmetrical distribution of genes among the parents. Non-Significant value of c did 

not required the retesting of a as suggested by Mather and Jinks (1982) Significant d 

required the retesting of b components. After retesting, highly significant b and b1 

items remained unchanged. 

  Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item. 

(Table26). Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Non-significant b2 and b3 items indicated the symmetrical 

distribution and unimportant role of specific genes among the parents.  Significant c 

and d required the retesting of a and b components. After retesting, significance of a 

component remained unchanged indicating that maternal effects did not influenced 

the additive genetic effects. Highly significant b item remained unchanged and highly 

significant b1 item reduced to non- significant. However, highly significant b3 item 
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remained unchanged indicating that specific gene effects were not invalidated by 

reciprocal effects. 

 Test of regression coefficient ( b) under normal temperature  condition showed 

that  it  differed significantly from zero with regression line of unit slope(Table 

28).Similarly analysis of variance of arrays showed  absence of non-allelic interaction 

and data were considered  fully adequate for further analysis. Test of regression 

coefficient (b) under heat stress condition showed that  it differed significantly from 

zero with regression line of unit slope (Table 29).Similarly analysis of variance of 

arrays showed  absence of non-allelic interaction and data were considered  fully 

adequate for further analysis. When the genetic components of variations were 

computed (Table 27) it was revealed that both additive (D) and dominance effects (H) 

were significant under both conditions. Distribution of positive and negative alleles 

was unequal (Unequal values of H1 and H2). This was also supported by H2/4H1 ratios 

(0.216 & 0.231), under both conditions respectively. Significant and positive F value 

under normal condition signified the important role of dominant genes. Ratio of 

dominant to recessive genes (1.410) also indicated that dominant genes were frequent 

than recessive genes in the parents. Value of F under heat stress condition was 

positive but non-significant. However, dominant to recessive gene ratio (1.036) 

displayed importance of dominant genes. The value of h^2 was negative and non-

significant under both conditions. However significant value of E depicted the 

influence of environment in the expression of this trait under both temperature 

regimes. Average degrees of dominance (0.872 & 0.953) displayed the absence of 

complete dominance under both conditions respectively. 

  Positive intercepts, Wr/Vr graphs (Figures 4.6a & b) also indicated absence of 

complete dominance but partial dominance with additive gene action.  These results 

are in conformity with those of Hanchinal  (1994), Sing et al. (2002), Esmail, (2002), 

Hamada et al. (2002), Kashif and Khaliq (2003), Joshi et al. (2004). Chandrashekhar 

and Kerketta (2004) However overdominance type of gene action for this trait was 

reported by Baksh et al. (2004).while non-additive gene action for spikes per plant 

was reported by Khan et al. (2005) High narrow sense heritability estimates were also 

recorded (Table 27) indicating considerably large additive proportion in the total 

heritable genetic variation. High narrow sense heritability estimates for this trait were 

reported by Hamada et al. (2002) and Khan et al. (2005). Moderately high heritability 

estimates for spikes per plant has been reported by Ketata et al. (1976) and Camargo 

et al. (2000). Placement of array points displayed (Figure 4.6a) that genotypes Ch-86,  
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Table 26    Mean squares and degrees of freedom for the analysis of variance of  

                   7×7 diallel in hexaploid bread wheat for spikes per plant (N) 

 

Items Df MS F. Ratio● 
Retesting against Ω 
C D 

A Stress free environment 
A 6 76.70 57.50** -  
B 21 8.62 4.73**  4.36** 
b1 1 211.98 145.91**  107.27** 
b2 6 0.05 0.10   
b3 14 2.18 2.92   
C 6 1.47 1.11   
D 15 1.97 2.80*   

Blocks 2 4.99    

B×a 12 1.33    

B×b 42 1.45    

B×b1 2 0.55    

B×b2 12 0.75    

B×b3 28 1.82    

B×c 12 1.32    

B×d 30 0.70    

Block int. 96 4.99    

Total 146     
B  Heat  stress environment 
A 6 54.01 62.43** 24.92**  
B 21 6.18 8.53**  103.55** 
b1 1 141.52 230.30**   
b2 6 0.004 0.59   
b3 14 0.83 1.81  4.52** 
C 6 2.16 5.68**   
D 15 1.36 4.34**   
Blocks 2 0.90    
B×a 12 0.86    
B×b 42 0.61    
B×b1 2 0    
B×b2 12 0.45    
B×b3 28 0.72    
B×c 12 0.38    
B×d 30 0.31    
Block int. 96 0.52    
Total 146     
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Table  27     Estimates of genetic  components of variation for spike per plant (N) 

                     in stress free and heat stress environments                

            

Component 
                                   Variance values 

Stress free regime Heat stress regime 

D 8.927* ± 0.281 4.923* ± 0.221 

H1 6.800* ± 0.677 4.475* ± 0.533 

H2 5.886* ± 0.596 4.139* ± 0.469 

F 2.655* ± 0.674 0.166 ± 0.531 

h^ 2 -0.153 ± 0.400 -0.082 ± 0.315 

E 0.421* ± 0.098 0.176* ± 0.077 

(H1/D)0.5 0.872  0.953  

H2/4H1 0.216  0.231  

4DH1
0.5+F/4DH1

0.5-F 1.410  1.036  

Heritability (narrow 

sense) 
0.654  0.677  

  * = Value is significant  when it exceeds 1.96 after dividing with its standard 

error 
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Fig. 4.6   Wr/Vr graph for number of spikes per plant in (a) stress free 

and (b)  heat stress environments 
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Table 28  Test of adequacy of additive-dominance model (regression analysis and 
arrays analysis of variance) for various traits studied in stress free 
environment (Timely planting).  

 

S. 

No
. 

Characters 

Regression 
analysis 

Analysis of array 
variance 

Remarks b=0 b=1 Wr+Vr Wr-Vr 

1 
Days to 
heading 

** NS ** ** 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

2 
Days to 
anthesis 

** NS ** ** 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

3 
Spike index at 
Anthesis 

** NS ** ** 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

4 
Dry biomass 
per plant at 
anthesis 

* NS ** ** 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

5 Plant height ** NS ** NS 
Both tests suggested the adequacy of the 
model 

6 
Spikes per  
plant 

** NS * NS 
Both tests suggested the adequacy of the 
model 

7 Spike length * NS ** NS 
Both tests suggested the adequacy of the 
model 

8 
Spikelets per 
spike 

** NS ** NS 
Both tests suggested the adequacy of the 
model 

9 
Number of 
grains  per 
spike 

* NS * NS 
Both tests suggested the adequacy of the 
model 

10 
1000-grain 
weight 

** NS ** NS 
Both tests suggested the adequacy of the 
model 

11 
Grain yield per 
Plant 

** NS * NS 
Both tests suggested the adequacy of the 
model 

12 
Dry biomass 
per plant at 
maturity 

** NS NS NS 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

13 Harvest index ** NS NS NS 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

14 
Days to 
maturity 

** NS ** NS 
Both tests suggested the adequacy of the 
model 

15 
Grain set 
index 

** NS * NS 
Both tests suggested the adequacy of the 
model 

16 
Kernels per 
unit dry spike 
weight 

* NS ** NS 
Both tests suggested the adequacy of the 
model 

17 
Canopy   
temp. 
Depression 

** NS ** NS 
Both tests suggested the adequacy of the 
model 
 

18 
Cell 
membrane 
thermostability 

* NS ** ** 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

* =Significant          ** = Highly significant              NS= Non-significant 
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Table  29  Test of adequacy of additive-dominance model (regression 
analysis and arrays analysis of variance) for various  traits 
studied in heat stress environments (Late  planting).        

                                                        
S. 

.   

No. 

Characters 

  Regression 

 analysis      

Analysis of array 

   Variance 
    Remarks 

b=0  b=1 Wr+Vr Wr-Vr 

1 Days to heading ** NS ** ** 

Regression analysis indicated the 
adequacy of the model but analysis of 
arrays invalidates  the model thus it was 
considered partially adequate 

2 Days to anthesis ** NS ** ** 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

3 
Spike index at 
anthesis 

** NS ** NS 
Both tests suggested the adequacy of the 
model 

4 
Dry biomass per 
plant at anthesis 

** NS ** NS 
Both tests suggested the adequacy of the 
model 

5 Plant height ** NS ** NS 
Both tests suggested the adequacy of the 
model 

6 Spikes per  plant ** NS * NS 
Both tests suggested the adequacy of the 
model 

7 Spike length ** NS ** * 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

8 
Spikelets per 
spike 

** NS ** NS 
Both tests suggested the adequacy of the 
model 

9 
Number of 
grains per  spike 

** NS ** NS 
Both tests suggested the adequacy of the 
model 

10 
1000-grain 
weight 

** NS ** NS 
Both tests suggested the adequacy of the 
model 

11 
Grain yield per 
plant 

** NS * NS 
Both tests suggested the adequacy of the 
model 

12 
Dry biomass per 
plant at maturity 

** NS NS NS 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

13 Harvest index * NS NS NS 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

14 Days to maturity ** NS ** ** 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

15 Grain set index ** NS ** NS 
Both tests suggested the adequacy of the 
model 

16 
Kernels per unit 
 dry spike 
weight 

** NS ** ** 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

17 
Canopy 
tempera- 
ture depression 

** NS ** NS 
Both tests suggested the adequacy of the 
model 
 

18 
Cell membrane  
 thermostability 

** NS ** ** 
Regression analysis indicated the 
adequacy of the model but it was 
considered partially adequate 

19 
Heat 
susceptibility  
index  

** NS ** ** 
Regression analysis indicated the 
adequacy of the model but  it was 
considered partially adequate 

* =Significant.                     ** = Highly significant.         NS= Non-significant. 



 101

BKR-02, Pb-96, 3C001 and V00183 occupied the intermediary position displaying 

equal proportion of dominant and recessive genes in them. Genotype SH-02 had the 

least dominant genes being farthest from the origin. Figure 4.6a indicated that 

maximum dominant genes were found in 93T347 strain being placed nearest to the 

origin. Figure 4.6b indicated that minimum dominant genes were found in genotype 

SH-02 alongwith intermediary position of BKR-02, V00183, 3C001, Pb-96 and Ch-

86 genotypes possessing equal proportion of dominant and recessive genes  under 

heat stress condition. Figure 4.6b also indicated that maximum dominant genes were 

found in 93T347 being located near to the origin under high temperature stress 

condition. 

4.2.7 Spike length (cm)        

             Highly significant differences among the genotypes for spike length allowed 

to proceed for complete diallel analysis (Table 30). Under normal condition, 

component a was highly significant indicating the presence of greater amount of 

additive variation. The over all dominance component b was smaller but highly 

significant indicating important role of dominance. Similarly significant b1 item 

indicated the directional dominance deviations of the genes. Gene distribution was 

found symmetrical (b2 item Non-significant). Significant b3 item indicated the 

important effect of specific genes. Significant c and d required the retesting of a and b 

components. After retesting, significance of a component remained unchanged 

indicating that maternal effects did not influenced the additive genetic effects. Highly 

significant b1, b2, and b3 items remained unchanged, 

                     Under heat stress condition additive gene effects a was highly significant 

and significant role of dominance at loci was also indicated by highly significant b 

item (Table 30). Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Gene distribution among the parents was symmetrical (b2 item 

non-significant) and the effect of specific genes b3 was highly was significant. 

Components c and d were non-significant showing absence of maternal and reciprocal 

effects.  

               Test of regression coefficient b under normal temperature condition showed 

that it was significantly different from zero with regression line of unit slope (Table 

28). Similarly analysis of variance of arrays showed absence of non-allelic interaction 

and data were considered fully adequate for further analysis. First scaling test of 

regression coefficient b under heat stress condition depicted that it differed 
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significantly form zero with line of unit slope but second test i.e. analysis of variance 

of Wr+Vr and Wr-Vr indicated the presence of non-allelic interaction (Table29). Thus 

data were considered partially adequate for further analysis.                 

               Genetic components of variations are presented in Table 31 which revealed 

that both additive (D) and dominant variations were significant under both conditions. 

H component under normal temperature condition displayed the predominance of 

dominance effects. Distribution of positive and negative alleles was unequal (Unequal 

values of H1 and H2) under both conditions. F was negative and non-significant under 

both conditions. Ratios of dominant to recessive genes (0.752 & 0.755) indicated that 

dominant genes were less frequent than recessive genes. Significant value of h^ 2 

under heat stress condition indicated the presence of overall dominance effect due to 

heterozygous loci affecting the expression of this trait. Environmental component of 

variation E was non-significant under both regimes. Average degrees of dominance 

(0.860 &0.681 respectively) displayed partial dominance with additive gene action 

under both conditions.  Positive intercepts, Wr/Vr graphs (Figures 7a & b) indicated 

absence of complete dominance but partial dominance with additive gene action.  

Additive gene action with partial dominance for this trait has earlier been reported by 

Hanchinal,  (1994), Sing et al. (2002), Esmail, (2002), Hamada et al. (2002), Kashif 

and Khaliq (2003)  Yao-JinBao et al. (2004), Khan et al. (2005). However, over 

dominance type of gene action for spike length was also reported by Khan and Habib 

(2003), Day-Sarkar and Roy (1993) and Hussain (1991). High narrow sense 

heritability estimates were also recorded (Table 31) indicating considerably large 

additive proportion in the total heritable genetic variation. High heritability estimates 

were also reported for this trait by Shukla et al. (2001), Li-Wei et al. (2003), Yao-

JinBao et al. (2004), Koumber and Esmail (2005) and Khan et al. (2005). Moderate 

and narrow heritability both for this trait has been reported by Hamada et al. (2002) 

               Placement of array points displayed (Figure 4.7a) that genotypes Ch-86, 

BKR-02, SH-02, V00183 and Pb-96 occupied the intermediary position displaying 

equal proportion of dominant and recessive genes in them. Genotype 3C001 had the 

least dominant genes being farthest from the origin under normal condition. Figure 

4.7a also indicated that maximum dominant genes were found in 93T347 strain being 

placed nearest to the origin. Figure 4.7b indicated that maximum recessive genes were 

found in 3C001 alongwith intermediary position of SH-02, V00183, 93T347, Pb-96 

and Ch-86 genotypes possessing equal proportion of dominant and recessive genes 

under heat stress condition. Figure 4.7b also indicated that maximum dominant genes 

were found in BKR-02 strain being placed nearest to the origin. 
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Table.30  Mean squares and degrees of freedom for the analysis of variance of  
                 7×7 diallel in hexaploid bread wheat for spike length (cm).  
 
Items Df MS F. Ratio● Retesting against Ω 

C D 
A  Stress free environment 
A 6 73.79 508.98** 52.26**  
B 21 2.61 7.98**  7.87** 
b1 1 104.53 294.59**  314.87** 
b2 6 0.40 14.77  - 
b3 14 3.37 7.12**  10.16** 
C 6 1.41 12.76**   
D 15 0.33 2.28*   
Blocks 2 0.36    
B×a 12 0.14    
B×b 42 0.35    
B×b1 2 0.03    
B×b2 12 0.47    
B×b3 28 0.32    
B×c 12 0.11    
B×d 30 0.15    
Block int. 96 0.23    
Total 146     
B   Heat  stress environment 
A 6 108.92 799.62** - - 
B 21 2.86 10.89**   
b1 1 106.14 328.78**   
b2 6 4.58 2.08   
b3 14 1.32 8.83**   
C 6 0.74 1.06   
D 15 0.49 1.38   
Blocks 2 0.29    
B×a 12 0.14    
B×b 42 0.32    
B×b1 2 2.20    
B×b2 12 0.15    
B×b3 28 0.26    
B×c 12 0.70    
B×d 30 0.36    
Block int. 96 0.36    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01  ● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean square. 
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Table 31.    Estimates of genetic  components of variation for spike length (cm) 

                    In stress free and heat stress environments       

                       

Component 
                                   Variance values 

Stress free regime Heat stress regime 

D 3.937* ± 0.340 8.144* ± 0.427 

H1 4.980* ± 0.818 3.780* ± 1.030 

H2 3.161* ± 0.721 3.131* ± 0.907 

F -1.249 ± 0.815 -1.456 ± 1.026 

h^ 2 0.355 ± 0.484 4.432* ± 0.609 

E 0.078 ± 0.119 0.118 ± 0.149 

(H1/D)0.5 0.860  0.681  

H2/4H1 0.158  0.207  

4DH1
0.5+F/4DH1

0.5-F 0.752  0.755  

Heritability (narrow 

sense) 
0.801  0.851  

* = Value is significant when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4. 7 : Wr/Vr graph for spike length in (a) stress free, and (b) heat 

stress environments 
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4.2.8. Spikelets per spike (N) 

                 Complete analysis of variance for spikelets per spike (N) under normal 

temperature condition (Table 32) depicted that the item a which measures the additive 

gene effects, was highly significant and accounted for high proportion of the total 

variation. The over all dominance component b was smaller but highly significant 

indicating the important role of dominance. Similarly significant b1 item displayed the 

directional dominance deviations of the genes. Non-significant b2 item indicated the 

symmetrical distribution of genes among the parents and the role of specific genes 

(b3) was observed as significant. Significant c and d required the retesting of a and b 

components. After retesting, significance of a component remained unchanged 

indicating that maternal effects did not influenced the additive genetic effects. Highly 

significant b and b1 items remained unchanged and highly significant b3 item reduced 

to non-significant indicating that specific genes effects were invalidated by reciprocal 

effects. 

              Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item 

(Table 32). Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Non-significant b2 item indicated the symmetrical distribution 

of genes among the parents, and the role of specific genes (b3) was observed as 

significant. No maternal (c) and reciprocal effects (d) were detected. Test of 

regression coefficient b under both temperature conditions showed it   differed 

significantly from zero with regression line of unit slope (Tables 28 & 29). Similarly 

analysis of variance of arrays showed absence of non-allelic interaction in both 

conditions and data were considered fully adequate for further analysis.         

        When the genetic components of variations were computed (Table 33) it 

revealed that both additive (D) and dominance effects (H) were significant under both 

conditions. However, dominance components (H) were greater than additive (D) 

components under both conditions displaying predominance of dominance effects. 

Distribution of positive and negative alleles was unequal (Unequal values of H1 and 

H2) under both conditions. F was negative and non-significant in both regimes. 

Similarly, dominant to recessive gene proportions (0.733 &0.725) also indicated that 

dominant genes were less frequent among the parents. The value of h^ 2 was positive 

under normal and negative in heat stress but non-significant under both conditions. 

However, significant value of E depicted the influence of environment on the 

expression of this trait under normal temperature regime.  
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Table.32  Mean squares and degrees of freedom for the analysis of variance 
of 7×7 diallel in hexaploid bread wheat for spikelets per spike (N). 

 
Items Df MS F. Ratio● Retesting against Ω 

C D 
A Stress free environment 

A 6 10  108.71 36.31** 76.62** 
 

B 21 13.81 10.10**  6.26** 
b1 1 337.15 196.83**  152.74** 
b2 6 0.46 0.09   
b3 14 3.15 3.00**   
C 6 1.41 3.00**   
D 15 2.20 2.01**   
Blocks 2 8.48    
B×a 12 3.00    
B×b 42 1.71    
B×b1 2 4.94    
B×b2 12 1.98    
B×b3 28 1.37    
B×c 12 1.49    
B×d 30 1.32    
Block int. 96 1.72    
Total 146     
B     Heat  stress environment 
A 6 171.38 80.17** - - 
B 21 32.72 13.18**   
b1 1 737.22 384.11**   
b2 6 7.29 1.05   
b3 14 3.44 3.91*   
C 6 1.52 0.46   
D 15 3.93 1.09   
Blocks 2 10.92    
B×a 12 2.14    
B×b 42 1.92    
B×b1 2 0.27    
B×b2 12 0.88    
B×b3 28 2.48    
B×c 12 3.26    
B×d 30 3.60    
Block int. 96 2.64    
Total 146     
* = P ≤ 0.05.   ** = P ≤ 0.01 ● = Each item tested against its own block interaction  
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Table 33.   Estimates of genetic  components of variation for spikelets  per spike (N) 

                     in stress free and heat stress environments               

              

Component                                    Variance values 

Stress free regime Heat stress regime 

 D    6.326* ± 0.853  10.015* ± 1..977 

 H1  10.002* ± 2.054  22.773* ± 4.761 

 H2   9.462* ± 1.810  21.530* ± 4.195 

 F  -2.539 ± 2.047 - 4.796 ± 4.744 

h^ 2   0.149 ± 1.215 - 0.173 ± 2.818 

 E   0.620* ± 0.298   0.936 ± 0.692 

(H1/D)0.5   1.304    1.507  

H2/4H1   0.219    0.236  

4DH1
0.5+F/4DH1

0.5-F   0.733    0.725  

Heritability (narrow sense)   0.630    0.559  

 * = Value is significant when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4. 8: Wr/Vr graph for number of grains per spike in (a) stress free, and 

(b) heat stress environment 
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Average degrees of dominance (1.304 & 1.507) displayed an overdominance type of 

gene action under both conditions respectively. Over dominance type of gene action 

for spikelets per spike was also reported by Day-Sarkar and Roy, (1993), Hussain 

(1991), Khan and Habib (2003) and Sharma et al. (2003). These results, however 

differ from Hanchinal (1994); Sing et al. (2002); Kashif and Khaliq (2003); Baksh et 

al. (2004) who reported additive type of gene action with partial dominance. 

  This was also confirmed by Wr/Vr graphs (Figures 4.8a & b) where the 

intercepts was negative. Moderately low narrow sense heritability estimates were also 

recorded (Table 33) indicating dominant variation was more profound than additive 

one in the inheritance of this trait under both conditions, while low  heritability 

estimates for this trait has been reported by Ketata et al. (1976), Khan et al. (2005). 

Placement  of array points displayed (Figure 4.8a) that genotype  Ch-86,  BKR-02, 

3C001 and Pb-96 occupied the intermediary position displaying equal proportion of 

dominant and recessive genes in them. Genotype V00183 had the least dominant 

genes being farthest from the origin. Figure 4.8a also indicated that maximum 

dominant genes were found in 93T347 and SH-02 strains being placed nearest to the 

origin. Figure 4.8b indicated that maximum dominant genes were found in genotype 

93T347 and Pb-96 alongwith intermediary position of BKR-02, SH-02 and 3C001 

genotypes possessing equal proportion of dominant and recessive genes under heat 

stress condition. Figure 4.8b also indicated that minimum dominant genes were found 

in Ch-86 and V00183 being placed farthest from the origin under high temperature 

stress condition. 

4.2.9 Number of grains per spikes (N) 

     Complete analysis of variance for number of grains per spike (N) under 

normal temperature condition (Table 34) revealed highly significant additive (a) gene 

effects, while dominance effects were non-significant. Significant b1 item indicated 

the directional dominance deviations of the genes. Non-significant b2 item indicated 

the symmetrical distribution of genes among the parents. Non-significant value of b3 

item explained the unimportant role of specific genes in the expression of this trait. 

Non-Significant value of c and d did not required the retesting of a and b components 

as suggested by Mather and Jinks (1982). Under heat stress condition additive gene 

effects a were highly significant and significant role of dominance at loci was also 

indicated by highly significant b item. (Table 34) Similarly significant b1 item 

indicated the directional dominance deviations of the genes. Non-significant b2 item 

indicated the symmetrical distribution of genes among the parents. Non-significant  
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value of b3 item explained the unimportant role of specific genes in the expression of 

this trait. Maternal (c) and reciprocal effects (d) were not detected. Test of regression 

coefficient b under both conditions differed significantly   from zero with regression 

line of unit slope (Table 28 & 29). Similarly analysis of variance of arrays showed 

absence of non-allelic interaction and data were considered fully adequate for further 

analysis.           

        When the genetic components of variations were computed (Table 35) it was 

revealed that both additive (D) and dominance effects (H) were significant under both 

conditions. Unequal values of H1 and H2 and ratios of H2/4H1 (0.153 & 0.224) under 

normal and heat stress conditions respectively indicated the unequal distribution of 

positive and negative alleles among the parents. Significant and negative F value 

under normal condition signified the important role of recessive genes. Ratios of 

dominant to recessive genes (0.630 & 0.571) under normal and heat stress conditions 

respectively, also indicated that recessive genes were frequent than dominant genes in 

the parents. Value of F under heat stress condition was negative but non-significant.  

The value of h^ 2 was positive under normal and negative in heat stress but non-

significant under both conditions. However significant value of E depicted the 

influence of environment on the expression of this trait under both temperature 

regimes.  

Average degrees of dominance (0.890 & 0.885) displayed the absence of 

complete dominance under both conditions respectively. Positive intercepts, Wr/Vr 

graphs (Figures 4.9a & b) also indicated absence of complete dominance but partial 

dominance with additive gene action.  Additive gene action with partial dominance 

for this trait has earlier been reported by Hanchinal, (1994), Sing et al. (2002), 

Hamada et al. (2002), Kashif and Khaliq (2003), Yao-JinBao et al. (2004), Joshi et al. 

(2004), Chandrashekhar and Kerketta (2004). High narrow sense heritability estimates 

were also recorded (Table 35) indicating considerably large additive proportion in the 

total heritable genetic variation. High heritability estimates for this trait were reported 

by Hamada, et al. (2002), Chandrashekhar and Kerketta (2004), Yao-JinBao et al. 

(2004), Koumber and Esmail (2005), Hanchinal, (1994) also reported high heritability 

for this trait under normal temperature condition. Placement of array points displayed 

(Figure 4.9a) that genotypes Ch-86, BKR-02, SH-02, and V00183 occupied the 

intermediary position displaying equal proportion of dominant and recessive genes in 

them. Genotypes Pb-96 and 3C001 had the least dominant genes being farthest from 

the origin. Figure 4.9a also indicated that maximum dominant genes were found in 

93T347 strain being placed nearest to the origin. 
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Table 34     Mean squares and degrees of freedom for the analysis of variance of 
                     7×7 diallel in hexaploid bread wheat for number of grains per spike 

(N). 
 

Items df MS F. Ratio● Retesting against Ω 
C D 

A Stress free environment 
A 6 717.29 55.03** - - 
B 21 21.33 2.02   
b1 1 860.05 64.34**   
b2 6 5.72 0.27   
b3 14 26.98 1.44   
C 6 18.90 2.48   
D 15 3.14 0.24   
Blocks 2 10.08    

B×a 12 13.03    

B×b 42 13.36    

B×b1 2 20.98    

B×b2 12 18.68    

B×b3 28 10.54    

B×c 12 7.61    

B×d 30 12.73    

Block int. 96 12.40    

Total 146     
B Heat  stress environment 
A 6 592.69 36.44**   
B 21 46.93 2.22*   
b1 1 1191.55 49.03**   
b2 6 2.95 0.14   
b3 14 13.44 0.41   
C 6 2.12 0.21   
D 15 7.31 0.11   
Blocks 2 7.31    
B×a 12 16.26    
B×b 42 24.30    
B×b1 2 20.96    
B×b2 12 32.33    
B×b3 28 21.07    
B×c 12 11.30    
B×d 30 19.11    
Block int. 96 20.05    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01 ● = Each item tested against its own block interaction 



 113

 

Table  35    Estimates of genetic components of variation for number of grains per  

                   spike (N) in stress free and heat stress environments                            

 

Component                                    Variance values 

Stress free regime Heat stress regime 

D  39.239* ± 2.732  34.948* ± 3.670 

H1  31.109* ± 6.577  27.393* ± 8.836 

H2  19.062* ± 5.795  24.634* ± 7.785 

F -15.851* ± 6.554  -16.855 ± 8.805 

h^ 2     3.586 ± 3.892   -0.338 ± 5.229 

E     4.120* ± 0.956     6.596* ± 1.284 

(H1/D)0.5     0.890      0.885  

H2/4H1     0.153      0.224  

4DH1
0.5+F/4DH1

0.5-F     0.630      0.571  

Heritability (narrow sense)     0.790      0.681  

  * = Value is significant  when it exceeds 1.96 after dividing with its standard 

error. 
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Fig. 4. 9 : Wr/Vr graph for number of grains per spike in (a) stress free, 

and (b) heat stress environment 
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Figure 4.9b indicated that minimum dominant genes were found in genotypes 

BKR-02, V00183 and Ch-86 alongwith intermediary position of 3C001 and SH-02 

genotypes possessing equal proportion of dominant and recessive genes under heat 

stress condition. Figure 4.9b also indicated that maximum dominant genes were found 

in 93T347 and Pb-96 being located near to the origin under stress condition. 

4.2.10 1000-grain weight (g) 

                 Data subjected to analysis of variance for 1000-grain weight under normal 

temperature condition (Table 36) depicted significant a, b and b1 items, indicating the 

presence of both additive and dominance effects with directional dominance and 

symmetrical gene distribution (non-significant b2 item). Non-significant value of b3 

item explained the unimportant role of specific genes in the expression of this trait. 

Absence of maternal and reciprocal effects was detected by non-significant c and d 

items. Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item. 

(Table 36) Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Non-significant b2 item indicated the symmetrical distribution 

of genes among the parents. Important effect of specific genes was evident from 

significant b3 item. Significant c and d required the retesting of a and b components. 

After retesting, significance of a  component remained unchanged indicating that 

maternal effects did not influenced the additive genetic effects. Highly significant b 

item remained unchanged and highly significant b1 item reduced to non- significant 

and significance of b2 item remained unchanged. Similarly, highly significant b3 item 

remained unchanged indicating that specific gene effects were not invalidated by 

reciprocal effects. 

            Test of regression coefficient b under both conditions differed significantly   

from zero with regression line of unit slope (Table28 & 29). Similarly analysis of 

variance of arrays showed absence of non-allelic interaction and data were considered 

fully adequate for further analysis under both conditions. When the genetic 

components of variations were computed (Table 37) it was revealed that both additive 

(D) and dominance effects (H) were significant under normal temperature condition, 

while in heat stress only additive effects were significant. Unequal values of H1 and 

H2 and ratios of H2/4H1 (0.239 & 0.204) under normal and heat stress conditions 

respectively indicated the unequal distribution of positive and negative alleles among 

the parents. F was non-significant and positive under both conditions. Ratios of 
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dominant to recessive genes (1.108 & 1.150) under normal and heat stress conditions 

respectively, also indicated that dominant genes were frequent than recessive genes in 

the parents. The value of h^ 2 was negative under normal and positive under heat 

stress but non-significant under both conditions. However significant value of E 

depicted the influence of environment on the expression of this trait under normal 

temperature condition. Average degrees of dominance (0.952 & 0.345) displayed the 

absence of complete dominance under both conditions. 

Positive intercepts, Wr/Vr graphs (Figures 10a & b) also indicated absence of 

complete dominance but partial dominance with additive gene action.  Additive gene 

action with partial dominance for this trait has earlier been reported by Hanchinal, 

(1994) Singh et al. (2002), Esmail (2002), Hamada et al. (2002), Yao-JinBao et al. 

(2004), Joshi et al. (2004), Chandrashekhar and Kerketta (2004) and Khan et al. 

(2005) However overdominance type of gene action for this trait was reported by 

Baksh et al. (2004), Hassani et al. (2005). Sharma et al.(2003). Non-additive type of 

gene action was also reported for this trait by Kashif and Khaliq (2003). High narrow 

sense heritability estimates were also recorded (Table 37) indicating considerably 

large additive proportion in the total heritable genetic variation. High heritability for 

this trait has been reported by Khadr (1970), Hanchinal, (1994). Chandrashekhar and 

Kerketta (2004) Yao-JinBao et al. (2004), Koumber and Esmail (2005), High narrow 

sense heritability estimates for this trait were reported by Hamada, et al. (2002). 

Moderately high heritability estimates for this trait has been reported by Ketata et al. 

(1976) and Amin et al. (1999). 

            Placement of array points displayed (Figure 4.10a) that genotypes Ch-86, 

BKR02, 3C001, Pb-96 and V00183 occupied the intermediary position displaying 

equal proportion of dominant and recessive genes in them. Genotype SH-02 had the 

least dominant genes being farthest from the origin. Figure 4.10a also indicated that 

maximum dominant genes were found in 93T347 strain being placed nearest to the 

origin. Figure 4.10b indicated that minimum dominant genes were found in genotype 

Ch-86 alongwith intermediary position of 3C001, Pb-96, BKR-02, SH-02 and 

V00183 genotypes possessing equal proportion of dominant and recessive genes 

under heat stress condition. Figure 4.10b also indicated that maximum dominant 

genes were found in 93T347 strain being placed nearest to the origin in stress 

condition. 
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Table  36    Mean squares and degrees of freedom for the analysis of variance 
of 7×7 diallel in hexaploid bread wheat for 1000-grain weight (g). 

 
Items Df MS F. Ratio● Retesting against Ω 

C d 
A  Stress free environment. 
A 6 193.58 39.52** - - 

B 21 26.78 6.73**   
b1 1 604.01 184.88**   
b2 6 0.39 0.48   
b3 14 2.79 1.38   
C 6 6.71 2.32   

D 15 6.78 1.98   

Blocks 2 7.84    

sB×a 12 4.89    

B×b 42 3.27    

B×b1 2 0.83    

B×b2 12 2.01    

B×b3 28 3.98    

B×c 12 2.89    

B×d 30 3.40    

Block int. 96 3.47    

Total 146     

B   Heat  stress environment 
A 6 577.50 940.63** 250.05**  
B 21 7.17 12.14**  196.91** 
b1 1 185.66 326.76**  - 
b2 6 0.14 1.19  2.57** 
b3 14 2.42 4.12*  7.61** 
 C 6 2.30 21.55**   
D 15 0.94 2.41*   
Blocks 2 4.55    
B×a 12 0.61    
B×b 42 0.57    
B×b1 2 0.12    
B×b2 12 0.59    
B×b3 28 0.59    
B×c 12 0.11    
B×d 30 0.39    
Block int. 96 0.46    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01 
● = Each item tested against its own block interaction 
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Table 37    Estimates of genetic  components of variation for 1000 grains weight    

                  (g) in stress free and heat stress environments         

                    

Component                                    Variance values 

Stress free regime Heat stress regime 

D  19.284* ± 1.045  56.464* ± 3.581 

H1 17.510* ± 2.515   6.750 ± 8.622 

H2 16.803* ± 2.216   5.531 ± 7.597 

F   1.894 ± 2.507   2.735 ± 8.591 

h^ 2  -0.189 ± 1.488   0.056 ± 5.102 

E    1.185* ± 0.365   0.181 ± 1.253 

(H1/D)0.5    0.952    0.345  

H2/4H1    0.239    0.204  

4DH1
0.5+F/4DH1

0.5-F    1.108    1.150  

Heritability (narrow sense)    0.626    0.946  

* = Value is significant  when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4.10  Wr/Vr graph for 1000-grain weight in (a) stress free, and (b) 

heat stress environment 
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4.2.11 Grain yield per plant (g)         

             Highly significant differences among the genotypes for grain yield per plant 

allowed to proceed for complete diallel analysis (Table 38).Under normal condition, 

component a was highly significant indicating the presence of greater amount of 

additive variation. Significant differences among F1 cross combinations for this trait 

were also reported by Budak (2001). The over all dominance component b was 

smaller but highly significant indicating the important role of dominance. Similarly 

significant b1 item indicated the directional dominance deviations of the genes. Non-

significant value of b2 and b3 item indicated the symmetrical distribution and 

unimportant role of specific genes respectively. Non-significant c item indicated the 

absence of maternal effects.Significant value of d item required the retesting of b 

component. After retesting b and b1 items remained unchanged.  

           Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item. 

(Table38). Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Non-significant value of b2 and b3 item indicated the 

symmetrical distribution and unimportant role of specific genes respectively. 

Components c and d were non-significant showing absence of maternal and reciprocal 

effects. Test of regression coefficient b under both conditions differed significantly   

from zero with regression line of unit slope (Table 28 & 29). Similarly analysis of 

variance of arrays showed absence of non-allelic interaction and data were considered 

fully adequate for further analysis.                  

                       When the genetic components of variations were computed (Table 39) 

it was revealed that both additive (D) and dominance effects (H) were significant 

under both conditions. Unequal values of H1 and H2 and ratios of H2/4H1 (0.217 & 

0.227) under normal and heat stress conditions respectively indicated the unequal 

distribution of positive and negative alleles among the parents. F was non-significant 

and positive under both conditions. Ratios of dominant to recessive genes (1.444 & 

1.023) under normal and heat stress conditions respectively, also indicated that 

dominant genes were frequent than recessive genes in the parents. The value of h^ 2 

was negative and non-significant under both conditions. However significant value of 

E depicted the influence of environment on the expression of this trait in both 

regimes. Joshi et al. (2002) also reported that both gene actions (additive and non-

additive) for grain yield were highly influenced by the environment. 
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Table 38   Mean squares and degrees of freedom for the analysis of variance 
of 7×7 diallel in hexaploid bread wheat for grain yield per plant 
(g). 

 
Items Df MS F. Ratio● Retesting against Ω 

C d 
A Stress free environment 
A 6 308.55 46.60** -  

B 21 34.16 4.52**  4.14** 
b1 1 837.81 136.45**  101.65** 
b2 6 0.25 0.15  - 
b3 14 8.48 2.35  - 
C 6 4.97 0.90   

D 15 8.24 2.7*   

Blocks 2 18.00    

B×a 12 6.62    

B×b 42 6.13    

B×b1 2 1.62    

B×b2 12 3.60    

B×b3 28 7.55    

B×c 12 5.49    

B×d 30 3.00    

Block int. 96 5.13    

Total 146     

B Heat  stress environment 
A 6 232.04 52.37** - - 
B 21 24.08 4.59**   
b1 1 568.47 134.50**   
b2 6 0.25 0.07   
b3 14 4.36 2.21   
C 6 8.13 2.25   
D 15 6.44 1.92   
Blocks 2 3.32    
B×a 12 4.43    
B×b 42 4.22    
B×b1 2 3.61    
B×b2 12 1.97    
B×b3 28 5.24    
B×c 12 3.61    
B×d 30 3.36    
Block int. 96 3.90    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01     ● = Each item tested against its own block 
interaction Ω = Retesting against c and d mean squares 



 122

 

Table  39  Estimates  of  genetic  components of variation for grain yield per plant  

                  in stress free and heat stress environments.                            

 

Component                                    Variance values 

Stress free regime Heat stress regime 

D 36.781* ± 1.107  20.660* ± 0.830 

H1 26.425* ± 2.665 16.950* ± 1.999 

H2  22.996* ± 2.348 15.452* ± 1.761 

F  11.338 ± 2.656   0.429 ± 1.992 

h^ 2  -0.628 ± 1.577 -0.381 ± 1.183 

E  1.800* ± 0.387  1.297* ± 0.290 

(H1/D)0.5  0.847   0.905  

H2/4H1  0.217   0.227  

4DH1
0.5+F/4DH1

0.5-F  1.444   1.023  

Heritability (narrow sense)  0.656   0.677  

* = Value is significant  when it exceeds 1.96 after dividing with its standard error. 

 

 

 

 

 



 123

 

 

 

 

 

 

 

 

 

                                             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.11 : Wr/Vr graph for grain yield per plant in (a) stress free, and (b) 

heat stress environment. 
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Average degrees of dominance (0.847 & 0.905) displayed the absence of complete 

dominance under both conditions respectively. 

                Positive intercepts, Wr/Vr graphs (Figures 4.11a & b) also indicated 

absence of complete dominance but partial dominance with additive gene action. 

Additive gene action with partial dominance for this trait has earlier been reported by 

Tandon (1961), Esmail, (2002), Hamada et al. (2002), Joshi et al. (2002), Mahmood 

and Chowdhry (2002), Joshi et al. (2003), Joshi et al. (2004) and Chandrashekhar and 

Kerketta (2004). Non-additive type of gene action was reported for this trait by Kashif 

and Khaliq (2003). However overdominance type of gene action for grain yield was 

reported by Hussain (1991), Sharma et al. (2003) and Hassani et al. (2005).  High 

narrow sense heritability (0.656 and 0.677) estimates were also recorded under 

normal and heat stress conditions respectively (Table 39) indicating considerably 

large additive proportion in the total heritable genetic variation. High narrow sense 

heritability estimates for this trait were reported by Hamada et al. (2002), Soylu and 

Sade (2003), Chandrashekhar and Kerketta (2004) and Khan et al. (2005). Amin et al. 

(1999) however reported moderate  heritability for grain yield, while low  heritability 

estimates for this trait has been reported by Ketata et al. (1976), Koumber and Esmail 

(2005), Hassani et al. (2005).  

            Placement of array point displayed (Figure 4.11a) that genotypes Ch-86, BKR-

02 and V00183 occupied the intermediary position displaying equal proportion of 

dominant and recessive genes in them. Genotype SH-02 had the least dominant genes 

being farthest from the origin, while 3C001, Pb-96 and 93T347 had the maximum 

dominant genes being placed nearest to the origin. Figure 4.11b indicated that 93T347 

had the maximum dominant genes, while maximum recessive genes were found in 

SH-02 alongwith intermediary position of 3C001, V00183, BKR-02, Pb-96 and Ch-

86 genotypes possessing equal proportion of dominant and recessive genes under heat 

stress condition. 

4.2.12 Dry biomass per plant at maturity (g)         

                  Data subjected to analysis of variance for dry biomass per plant at maturity 

under normal temperature condition (Table 40) revealed significant a, b  and b1 items, 

indicating presence of both additive and dominance effects with directional 

dominance and symmetrical gene distribution (non-significant b2 item) among the 

parents. Non-significant value of  b3 item indicated unimportant role of specific genes. 

Absence of maternal and reciprocal effects was depicted by non-significant c and d 
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items. Under heat stress condition, diallel analysis of variance revealed highly 

significant additive gene (a) and directional dominant deviations (b1) effects, while 

dominant (b) effects were non-significant Non-significant value of b2 and b3 items 

indicated the symmetrical distribution and unimportant role of specific genes 

respectively. Maternal (c) and reciprocal (d) effects were also not observed rendering 

re-testing of a and b components needless. Both the scaling tests (regression 

coefficient test and analysis of variance of arrays) for the data under normal 

temperature and heat stress conditions (Table 28 & 29)  depicted absence of  non-

allelic interaction, thus, data were fairly  adequate for additive-dominance model.            

             Genetic components of variations are presented in Table 41 which revealed 

that both additive (D) and dominant variations were significant under both conditions. 

However, additive component (D) was greater than H component in both temperature 

regimes, displaying predominance of additive effects. Unequal values of H1 and H2 

and ratios of H2/4H1 (0.215 & 0.283) under normal and heat stress conditions 

respectively indicated the unequal distribution of positive and negative alleles among 

the parents. Significant and positive F value under normal temperature condition 

signified the important role of dominant genes. Ratio of dominant to recessive genes 

(1.380) under normal condition also indicated that dominant genes were frequent than   

recessive genes in the parents. The value of F was negative but non-significant under 

heat stress condition. The value of h^2 was non-significant under both conditions. 

However significant value of E depicted the influence of environment on the 

expression of this trait in both regimes. Average degrees of dominance (0.848 & 

0.528) displayed the absence of complete dominance under both conditions 

respectively. 

              Positive intercepts, Wr/Vr graphs (Figures 4.12a & b) also indicated absence 

of complete dominance but partial dominance with additive gene action. Additive 

gene action with partial dominance for this trait has earlier been reported by 

Chandrashekhar and Kerketta (2004). Moderately high narrow sense heritability 

estimates were also recorded (Table 41) indicating considerably large additive 

proportion in the total heritable genetic variation. However, low narrow sense 

heritability for this trait was reported by Hassani et al. (2005).           

          Placement of array points displayed (Figure 4.12a) that genotypes V00183, Pb-

96, BKR-02, Ch-86 and 93T347 occupied the intermediary position displaying equal 

proportion of dominant and recessive genes in them. Genotype SH-02 had the least  
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Table  40   Mean squares and degrees of freedom for the analysis of variance 
of 7×7 diallel  in  bread wheat for dry biomass per plant at 
maturity(g). 

 
Items Df MS F. Ratio● Retesting against Ω 

C D 
A   Stress free environment 
A 6 1387.93 39.13** - - 
B 21 144.64 5.08**   
b1 1 3573.06 145.64**   
b2 6 1.03 0.23   
b3 14 37.80 2.01   
C 6 32.01 1.46   
D 15 30.30 2.02   
Blocks 2 66.86    

B×a 12 35.46    

B×b 42 24.53    

B×b1 2 4.36    

B×b2 12 18.73    

B×b3 28 28.46    

B×c 12 21.92    

B×d 30 14.98    

Block int. 96 22.59    

Total 146     
B  Heat  stress environment 
A 6 2587.45 30.31** - - 
B 21 177.25 1.71   
b1 1 4222.20 46.43**   
b2 6 33.01 0.49   
b3 14 21.55 0.31   
C 6 14.61 0.10   
D 15 80.95 1.43   
Blocks 2 243.50    
B×a 12 85.34    
B×b 42 90.92    
B×b1 2 55.22    
B×b2 12 68.28    
B×b3 28 103.17    
B×c 12 134.42    
B×d 30 56.46    
Block int. 96 84.89    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01 ● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares. 
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Table 41    Estimates  of genetic  components of variation for dry biomass per plant 
at maturity (g) in stress free and heat stress environments                           

 

Component                                    Variance values 

Stress free regime Heat stress regime 

D  157.196* ± 5.100  236.972* ± 13.950 

H1  113.178* ± 12.278   66.279* ± 33.584 

H2   97.770* ± 10.819   75.285* ± 29.592 

F  42.657* ± 12.235 - 10.064 ± 33.466 

H^ 2 - 2.821 ± 7.266  17.954 ± 19.875 

E   7.829* ± 1.785  29.376* ± 4.882 

(H1/D)0.5   0.848     0.528  

H2/4H1   0.215     0.283  

4DH1
0.5+F/4DH1

0.5-F   1.380     0.922  

Heritability (narrow sense)   0.668     0.711  

 * = Value is significant when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4.12 : Wr/Vr graph for dry biomass  per plant at maturity in (a) stress 

free, and (b) heat stress environment. 
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dominant genes being farthest from the origin, while 3C001 had the maximum 

dominant genes being placed nearest to the origin. Figure 4.12b indicated that 93T347 

had the maximum dominant genes, while maximum recessive genes were found in 

BKR-02 and V00183 alongwith intermediary position of SH-02, 3C001, Pb-96 and 

Ch-86 genotypes possessing equal proportion of dominant and recessive genes under 

heat stress condition. 

4.2.13. Harvest index (%)          

            Diallel analysis of variance under normal temperature condition for harvest 

index (Table 42) depicted  a  item highly  significant indicating the importance  of 

additive genetic effects with high degree of directional dominance deviations with 

similar gene distribution  (non-significant b2) and absence of any specific gene  

effects or maternal  and reciprocal effects. Analysis under heat stress condition 

revealed simply significant additive effects (a) and highly significant dominance 

effects (b) alongwith high degree of directional dominance deviations (b1) but similar 

gene distribution (non-significant b2) and absence of any specific gene effects or 

maternal and reciprocal effects. Both the scaling tests (regression coefficient test and 

analysis of variance of arrays) for the data under normal temperature and heat stress 

condition (Table 28 & 29) depicted absence of non-allelic interaction thus; data were 

fairly adequate for additive-dominance model.            

        Genetic components of variations are presented in Table 43 which revealed that 

both additive (D) and dominant variations were significant under both the conditions.                        

Unequal values of H1 and H2 and ratios of H2/4H1 (0.234 & 0.212) under normal and 

heat stress conditions respectively indicated the unequal distribution of positive and 

negative alleles among the parents. F was positive and significant suggesting that 

dominant genes were more frequent under normal temperature condition. Ratios of 

dominant to recessive genes (1.692 & 2.739) under normal and heat stress conditions 

respectively also indicated that dominant genes were frequent than recessive genes in 

the parents. The value of F was positive but non-significant under heat stress 

condition. The value of h^ 2  was negative and non-significant under normal 

condition, while it was positive and significant indicating influential role of net 

dominant effect due to heterozygous loci in heat stress. However significant value of 

E depicted the influence of environment on the expression of this trait under both 

conditions. Average degree of dominance (0.765) displayed the absence of complete 

dominance under normal condition. 
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Table  42   Mean squares and degrees of freedom for the analysis of 
variance of 7×7 diallel in hexaploid bread wheat for harvest 
index (%). 

 

Items Df MS F. Ratio● 
Retesting against Ω 
C d 

A  Stress free environment 
A 6 17.03 18.18** - - 
B 21 2.65 1.52   
b1 1 64.50 50.34**   
b2 6 0.004 0.01   
b3 14 0.62 1.74   
C 6 0.23 0.27   
D 15 1.59 1.66   

Blocks 2 2.65    

B×a 12 0.93    

B×b 42 1.28    

B×b1 2 0.43    

B×b2 12 0.35    

B×b3 28 1.73    

B×c 12 0.86    

B×d 30 0.95    

Block int. 96 1.08    

Total 146     
B   Heat stress environment 
A 6 237.51 11.59* - - 
B 21 99.89 11.13**   
b1 1 3098.27 36.38**   
b2 6 50.89 0.59   
b3 14 49.64 0.63   
C 6 68.95 0.72   
D 15 88.39 1.86   
Blocks 2 162.44    
B×a 12 20.44    
B×b 42 8.97    
B×b1 2 85.97    
B×b2 12 78.49    
B×b3 28 87.95    
B×c 12 94.93    
B×d 30 47.49    
Block int. 96 82.56    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01   
● = Each item tested against its own block interaction 

Ω = Retesting against c and d mean squares. 
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Table 43   Estimates of genetic  components of variation for harvest  index 
(%) in stress free and heat stress environments                          

 

Component 
                                   Variance values 

Stress free regime Heat stress regime 

D  2.364* ± 0.123 46.226* ± 8.762 

H1  1.387* ± 0.298 49.767* ± 21.096 

H2  1.303* ± 0.262 42.230* ± 18.589 

F  0.932* ± 0.297 39.160 ± 21.022 

h^ 2 -0.177 ± 0.176 36.107* ± 12.485 

E 0.371* ± 0.043 28.063* ± 3.067 

(H1/D)0.5 0.765    1.037  

H2/4H1 0.234    0.212  

4DH1
0.5+F/4DH1

0.5-F 1.692    2.379  

Heritability (narrow 

sense) 
0.580    0.323  

* = Value is significant  when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4. 13 : Wr/Vr graph for harvest index in (a) stress free, and (b) heat 

stress environment 
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Positive intercept, Wr/Vr graph (Figures 4.13a) also indicated absence of 

complete dominance but partial dominance with additive gene action under normal 

temperature condition. Additive gene action with partial dominance for this trait has 

earlier been reported by Chandrashekhar and Kerketta (2004). High narrow sense 

heritability estimates were also recorded (Table 43) indicating considerably large 

additive proportion in the total heritable genetic variation under normal condition. 

High heritability estimates have also been reported for this trait by Chandrashekhar 

and Kerketta (2004). However, average degree of dominance (1.037) was indicative 

of over-dominance type of gene action under heat stress. Negative intercept, Wr/Vr 

graph (Figure 4.13b) also displayed over-dominance type of gene action under heat 

stress condition.  Low narrow (0.323) sense heritability estimates were also recorded 

(Table 43), indicative of over-dominant type of gene action under heat stress 

condition. Low narrow sense heritability (37%) for this trait was also reported by 

Hassani et al. (2005) 

             Placement of array points displayed (Figure 4.13a) that genotypes V00183, 

BKR-02, Ch-86, 3C001 and Pb-96 occupied the intermediary position displaying 

equal proportion of dominant and recessive genes in them under normal temperature 

condition. Genotype SH-02 had the least dominant genes being the farthest from the 

origin, while 93T347 had the maximum dominant genes being placed nearest to the 

origin. Figure 4.13b indicated that genotype Ch-86 had the maximum dominant genes, 

while maximum recessive genes were found in 3C001 alongwith intermediary 

position of Pb-96, SH-02, V00183, 93T347 and BKR-02 genotypes possessing equal 

proportion of dominant and recessive genes under heat stress condition. 

4.2.14. Days to maturity (N) 

                 Complete analysis of variance for days to maturity (N) under normal 

temperature condition (Table 44) depicted that the item a which measures the additive 

gene effects, was highly significant and accounted for high proportion of the total 

variation. The over all dominance component b was smaller but highly significant 

indicating the important role of dominance. Similarly significant b1 item indicated the 

directional dominance deviations of the genes. Non-significant b2 item indicated 

symmetrical distribution of genes among the parents. Significant b3 item depicted the 

important role of specific genes governing the maturity duration.  Non-Significant 

values of c and d did not required the retesting of a and b items as suggested by 

Mather and Jinks (1982). 
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Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item. 

(Table44). Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Non-significant b2 item indicated symmetrical distribution of 

genes among the parents. Significant   b3 item depicted the important role of specific 

genes governing this trait.  Significant d item required the retesting of b component. 

After retesting, highly significant b item remained unchanged and highly significant 

b1 item reduced to non-significant. However, highly significant b3 item remained 

unchanged indicating that specific gene effects were not invalidated by reciprocal 

effects. Test of regression coefficient b under normal temperature condition showed 

that it was significantly different from zero with regression line of unit slope (Table 

28). Similarly analysis of variance of arrays showed absence of non-allelic interaction 

and data were considered fully adequate for further analysis.                           

             First scaling test of regression coefficient b under heat stress condition 

depicted that it differed significantly form zero with line of unit slope but second test  

i.e. analysis of variance of Wr+Vr and Wr-Vr indicated the presence of non-allelic 

interaction (Table 29).Thus data were considered partially adequate for further 

analysis. When the genetic components of variations were computed (Table 45) it was 

revealed that both additive (D) and dominance effects (H) were significant under both 

conditions, however, the magnitude of dominance was greater. Unequal values of H1 

and H2 and ratios of H2/4H1 (0.217 & 0.225) under normal and heat stress conditions 

respectively indicated the unequal distribution of positive and negative alleles among 

the parents. F was negative and non-significant under normal condition. Ratio of 

dominant to recessive genes (0.748) indicated that recessive genes were frequent than 

dominant genes in the parents under normal condition. Value of F under heat stress 

condition was positive but non-significant. However, dominant to recessive gene ratio 

(1.087) displayed importance of dominant genes in heat stress. The value of h^ 2 was   

negative under normal and positive in heat stress but non-significant under both 

conditions. Environmental effect E registered insignificant entries under both 

temperature regimes. Average degrees of dominance (1.524 & 1.736) showed an over 

dominance type of gene action under both the condition respectively. Similarly Wr/Vr 

graphs with negative intercepts (Figures 4.14a & b) also displayed the presence of 

over dominance type of gene action under both the conditions. Preponderance of non-

additive gene action for this trait was also reported by Sharma et al. (2002).   
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Table 44    Mean squares and degrees of freedom for the analysis of variance 
of 7×7 diallel in hexaploid bread wheat for days to maturity(N). 

 

Items Df MS F. Ratio● 
Retesting against Ω 
c D 

A Stress free environment 
a 6 407.26 166.88** - - 
b 21 61.28 19.38**   
b1 1 1474.69 522.99**   
b2 6 0.02 0.08   
b3 14 13.39 5.49**   
c 6 5.78 2.46   
d 15 3.79 1.02   
Blocks 2 13.48    

B×a 12 2.44    

B×b 42 2.82    

B×b1 2 0.31    

B×b2 12 2.44    

B×b3 28 3.16    

B×c 12 2.34    

B×d 30 3.70    

Block int. 96 2.99    
Total 146     
B Heat  stress environment 
a 6 83.35 123.35** -  
b 21 25.27 47.32**  135.80** 
b1 1 602.26 1162.72**  - 
b2 6 2.90 16.32  - 
b3 14 3.86 7.19**  5.69** 
c 6 1.74 1.48   
d 15 4.43 13.43**   
Blocks 2 2.07    
B×a 12 0.68    
B×b 42 0.52    
B×b1 2 0.18    
B×b2 12 0.54    
B×b3 28 0.53    
B×c 12 1.17    
B×d 30 0.33    
Block int. 96 0.56    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01  ● = Each item tested against its own block interaction 
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Table 45    Estimates of genetic  components of variation for days to maturity (N) 

                  in stress free and heat stress environments                            

 

Component                                    Variance values 

Stress free regime Heat stress regime 

D 22.106* ± 4.182  6.876* ± 1.645 

H1 51.361* ± 10.069  20.729* ± 3.961 

H2 44.679* ± 8.872 18.724* ± 3.492 

F -9.694 ± 10.033   0.998 ± 3.947 

h^ 2 - 0.496 ± 5.959   2.749 ± 2.344 

E  1.068 ± 1.463   0.197 ± 0.575 

(H1/D)0.5  1.524    1.736  

H2/4H1  0.217    0.225  

4DH1
0.5+F/4DH1

0.5-F  0.748    1.087  

Heritability (narrow sense)  0.611    0.446  

* = Value is significant  when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4.14  Wr/Vr graph for days to maturity in (a) stress free, and (b) 

heat stress environment 
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 However additive type of gene action for this trait has been reported by 

Chandrashekhar and Kerketta (2004). Low narrow sense heritability estimates also 

indicated the preponderance of over dominant variation in the total inherited genetic 

variation under both conditions. 

            Placement of array points displayed (Figure 4.14a) that genotype BKR-02, 

3C001, Pb-96 and SH-02 occupied the intermediary position displaying equal 

proportion of dominant and recessive genes in them. Genotypes Ch-86 and V00183 

had the least dominant genes being farthest from the origin. Figure 4.14a also 

indicated that maximum dominant genes were found in 93T347 strain being placed 

nearest to the origin. Figure 4.14b indicated that minimum dominant genes were 

found in genotype BKR-2002 along- 

with intermediary position of Pb-96, V00183, 93T347 and Ch-86 genotypes 

possessing equal proportion of dominant and recessive genes under heat stress 

condition. Figure 4.14b also indicated that maximum dominant genes were found in 

3C001 and SH-02 being located near to the origin under heat stress condition. 

4.2.15 Grain set index (%)          

             Highly significant differences among the genotypes for grain set index 

allowed to proceed for complete diallel analysis (Table 46). Under normal 

temperature condition, component a was highly significant indicating the presence of 

greater amount of additive variation. The dominant effects (b) were non-significant. 

Significant b1 item indicated the directional dominance deviations of the genes. Non-

significant b2 and b3 items indicated the symmetrical distribution and unimportant role 

of specific genes respectively. Significant c required retesting of a component. After 

retesting, significance of a component remained unchanged indicating that maternal 

effects did not influenced the additive genetic effect. Non-significant value of item 

did not required the retesting of b items as suggested by Mather and Jinks (1982).  

            Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item 

(Table 46). Similarly significant b1 item indicated the directional dominance 

deviations of the genes.  Non-significant b2 item indicated the symmetrical 

distribution of genes, while significant b3 displayed an important role of specific 

genes. Significant c required the retesting of a component. After retesting, 

significance of a component remained unchanged indicating that maternal effects did 

not influenced the additive genetic effect. Non-Significant value of d did not require 



 139

the retesting of b item. Test of regression coefficient b under both conditions differed 

significantly from zero with regression line of unit slope (Table 28 & 29). Similarly 

analysis of variance of arrays showed absence of non-allelic interaction and data were 

considered fully adequate for further analysis.               

      When the genetic components of variations were computed (Table 47) it was 

revealed that both additive (D) and dominance effects (H) were significant under 

normal temperature  condition, while in heat stress  only additive item  come up with 

significant value. Unequal values of H1 and H2 and ratios of H2/4H1 (0.162 & 0.214) 

under normal and heat stress conditions respectively indicated the unequal distribution 

of positive and negative alleles among the parents. Significant and negative F value 

under normal temperature condition signified the important role of recessive genes.  

Ratios of dominant to recessive genes (0.589 & 0.742) under normal and heat stress 

conditions respectively, also indicated that recessive genes were frequent than 

dominant genes in the parents. The value of h^ 2 was positive but non-significant 

under normal condition, while it was positive and significant indicating influential 

role of  net dominant effect due to heterozygous loci in heat stress. However 

significant value of E depicted the influence of environment on the expression of this 

trait under normal condition. Average degrees of dominance (0.593 & 0.469) 

displayed the absence of complete dominance under both condition respectively. 

               Positive intercept Wr/Vr graph (Figures 4.15a & b) also indicated absence of 

complete dominance but partial dominance with additive gene action Additive gene 

action with partial dominance for this trait has earlier been reported by Singh, (2005). 

High narrow (0.809 and 0.920) sense heritability estimates were also recorded under 

normal and heat stress conditions respectively (Table 47) indicating considerably 

large additive proportion in the total heritable genetic variation. Placement of array 

points displayed (Figure 4.15a) that genotypes SH-02, BKR-02, Ch-86 and V00183 

occupied the intermediary position displaying equal proportion of dominant and 

recessive genes in them. Genotype Pb-96 and 3C001 had the least dominant genes 

being farthest from the origin, while 93T347 had the maximum dominant genes being 

placed nearest to the origin. Figure 4.15b indicated that 93T347 had the maximum 

dominant genes, while maximum recessive genes were found in Ch-86 alongwith 

intermediary position of SH-02, Pb-96, V00183, 3C001 and BKR-02 genotypes 

possessing equal proportion of dominant and recessive genes under heat stress 

condition. 
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Table 46.   Mean squares and degrees of freedom for the analysis of variance 

of 7×7 diallel in hexaploid bread wheat for grain set index (%). 

Items Df MS F. Ratio● Retesting against Ω 
d d 

A   Stress free environment 
A 6 278.22 47.96** 16.21** - 
B 21 7.28 1.06   
b1 1 257.24 33.80**   
b2 6 2.00 0.37   
b3 14 6.59 0.67   
C 6 17.15 5.92**   
D 15 1.96 0.37   
Blocks 2 3.88    

B×a 12 5.80    

B×b 42 7.61    

B×b1 2 5.36    

B×b2 12 9.81    

B×b3 28 6.82    

B×c 12 2.89    

B×d 30 5.27    

Block int. 96 6.06    

Total 146     
B Heat  stress environment 
A 6 1375.92 1163.58** 501.08** - 
B 21 22.77 20.48**   
b1 1 688.60 677.08**   
b2 6 19.47 6.59   
b3 14 6.67 14.11**   
C 6 2.74 8.04**   
D 15 0.49 0.83   
Blocks 2 7.04    
B×a 12 1.18    
B×b 42 1.02    
B×b1 2 2.95    
B×b2 12 0.47    
B×b3 28 1.11    
B×c 12 0.34    
B×d 30 0.59    
Block int. 96 0.82    
Total 146     

* = P ≤ 0.05.       ** = P ≤ 0.01 ● = Each item tested against its own block interaction 
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Table 47   Estimates genetic  components of variation for grain set index (%) 

                  in stress free and heat stress environments.                            

 

Component                                    Variance values 

Stress free regime Heat stress regime 

D  18.130* ± 0.919  111.938* ± 6.280 

H1   6.382* ± 2.213   24.712 ± 15.120 

H2   4.152* ± 1.950   21.230 ± 13.323 

F  -5.564* ± 2.205 -15.534 ± 15.067 

h^ 2    0.980 ± 1.310   18.919* ± 8.948 

E    2.006* ± 0.321     0.315 ± 2.198 

(H1/D)0.5    0.593      0.469  

H2/4H1    0.162      0.214  

4DH1
0.5+F/4DH1

0.5-F    0.589      0.742  

Heritability (narrow sense)    0.809      0.920  

* = Value is significant when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4.15 : Wr/Vr graph for grain set index in (a) stress free, and (b) 

heat stress environment 
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4.2.16. Kernels per unit spike dry weight (N/g) 

           Data subjected to analysis of variance for number of kernels per unit spike dry 

weight under normal temperature condition (Table 48) depicted significant a, b and b1 

items, indicating the presence of both additive and dominance effects with directional 

dominance and symmetrical gene distribution (non-significant b2). Unimportant role 

of specific genes was represented by non-significant b3 item. Absence of maternal and 

reciprocal effects was detected by non-significant c and d items. Under heat stress 

condition additive gene effects a was highly significant and significant role of 

dominance at loci was also indicated by highly significant b item. (Table 48) 

Similarly significant b1 item indicated the directional dominance deviations of the 

genes. Non-significant b2 item indicated the symmetrical distribution of genes among 

the parents. Important effect of specific genes was evident from significant b3 item. 

Significant c and d required the retesting of a and b components. After retesting, 

significance of a component remained unchanged indicating that maternal effects did 

not influenced the additive genetic effects. Highly significant b and b1 items remained 

unchanged. Similarly, highly significant b3 item remained unchanged indicating that 

specific gene effects were not invalidated by reciprocal effects. 

          Test of regression coefficient b under normal temperature condition showed 

that it was significantly different from zero with regression line of unit slope (Table 

28). Similarly analysis of variance of arrays showed absence of non-allelic interaction 

and data were considered fully adequate for further analysis. First scaling test of 

regression coefficient b under heat stress condition depicted that it differed 

significantly form zero with line of unit slope but second test i.e. analysis of variance 

of Wr+Vr and Wr-Vr indicated the presence of non-allelic interaction (Table 29). 

Thus data were considered partially adequate for further analysis.                 

          When the genetic components of variations were computed (Table 49) it was 

revealed that both additive (D) and dominance effects (H) were significant under both 

conditions. Unequal values of H1 and H2 and ratios of H2/4H1 under normal and heat 

stress conditions, indicated the unequal distribution of positive and negative alleles 

among the parents.  F was negative and non-significant under normal condition. Ratio 

of dominant to recessive genes (1.360) under normal condition indicated that 

dominant genes were frequent than recessive genes in the parents.. The value of h^ 2  

was negative and non-significant in normal, while it was positive but significant 

indicating major role of  net dominant effect due to heterozygous loci in heat stress.  
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Table  48.    Mean squares and degrees of freedom for the analysis of variance of  
7×7diallel in bread wheat for kernels per unit dry spike weight 
(N/gm). 
 

Items Df MS F. Ratio● Retesting against Ω 
c D 

A  Stress free environment 
A 6 35.87 34.07** - - 
B 21 3.65 2.09*   
b1 1 94.17 59.27**   
b2 6 0.16 0.16   
b3 14 1.60 0.88   
c 6 0.17 0.10   
d 15 0.26 0.13   
Blocks 2 4.89    
B×a 12 1.05    
B×b 42 1.58    
B×b1 2 1.03    
B×b2 12 1.32    
B×b3 28 1.74    
B×c 12 1.61    
B×d 30 1.99    
Block int. 96 1.65    
Total 146     
B Heat  stress environment 
a 6 59.69 1707.47** 519.33**  
b 21 3.12 75.77**  1062.31** 
b1 1 86.18 1633.22**  13.76** 
b2 6 1.11 6.41  - 
b3 14 0.98 16.63**  38.52** 
c 6 0.11 9.13**   
d 15 0.08 2.71**   
Blocks 2 1.02    
B×a 12 0.03    
B×b 42 0.05    
B×b1 2 0.17    
B×b2 12 0.06    
B×b3 28 0.04    
B×c 12 0.01    
B×d 30 0.03    
Block int. 96 0.04    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01   ● =  Each item tested against its own block 
interactions. 
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Table 49    Estimates of genetic  components of variation for kernels per unit dry  

                        spike weight (N/gm) in stress free and heat stress environments.         

                    

Component                                    Variance values 

Stress free regime Heat stress regime 

D   2.363* ± 0.406  3.675* ± 0.271 

H1   2.083* ± 0.979  3.232* ± 0.654 

H2  1.843* ± 0.862  2.696* ± 0.576 

F  -0.649 ± 0.975  -1.468* ± 0.651 

h^ 2  -0.114 ± 0.579   1.084* ± 0.387 

E  0.419* ± 0.169  0.019 ± 0.095 

(H1/D)0.5  0.727   0.937  

H2/4H1  0.208   0.208  

4DH1
0.5+F/4DH1

0.5-F  1.360   0.648  

Heritability (narrow sense)  0.726   0.803  

* = Value is significant when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4.16   Wr/Vr graph for kernels per unit spike dry weight in (a) stress free and 

(b) heat stress environment
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 However significant value of E depicted the influence of environment on the 

expression of this trait under normal temperature condition. Average degrees of 

dominance (0.727 & 0.937 respectively) displayed the absence of complete 

dominance under both conditions. 

          Positive intercepts, Wr/Vr graphs (Figures 4.16a & b) also indicated absence of 

complete dominance but partial dominance with additive gene action under both 

conditions. High narrow (0.726 & 0.803 respectively) sense heritability estimates 

were also recorded (Table 49) indicating considerably large additive proportion in the 

total heritable genetic variation under both conditions. Placement of array points 

displayed (Figure 4.16a) that genotypes Ch-86, BKR-02 3C001 and SH-02 occupied 

the intermediary position displaying equal proportion of dominant and recessive genes 

in them. Genotype V00183 had the least dominant genes being farthest from the 

origin. Figure 4.16a also indicated that maximum dominant genes were found in 

93T347 and Pb-96 strains being placed nearest to the origin. Figure 4.16b indicated 

that minimum dominant genes were found in genotype V00183 alongwith 

intermediary position of 3C001, Pb-96, BKR-02, SH-02 and Ch-86 genotypes 

possessing equal proportion of dominant and recessive genes in them under heat stress 

condition. Figure 4.16b also indicated that maximum dominant genes were found in 

93T347 strain being placed nearest to the origin in stress condition. 

4.2.17 Canopy temperature depression (oC)         

             Highly significant differences among genotypes for canopy temperature 

depression oC allowed to proceed for complete for diallel analysis (Table50). Under 

normal condition, component a was highly significant indicating the presence of 

greater amount of additive variation. The over all dominance component b was 

smaller but highly significant displaying the important role of dominance. Similarly 

significant b1 item depicted the directional dominance deviations of the genes. 

Symmetrical gene distribution and unimportant role of specific genes were 

represented by non-significant b2 and b3 items respectively. Absence of maternal and 

reciprocal effects was detected by non-significant c and d items.  

Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item. 

(Table50). Similarly significant b1 item depicted the directional dominance deviations 

of the genes. Symmetrical gene distribution and unimportant role of specific genes 

were represented by non-significant b2 and b3 items respectively. Absence of maternal 
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and reciprocal effects was detected by non-significant c and d components. Test of 

regression coefficient b under both   conditions showed that it differed significantly   

from zero with line of unit slope (Table 28 & 29). Similarly analysis of variance of 

arrays showed absence of non-allelic interaction and data were considered fully 

adequate for further analysis. When the genetic components of variations were 

computed (Table 51) it was revealed that both additive (D) and dominance effects (H) 

were significant under both conditions. Unequal values of H1 and H2 and ratios of 

H2/4H1 (0.208 & 0.200) under normal and heat stress conditions respectively 

indicated the unequal distribution of positive and negative alleles among the parents. 

F was non-significant and positive under both conditions. Ratios of dominant to 

recessive genes (1.360 & 1.294 respectively) under normal and heat stress conditions, 

also indicated that dominant genes were frequent than recessive genes in the parents. 

The value of h^ 2 was positive under normal, while it was negative in heat stress but 

non-significant under both conditions. However significant value of E depicted the 

influence of environment on the expression of this trait under normal temperature 

condition. Average degrees of dominance (0.727 & 0.606) displayed the absence of 

complete dominance under both conditions respectively. 

Positive intercepts, Wr/Vr graphs (Figures 4.17a & b) also indicated absence 

of complete dominance but partial dominance with additive gene action. High narrow 

(0.726 and 0.818) sense heritability estimates were also recorded under normal and 

heat stress conditions respectively (Table 51) indicating considerably large additive 

proportion in the total heritable genetic variation. However moderate heritability 

estimates were recorded for canopy temperature depression by Reynolds et al. (1997). 

Placement of array points displayed (Figure 4.17a) that genotypes 3C001, BKR-02 

and Ch-86 occupied the intermediary position displaying equal proportion of 

dominant and recessive genes in them. Genotypes SH-02 and V00183 had the least 

dominant genes being farthest from the origin, while Pb-96 and 93T347 had the 

maximum dominant genes being placed nearest to the origin. Figure 4.17b indicated 

that 93T347, and Pb-96 had the maximum dominant genes, while maximum recessive 

genes were found in V00183 and SH-02 strains, alongwith intermediary position of 

3C001, BKR-02 and Ch-86 genotypes possessing equal proportion of dominant and 

recessive genes under heat stress condition. 
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Table 50    Mean squares and degrees of freedom for the analysis of variance 
of 7×7 diallel in bread wheat for canopy temperature depression 
(oC).        

 
Items Df MS F. Ratio● Retesting against Ω 

c d 
A Stress free environment 
A    6    73.15 75.11** - - 
B 21 5.08 2.82**   
B1 1 136..15 96.51**   
B2 6 0.68 0.96   
B3 14 1.80 2.90   
C 6 1.06 0.49   

D 15 1.55 1.96   

Blocks 2 1.53    

B×a 12 0.97    

B×b 42 1.41    

B×b1 2 0.70    

B×b2 12 0.62    

B×b3 28 1.80    

B×c 12 2.13    

B×d 30 0.79    

Block int. 96 1.25    

Total 146     

B Heat  stress environment 
a 6 59.04 87.01** - - 
b 21 2.51 4.96**   
b1 1 67.21 129.15**   
b2 6 0.009 0.16   
b3 14 1.01 1.62   
c 6 0.20 0.34   
d 15 0.48 1.13   
Blocks 2 0    
B×a 12 0.68    
B×b 42 0.52    
B×b1 2 0.06    
B×b2 12 0.63    
B×b3 28 0.51    
B×c 12 0.60    
B×d 30 0.43    
Block int. 96 0.52    
Total 146     
* = P ≤ 0.05.       ** = P ≤ 0.01 
● = Each item tested against its own block interaction 
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Table 51     Estimates of genetic  components of variation for canopy temperature 

                      depression (oC) in stress free and heat stress environments.         

                    

Component                                    Variance values 

Stress free regime Heat stress regime 

D 7.903* ± 0.483  6.078* ± 0.355 

H1 4.184* ± 1.163  2.237* ± 0.855 

H2 3.483* ± 1.025  1.793* ± 0.753 

F 1.756 ± 1.159  0.947 ± 0.852 

h^ 2 0.460 ± 0.688  -0.074 ± 0.506 

E 0.419* ± 0.169  0.170 ± 0.124 

(H1/D)0.5 0.727   0.606  

H2/4H1 0.208   0.200  

4DH1
0.5+F/4DH1

0.5-F 1.360   1.294  

Heritability (narrow 

sense) 

0.726   0.818  

* = Value is significant  when it exceeds 1.96 after dividing with its standard error. 
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       Fig. 4.17  Vr/Wr graph for canopy temperatue 

depression under (a) normal temperature and 

b) heat stress conditions  
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4.2.18 Cell membrane thermostability (RCI %) 

                Complete analysis of variance following Mather and Jinks (1982) for cell 

membrane thermostability (RCI %) under normal temperature condition (Table 52) 

depicted that the item a which measures the additive gene effects, was highly 

significant and accounted for high proportion of the total variation. The over all 

dominance component b was smaller but highly significant indicating the important 

role of dominance. Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Symmetry of gene distribution among the parents was 

represented by non-significant b2 item. Significant b3 item indicated the important 

effect of specific genes. Significant c and d required the retesting of a and b 

components. After retesting,   significance of a  component remained unchanged 

indicating that maternal effects did not influenced the additive genetic effects. Highly 

significant b and b1 items remained unchanged. Similarly, hghly sinificant b3 item was 

not changed indicating that specific gene effects were not invalidated by reciprocal 

effects.          

              Under heat stress condition additive gene effects a was highly significant and 

significant role of dominance at loci was also indicated by highly significant b item. 

(Table52). Similarly significant b1 item indicated the directional dominance 

deviations of the genes Non-significant value of b2 explained the symmetry of genes 

distribution and presence of specific gene effects among the parents was displayed by 

significant b3 item. Maternal effects were non-significant. Significant d required the 

retesting of b components. After retesting, highly significant b item remained 

unchanged. However, highly significant b1 item reduced to non-significant. Similarly, 

highly significant b3 item was not changed indicating that specific gene effects were 

not invalidated by reciprocal effects. For the validity of additive-dominance model 

two scaling tests were employed following Mather and Jinks (1982). The joint 

regression coefficient test indicated that under both conditions b differed significantly 

from zero but not from unity (Tables 28 & 29). Thus the data fulfilled the assumptions 

of the model. However, second test which involves the analysis of variance of Wr+Vr 

and Wr-Vr for the confirmation of the absence of non allelic interactions, revealed 

significant differences for both Wr+Vr and Wr-Vr between arrays, indicating both 

dominance and non-allelic interaction. Therefore data were considered partially 

adequate to explain the genetic information in the presence of dominance and non-

allelic interaction under both temperature regimes.       
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             Genetic components of variations are presented in Table 53 which revealed 

that only additive (D) variation was significant under both conditions, while 

dominance component come up with non-significant value. Similarly, additive 

component (D) was greater than dominance (H) components under both conditions 

displaying predominance of additive effects Unequal values of H1 and H2 and ratios 

of H2/4H1 (0.206 & 0.214) under normal and heat stress conditions respectively 

indicated the unequal distribution of positive and negative alleles among the parents. 

F was positive and non-significant under both temperature regimes. Ratios of 

dominant to recessive genes (1.372 & 1.348 respectively) under normal and heat 

stress conditions also indicated that dominant genes were more frequent than 

recessive   genes in the parents. The value of h^ 2 was positive under normal, while it 

was negative in heat stress but non-significant under both conditions. However non-

significant values of E rule out the influence of environment on the expression of this 

trait under both temperature conditions. Average degrees of dominance (0.471 & 

0.498) displayed the absence of complete dominance under both conditions 

respectively. 

               Positive intercepts, Wr/Vr graphs, (Figures 4.18a & b) also indicated 

absence of complete dominance but partial dominance with additive gene action 

under both conditions.  Additive gene action with partial dominance for this trait has 

earlier been reported by Marsh et al. (1985), Fokar et al. (1998) and Singh, (2005). 

High narrow (0.905 & 0.891 respectively) sense heritability estimates were also 

recorded (Table 53) indicating considerably large additive proportion in the total 

heritable genetic variation under both conditions. Ibrahim and Quick (2001b) however 

reported low heritability estimates for cell membrane thermostabilty (MTI).and Marsh 

et al. (1985) found low estimates of narrow and broad sense heritability for cell 

membrane thermostability (MTI%). Fokar et al. (1998) reported broad sense 

heritability for this trait 89%. Placement of array points displayed (Figure 4.18a) that 

genotypes Pb-96, 3C001, SH-02, and Ch-86 occupied the intermediary position 

displaying equal proportion of dominant and recessive genes in them. Genotype 

V00183 had the least dominant genes being farthest from the origin. Figure 4.18a also 

indicated that strains BKR-02 and 93T347 had the maximum dominant genes being 

placed nearest to the origin. Figure 4.18b indicated that strains 3C001 and 93T347 

had the maximum dominant genes, while maximum recessive genes were found in 

genotype V00183 alongwith intermediary position of SH-02, BKR-02, Pb-96 and Ch-

86 genotypes, possessing equal proportion of dominant and recessive genes under 

heat stress condition. 
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Table. 52    Mean squares and degrees of freedom for the analysis of variance 

of 7×7 diallel in bread wheat for cell membrane thermostability 
(RCI  %) 

 
Items Df MS F. Ratio● Retesting against Ω 

c d 
A Stress free environment 
 a     6  3978.37 8805.34** 876.35**  

 b  21     95.60   263.59**      93.96** 
b1    1 2475.93 3256.58**  2433.44** 
b2    6       8.41       2.10        - 
b3  14     29.83     25.97**      29.32** 
C    6       4.53     14.48**   

D   15       1.01       2.71**   

Blocks     2 14.82    

B×a  12 0.45    

B×b  42 0.76    

B×b1     2 3.99    

B×b2   12 1.15    

B×b3   28 0.36    

B×c   12 0.31    

B×d   30 0.37    

Block int.   96 0.55    

Total 146     

B Heat  stress environment 
a 6 4671.81 3682.34** -  

b 21 139.21 98.54**  2218.76** 
b1 1 3380.98 2681.33**  - 
b2 6 0.12 0.27  - 
b3 14 32.62 31.34**  91.35** 
c 6 0.63 1.08   

d 15 1.52 2.37*   

Blocks 2 8.40    

B×a 12 1.27    

B×b 42 1.26    

B×b1 2 0.46    

B×b2 12 1.04    

B×b3 28 1.41    

B×c 12 0.59    

B×d 30 0.64    

Block int. 96 0.98    

Total 146     

* = P ≤ 0.05.       ** = P ≤ 0.01  ● = Each item tested against its own block interaction 
 Ω = Retesting against c and d mean square 
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Table 53   Estimates of genetic  components of variation for cell membrane 

                  thermostability (RCI %) in stress free and heat stress environments               

 

Component                                    Variance values 

Stress free regime Heat stress regime 

D 425.440* ± 29.276 501.044* ± 30.035 

H1   94.421 ± 70.481 124.427 ± 72.310 

H2   78.043 ± 62.104 106.575 ± 63.715 

F   63.005 ± 70.233   74.070 ± 72.055 

h^ 2     8.104 ± 41.71    -0.060 ± 42.794 

E     0.278 ± 10.246       0.378 ± 10.512 

(H1/D)0.5     0.471       0.498  

H2/4H1     0.206       0.214  

4DH1
0.5+F/4DH1

0.5-F     1.372       1.348  

Heritability (narrow sense)     0.905       0.891  

* = Value is significant  when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4.18 Wr/Vr graph for cell membrane thermostability (RC1%) under a)

normal temperature and b) heat stress conditions  
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4.2.19. Heat susceptibility index (HSI) 

         Data subjected to analysis of variance for heat susceptibility index (HSI) under 

heat stress condition (Table 54) depicted that additive gene effects a were highly 

significant and significant role of dominance at loci was also indicated by highly 

significant b item.  Similarly significant b1 item indicated the directional dominance 

deviations of the genes. Non-significant b2 item indicated the symmetrical distribution 

of genes among the parents. Important effect of specific genes was evident from 

significant b3 item. Significant c and d required the retesting of a and b components. 

After retesting significance of a component remained unchanged indicating that 

maternal effects did not influenced the additive genetic effects. Highly significant b 

and b1 items remained unchanged. Similarly, highly significant b3 item was not 

changed indicating that specific gene effects were not invalidated by reciprocal 

effects. 

         For the validity of additive-dominance model two scaling tests were employed 

following Mather and Jinks (1982).  The joint regression coefficient test indicated that 

b differed significantly from zero but not from unity (Table29). Thus the data fulfilled 

the assumptions of the model. However, second test which involves the analysis of 

variance of Wr+Vr and Wr-Vr for the confirmation of the absence of non allelic 

interactions, revealed significant differences for both Wr+Vr and Wr-Vr between 

arrays, indicating both dominance and non-allelic interaction. Therefore data were 

considered partially adequate to explain the genetic information in the presence of 

dominance and non -allelic interaction. When the genetic components of variations 

were computed (Table55), it was revealed that both additive (D) and dominance 

effects (H) were significant. Unequal values of H1 and H2 and ratio of H2/4H1 (0.221) 

indicated the unequal distribution of positive and negative alleles among the parents. 

F was positive and non-significant.  Ratio of dominant to recessive genes (1.067) also 

indicated that dominant genes were frequent than recessive genes in the parents. The 

value of h^ 2 was positive and non-significant. Similarly non-significant value of E 

rules out the influence of environment on the expression of this trait. Average degree 

of dominance (0.565) displayed the absence of complete dominance. 

 Positive intercept, Wr/Vr graph (Figures 4.19) also indicated absence of 

complete dominance but partial dominance with additive gene action. High narrow 

sense (0.873) heritability estimate were also recorded (Table 55) indicating 

considerably large additive proportion in the total heritable genetic variation.  
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Table 54    Mean squares and degrees of freedom for the analysis of variance 

of 7×7 diallel in hexaploid bread  wheat for heat susceptibility 

index 

Items df MS F. Ratio● Retesting against Ω 
c D 

a     6 0.753 2635.54** 681.03**  
b   21 0.648   115.01**  581.03** 
b1     1 0.003 3039.60**      3.40** 
b2     6 0.004       6.44         - 
b3   14 0.02     43.88**    23.85** 
c     6 0.001       6.18**   
d   15 0.001       5.15**   
Blocks     2 0.004    
B×a   12 0.0002    
B×b   42 0.0002    
B×b1     2 0.0005    
B×b2   12 0.0001    
B×b3   28 0.0002    
B×c   12 0.0001    
B×d   30 0.0002    
Block int.   96 0.0002    
* = P ≤ 0.05.       ** = P ≤ 0.01      ● = Each item tested against its own block 
interaction 

Ω = Retesting against c and d mean square 

Table 55  Estimates of genetic components  of genetic variation for heat susceptibility                               

                index 

Components a               Variance values   

D 0.071* ± 0.003 

H1 0.022* ± 0.009 

H2 0.020* ± 0.007 

F 0.002 ± 0.009 

h^ 2 0.003 ± 0.005 

E 0.0001 ± 0.001 

(H1/D)0.5 0.565  

H2/4H1 0.221  

4DH1
0.5+F/4DH1

0.5-F 1.067  

Heritability (narrow sense) 0.873  

* = Value is significant when it exceeds 1.96 after dividing with its standard error. 
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Fig. 4. 19  : Wr/Vr graph for heat susceptibility  index (HSI). 
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Placement of array points displayed (Figure 4.19) that genotypes 93T347,   BKR-02 

and 3C001 occupied the intermediary position displaying equal proportion of 

dominant and recessive genes in them. Genotype Ch-86 and V00183 had the least 

dominant genes being farthest from the origin. Figure 4.19 also indicated that 

maximum dominant genes were found in SH-02 and Pb-96 strains being placed 

nearest to the origin. The overall perusal of results indicated that genetic behaviour for 

most of the yield components was influenced by temperature condition. Heritability 

estimates for most of the traits also displayed fluctuation with the change of heat 

stress condition. It was also observed that genotypes altered their positions from 

recessive to dominant or midway or from dominant to midway or most recessive or 

the other way, in the graphical presentation. 

               Gene action is the result of allelic effects at individual loci for the possible 

three loci; heterozygote and the two homozygotes. Its complexity will increase with 

the increase of loci involved in the expression of any trait viz grain yield. Some alleles 

have equal effects either in homozygous or heterozygous combinations (additive 

effects) in comparison with others which produce different effects in these 

combinations (dominance effects). In addition, heat stress environment imposes a 

great impact on such expression of alleles. Therefore, alleles producing similar effects 

in all combinations were altered in heat stress in such way that they produced 

dissimilar effects in different combinations so that heterozygote condition was most 

expressive, and as such their gene action changed from additive to dominance and 

reverse as was the case in some of the traits. In conclusion, genotypes displaying same 

genetic constitution under both temperature regimes come up with stable genes for 

those specific traits and would be useful in future stress breeding strategies. 
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4.3 COMBINING ABILITY ANALYSIS  

             Significant genotypic variation for all the traits under both temperature 

conditions was further partitioned into variation due to general combining ability 

(GCA), specific combining ability (SCA) and reciprocal effects. Combining ability 

effects were computed under each regime according to Griffing (1956). 

4.3.1. Days to heading (N) 

        The mean squares due to GCA and SCA were highly significant for days to 

heading under both environments. GCA mean squares were greater in both regimes. 

Reciprocal effects were found non-significant in normal while these were highly 

significant under heat stress condition. (Table56 & 57). Significant mean squares  due 

to both GCA and SCA for days to heading  have also been reported by Khan and 

Bajwa (1990) and Borghi and Perenzin (1994) while Chaudhry et al. (1994) reported 

significant mean squares only due to GCA for this trait. 

The variance components (Table 58 & 59) revealed high GCA variance for 

this trait which resulted in additive variance under both temperature conditions 

indicating the preponderance of additive genetic control for this trait. Additive genetic 

control for this character was also reported by Khan and Bajwa (1990), Chowdhry et 

al. (1994), Rudra (2000) and Siddique et al. (2004). Preponderance of non-additive 

gene action for this trait was however reported by Singh et al. (2000). Early heading 

wheat genotypes enjoy added advantage of longer grain filling duration and generally 

perform better in heat stress. There by negative combining ability effects for days to 

heading are desirable. According to table-60, out of seven parents four (BKR-02, 

V00183, Ch-86 and SH-02 showed negative GCA  effects, while positive GCA 

effects were maximum in 93T347 and Pb-96 under normal temperature condition. Out 

of 21 crosses 11 showed negative SCA effects. Best specific performance was 

displayed by the cross SH-02 x Pb-96 with maximum negative SCA effects, while 

positive SCA effects were maximum in cross combination 93T347 x Pb-96. Negative 

reciprocal effects were maximum in Ch-86 x V00183. 

                  Under heat stress condition, again same four parents showed negative 

GCA effects with maximum value in V00183, while positive GCA effects in 

descending order were depicted by 93T347, Pb-96 and 3C001. Seven cross 

combinations out of twenty one showed negative SCA effects where highest were 

recorded in SH-02 x Pb-96. Positive SCA effects were maximum in BKR-02 x 3C001 

followed by SH-02 x 3C001. Eleven crosses showed negative reciprocal effects being 

maximum in SH-02 x BKR-02. 
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Table 56    Analysis of variance for combining ability in seven genotypes and 
their all possible F1s under normal temperature condition. 

  * =P < 0.05      **P = < 0.001 

 

 
 

 

S.N
o. 

 

TRAITS 
Mean squares 

GCA 

(df=6) 

SCA 

(df=21) 

Reciprocal 

(df=21) 

Error 

(df=96) 

1  Days to heading (N)  277.24** 10.042**  0.425 0.311 

2  Days to anthesis (N)  215.702** 12.321** 0.479** 0.117 

3  Spike index at anthesis (%)  161.232**   9.071** 1.833** 0.158 

4  Dry biomass per plan at anthesis (g)  407.557** 34.947** 1.341** 0.082 

5  Plant height (cm)  318.899**  6.457** 0.523** 0.192 

6  Spikes per  plant(N)   25.569**  3.365** 0.611 0.396 

7  Spike length (cm)   24.597**   1.659** 0.213** 0.077 

8  Spikelets  per spike (N)   36.237**  5.351** 0.660 0.574 

9  Number of grains per spike (N)  239.099** 13.651** 2.550 4.135 

10 1000-grain weight (g)   64.527** 9.587** 2.253* 1.156 

11 Grain yield per plant (g)  102.85** 13.298** 2.436 1.712 

12 Dry biomass per plant at maturity (N)  462.644** 56.715** 10.264 7.528 

13 Harvest index (%)     5.678**  1.023** 0.402 0.361 

14  Days to maturity (N)  135.756** 23.407** 1.455* 0.996 

15 Grain set index (%)   92.743** 4.083* 2.103 2.021 

16 
Kernels per unit dry spike weight 
(N/g). 

  11.959** 1.494** 0.078 0.551 

17 Canopy temperature depression ( oC)   24.384** 2.161** 0.470 0.417 

18 Cell membrane thermostability (RCI%) 1326.126** 39.300** 0.674** 0.181 
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Table 57  Analysis of variance for combining ability in seven genotypes 
and their all possible F1s under heat stress condition. 

 

* =P < 0.05      ** = < 0.001 

 

 

 

 

S.No.   

 

TRAITS 
                 Mean squares 

 GCA 

(df=6) 

  SCA 

(df=21) 

Reciprocal      

(df=21) 
Error 

(df=96)   

1  Days to heading (N) 107.523**  9.744** 0.576** 0.109 

2  Days to anthesis (N) 138.159** 9.227** 0.848** 0.100 

3  Spike index at anthesis (%)  63.802** 4.777** 2.126** 0.654 

4  Dry biomass per plan at anthesis (g) 267.560** 39.610** 1.084 4.683 

5  Plant height (cm) 260.829**  7.328** 1.489** 0.538 

6  Spikes per  plant(N)  18.004** 2.246** 0.531** 0.174 

7  Spike length (cm)  36.307** 1.684** 0.189 0.119 

8  Spikelets  per spike (N)  57.129** 11.701** 1.081 0.881 

9  Number of grains per spike (N) 197.565** 18.913** 0.738 6.683 

10 1000-grain weight (g) 192.5**  2.947** 2.893** 0.153 

11 Grain yield per plant (g)  77.348** 9.023** 2.309*  1.300 

12 Dry biomass per plant at maturity (N) 862.483** 67.019** 20.666 28.297 

13 Harvest index (%)  79.173* 49.178* 27.614 27.520 

14  Days to maturity (N)  27.785*  9.559** 1.222** 0.187 

15 Grain set index (%) 458.660** 10.930** 0.378 0.272 

16 Kernels per unit dry spike weight (N/g).  19.896**  1.367** 0.030** 0.012 

17 Canopy temperature depression ( oC)  19.682** 1.066** 0.134 0.173 

18 Cell membrane thermostability (RCI%) 1557.27** 53.666** 0.423  0.328 

19 Heat susceptibility index   0.251**  0.010** 0.0003** 0.305 
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Table 58   Estimates of components of variation for combining abilities,  

reciprocal effects and their percentages (in parenthesis) under  
normal temperature condition. 

 

S.No Characters    Ơ2g  
 
Ơ2s 
 

 
Ơ2r 
 

 
Ơ2e 
 

GCA/SCA

1 Days to heading (N) 19.101    
 (77.50) 

05.544  
 (22.50) 

0.057 0.311 
 
3.444 

2 Days to anthesis (N) 14.547    
 (76.67) 

06.953  
 (32.33) 

0.180 0.117 
 
2.092 

3 Spike index at anthesis (%) 10.883    
 (68.18) 

05.079   
(31.82) 

0.837 0.158 
 
2.143 

4 Dry biomass per plant at anthesis (g) 26.672    
 (57.31) 

19.865   
(42.69) 

0.629 0.082 
 
1.342 

5 Plant height (cm) 22.327    
 (86.22) 

03.569    
(13.78) 

0.166 0.191 
 
6.254 

6 Spikes per  plant (N) 01.591      
(48.48) 

01.691  
 (51.52) 

0.107 0.395 
 
0.940 

7 Spike length (cm) 01.641      
(64.56) 

00.901   
(35.44) 

0.068 0.077 
 
1.820 

8 Spikelets per spike (cm) 02.214     
 (44.86) 

02.721    
(55.14) 

0.043 0.574 
 
0.813 

9 Number  of  grains  per   spike  (N) 16.119   
 (74.83) 

05.421   
 (25.17) 

-0.792* 4.135 
 
2.973 

10 1000-grain weight (g) 03.938     
(45.05) 

04.803    
(54.95) 

0.548 1.156 
 
0.819 

11 Grain yield per plant (g). 06.601    
 (50.71) 

06.415    
(49.29) 

0.361 1.712 
 
0.971 

12 Dry biomass per plant at maturity (g)  29.076   
(50.92) 

28.024   
(49.08) 

1.367 7.528 
 
1.037 

13 Harvest index (%) 00.377    
 (53.10) 

00.333    
(46.90) 

0.020 0.361 
 
0.883 

14 Days to maturity (N) 08.062    
 (38.88) 

12.769   
(61.12) 

0.229 0.996 
 
0.631 

15 Grain set index (%) 06.336     
(84.37) 

01.176    
(15.63) 

0.040 2.021 
 
5.394 

16 
Kernels per unit dry spike weight  
(N/g) 

00.749   
 (58.24) 

00.537   
 (41.76) 

-0.236 0.551 
 
1.392 

17 Canopy temperature depression (oC) 01.590    
 (61.56) 

00.993   
 (38.44) 

0.026 0.417 
 
1.600 

18 
Cell membrane thermostability 
(RCI %) 

91.981   
(90.50) 

22.288   
(19.50) 

0.246 0.181 
 
4.126 
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Table 59  Estimates of components of variation for combining abilities, 
reciprocal effects and their percentages (in parenthesis) under heat 
stress condition 

 

Sr. No Characters 
    Ơ2g
  

Ơ2s 
 

  Ơ2r 
 

     Ơ2e 
 

GCA/SCA 

1 Days to heading (N) 
7.000  
(56.05)

5.489   
(43.95)

0.233 0.109 1.275 

2 Days to anthesis (N) 
9.224   
(65.20)

5.200  
(34.80)

       
0.273 

0.100 1.773 

3 Spike index at anthesis (%)
4.222   
(64.26)

2.348   
(35.74)

            
0.736 

0.645 1.797 

4 
Dry biomass per plant at 
anthesis (g) 

16.340 
(45.09)

19.89   
(54.91)

-1.79 4.683 0.821 

5 Plant height (cm) 
18.118 
(82.41)

3.869   
(17.59)

        
0.475 

0.538 4.683 

6 Spikes per  plant (N) 
1.129   
(48.90)

1.180   
(51.10)

      
0.178 

0.174 0.956 

7 Spike length (cm) 
2.475   
(73.52)

0.891   
(26.48)

      
0.035 

0.119 2.775 

8 Spikelets per spike (N) 
3.262   
(34.60)

6.165   
(64.40)

      
0.100 

0.880 0.529 

9 
Number of grains per  
spike (N). 

12.123 
(64.72)

6.968   
(35.28)

-2.972 6.683 1.834 

10 1000-grain weight (g). 
13.544 
(89.49)

1.591   
(10.51)

0.145 0.153 8.509 

11 Grain yield per plant (g). 
4.893   
(52.65)

4.400   
(47.35)

0.504 1.300 1.112 

12 
Dry biomass per plant at 
maturity (N). 

56.883 
(72.05)

22.06   
(27.95)

-3.815 28.297 2.578 

13 Harvest index (%). 
2.178   
(15.02)

12.34   
(84.84)

0.047 27.520 0.176 

14 Days to maturity (N). 
1.317   
(19.78)

5.340   
(80.22)

0.517 0.187 0.246 

15 Grain set index (%). 
31.998 
(84.05)

6.072   
(15.95)

0.052 0.272 5.269 

16 
Kernels per unit dry spike 
weight (N/g) 

1.325   
(63.19)

0.772   
(36.81)

0.008 0.012 1.717 

18 
Canopy temperature 
depression (oC). 

1.331   
(72.38)

0.508   
(27.62)

-0.019 0.173 2.615 

19 
Cell membrane 
thermostability (RCI %) 

107.48 
(78.02)

30.39  
(21.98)

0.047 0.328 3.536 

17 Heat susceptibility index  
0.017   
(77.27)

0.005   
(22.73)

0.0001 7.305 2.595 

      



 166

Table 60    Estimates of general combining ability (diagonal), specific 
combining ability (above) diagonal) and reciprocal effects (below 
diagonal) for days to heading (N) 

  A.   Normal temperature condition. 

   

S.E (gi ) = 0.1380  S.E.(sii) =  0.4781  S.E.(sii – sij) = 0.6498  S.E.(sij- skl)=0.4714                               

  S.E.(sij) = 0.3427 S.E.(gi – gj) = 0.2108  S.E.(sij – sjk) = 0.5774 S.E.(rij- rkl) =0.5578        

  S.E.(rij) = 0.3944     S.E. (sii – sjj) = 0.6667     S.E.( sij – sik) = 0.4714    

  B.    Heat stress condition 

  S.E (gi) = 0.0818     S.E.(sii) =  0.2833  S.E.(sii – sij) = 0.3851   S.E.(sij- skl) = 0.2794            

S.E.(sij) = 0.2031 S.E.(gi - gj) = 0.1249  S.E.(sij – sjk) = 0.3422  S.E.(rij-rkl) = 0.3306 

  S.E.(rij) = 0.2337    S.E.(sii – sjj) = 0.3951       S.E.(sij – sik) = 0.3061     

 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 -3.649 -0.9217  -1.6598 0.3877 -0.8265 1.9115 2.3877 

V00183      0  -6.0068  3.0306 1.0782  2.0306  -6.0646 2.4115 

Ch-86     -0.5 -1.1666  -1.7687 -0.9932 -0.7074  3.5306 -1.4936 

SH-02      0.5   0.1666  0  -0.8163 -0.6598  0.9115  -6.1282 

3C001      0  -0.5  0  1.0000  0.8979  -0.6360 -0.8741 

93T347      0    0  0.5  0.1666  0  6.1598   5.1496 

Pb-96      0.5 -0.1666 -0.5  0.5  0.1666   0.5   5.1836

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 3-2.3265  -2.8401  -2.0306   0.3265  2.7312    0.2789      1.8741 

V00183 -1.0000  -3.1598  0.9693   0.9931  2.0646   1.4455    -0.9591

Ch-86 -03333 -0.1666  -1.3027   -2.0306  1.0408    0.4217     1.3503 

SH-02 -1.6667  0.5   0   -0.6598 2.5646    0.7789    -6.2524

3C001 0  0.5   0  -0.16667  0.9353    3.8163   -1.4829 

 93T347 0 -0.3333   -0.5  -0.1667 -0.5   7.1836 

Pb-96 -0.6667  0.3333   0.1667   0.1667   0.3333       -0.5 1.4591 
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Bajwa (1990) and Borghi and Perenzin (1994) while Chaudhry et al. (1994) reported 

significant mean squares only due to GCA for this trait. 

The variance components (Table 58 & 59) revealed high GCA variance for 

this trait which resulted in additive variance under both temperature conditions 

indicating the preponderance of additive genetic control for this trait. Additive genetic 

control for this character was also reported by Khan and Bajwa (1990), Chowdhry et 

al. (1994), Rudra (2000) and Siddique et al. (2004). Preponderance of non-additive 

gene action for this trait was however reported by Singh et al. (2000). Early heading 

wheat genotypes enjoy added advantage of longer grain filling duration and generally 

perform better in heat stress. There by negative combining ability effects for days to 

heading are desirable. According to table-60, out of seven parents four (BKR-02, 

V00183, Ch-86 and SH-02 showed negative GCA  effects, while positive GCA 

effects were maximum in 93T347 and Pb-96 under normal temperature condition. Out 

of 21 crosses 11 showed negative SCA effects. Best specific performance was 

displayed by the cross SH-02 x Pb-96 with maximum negative SCA effects, while 

positive SCA effects were maximum in cross combination 93T347 x Pb-96. Negative 

reciprocal effects were maximum in Ch-86 x V00183. 

                  Under heat stress condition, again same four parents showed negative 

GCA effects with maximum value in V00183, while positive GCA effects in 

descending order were depicted by 93T347, Pb-96 and 3C001. Seven cross 

combinations out of twenty one showed negative SCA effects where highest were 

recorded in SH-02 x Pb-96. Positive SCA effects were maximum in BKR-02 x 3C001 

followed by SH-02 x 3C001. Eleven crosses showed negative reciprocal effects being 

maximum in SH-02 x BKR-02. 

4.3.2. Days to anthesis (N) 

             The mean squares due to GCA and SCA were highly significant for days to 

anthesis under both normal and heat stress conditions. GCA mean squares were 

greater in both regimes. Reciprocal effects were also found highly significant under 

both conditions (Table 56 & 57). 

            The variance components (Table 58 & 59) revealed high GCA variance for the 

trait which resulted in additive variance under both temperature conditions indicating 

the preponderance of additive genetic control for this trait. Anthesis is an important 

point in plant life cycle characterized by termination of vegetative phase and initiation 

of reproductive phase and thus wheat genotypes with longer grain filling period 

generally perform better in heat stress. There by, negative combining ability effects  
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Table 61  Estimates of general combining ability (diagonal), specific 
combining  ability (above diagonal) and reciprocal effects (below 
diagonal) for days to  anthesis(N). 

   A. Normal temperature condition. 

  S.E (gi ) =  0.0847 S.E.(sii) = 0.2936  S.E.(sii – sij) = 0.3991      S.E.(sij- skl)= 0.2895                         

  S.E.(sij) = 0.2105  S.E.(gi – gj) = 0.1295S.E.(sij – sjk) = 0.3546  S.E.(rij- rkl) =0.3426   

  S.E.(rij) = 0.2422      S.E. (sii – sjj) = 0.4095    S.E.( sij – sik) = 0.3172    

    B. Heat stress condition 

  

S.E (gi ) = 0.0784    S.E.(sii) =0.2716    S.E.(sii – sij) =0.3691    S.E.(sij- skl) = 0.2678                          

S.E.(sij) = 0.1947  S.E.(gi–gj) = 0.1197  S.E.(sij–sjk) = 0.3280  S.E.(rij-rkl) = 0.3169 

  S.E.(rij) = 0.2240       S.E. (sii – sjj) =0.3787      S.E.( sij – sik) = 0.2934    

 

 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 -3.2897  -1.2210  -3.1972   1.9455 0.4693  2.2074 2.2789 

V00183  0.5 -5.3741   4.2312   1.8741  2.2312  -6.3639  2.2074 

Ch-86  0.5   0.5  -2.0646   -0.6020 -0.0782  2.9931   -2.1024 

SH-02  0.5   0 -0.5 -0.2074  -1.6020  0.1360 - 6.1162 

3C001 -0.5  -0.8333 -0.5  -0.5  1.2687  0.3265  0.0884 

93T347 -0.1667  -0.5  0.5  -0.1667  -0.1667  5.1972  4.0884 

Pb-96  0.5   0.3333  0.6667  0.5  0.6667   0.5   4.4591

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  -2.4251 -3.3367 -1.3129  0.4489  2.7346  0.3537 2.0442 

V00183  -1.0000 -3.3537  0.9489  0.5442  2.8299  1.7823  -0.6938 

Ch-86 -0.8333 -0.1667  -1.8775 -1.9313  0.0204  0.4727  0.8299 

SH-02 -1.5  0.1667  0 -0.9727  2.2823  1.2346 -6.2312 

3C001 -0.3333  0.1667 -0.5  0.3333  1.2414 -3.6462 -1.4081 

93T347 -0.16667  -0.66667  0.5 0.166667 -0.5  5.7891  6.94898 

Pb-96 -0.6667   0.3333  0.3333  0.3333  0.3333   0  1.5986 
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for days to anthesis are desirable. According to table-61, out of seven parents four   

(BKR-02, V00183, Ch-86 and SH-02) showed negative GCA  effects, while positive 

GCA effects were maximum in 93T347 and Pb-96 under normal temperature 

condition. Out of 21 crosses 8 showed negative SCA effects. Best specific 

performance was displayed by the cross SH-02 x Pb-96 with maximum negative SCA 

effects, while positive SCA effects were maximum in cross combination V00183 x 

Ch-86. Negative reciprocal effects were maximum in 3C001 x V00183. 

            Under heat stress condition, again same four parents showed negative GCA 

effects with maximum value in V00183, while positive GCA effects in descending 

order were depicted by 93T347, Pb-96 and 3C001. Six cross combinations out of 

twenty one showed negative SCA effects where highest were recorded in SH-02 x Pb-

96. Positive SCA effects were maximum in V00183 x 3C001 followed by BKR-02 x 

3C001. Nine crosses showed negative reciprocal effects being maximum in SH-02 x 

BKR-02. 

4.3.3. Spike index at anthesis (%) 

           Combining ability analysis for spike index at anthesis (Table 56 & 57) revealed 

that mean squares due to GCA were greater than SCA mean squares and both were 

highly significant under both normal temperature and heat stress conditions. Similarly 

reciprocal effects were also found highly significant in both temperature regimes.           

Variance components (Table 58 & 59) indicated that GCA variance was greater than 

SCA variance under both conditions. Thus the genetic control for this trait was due to 

additive genetic effects. Combining ability analysis (Table 62A) revealed that under 

normal temperature condition BKR-02 showed the highest positive GCA effects while 

Pb-96 was the poorest general combiner. Highest positive SCA performance was 

observed in the F1 hybrid Ch-86 x SH-02 while negative SCA effects were maximum 

in Ch-86 x Pb-96. Maximum positive reciprocal effects were recorded in Pb-96 x 

BKR-02 and Pb-96 x V00183, while negative effects were maximum in cross 

combination 93T347 x Ch-86. Under heat stress condition (Table 62B) best GCA 

performance was indicated by BKR-02 while Pb-96 displayed the poorest 

performance. In case of SCA effects maximum positive effects were recorded for the 

hybrid BKR-02 x SH-02, while the poorest SCA effects were shown by Ch-86 x 

93T347. Maximum positive reciprocal effects were recorded in 93T347 x V00183, 

while negative effects were maximum in cross combination of Ch-86 x BKR-02. 
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Table 62  Estimates of general combining ability (diagonal), specific 
combiningability (above diagonal) and reciprocal effects (below 
diagonal) for spike  index a anthesis (%). 

   A.     Normal temperature condition. 

  S.E (gi ) = 0.0985  S.E.(sii) =0.3413   S.E.(sii – sij) = 0.4339     S.E.(sij- skl) =  0.3365                      

  S.E.(sij) =0.2446 S.E.(gi – gj) = 0.1505 S.E.(sij –sjk) =  0.4122  S.E.(rij- rkl) = 0.3982 

  S.E.(rij) = 0.2815       S.E. (sii – sjj) = 0.4759    S.E.( sij – sik) = 0.3686    

    B. Heat stress condition 

  S.E (gi)  = 0.2002   S.E.(sii) = 0.6935   S.E.(sii – sij) = 0.9425  S.E.(sij- skl) = 0.6838                       

  S.E.(sij) = 0.4971  S.E.(gi – gj) =0.3058  S.E.(sij – sjk) = 0.8375 S.E.(rij- rkl) =0.8091 

  S.E.(rij) = 0.5721      S.E. (sii – sjj) =0.9670     S.E.( sij – sik) =0.7490     

 

 

 

 

 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  3.0782 1.9217  -0.5544 -0.2210   0.3265 0.2551 -1.4829 

V00183  0  2.9115  2.7789  0.2789  -1.0068 -1.4115 -3.6496 

Ch-86  0.5  0.6667   2.8877  3.6360  -0.3163 -1.2210 -3.7925 

SH-02  0.5 -0.1667 -0.5  1.8877  -3.8163  -1.0544 -3.5300 

3C001  0.3333 -0.5  0.1667  -0.3333  -3.4932  0.9931 -0.1972 

93T347 0  0.5 -0.6667  -0.5  0.1667  -3.0884  -0.5782 

Pb-96 2.8333   2.8333 -0.3333  -0.5 -0.3333  -0.1667  -4.1836

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  2.1462  -0.9319  -1.4319  2.8299 -1.0510 1.1870  -0.1462 

V00183 1.5000   0.4557  1.9251 -1.6462  0.8061 -0.4557  -0.9557 

Ch-86 -2.5000  -0.5  1.6224 2.1870 -0.1938 -2.4557  0.3775 

SH-02 0.3333  -0.5 -0.1667  1.8605 -0.9319 -0.3605  -2.4855 

3C001 -1.3333  -0.5 -0.3333 -0.5 -2.2585  1.5918 -2.7176 

93T347 -1.0000  1.6667  0.5  -0.1667  0.3333  -0.4966 1.2346 

Pb-96  0.1667 -1.0000  0.1667  -0.1667 -2.3333 -0.3333 -3.3299 
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4.3.4. Dry biomass per plant at anthesis (g).  

             Combining ability analysis for dry biomass per plant at anthesis (Table 56 & 

57) revealed that mean squares due to GCA were greater than SCA mean squares and 

both were highly significant under both normal temperature and heat stress 

conditions. Similarly reciprocal effects were also found highly significant under 

normal temperature, while these were non-significant under heat stress condition. 

     Variance components (Table 58) indicated that GCA variance was greater than  

SCA variance under normal condition, while the situation was reversed  in heat stress 

condition, where SCA was greater than GCA (Table 59) resulting in a greater 

dominance 

variance. Thus the genetic control for this trait was due to additive genetic effects 

under normal temperature condition.  

            Combining ability analysis (Table 63A) revealed that under normal 

temperature condition BKR-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest SCA performance was observed in the F1 

hybrid BKR-02 X Ch-86, while negative SCA effects were maximum in BKR-02 x 

Pb-96. Maximum positive reciprocal effects were recorded in Pb-96 x 3C001 and Pb-

96 x 93T347, while negative effects  were maximum in cross combination  Pb-96 x 

Ch-86. 

                Under heat stress condition (Table 63B) best GCA performance was indicated 

by Ch-86, while Pb-96 displayed the poorest performance. In case of SCA effects 

maximum positive effects were recorded for the hybrid BKR-02 x V00183, while the  

poorest SCA effects were shown by BKR-02 x Pb-96. Maximum positive reciprocal 

effects were recorded in SH-02 x V00183 and Pb-96 x V00183, while negative effects 

were maximum in cross combination of 93T347 x 3C001. 

4.3.5. Plant height (cm) 

            Combining ability analysis for plant height (Table 56 &57) revealed that mean 

squares due to GCA were greater than SCA mean squares and both were highly 

significant under both normal temperature and heat stress conditions. These results get 

support from Asad et al. (1982), Borghi and Perenzin (1994) and Joshi et al. (2004). 

Similarly reciprocal effects were also found highly significant in both temperature 

regimes. 

             Variance components (Table 58 & 59) indicated that GCA variance was much  
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Table 63    Estimates of general combining ability (diagonal), specific 
combining  ability (above diagonal) and reciprocal effects (below 
diagonal) for dry  biomass per plant at anthesis (g). 

  A.      Normal temperature condition. 

  S.E (gi ) = 0.0710   S.E.(sii) = 0.2460    S.E.(sii – sij) = 0.3343   S.E.(sij- skl) = 0.2425                   

  S.E.(sij) = 0.1763 S.E.(gi – gj) = 0.1084 S.E.(sij – sjk) = 0.2971 S.E.(rij- rkl) = 0.2870 

  S.E.(rij) = 0.2029      S.E. (sii – sjj) = 0.3430   S.E.( sij – sik) = 0.2657    

     B.  Heat stress condition 

  S.E (gi ) = 0.5355  S.E.(sii) = 1.8550  S.E.(sii – sij) = 2.5212     S.E.(sij- skl) =1.8290                     

  S.E.(sij) = 1.3297 S.E.(gi – gj) = 0.8179  S.E.(sij–sjk) = 2.2401 S.E.(rij- rkl) =2.1642 

  S.E.(rij) = 1.5303 S.E. (sii – sjj) =  2.5867    S.E.( sij – sik) =2.0036     

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347  Pb-96 

BKR-02 6.7686  0.4455  8.1122  4.1598 -1.5544 2.3503   -7.3639 

V00183 -1.1667 1.3401 -3.6258 0.9217 3.2074 -1.7210 -0.9353 

Ch-86 -0.6667  0.5000 3.1734  0.4217  -0.2925 -0.8877 -2.7686 

SH-02 0.5000  0.8333 -0.5000 3.9591  -3.0782 -1.6734 -6.3715 

3C001 0.1667 -0.5000 0.8333 0.8333  -4.3265 0.9455  5.6122 

93T347 0.6667 -1.1667 0.8333 0.5000  0.8333 -2.0646 -3.4353 

Pb-96 -1.1667 0.8333 -0.8333   0.5000   1.1667 1.1667   -8.8503

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  3.5884  5.4591 4.9115 4.3401 -5.3979 -1.6122 -6.9455 

V00183    0 2.3741 0.6258 1.3877  1.6496 -2.7312 -6.3979 

Ch-86  -1.0000  0.1667 4.2551 -0.3265  1.7687  -3.1122 -0.7789 

SH-02    0.1667                 1.0000 0.1667   3.3265 -2.9693  -4.6836 -6.4708 

3C001   0.1667  -1.0000 0 -1.3333 -2.6020  8.0782  2.6972 

93T347  -0.8333  -0.5000 0.6667  0.5 -1.6667 -5.0544  -1.2789 

Pb-96   0.6667  1.0000 -0.1667 -0.5  0.3333  -0.5 -5.8877 
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Table 64    Estimates of general combining ability (diagonal), specific 
combining ability (above diagonal) and reciprocal effects (below 
diagonal) for plant height (cm). 

   A.   Normal temperature condition. 

  S.E (gi ) = 0.1083  S.E.(sii) = 0.3753   S.E.(sii – sij) = 0.5101   S.E.(sij- skl) = 0.3700                       

  S.E.(sij) =0.2690  S.E.(gi –gj) = 0.1655 S.E.(sij– sjk)= 0.4532  S.E.(rij-rkl) = 0.4378 

  S.E.(rij) = 0.3096  S.E. (sii – sjj) = 0.5233  S.E.( sij – sik) = 0.4054     

 

  B. Heat stress condition 

  S.E (gi ) = 0.1816   S.E.(sii) = 0.6292    S.E.(sii – sij) = 0.8552  S.E.(sij- skl) = 0.6204                 

  S.E.(sij) = 0.4510 S.E.(gi – gj) = 0.2774 S.E.(sij –sjk) = 0.7598  S.E.(rij- rkl) = 0.7341 

  S.E.(rij) = 0.5190  S.E. (sii – sjj) = 0.8774  S.E.( sij – sik) = 0.6796    

 

 

 

 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347  Pb-96 

BKR-02 -1.0952 -1.7142 1.0000  2.1428 1.6667 -0.1904 0.3333 

V00183  0 7.6190 0.3571 -1.3333 0.3571  0.6667 1.8571 

Ch-86  -0.5000 -0.33333 -0.5000  0.2142 -0.2619 -3.1190 -1.7619 

SH-02  -0.5000 -0.5000 -0.1667  -0.9761  2.0476 -0.6428  -1.1423 

3C001 -0.5000 -0.6667 1.1667  -0.3333  -1.5000  1.7142  -3.0000 

93T347  0.3333  0.3333 0.6667  0.3333  0.5000  7.5238  6.5952 

Pb-96 -0.5000  0.5000 0.6667   0.3333  0.3333  -0.5000 4.1667 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 -1.5986 -1.4489 1.0034  1.8129  -2.1632 1.7891 0.2653 

V00183 -1.1667 -6.9081 -0.6870 -1.5442  -0.5204 -1.0680 3.2414 

Ch-86 -0.5000 1.1667 -0.3605 -0.4251  0.2653 -1.4489 -1.1394 

SH-02 -0.6667 -0.6667 -0.3333 -0.3367  -0.5918 0.1938 -1.1025 

3C001 -1.1667 -0.1667 -0.1667 -1.6667 -1.5272 4.0510 -1.8775 

93T347 -1.1667  0.6667 -0.6667 -1.5000  -0.1667 6.1870 4.5748 

Pb-96 -0.3333  0.3333 0.1667 1.0000  0.8333 -1.0000 4.5442 
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greater than SCA variance under both conditions. Thus the genetic control for this 

trait was due to additive genetic effects. Additive genetic control for this trait has also 

been reported by Wagoire (1998), Li et al. (1991), Rudra (2000), Soylu and Sade, 

(2003) and Siddique et al. (2004). Preponderance of non-additive gene action for this 

trait was however reported by Singh et al. (2000), Chowdhry et al. (2005) and Akbar 

et al. (2008). Both additive and dominance effects have also been reported for this 

trait by Li-Wei et al. (2003) and Koumber and Esmail (2005). 

With the objective of short to medium stature high temperatre stress tolerant 

plants, negative combining ability effects are desirable. It was evident from the Table 

64A that under normal temperature condition four (BKR-02, Ch-086, SH-02 and 

3C001) out of seven parents showed negative GCA, while V00183, 93T347 and Pb-

96 gave undesirable GCA effects. Similarly, desirable negative SCA effects were 

revealed in nine out of twenty one hybrids. Cross combinations Ch-86 x 93T347 and 

3C001 x Pb-96 displayed the highest negative SCA effects in descending order. 

Highest positive SCA effects were recorded for the F1 hybrids 93T347 x Pb-96. 

Maximum negative reciprocal effects were recorded in 3C001 x V00183, while 

positive effects were maximum in cross combination of 3C001 x Ch-86. 

         Under heat stress condition (Table 64B) best GCA performance was indicated 

by V00183 while 93T347 displayed the poorest performance. In case of SCA effects, 

maximum  negative effects were recorded for the hybrid BKR-02 x 3C001 while the 

poorest SCA effects were shown  by 93T347 x Pb-96. Maximum negative reciprocal 

effects were recorded in 3C001 x SH-02, while positive effects were maximum in 

cross combination of Ch-86 x V00183. 

 
4.3.6 Spikes per plant (N).  

Combining ability analysis for spikes per plant (Table 56 &57) revealed that 

mean squares due to GCA were greater than SCA mean squares and both were highly 

significant under both normal temperature and heat stress conditions. These results are 

in conformity with Asad et al. (1982), Borghi and Perenzin, (1994), Kashif and 

Khaliq (2003) and Sharma et al. (2003). Reciprocal effects were found non-

significant in normal temperature regime, while these were highly significant in heat 

stress condition. Significant reciprocal differences for this trait have also been 

reported by Sharma et al. (2003). 
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Table 65    Estimates of general combining ability (diagonal), specific 
combining  ability (above diagonal) and reciprocal effects (below 
diagonal) for spikes  per plant (N). 

  A. Normal temperature condition. 

 

  S.E (gi ) =0.1556  S.E.(sii) = 0.5393   S.E.(sii – sij) = 0.7330      S.E.(sij- skl) = 0.5317                        

  S.E.(sij) = 0.3866  S.E.(gi – gj) = 0.2378 S.E.(sij – sjk) = 0.6513 S.E.(rij- rkl) =0.6292 

  S.E.(rij) = 0.4449  S.E. (sii – sjj) = 0.7520  S.E.( sij – sik) = 0.5825    

   B. Heat stress condition 

  S.E (gi ) =0.1032   S.E.(sii) = 0.3578  S.E.(sii – sij) =0.4863   S.E.(sij- skl) = 0.3528               

  S.E.(sij) = 0.2565   S.E.(gi – gj) = 0.1577 S.E.(sij – sjk) =0.4321 S.E.(rij- rkl) =0.4174 

  S.E.(rij) =0.2951    S.E. (sii – sjj) =0.4989    S.E.( sij – sik) =0.3864     

 

 

 

 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  1.7108 -1.1632 -1.1394 1.4319 -1.2346  0.8605  0.5034 

V00183  0.8333 0.1156 1.6224 -1.1394  0.0272 -0.2108  -1.0680 

Ch-86 -1.1667 -0.3333 0.7585  1.7176 -0.2823 -2.3537  0.7891 

SH-02  0.3333 -0.1667 0 1.0204 -0.0442 -0.1156 -1.6361 

3C001 -0.5000 -0.1667 -0.5000  0  -1.4795  1.8843  -1.5204 

93T347 -0.6667 1.0000 0.1667 -0.3333  0.8333 -0.0748  1.1224 

Pb-96   0 -0.1667 -0.6667 -0.1667 -0.8333 -0.3333 -2.0510

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  1.4183 -0.6088 -0.8707 1.4863 -0.9659 0.5102 0.2244 

V00183  0.8333  0.0850  1.2959 -0.8469  0.2006 -0.1564 -0.7755 

Ch-86  -1.1667 -0.3333  0.6802 1.3911 -0.2278 -1.9183 0.6292 

SH-02  0.3333  0  0.1667 0.8231  0.2959 -0.3945 -1.6491 

3C001 -0.5000  0 -0.5000 -0.1667  -1.0044 1.2863 -1.8231 

93T347 -0.5000 - 0.8333  0.3333 -0.3333  0.5000 -0.0340  1.2482 

Pb-96 -0.5000 -0.1667 -0.5000 -0.3333 -0.6667 -0.5000 -1.7483
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         Variance components (Table 58 & 59) indicated that SCA variance was greater 

than GCA variance resulting in greater dominance variance under both conditions. 

These results are in conformity with those of Singh et al (2000), Siddique et al. 

(2004), who reported non-additive effects for the trait. However, results are different 

from those of Mishra et al. (1994), Mahmood and Choudhry (2002), Soylu and Sade, 

(2003) and Chowdhry et al. (2005) who reported additive effects for spikes per plant. 

Both additive and dominance effects for this trait have also been reported by 

Koumber and Esmail (2005). 

              Combining ability analysis (Table 65A) revealed that under normal 

temperature condition BKR-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest SCA performance was observed in the F1 

hybrid 3C001 x 93T347 while negative SCA effects were maximum in Ch-86 x 

93T347. Maximum positive reciprocal effects were recorded in 93T347 x V00183, 

while negative effects were maximum in cross combination of Ch-86 x BKR-02. 

            Under heat stress condition (Table 65B) best GCA performance was indicated 

by BKR-02 while Pb-96 displayed the poorest performance. In case of SCA effects 

maximum positive effects were recorded for the hybrid BKR-02 x SH-02, while the 

poorest SCA effects were shown by 3C001 x Pb-96. Maximum positive reciprocal 

effects were recorded in V00183 x BKR-02, while negative effects were higher in 

cross combination of Ch-86 x BKR-02. 

4.3.7 Spike length (cm).  

             Combining ability analysis for spike length (Table 56 & 57) revealed that 

mean squares due to GCA were greater than SCA mean squares and both were highly 

significant under both normal temperature and heat stress conditions. These results are 

in conformity with Kashif and Khaliq (2003) and Joshi et al. (2004). Reciprocal 

effects were   found   highly significant in normal temperature regime, while these 

were non- significant in heat stress condition.    

             Variance components (Table 58 & 59) indicated that GCA variance was 

greater than SCA variance resulting in greater additive variance and displaying the 

presence of additive   effects under both conditions. These results are in conformity 

with those of Li-Wei et al. (2003) and Chowdhry et al. (2005) who reported additive 

genetic effects for the trait. However, results are different from those of Singh et al. 

(2000) who reported  non-additive genetic effects for spike length.                                                        



 177

Table 66   Estimates of general combining ability (diagonal), specific 
combining ability (above  diagonal) and reciprocal effects (below 
diagonal) for spike length (cm). 

 A. Normal temperature condition. 

  S.E (gi ) = 0.0688 S.E.(sii) =0.2386   S.E.(sii – sij) = 0.3243    S.E.(sij- skl) = 0.2352              

  S.E.(sij) = 0.1710 S.E.(gi – gj) = 0.1052 S.E.(sij – sjk) =0.2881 S.E.(rij- rkl) = 0.2783 

  S.E.(rij) = 0.1968    S.E. (sii – sjj) = 0.3327 S.E.( sij – sik) = 0.2577     

   B. Heat stress condition 

S.E (gi ) = 0.0855  S.E.(sii) = 0.2962  S.E.(sii – sij) = 0.4026    S.E.(sij- skl) = 0.2921                             

S.E.(sij) = 0.2123 S.E.(gi – gj) = 0.1306 S.E.(sij – sjk) =0.3577  S.E.(rij- rkl)  = 0.3456 

S.E.(rij) =0.2444   S.E. (sii – sjj) =0.4131   S.E.( sij – sik) = 0.3200        

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 0.9006 -0.6054 -0.2161 0.4719  0.2838 -0.2697 0.6647 

V00183 -0.1667 1.1768 1.0909 0.9624 0.8409 -0.4625  -0.2780 

Ch-86 0.0833 -0.3333 0.8709 0.5850 -0.1863 -0.3233   0.1528 

SH-02 0.1667 0.1833 0.2500  1.2661 0.0017 -1.4268 -1.5990 

3C001 0.6667 0.3333 0.8333  0.4167 -1.3790  1.3433 -2.3137 

93T347 0.0833 -0.3333 -0.1667 -0.1250  -0.2500 -1.2421 -2.2959 

Pb-96 0 0.3333 -0.2916  0.1667  -0.2916 -0.1250 -1.5933

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 1.0761 -0.8333 -0.2190 0.4000 -0.1119 0.3988  1.2202 

V00183 -0.2416   1.2964 0.1023 1.2630  1.1678  -0.4464 0.0416 

Ch-86 -0.2083  0.0833  1.1488 0.2857  0.6071   0.3261 0.3976 

SH-02  0.2083  0.2916 0.1667 1.6130  0.3511  -0.9297 -2.6123 

3C001 -0.2916 -0.125 -0.0833 -0.2916 -1.7083  1.2250 -3.0606 

93T347  0.1250 -0.5000 0.1250 0.5833  0.4166  -1.6357  -2.3440 

Pb-96 -0.0416  0.4166 0.0416 0.4167  0.4167 -0.4667 -1.7904 
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4.3.8 Spikelets per spike (N).  

            Combining ability analysis for spikelets per spike (Table 56 &57) revealed 

that mean squares due to GCA were greater than SCA mean squares and both were 

highly significant under both normal temperature and heat stress conditions. These 

results are in conformity with Kashif and Khaliq (2003) and Sharma et al. (2003). 

Reciprocal effects were found non-significant under both temperature regimes. 

However significant reciprocal effects   for this trait have been reported by Sharma et 

al. (2003).   

               Variance components (Table 58 & 59) indicated that SCA variance was 

greater than GCA variance resulting in greater dominance variance under both 

conditions. These results are in conformity with those of Siddique et al. (2004), who 

reported non-additive effects for the trait. Howeve, results are different from those of 

Li-Wei et al. (2003) and Saeed et al. (2005) who reported additive effects for 

spikelets per spike.                                                                

             Combining ability analysis (Table 67A) revealed that under normal 

temperature condition SH-02 showed the highest positive GCA effects while 3C001 

was the poorest general combiner. Highest SCA performance was observed in the F1 

hybrid SH-02 x 3C001 while negative SCA effects were maximum in 3C001 x Pb-96. 

Maximum positive reciprocal effects were recorded in 3C001 x CH-86, while 

negative effects were maximum in cross combination of Pb-96 x BKR-02. 

             Under heat stress condition (Table 67B) best GCA performance was indicated 

by SH-02 while 3C001 displayed the poorest performance. In case of SCA effects 

maximum positive effects were recorded for the hybrid BKR-02 x V00183, while the 

poorest SCA effects were shown by Ch-86 x 93T347. Maximum positive reciprocal 

effects were recorded in 3C001 x BKR-02, while negative effects were higher in cross 

combination of SH-02 x BKR-02. 

4.3.9. Number of grains per spike (N).  

            Combining ability analysis for average number of grains per main spike 

(Table 56 &57) revealed that mean squares due to GCA were greater than SCA mean 

squares and both were highly significant under both normal temperature and heat 

stress conditions. These results are in conformity with Kashif and Khaliq (2003) and 

Sharma et al. (2003).  Reciprocal effects were found non-significant under both 

temperature regimes. However significant reciprocal differences for this trait have  
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Table 67   Estimates of general combining ability (diagonal), specific 
combining  ability (above diagonal) and reciprocal effects (below 
diagonal) for  spikelets per spike (N). 

 

 A. Normal temperature condition. 

  S.E (gi ) = 0.1875  S.E.(sii) =0.6495     S.E.(sii – sij) = 0.8828     S.E.(sij- skl) =0.6404                       

  S.E.(sij) =  0.4656 S.E.(gi – gj) = 0.2864 S.E.(sij – sjk) = 0.7844S.E.(rij- rkl) = 0.7578 

  S.E.(rij) =0.5358    S.E. (sii – sjj) = 0.9057       S.E.( sij – sik) = 0.7016    

    B. Heat stress condition 

  S.E (gi ) =0.2321 S.E.(sii) = 0.8042 S.E.(sii – sij) =1.0930    S.E.(sij- skl) = 0.7929                         

  S.E.(sij) =0.5765 S.E.(gi – gj) = 0.3546 S.E.(sij – sjk) =0.9711   S.E.(rij- rkl) =0.9382 

  S.E.(rij) = 0.6634    S.E. (sii – sjj) = 1.2142 S.E.( sij – sik) = 0.8686    

   

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  1.1799 2.0438 0.9962 -0.9251 1.1486  -2.6108 -0.3085 

V00183 -0.0666  0.5251 1.4843  1.4795 -2.2132  -1.1394 -1.2537 

Ch-86 -0.4000 0.7000 0.7394  0.1819 -0.8775  -2.0204  0.1986 

SH-02 -1.1666 0.1166 -0.2000  2.3275  2.3676  0.3414 -2.5673 

3C001  0.6666 0.0166 1.1000  -0.5333 -2.0129  2.2153 -3.6918 

93T347 -0.3000 0.3500 0.6166  -0.4333  0.3000  -1.5200  0.4581 

Pb-96  -1.2500 0.1500 -0.3833  -0.0333  0.3500  0.4500 -1.2391

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02   1.1658 3.0603 1.9056 -2.8443   0.8579 -2.1777 -1.3086 

V00183  0.2916 1.4872  2.5841 1.6675  -3.4634 -2.4158 -2.2967 

Ch-86  -0.5000 0.3333  1.4336 1.8044  -2.4098 -3.7789  -0.0765 

SH-02  -2.9167 -0.0833  0.1667 2.2670    2.4234 -0.1122  -2.5882 

3C001   0.6667 0.3333  0.3333 -0.3333  -2.5187 2.8401  -3.3976 

93T347  -0.1667 -0.2500  0 -0.5000   0.6666 -1.8163     2.2806 

Pb-96    0 0.1667 -0.5 -0.1667   0.5000 -0.5000   -2.0187
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Table 68   Estimates of general combining ability (diagonal), specific 
combining ability (above diagonal) and reciprocal effects (below 
diagonal) for    number of grains per spike (N). 

 A. Normal temperature condition. 

 

  S.E (gi ) = 0.5032S.E.(sii) = 1.7431  S.E.(sii – sij) = 2.3691    S.E.(sij- skl) = 1.7187                   

  S.E.(sij) = 1.2496 S.E.(gi – gj) = 0.7686 S.E.(sij – sjk) = 2.1050 S.E.(rij- rkl) = 2.0337 

  S.E.(rij) = 1.4380   S.E. (sii – sjj) =2.4307   S.E.( sij – sik) = 1.8828     

   B.    Heat stress condition 

 

  S.E (gi ) = 0.6396 S.E.(sii) =2.2158    S.E.(sii – sij) = 3.0116     S.E.(sij- skl) = 2.1848                 

  S.E.(sij) = 1.5884 S.E.(gi – gj) = 0.9770S.E.(sij – sjk) = 2.6758   S.E.(rij- rkl) =2.5851 

  S.E.(rij) = 1.8279   S.E.(sii – sjj) = 3.0898 S.E.( sij – sik) =2.3933     

 
 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 2.7448  -1.1020 -0.9115 1.8265  1.1360 -1.2449 1.2074 

V00183 -0.3333  3.6020 2.8979 2.9693  2.6122 -0.6020 -1.4829 

Ch-86 -0.5000  0.1667  2.5782   1.1598 -1.0306  -0.7449 0.8741 

SH-02  0.8333  0.1666  0  4.1734 -0.1258  -4.5068 -6.4126 

3C001  1.8333  1.5000  2.8333  2.0000 -4.1360  3.8027  -5.9829 

93T347  1.0000 -0.1667 -0.6667 -0.8333 -1.1667 -3.9217  -6.5544 

Pb-96  0.6667  0.8333  -1.1667   0   -1.0000  -1.0000 -5.0408

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 3.1972 2.7789 2.4931 -0.2925 -0.0306 -5.5306 -0.7449 

V00183 -0.3333 2.7448  1.6122  3.3265  0.7551 -4.0782  -3.2925 

Ch-86 0.5000 -0.5000  2.8639  5.0408 -2.1972 -0.1972 -2.7449 

SH-02 0.6667 -0.1667   0.6667  3.1496 -0.9829 -0.3163  -6.5175 

3C001 0.3333 -0.3333  -0.1667  -0.6667  -4.4455  3.1122  -3.3639 

93T347 0.5000 -0.5000 -0.8333  -0.3333  0.5000 -3.1122  2.5170 

Pb-96  0 -1.0000  0   0.5000  1.1667 -1.1667 -4.3979
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been reported by Sharma et al. (2003).   

           Variance components (Table 58 & 59) indicated that GCA variance was 

greater than SCA variance resulting in greater additive variance under both 

conditions. These results are in conformity with those of Khan and Bajwa (1990), 

Rudra (2000), Singh et al. (2002), Li-Wei et al. (2003) and Saeed et al. (2005) who 

reported additive effects for the trait. However results are different from those of 

Singh et al. (2000) and Siddique et al. (2004) who reported non-additive effects for 

number of grains per spike. Both additive and dominance effects have also been 

reported for this by Koumber and Esmail (2005). 

           Combining ability analysis (Table 68A) revealed that under normal 

temperature condition SH-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest SCA performance was observed in the F1 

hybrid 3C001 x 93T347 while negative SCA effects were maximum in 93T347 x Pb-

96. Maximum positive reciprocal effects were recorded in 3C001 x Ch-86, while 

negative effects were maximum in cross combinations of 93T347 x 3C001 and Pb-96 

x Ch-86. Under heat stress condition (Table 68B) best GCA performance was 

indicated by BKR-02 while 3C001 displayed the poorest performance. In case of SCA 

effects maximum positive effects were recorded for the hybrid  Ch-86 x SH-02, while 

the poorest SCA effects were shown  by SH-02 x Pb-96. Maximum positive 

reciprocal effects were recorded in Pb-96 x 3C001, while negative effects were 

maximum in cross combination of Pb-96 x 93T347. 

4.3.10. I000-grain weight (g). 

          Combining ability analysis for 1000-grain weight (Table 56 &57) revealed that 

mean squares due to GCA were greater than SCA mean squares and both were highly 

significant under both normal temperature and heat stress conditions. These results get 

support from Asad et al (1982), Borghi and Perenzin (1994), Sharma et al. (2003) and 

Joshi et al. (2004). Reciprocal effects were also found highly significant in both   

temperature regimes.  Significant reciprocal differences for this trait have also been 

reported by Sharma et al. (2003). 

  Variance components (Table 58 & 59) indicated that GCA variance was greater 

than SCA variance resulting in greater additive variance and displaying the presence 

of additive effects under both temperature conditions. These results are in conformity 

with those of Khan and Bajwa (1990), Rudra (2000), Singh et al. (2002) and  
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Table 69  Estimates of general combining ability (diagonal), specific 
combining ability (above  diagonal) and reciprocal effects (below 
diagonal) for 1000-grain weight (g). 

  A. Normal temperature condition. 

  S.E (gi ) = 0.2660 S.E.(sii) = 0.9216   S.E.(sii – sij) = 1.2526S.E.(sij- skl) = 0.9087                        

  S.E.(sij) =  0.6606 S.E.(gi – gj) = 0.4064S.E.(sij – sjk) = 1.1129 S.E.(rij- rkl) = 1.0752 

  S.E.(rij) = 0.7603  S.E. (sii – sjj) = 1.2851 S.E.( sij – sik) =  0.9954   

    B. Heat stress condition 

  S.E (gi ) = 0.0969 S.E.(sii) = 0.3359  S.E.(sii – sij) = 0.4565 S.E.(sij- skl) = 0.3312                   

  S.E.(sij) = 0.2408 S.E.(gi – gj) = 0.1481S.E.(sij – sjk) = 0.4056 S.E.(rij- rkl) = 0.3918 

  S.E.(rij) = 0.2771   S.E. (sii – sjj) = 0.4684 S.E.( sij – sik) = 0.3628    

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  2.7414 -1.6224 -1.5748 3.4965 -2.6706 0.7108 1.0680 

V00183  1.3333 -0.0442 3.0442 -2.0510  0.7823 -1.3367 -0.9795 

Ch-86  -1.1667  0  1.4081 1.3299 -1.0034 -3.1223 1.7346 

SH-02  0.3333  0 0.8333 1.5034  0.7346 -0.3843 -2.5276 

3C001  -1.6667  1.0000 -0.6667 0.1667 -2.3299  3.1156  -3.1938 

93T347  -1.6667  1.8333 1.8333 -1.3333  1.0000  -0.0442   2.0680 

Pb-96  -0.83333 -1.0000 -0.5.000 0  -1.0000 -0.5000 -3.2346

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02   3.1428 0.0952 -0.2142 -0.4047 -1.8095 -0.2619 1.3571 

V00183   0.3333 3.6190 1.6428  0.9523  -0.1190  -0.7381 -0.4523 

Ch-86  -0.1667 -0.5 2.4285  1.3095    0.0714  -0.3809 -2.7619 

SH-02   0.1666 0.3333 0.1667  2.6190   -0.2857 -1.0714 -2.5390 

3C001   0.5000 1.0000 0.3333 -0.1667  -3.6428   0.0238 -1.0476 

93T347   0.3333 0 0.5000  0.3333  -0.5000 -4.3571 -1.9523 

Pb-96  -0.8333 0.5000 0.6667 -0.5000  -0.3333  -0.5000 -3.8095 
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Mahmood and Chowdhry (2002) who reported additive genetic effects for the trait. 

However results are different from those of Singh et al. (2000) Siddique et al. 

(2004) and Saeed et al. (2005), who reported non-additive genetic effects for 1000-

grain weight. Both additive and dominance effects for this trait have also been 

reported by Li-Wei et al. (2003) and Koumber and Esmail (2005). 

             Combining ability analysis (Table 69A) revealed that under normal 

temperature condition BKR-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest SCA performance was observed in the F1 

hybrid BKR-02 x SH-02, while negative SCA effects were maximum in 3C001 x    

Pb-96. Maximum positive reciprocal effects were recorded in 93T347 x V00183 and 

93T347 x Ch-86, while negative effects  were maximum in cross combinations of   

Ch-86 x  BKR-02, 93T347 x BKR-02 and 3C001 x BKR-02. 

                Under heat stress condition (Table 69B) best GCA performance was 

indicated by V00183, while 93T347 displayed the poorest performance. In case of 

SCA effects maximum positive effects were recorded for the hybrid V00183 x Ch-

86, while the poorest SCA effects were shown by SH-02 x Pb-96. Maximum positive 

reciprocal effects were recorded in 3C001 x V00183, while negative effects were 

maximum in cross combination of Pb-96 x BKR-02.  

4.3.11. Grain yield per plant (g). 

         Combining ability analysis for grain yield per plant (Table 56 &57) revealed 

that mean squares due to GCA were greater than SCA mean squares and both were 

highly significant under both normal temperature and heat stress conditions. These 

results get support from Asad et al, (1982) and Borghi and Perenzin (1994). 

Reciprocal effects were found non-significant in normal temperature regime, while 

these were significant in heat stress condition. However, significant reciprocal 

differences for this trait have been reported by Sharma et al. (2003) and Joshi et al. 

(2004). Variance components (Table 58 & 59) indicated that GCA variance was 

greater than SCA variance displaying the importance of additive effects for grain 

yield per plant under both temperature regimes. These results are in conformity with 

those of Rudra (2000) and Singh et al. (2002) who reported additive genetic effects 

for this trait. However, results are different from those of Singh et al. (2000), Siddique 

et al. (2004), Saeed et al. (2005) and Akbar et al. (2008) who reported non-additive 

genetic effects for grain yield per plant 
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Table 70  Estimates of general combining ability (diagonal), specific 
combining   ability (above diagonal) and reciprocal effects (below 
diagonal) for grain yield per plant (g). 

 A  Normal temperature condition. 

  S.E (gi ) = 0.3238   S.E.(sii) =1.1218      S.E.(sii – sij) = 1.5246  S.E.(sij- skl) = 1.1061                   

  S.E.(sij) =0.8041S.E.(gi – gj) = 0.4946  S.E.(sij – sjk) = 1.3547  S.E.(rij- rkl) = 1.3087 

  S.E.(rij) =0.9254    S.E. (sii – sjj) = 1.5642  S.E.( sij – sik) =  1.2116   

   B. Heat stress condition 

  S.E (gi ) = 0.2822    S.E.(sii) =0.9776     S.E.(sii – sij) =1.3287   S.E.(sij- skl) = 0.9639                    

  S.E.(sij) = 0.7008 S.E.(gi – gj) = 0.4311 S.E.(sij – sjk) = 1.1806  S.E.(rij- rkl) =1.1406 

   S.E.(rij) = 0.8065   S.E. (sii – sjj) = 1.3632   S.E.( sij – sik) = 1.0559    

 

 
 

 

 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  3.4421 -2.3707 -2.6326  2.6530 -1.9898  1.7006 1.1768 

V00183 1.5000   0.1088    2.8673 -2.5136  0.0102 0.2006 -1.9898 

Ch-86 -1.6667 -0.8333  1.5374  3.7244  -0.7517 -3.1078 1.9149 

SH-02 1.1667 -0.3333  0.3333  2.0850  0.0340  -0.4421 -2.5691 

3C001 -1.1667  0.1667 -1.1667  0.1667  -2.9383 3.5816 -3.2040 

93T347 -1.3333  2.1667  0  -0.5000  1.5000  -0.1292  2.0340 

Pb-96 0.1667 -0.3333 -1.0000  -0.3333 -1.8333  -0.8333 -4.1054

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  3.0850 -1.5374 -1.4421 3.2959 -2.5374 0.7006 0.2482 

V00183  1.6667 -0.1054 2.5816 -2.1802  0.8197 -0.6088 -1.3945 

Ch-86 -2.3333 -0.1667  1.4659   2.5816 -0.5850  -3.5136 0.8673 

SH-02 -0.1667  -0.8333 -0.1667   1.5612   0.3197 -0.7755 -2.6037 

3C001 -1.1667   0 -0.8333  -0.5000 -2.2721   3.2578 -3.6564 

93T347 -0.3333   2.5000 0.5000  -0.33333  0.8333 -0.0102   2.3673 

Pb-96 -1.1667  0.6667 -0.8333  -0.5000 -1.0000 -1.3333 -3.7244 
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                Combining ability analysis (Table 70A) revealed that under normal 

temperature condition BKR-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest SCA performance was observed in the F1 

hybrid Ch-86 x SH-02, while negative SCA effects were maximum in 3C001 x Pb-96. 

Maximum positive reciprocal effects were recorded in 93T347 x V00183, while 

negative effects were maximum in cross combinations of Pb-96 x 3C001. 

              Under heat stress condition (Table 70B) best GCA performance was 

indicated by BKR-02, while Pb-96 displayed the poorest performance. In case of SCA 

effects maximum positive effects were recorded for the hybrid BKR-02 x SH-02, 

while the poorest SCA effects were shown by 3C001 x Pb-96. Maximum positive 

reciprocal effects were recorded in 93T347 x V00183, while negative effects were 

maximum in cross combination of Ch-86 x BKR-02. 

  4.3.12. Dry biomass per plant at maturity (g). 

           Combining ability analysis for dry biomass per plant at maturity (Table 56 

&57) depicted that mean squares due to GCA were greater than SCA mean squares 

and both were highly significant under both normal temperature and heat stress 

conditions. Reciprocal effects were found non-significant in both temperature 

regimes. Variance components (Table 58 & 59) indicated that GCA variance was 

greater than SCA variance resulting in greater additive variance and displaying the 

importance of additive effects for dry biomass per plant at maturity under both 

temperature regimes. These results are in conformity with Rudra (2000) who reported 

additive genetic effects for this trait. 

           Combining ability analysis (Table 71A) revealed that under normal 

temperature condition BKR-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest SCA performance was observed in the F1 

hybrid Ch-86 x SH-02, while negative SCA effects were maximum in Ch-86 x 

93T347. Highest positive reciprocal effects were recorded in 93T347 x V00183, while 

negative effects were maximum in cross combinations of Pb-96 x 3C001. Under heat 

stress condition (Table 71B) best GCA performance was recorded in parental 

genotype BKR-02 while Pb-96 displayed the poorest performance. In case of SCA 

effects maximum positive effects were recorded for the hybrid BKR-02 x Ch-86, 

while the poorest SCA effects were shown by V00183 x Pb-96. Maximum positive 

reciprocal effects were recorded in 93T347 x 3C001, 3C001 x SH-02 and Pb-96 x  
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Table 71   Estimates of general combining ability (diagonal), specific 
combining  ability (above diagonal) and reciprocal effects (below 
diagonal) for dry  biomass per  plant at maturity (g).   

A.  Normal temperature condition. 

  S.E (gi ) = 0.6789  S.E.(sii) = 2.3518     S.E.(sii – sij) = 3.1964   S.E.(sij- skl) =2.3189                 

  S.E.(sij) = 1.6859  S.E.(gi – gj) = 1.0370 S.E.(sij – sjk) =2.8401 S.E.(rij- rkl) = 2.7438 

  S.E.(rij) =1.9401     S.E. (sii – sjj) = 3.2795  S.E.( sij – sik) =2.5403                                                      

    B. Heat stress condition 

  S.E (gi ) =1.3162  S.E.(sii) = 4.5596        S.E.(sii – sij) = 6.1971  S.E.(sij- skl) =4.4958                   

  S.E.(sij) =3.2686  S.E.(gi – gj) = 2.0106 S.E.(sij – sjk) = 5.5062  S.E.(rij- rkl) =5.3195 

  S.E.(rij) = 3.7615     S.E. (sii – sjj) = 6.3581  S.E.( sij – sik) = 4.9249    

 

 

 

 

 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  7.4795 -4.4795 -4.1938 5.0204 -4.1938 3.5204  1.6870 

V00183  2.5000  0.0986  5.5204 -5.4319 -0.1462 0.9013 -4.4319 

Ch-86 -2.1667 -2.5000  3.1462 8.5204 -1.6938 -10.479  3.6870 

SH-02  2.8333  0 0.6667 4.5986 -0.6462 -0.7653 -6.3867 

3C001 -2.6667 -0.3333 -2.5000 0.3333 -6.3537 7.5204 -6.9795 

93T347  -2.5000 4.8333 0.5000 -0.6667  3.0000 -0.5680  4.0680 

Pb-96 -0.1667 -1.0000 -2.1667 -1.8333 -4.1667 -1.6667  -8.4013

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 8.5850 1.8673 8.0102  2.3673 -4.0612  3.2244 -8.0136 

V00183 -5.6667 4.3231 2.4387  2.4625  5.8673 -3.6802 -11.418 

Ch-86 -2.6667 -3.8333 5.1802  -1.3945 -0.8231 -5.3707  2.3911 

SH-02 0.5000 -1.3333 0.3333  5.9897    2.0340 -8.0136 -6.3782 

3C001  2.3333 1.0000 -2.8333  3.8333 -9.0816 5.0578 -7.3707 

93T347  2.3333 -9.1667 -2.6667 -0.1667  3.8333 -4.3673  5.2721 

Pb-96  3.8333 -0.1667 1.1667 -1.6667  0.5000  -1.1667 -10.629
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BKR-02 while negative effects were maximum in cross combination of V00183 x 

BKR-02.  

4.3.13. Harvest index (%).   

             Combining ability analysis for harvest index (Table 56 &57) revealed that 

mean squares due to GCA were greater than SCA mean squares in both temperature 

regimes and highly significant only under normal condition, while mean squares were 

simply significant in heat stress condition. However reciprocal effects were found 

non-significant under both temperature conditions.    

               Variance components (Table 58 & 59) indicated that GCA variance was 

greater than SCA variance resulting in greater additve variance and displaying the 

presence of additive effects under normal temperature condition. These results are in 

conformity with those of Rudra (2000) who reported additive genetic effects for this 

trait. However, under heat stress SCA variance was greater than GCA displaying the 

predominance of dominance variance.  

              Combining ability analysis (Table 72A) revealed that under normal 

temperature condition BKR-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest positive SCA performance was observed 

in the F1 hybrid V00183 x Ch-86, while negative SCA effects were maximum in Ch-

86 x 93T347. Maximum positive reciprocal effects were recorded in Pb-96 x SH-02, 

while negative effects were maximum in cross combination of Pb-96 x 3C001. 

              Under heat stress condition (Table 72B) best GCA performance was 

indicated by BKR-02 while 93T347 displayed the poorest performance. In case of 

SCA effects maximum positive effects were recorded for the hybrid BKR-02 x Ch-86, 

while the poorest SCA  effects were shown  by V00183 x 3C001  Maximum positive 

reciprocal effects were recorded in V00183 x BKR-02, while negative effects were 

maximum in cross combination of Pb-96 x BKR-02. 

 4.3.14. Days to maturity (N).  

             Combining ability analysis for days to maturity (Table 56 &57) revealed that 

mean squares due to GCA were greater than SCA mean squares and both were highly 

significant under both normal temperature and heat stress conditions. Similarly 

reciprocal effects were   also found highly significant under both temperature regimes. 

Variance components (Table 58 & 59) indicated that SCA variance was greater than 

GCA variance resulting in greater dominance variance under both conditions.  
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Table 72     Estimates of general combining ability (diagonal), specific 
combining  ability (above diagonal) and reciprocal effects (below 
diagonal) for  harvest index (%). 

   A. Normal temperature condition. 

  S.E (gi ) = 0.1487  S.E.(sii) = 0.5152   S.E.(sii – sij) = 0.7002     S.E.(sij- skl) = 0.5079                

  S.E.(sij) = 0.3693 S.E.(gi – gj) = 0.2271S.E.(sij – sjk) = 0.6221  S.E.(rij- rkl) = 0.6010 

  S.E.(rij) = 0.4250     S.E. (sii – sjj) = 0.7184       S.E.( sij – sik) =  0.5564                                              

    B. Heat stress condition 

  S.E (gi ) = 1.2980  S.E.(sii) = 4.4965   S.E.(sii – sij) = 6.1113     S.E.(sij- skl) = 4.4336                 

  S.E.(sij) =3.2233 S.E.(gi – gj) = 1.9827  S.E.(sij – sjk) = 5.4300 S.E.(rij- rkl) = 5.2459 

  S.E.(rij) =3.7094      S.E. (sii – sjj) = 6.2701     S.E.( sij – sik) = 4.8568    

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 0.6325 -0.7935 -1.2207  0.6989 -0.3182 0.3369   0.8066 

V00183 0.6657  0.1341  0.8726  -0.3887  0.1571 -0.2325  -0.3756 

Ch-86 -0.4102  0.2108  0.4409   0.3707 -0.0529 -0.8516   0.7945 

SH-02 0.0139 -0.0444  0.0683  0.3372  0.5036 -0.1207 -0.6487 

3C001 -0.1609 0.4263 -0.2500  0.0918 -0.5798 0.8573 -0.7834 

93T347 -0.3718 0.3413 -0.2966 -0.2904   0.3906 0.1903  0.7576 

Pb-96 0.3386 0.0467 -0.1925  0.5266  -0.4110 -0.2424 -1.1554 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 3.7446 -3.3127 6.2042 3.3262 -1.8445 -1.8800 -4.4599 

V00183  5.3131  2.4268  3.9984 -4.3367 -4.8389 2.5718 4.7523 

Ch-86 -2.1473 0.2587 1.4125    5.2852  -2.3243 -2.4187  -0.9178 

SH-02 -0.0851 -0.2831 -0.2235 1.8513 -3.1448  5.0161  -0.6547 

3C001 -1.9752  -1.2165  1.5082  -3.5924 -0.3619  1.9642 -1.5193 

93T347 -1.8182   1.8722  3.0560 -0.0257 -1.6784 - 2.8892  0.2293 

Pb-96 -6.4765  1.5699 -2.6039 -0.2403  -5.2325  -1.1441 - 0.3436
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Table 73   Estimates of general combining ability (diagonal), specific 
combining  ability (above diagonal) and reciprocal effects (below 
diagonal) for days to  maturity (N). 

   A. Normal temperature condition. 

  S.E (gi ) = 0.2470 S.E.(sii) = 0.8557   S.E.(sii – sij) = 1.1630      S.E.(sij- skl) = 0.8437                   

  S.E.(sij) = 0.6134 S.E.(gi – gj) = 0.3773 S.E.(sij – sjk) = 1.0333 S.E.(rij- rkl) = 0.9983 

  S.E.(rij) = 0.7059      S.E. (sii – sjj) = 1.1932     S.E.( sij – sik) = 0.9242    

    B. Heat stress condition 

  

 S.E (gi ) = 0.1070 S.E.(sii) = 0.3706    S.E.(sii – sij) = 0.5038     S.E.(sij- skl) = 0.3655                     

  S.E.(sij) = 0.2657 S.E.(gi – gj) = 0.1634S.E.(sij – sjk) = 0.4476  S.E.(rij- rkl) = 0.4324 

  S.E.(rij) = 0.3058    S.E. (sii – sjj) = 0.5168  S.E.( sij – sik) = 0.4003     

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  -2.1292  -3.9659 2.4897 -2.1768  2.8945 -4.4387 -0.9863 

V00183  0.1666 - 3.9625 2.7040  3.0374 -4.0578 -2.8911  -3.1054 

Ch-86 -1.5000 -0.16667 -2.2006  2.0612 -2.2006 -6.2006  0.4183 

SH-02 -0.3333 0.6667  0.1667 - 1.3197  2.9659 -0.5340 5.9429 

3C001 1.0000 0.8333  0.1667  1.1667 3.1084 4.2040 6.7959 

93T347 -1.0000 0.3333 -0.1667   -0.6667   0.3333 3.9625  1.8945 

Pb-96 -1.1667 0.8333 -0.1667 -1.5000   0.1667 -0.5000 3.7278 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347  Pb-96 

BKR-02 -0.7483 -5.3707 -0.4898  2.2721 2.0578 1.9149 0.9625 

V00183   0.1667 -2.0044  2.9863  2.5816 1.3673 -0.6088 -0.2278 

Ch-86  1.0000  0  0.0612 -3.5374 1.2482 0.9387 0.4863 

SH-02 -1.3333 -0.5000 1.0000 -1.0340 -0.9898 -3.1326 6.0510 

3C001  0.5000 -0.3333 -0.1667  0.1667 1.0136  -0.6802 -0.1088 

93T347  0.1667 -0.1667  0  0.1667 2.3333  1.4897  2.8911 

Pb-96  1.1667 -0.1667 -0.1667 -0.1667 -1.1667  0.1667  1.4421
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However, results are different from those of Rudra (2000) and Siddique et al. (2004) 

who reported the preponderance of additive effects for days to maturity.   

            Early maturing wheat genotypes complete their maximum grain filling during 

favorable temperature and generally avoid the heat shock condition and thereby 

perform better in heat stress. Thereby negative combining ability effects for days to 

maturity are desirable. Combining ability analysis (Table 73 A) revealed that under 

normal temperature condition V00183 showed the highest negative GCA effects 

while 93T347 

 was the poorest general combiner. Highest negative SCA performance was observed 

in the F1 hybrid Ch-86 x 93T347, while positive SCA effects were maximum in 

3C001 x Pb-96. Maximum negative reciprocal effects were recorded in Ch-86 x 

BKR-02, while positive effects  were maximum in cross combination of  3C001 x 

SH-02. 

             Under heat stress condition (Table 73 B) best negative GCA performance was 

indicated by V00183 while 93T347 displayed the poorest performance. In case of 

SCA maximum negative effects were recorded for the hybrid BKR-02 x V00183, 

while the poorest positive SCA effects were shown by SH-02 x Pb-96. Highest 

negative reciprocal effects were recorded in SH-02 x BKR-02, while positive effects 

were maximum in cross combination of 93T347 x 3C001. 

4.3.15. Grain set index (%). 

               Combining ability analysis for grain set index (Table 56 & 57) revealed that 

mean squares due to GCA were greater than SCA mean squares and GCA mean 

square was highly significant, while SCA mean square was simply significant under 

normal temperature and both were highly significant in heat stress. Reciprocal effects 

were found non-significant in both temperature regimes. Variance components (Table 

58 & 59) indicated that GCA variance was greater than SCA variance resulting in 

greater additive variance and displaying the importance of additive effects for grain 

set index under both temperature regimes.   

               Combining ability analysis (Table 74-A) revealed that under normal 

temperature condition SH-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest positive SCA performance was observed 

in the F1 hybrid 3C001 x 93T347, while negative SCA effects were maximum in 

93T347 x Pb-96. Highest positive reciprocal effects were recorded in 3C001 x BKR- 
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Table 74  Estimates of general combining ability (diagonal), specific 
combining  ability (above diagonal) and reciprocal effects (below 
diagonal) for grain  set index (%). 

   A.  Normal  temperature condition. 

  S.E (gi ) = 0.3518 S.E.(sii) = 1.2187     S.E.(sii – sij) = 1.6563   S.E.(sij- skl) = 1.2016                  

  S.E.(sij) = 0.8736 S.E.(gi – gj) = 0.5374 S.E.(sij – sjk) = 1.4717 S.E.(rij- rkl) = 1.4218 

  S.E.(rij) = 1.0053    S.E. (sii – sjj) = 1.6994  S.E.( sij – sik) = 1.3163                                                     

    B. Heat stress condition 

  S.E (gi ) =0.1292 S.E.(sii) = 0.4477 S.E.(sii – sij) = 0.6084 S.E.(sij- skl) = 0.4414               

  S.E.(sij) =0.3209 S.E.(gi – gj) = 0.1974S.E.(sij – sjk) = 0.5406   S.E.(rij- rkl) = 0.5223 

  S.E.(rij) =0.3693   S.E. (sii – sjj) = 0.6242   S.E.( sij – sik) = 0.4835     

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02   1.9421 -0.3231  -0.1088 0.7482 0.9625 -0.6802 0.5578 

V00183 -0.1667 2.2755  1.0578 1.0816 1.0292 -0.3469 -0.6088 

Ch-86 -0.8333 0  1.3945 0.4625 -0.3231 -0.7993 0.7721 

SH-02  0.5000 0.1667  0.6667 2.5374 -0.2993 -2.6088 -3.2037 

3C001  2.1667 1.1667  1.6667 1.5000  -2.6768    2.2721 -3.4945 

93T347  1.5000 -0.5000  0.1667 -0.1667 -2.1667 -2.3673 -3.8659 

Pb-96  0.3333 1.1667  0  0.3333 -0.8333 -0.1667 -3.1054 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 5.8877 0.0646 3.3265 -0.1972 0.0170 -2.030 -0.4115 

V00183 0.5000 4.5544 2.9931 1.4693 0.0170 -0.3639 -1.0782 

Ch-86 0.1667 -0.8333 3.6258 0.8979 0.2789 -3.1020 -0.1496 

SH-02 -0.1667 -0.1667 0.6667 4.1496 1.7551 -0.7925 -6.2976 

3C001 0.1667 -0.1667 0.5000 0.5000 -6.3979 3.2551 -8.9353 

93T347 0 -0.3333 0.6667 0.5000 0.3333 -5.8503 -1.4591 

Pb-96 0.1667 0.1667 0.5 0.6667 0.1667 -0.5 -5.9693
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02, while negative effects were maximum in cross combination of 93T347 x 3C001. 

Best GCA performance was indicated by BKR-02 in heat stress condition (Table 

74B). In case of SCA effects maximum positive effects were recorded for the hybrid 

3C001 x 93T347 while the poorest  SCA effects were shown by 3C001 x Pb-96. 

4.3.16 Kernels per unit spike dry weight (N/g)   

            Combining ability analysis for kernels per unit spike dry weight (Table 56 

&57) depicted that mean squares due to GCA were greater than SCA mean squares 

and both were highly significant under both normal temperature and heat stress 

conditions. Reciprocal effects were found non-significant in normal temperature 

regime, while these were highly significant in heat stress condition. Variance 

components (Table 58 & 59) indicated that GCA variance was greater than SCA 

variance resulting in greater additive variance and displaying the importance of 

additive effects for kernels per unit spike dry weight under both temperature regimes.  

           Combining ability analysis (Table 75A) revealed that under normal 

temperature condition SH-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest SCA performance was observed in the F1 

hybrid 3C001 x 93T347, while negative SCA effects were maximum in V00183 x 

93T347. Maximum positive reciprocal effects were recorded in Ch-86 x BKR-02, 

while negative effects were maximum in cross combination of Ch-86 x V00183. 

Under heat stress condition (Table 75-B) best GCA performance was recorded in 

parental genotype Ch-86 while 3C001 displayed the poorest performance. In case of 

SCA effects maximum positive effects were recorded for the hybrid 3C001 x 93T347, 

while the poorest SCA effects were shown by 3C001 x Pb-96. Maximum positive 

reciprocal effects were recorded in Pb-96 x 3C001 while negative effects were 

maximum in cross combination 3C001 x Ch-86.              

4.3.17. Canopy temperature depression (oC) 

 Combining ability analysis for canopy temperature depression (Table 56 & 57) 

revealed that mean squares due to GCA were greater than SCA mean squares and 

both were highly significant under both normal and heat stress conditions. Reciprocal 

effects were found non-significant under both temperature regimes. Variance 

components (Table 58 & 59) indicated that GCA variance was greater than SCA 

variance resulting in greater additive variance and displaying the importance of  

effects for grain set index under both temperature regimes. These results are in  
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Table 75  Estimates of general combining ability (diagonal), specific 

ombining  ability (above diagonal) and reciprocal effects (below 

diagonal) for kernels  per unit  spike dry weight (N/g). 

 A. Normal temperature condition. 

  S.E (gi ) = 0.1836  S.E.(sii) = 0.6363    S.E.(sii – sij) = 0.8748   S.E.(sij- skl) = 0.6274             

  S.E.(sij) = 0.4561 S.E.(gi – gj) =  0.2805 S.E.(sij – sjk) = 0.7684S.E.(rij- rkl) = 0.7423 

  S.E.(rij) = 0.5249    S.E. (sii – sjj) = 0.8872    S.E.( sij – sik) =  0.6872                                                   

    B. Heat stress condition 

  S.E (gi ) = 0.0279  S.E.(sii) = 0.0969   S.E.(sii – sij) = 0.1317   S.E.(sij- skl) = 0.0955              

  S.E.(sij) = 0.0694 S.E.(gi – gj) = 0.0427S.E.(sij – sjk) = 0.1170  S.E.(rij- rkl) = 0.1130 

  S.E.(rij) = 0.0799   S.E. (sii – sjj) = 0.1351  S.E.( sij – sik) = 0.1046    

 

  

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 0.9001 -0.6951 0.7455  0.7729  0.7234  0.1826 -1.6366 

V00183 -0.065  0.0942 0.7048  0.7238 -0.4373 -1.6496  0.1043 

Ch-86  0.4250 -0.3783  0.7868  -0.1987 -0.2432 -0.6889 -0.0066 

SH-02  0.1733  0.0783 -0.1450  0.9877  0.1757 -0.4199 -1.6146 

3C001 -0.2733  -0.2200 -0.1467 -0.0667 -0.9893  0.9105  -1.5768 

93T347 -0.1416  -0.1966 -0.2800 -0.0433  0.0267 -0.6169  0.5555 

Pb-96 -0.0400  0.2550 0.2533 -0.0283 -0.0050 -0.1433 -1.1626

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02   1.0268 -0.3499  0.8105  0.8658  0.3393 -0.0349 -1.7613 

V00183  -0.1166  0.5403  0.5786  0.7005 -0.9258 -0.8334  0.1401 

Ch-86  0.0917  0.0100  1.1082 -0.0856 -0.3787 -0.9979  0.3689 

SH-02  0.0967  -0.0483  -0.0267  1.0446 -0.0051 -0.7627 -1.6057 

3C001  0.1650  -0.1000  -0.2183 -0.1916 -1.5639  1.1958 -2.0441 

93T347  -0.0266  0.1416 -0.0750  0.0667 -0.1000 -0.8646 -0.3160 

Pb-96  -0.0433  -0.1850  -0.1350 -0.1150  0.1833 -0.1400 -1.2915
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Table 76    Estimates of general combining ability (diagonal), specific 
combining  ability  (above  diagonal)  and  reciprocal  effects  
(below  diagonal)  for   canopy  temperature depression (oC) 

   A. Normal temperature condition. 

  S.E (gi ) = 0.1599  S.E.(sii) = 0.5539   S.E.(sii – sij) = 0.7528     S.E.(sij- skl) = 0.5461              

  S.E.(sij) = 0.3970 S.E.(gi – gj) = 0.2442 S.E.(sij – sjk) = 0.6689 S.E.(rij- rkl) = 0.6462 

  S.E.(rij) = 0.4569     S.E. (sii – sjj) =  0.7723      S.E.( sij – sik) = 0.5982                                                

    B. Heat stress condition 

  S.E (gi ) =0.1030  S.E.(sii) = 0.3571   S.E.(sii – sij) = 0.4854    S.E.(sij- skl) = 0.3521                    

  S.E.(sij) =0.2560 S.E.(gi – gj)  = 0.1574 S.E.(sij – sjk) = 0.4312 S.E.(rij- rkl) = 0.4166 

  S.E.(rij) = 0.2946  S.E. (sii – sjj)  = 0.4980  S.E.( sij – sik) = 0.3857    

 

 
 

 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02  0.7449  0.2823 -0.3605 -0.9081 -0.0986 -0.5980 0.9965 

V00183  0.6667  0.8129  0.2346  2.0204 -0.5034 -0.6700 -1.2748 

Ch-86  0  1.0000  1.1224   0.7108 -0.3129 -0.4795  -0.7176 

SH-02  -0.3333  0.6667  1.0000  1.3367 -0.5272 -0.5272 -0.6578 

3C001  0.1667  -0.1667  0.3333  0 -0.6394  1.9489 -0.1224 

93T347  0.1667  -0.1667  0.6667 -0.1667  0.6667  -1.4727 -1.3415 

Pb-96  -0.6667  -0.1667  0.3333 -0.3333  0.3333  0 -1.9013 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 0.6904  -0.0238 -0.2857 -0.4761  -0.1190 -0.1190 0.5476 

V00183 -0.5000  0.6904 -0.2857 1.5238   0.0476 -0.6190 -1.1190 

Ch-86  0  0.3333  1.1190 1.5952   0.1190 -0.5476 -0.3809 

SH-02 -0.1667  0.1667  0.1667  1.1428  -0.7381 -0.0714  -0.6519 

3C001 0.3333 -0.1667  0.3333  0.1667  -0.7142  1.2857  -0.1667 

93T347 0.1667  0 -0.16667 -0.3333   0.5000  -1.2142 -1.0954 

Pb-96 0.3333  0 -0.1666 -0.3333  -0.1666   0 -1.7142 
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conformity with those of Rudra (2000) who reported additive genetic effects for this 

trait. 

             Combining ability analysis (Table 76-A) revealed that under normal 

temperature condition SH-02 showed the highest positive GCA effects while Pb-96 

was the poorest general combiner. Highest positive SCA performance was observed 

in the F1 hybrid V00183 x SH-02, while negative SCA effects were maximum in 

93T347 x Pb-96. Under heat stress condition (Table 76-B) best GCA performance 

was indicated by SH-02 while Pb-96 displayed the poorest performance. In case of 

SCA effects maximum positive effects were recorded for the hybrid Ch-86 x SH-02, 

while the poorest SCA effects were shown by V00183 x Pb-96. 

4.3.18. Cell membrane thermostability (RCI %)                 

            Combining ability analysis for cell membrane thermostability (Table 56 &57) 

revealed that mean squares due to GCA were greater than SCA mean squares and 

both were highly significant under both normal temperature and heat stress 

conditions. Reciprocal effects were found highly significant in normal temperature 

regime, while these were non-significant in heat stress condition. Significant 

differences due to GCA for this have also been reported by Ibrahim and Quick 

(2001b). 

          Variance components (Table 58 & 59) indicated that GCA variance was 

greater than SCA variance resulting in greater additive variance and displaying the 

importance of additive effects for cell membrane thermostability under both 

temperature regimes. These results are in conformity with those of Ibrahim and 

Quick (2001), who reported additive gene effects in the acquired thermal 

tolerance. If relative cell injury is less it will eventually impart high temperature 

stress tolerance, therefore negative combining ability effects for cell membrane 

thermostability (RCI%) are desirable. According to table 77A it was revealed that 

under normal temperature condition SH-02 showed the highest negative GCA 

effects while Pb-96 was the poorest general combiner for cell membrane 

thermosability (RCI%). Highest negative SCA effects were observed in F1 hybrid 

BKR-02 x 93T347 while positive SCA effects were maximum in V00183 x 

93T347. Maximum negative reciprocal effects were recorded in Ch-86 x BKR-02, 

while positive effects were maximum in cross combination of 3C001 x Ch-86.  
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Table 77    Estimates of general combining ability (diagonal), specific  
  combining ability (above diagonal) and reciprocal effects (below 
  diagonal) for cell membrane thermostability (RCI %). 

   A. Normal temperature condition. 

  S.E (gi ) = 0.1054  S.E.(sii) = 0.3654    S.E.(sii – sij) = 0.4966   S.E.(sij- skl) = 0.3603               

  S.E.(sij) = 0.2619 S.E.(gi – gj) =0.1611 S.E.(sij – sjk) = 0.4412  S.E.(rij- rkl) = 0.4263 

  S.E.(rij) = 0.3014   S.E. (sii – sjj) = 0.5095  S.E.( sij – sik) = 0.3947    

    B. Heat stress condition 

   

S.E (gi ) = 0.1417 S.E.(sii) = 0.4910  S.E.(sii – sij) = 0.6673   S.E.(sij- skl) = 0.4841               

  S.E.(sij) = 0.3520 S.E.(gi – gj) = 0.2165 S.E.(sij – sjk) = 0.5929 S.E.(rij- rkl) = 0.5728 

  S.E.(rij) = 0.4050  S.E.(sii – sjj) = 0.6847  S.E.( sij – sik) = 0.5303  

 

 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 -7.5884 -0.1020 3.8741 -0.6496 0.7074  -7.9353 -0.8877 

V00183  0.5000 -3.6598 -4.5544  -1.5782 2.6122  13.469 -3.3163 

Ch-86 -1.0000 -0.5000 -9.1360 0.8979 -3.9115 -1.8877 2.1598 

SH-02  -0.5000 -0.5000 -0.5000 -10.112 -2.2687  1.4217 -6.3407 

3C001  0 0.1666 0.8333 0.5000  10.030 -2.2210 10.397 

93T347  -0.3333 -0.3333 0.5000 0.5000  0  9.3401 6.7074 

Pb-96  0.5000 1.0000 1.0000 0.6666  0 -0.6666 11.125 

Parents BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 -9.5340 0.5102  0.2244 -0.5136  0.3673 -3.0850 -0.7755 

V00183 -0.3333 -6.1054 -4.7040 -7.1088  5.2721 10.486  1.1292 

Ch-86  0.5000 0.6666  -7.9863 -2.3945 -2.3469  5.7006  5.3435 

SH-02  0.1666 0.3333  0.5000  -9.9149  10.081  1.6292 -3.3937 

3C001  0.1666 -0.8333  0.6666  0.1666  11.870 -6.6564  4.1292 

93T347  0.1666 -0.1666  0.5000  0.5000  0  9.9897  6.1292 

Pb-96 -0.1667  0.5000  0.1666  0.8333 -0.5000  -0.5000  11.680 
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 Under heat stress condition (Table 78-B) best GCA performance was indicated by 

SH-02 while 3C001 displayed the poorest perrformance. In case of SCA effects 

maximum negative effects were recorded for the hybrid V00183 x SH-02, while 

the poorest SCA effects were shown by V00183 x 93T347. 

4.3.19. Heat susceptibility index (HSI). 

          Combining ability analysis for heat susceptibility index (Table 57) revealed that 

mean squares due to GCA were greater than SCA mean squares and both were highly   

significant. Reciprocal effects were also found highly significant. Variance 

components (Table 59) indicated that GCA variance was greater than SCA variance 

resulting in greater additive variance and displaying the importance of additive effects 

for heat susceptibility index. 

           As lower values of heat susceptibility index reflect high temperature stress 

tolerance, therefore negative combining ability effects for this trait are desirable. 

Combining ability analysis (Table 78) revealed that parental genotype BKR-02 

showed the highest negative GCA effects while Pb-96 was the poorest general 

combiner. Highest negative SCA performance was observed in the F1 hybrid BKR-02 

x 93T347, while positive SCA effects were maximum in V00183 x 93T347. 

Maximum negative reciprocal effects were recorded in Pb-96 x Ch-86, while positive 

effects were maximum in cross combination of SH-02 x BKR-02. 

            High SCA effects resulting from crosses between higher general combiners 

suggested the possible improvement for that particular trait through pedigree 

selection. For normal temperature condition, this procedure can be adopted for the 

hybrids BKR-02 x Ch-86; Ch-86 x SH-02; BKR-02 x SH-02; Ch-86 x SH-02; Ch-86 

x SH-02; V00183 x Ch-86; V00183 x SH-02 for the improvement of  dry biomass 

per plant at anthesis; spike index at anthesis, 1000-grain weight; grain yield per plant; 

dry biomass per plant at maturity; harvest index  and canopy temperature depression 

respectively. Similarly such hybrid combinations like BKR-02 x SH-02; BKR-02 x 

V00183; BKR-02 x SH-02;   V00183 x SH-02; BKR-02 x V00183; Ch-86 x SH-02; 

V00183 x Ch-86; BKR-02 x  SH-02; BKR-02 x Ch-86; BKR-02 x Ch-86; BKR-02 x 

V00183; Ch-86 x SH-02 and V00183 x SH-02 may be useful for the improvement of 

spike index at anthesis; biomass per plant at anthesis; spikes per plant; spike length; 

spikelets per spike; number of grains per spike; 1000 grain weight; grain yield per 

plant; dry biomass per plant at maturity; harvest index; days to maturity; canopy  
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Table 78  Estimates of general combining ability (diagonal), specific 
combining ability (above  diagonal) and reciprocal effects (below 
diagonal) for heat  susceptibility index. 

 

   

 S.E (gi ) = 0.0021                                                  S.E.(sii – sij)  =  0.0099                                   

  S.E.(sij) = 0.0052                                                   S.E.(sij – sjk) = 0.0088       

  S.E.(rij) = 0.0060                                                   S.E.(sij – sik) = 0.0079 

  S.E.(sii) =  0.0073                                                  S.E. (sii – sjj)  = 0.0102 

  S.E.(gi – gj) = 0.0032                                             S.E.(rij- rk)   =  0.0085 

  S.E. (sii – sjj) = 0.0102 

 

 

 

 

 

 

 

 

PARENTS BKR-02 V00183 Ch-86 SH-02 3C001 93T347 Pb-96 

BKR-02 -0.1159 -0.0535 -0.0697 0.0709 0.0552 -0.132 0.0766 

V00183 -0.0083 -0.1107 -0.1016 0.0090 0.0483 0.0985 0.0230 

Ch-86 -0.0083 0.0083 -0.1145 0.0045 -0.0445 0.0623 0.0652 

SH-02 0.0383 -0.0016 0.0100 -0.0785 -0.0438 0.0597 -0.0658 

3C001 -0.0083 -0.0133 -0.0100 0.0033 0.0904 -0.0926 0.0528 

93T347 0.0300 -0.0066 -0.0033 0.0033 0.0166 0.1535 0.0971 

Pb-96 0.0116 -0.0066 -0.015 0.0100 -0.0016 .0016 0.1757 
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temperature depression and cell membrane thermostability respectively in heat stress 

condition. 

           High SCA effects resulting from crosses involving at least one higher general 

combiner indicate the involvement of additive x dominant gene interaction for the 

expression of that attribute. This situation was observed under normal temperature 

condition in SH-02 x Pb-96 for days to heading and days to anthesis; Ch-86 x 

93T347 for plant height; SH-02 x 3C001 for spikelets per spike; Ch-86 x 93T347 for 

days to maturity and BKR-02 x 93T347 for cell membrane thermostability. Similarly 

this situation was observed in hybrid combinations SH-02 x Pb-96 for days to 

heading and days to anthesis; BKR-02 x 3C001 for plant height and BKR-02 x 

93T347 for heat susceptibility index under heat stress condition. 

              High SCA effects generated as the outcome of crosses having both parents 

coming up with low GCA suggest the presence of epistatic or non-allelic gene 

interaction at the heterozygous loci. Such crosses under normal temperature condition 

were recorded as 3C001 x 93T347 for spike length, number of grain per spike, spikes 

per plant, kernels per unit spike dry weight and grain set index. Similarly under heat 

stress condition fore mentioned situation was observed in cross combination 3C001 x 

93T347 for grain set index and kernels per unit spike dry weight. These crosses may 

be used for further improvement through single plant selection in later generations by 

way of exploring their potential through transgressive segregation. 

             Thus the overall situation displayed the significant role of both additive and 

non-additive genetic variability suggesting the involvement of integrated heat stress 

breeding strategies which can potentially exploit the additive and non-additive genetic 

variability under normal temperature and heat stress conditions. Therefore, use of 

diallel mating with recurrent selection would be helpful for recombination and 

accumulation of desirable genes. Involvement of parental genotypes like SH-02, Ch-

86 and BKR-02 and specific combinations like Ch-86 x SH-02, BKR-02 x Ch-86 may 

be effective for developing wheat genotypes best suited for normal temperature 

condition. Similarly integrated use of pedigree method with recurrent selection or 

diallel crosses involving parents like BKR-02, SH-02 and V00183 and use of specific 

crosses BKR-02 x SH-02, V00183 x Ch-86 and Ch-86 x SH-02 would be more 

effective for evolving  wheat genotypes for the environments prone to  heat stress. 

 

 The conclusions and recommendations deduced from this project are 

summarized as under 

1. Parental genotypes and F1 hybrids can successfully be evaluated for their 



 200

response to thermo-tolerance under normal temperature and heat stress field 

conditions. 

2.  Significant estimates of genetic variability in parental genotypes have been 

recorded which are of paramount importance for plant breeder and the same 

can be exploited by various breeding strategies to develop heat stress 

tolerant germplasm. 

3    GCA of parental genotypes and SCA of F1 hybrids for various traits 

affecting yield and heat tolerance were found significantly high or low in 

desirable direction. This would be helpful for development and final 

selection of high yielding thermo-tolerant wheat varieties through an 

efficient stress breeding programme.  

4.  Genetic mechanism for various traits associated with thermotolerance can 

be established by comprehensive knowledge of genetic basis of heat 

tolerance. 

5. High heritability estimates recorded for most of the traits, reflecting their 

efficient exploitation for breeding high temperature stress tolerant wheat 

varieties. 

6.  Most appropriate traits viz. days to heading , spikes per plant, spike length, 

spikelets per spike, number of grains per spike, 1000 grain weight, days to 

maturity, grain set index, heat susceptibility index, canopy temperature 

depression, cell membrane  thermo-stability and grain yield per plant, which 

can act as an indicator of thermo- tolerance  have been identified. This was the 

enshrined objective of this research project. F1 hybrids displaying the best 

performance were found to have harmonious combinations of aforementioned 

traits in a single genotype. 

7.  Results are consistent with the development of  heat stress idiotype through  

harmonious combination of most or all of the traits imparting whole plant 

thermo-tolerance. 

8. Results are suggestive that breeding material with more diverse back ground 

especially originating from environment characterized with high temperature 

and low humidity may be studied for the development of high yielding and 

thermo-tolerant wheat varieties. 

9  Finally, to buffer the wheat productivity under fluctuating stress environment, 

greater emphasis should be given for the incorporation of physiological traits 

that impart high temperature tolerance. 
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Chapter-V                                          

SUMMARY 

       Two hundred and twenty wheat genotypes of diverse origin were collected as 

breeding material for this research project. A field experiment with two sets, each 

comprising 220 wheat genotypes and three replications according to RCBD was laid 

out during rabi season 2005-06 under normal (15th November planting) and high 

temperature stress (20th December planting) conditions. Four heat stress tolerant and 

three thermolabile wheat genotypes were identified and selected on the basis of grain 

yield for further study during next cropping season. These seven wheat genotypes 

viz., Bhakkar-02, V00183, Ch-86, SH-02, 3C001, 93T347 and Punjab-96 were 

hybridized in 7x7 diallel fashion during 2006-07. Two separate experiments, each 

comprising 49 entries (42 F1 hybrids and 7 parents) and three replications were 

conducted during wheat crop seasons 2007-08. First  under normal temperature 

condition (Timely planting), was laid-out on 10th November 2007 and second under 

high temperature stress situation (late planting) was sown on December 20, 2007. 

Data were collected for yield and various yield components from each genotype under 

both temperature regimes separately and were analyzed according to Steel et al. 

(1997) to determine significant differences. Genetic analysis for the study of genetic 

components of variation, gene action and combining ability were conducted according 

to the procedure as outlined by Mather and Jinks (1982), Hayman (1954) and Griffing 

(1956) respectively. 

              Analysis of variance revealed highly significant differences among genotypes for 

all the traits studied under both normal temperature and heat stress conditions. On 

grand mean basis a considerable reduction in almost all attributes was observed in 

heat stress as compared with normal temperature regime except for canopy 

temperature depression and cell membrane thermostability (RCI%) which showed 

17.05 % and 6.24 % increase under heat stress condition. Maximum reduction (37.01 

% ) was recorded  in case of grain yield per plant ,while cell membrane 

thermostability (RCI %) displayed negative correlation with grain yield.             

           Out of seven parents, the best performance under both temperature regimes 

was showed by genotype BKR-02, which had the maximum value of grain yield per 
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plant and most of its components including  spikes per plant, spike length, spikelets  

per spike (Normal temperature), number of grains per spike, 1000- grain weight, dry 

biomass per plant at maturity, harvest index ( only in normal temperature regime) and 

grain set index (only in heat stress), while 93T347 (normal condition) and Pb-96 in  

heat stress  regime were the poorest performers having minimum values for most of 

yield contributing attributes. Hybrid combinations displaying high values for most of 

the yield components involved BKR-02, SH-02and Ch-86 under normal temperature 

condition. Considerable crosses under normal temperature regime were BKR-02 x 

SH-02, Ch-86 x SH-02, SH-02 x BKR -02 and SH-02 x Ch-86. However, in heat 

stress regime hybrids with best performance include BKR-02 x V00183, BKR-02 x 

SH-02, V00183 x Ch-86, SH-02 x BKR-02 and SH-02 x Ch-86. 

              Diallel analysis conducted for all the traits revealed that under normal 

temperature condition both additive  and dominant genetic effects were significant for 

days to heading, days to anthesis, spike index at anthesis, dry biomass per plant at 

anthesis, plant height. Spikes per plant,  spike length, spikelets per spike, 1000 grain 

weight, grain yield per plant, dry biomass per plant at maturity, days to maturity, 

kernels per unit spike dry weight, canopy temperature depression and cell membrane 

thermostability, while only additive genetic effects were found significant in case of 

number of grains per spike, harvest index and grain set index. 

             Under high temperature condition both additive  and dominant genetic effects 

were significant for days to heading, days to anthesis, spike index at anthesis, dry 

biomass per plant at anthesis, plant height. Spikes per plant,  spike length, spikelets 

per spike, grains per spike,1000 grain weight, grain yield per plant, harvest index, 

days to maturity, grain set index, kernels per unit spike dry weight, canopy 

temperature depression and cell membrane thermostability, heat susceptibility index 

while only additive genetic effects were found significant in case of dry biomass per 

plant at maturity. 

             Scaling tests, under normal temperature condition, revealed complete 

adequacy of data for additive dominance model for plant height, spikes per plant, 

spike length, spikelets per spike, number of grains per spike, 1000-grain weight, grain 

yield per plant, dry biomass per plant at maturity, harvest index, days to maturity, 

grain set index, kernels per unit spike dry weight and canopy temperature depression. 

Presence of non allelic interaction as indicated by the analysis of array variances, 
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made the data partially adequate for the traits viz.,days to heading, days to anthesis, 

spike index at anthesis, dry biomass per plant at anthesis and cell membrane 

thermostability.  

       Under heat stress condition, complete adequacy of data was found for spike index 

at anthesis, dry biomass per plant at anthesis, plant height, spikes per plant, spikelets 

per spike, number of grains per spike, 1000-grain weight, grain yield per plant, dry 

biomass per plant at maturity , harvest index. grain set index, and canopy temperature 

depression. Presence of non-allelic interaction as indicated by the analysis of array 

variances, made the data partially adequate for the traits viz., days to heading, days to 

anthesis, spike length, days to maturity, kernels per unit spike dry weight, cell 

membrane thermostability and heat susceptibility index. 

              Further analysis revealed that under normal  temperature condition genetic 

components of both additive (D) and dominant (H) genetic variation were significant 

for days to anthesis, spike index at anthesis, dry biomass per plant at anthesis, spikes 

per plant,  spike length, spikelets per spike, grains per spike, 1000 grain weight, grain 

yield per plant, dry biomass per plant at maturity, harvest index, days to maturity, 

grain set index, kernels per unit spike dry weight and canopy temperature depression  

while only  additive component (D) was found significant for days to heading, plant 

height and cell membrane thermostability (RCI %). 

             Under heat stress condition  both additive (D) and dominant (H) components 

were significant for days to heading, days to anthesis, spike index at anthesis, dry 

biomass per plant at anthesis, plant height, spikes per plant, spike length, spikelets per 

spike, grains per spike, grain yield per plant, dry biomass per plant at maturity, 

harvest index, days to maturity, kernels per unit spike dry weight, canopy temperature 

depression and heat susceptibility index while only  additive component (D) was 

found significant for 1000 grain weight, grain set index  and cell membrane 

thermostability (RCI %) 

               Graphical analysis for gene action studies showed that for days to heading, 

days to anthesis, spike index at anthesis, plant height, spikes per plant, spike length, 

grains per spike, 1000 grain weight, grain yield per plant, dry biomass per plant at 

maturity, grain set index, kernels per unit spike dry weight, canopy temperature 

depression, cell membrane thermostability and heat susceptibility index, gene action 

remained additive under both normal temperature and heat stress conditions. 
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However, in case of dry biomass per plant at anthesis and harvest index gene action 

changed from additive under normal temperature to overdominance  in heat stress 

condition. However, for spikelets per spike and days to maturity, gene action 

remained overdominance under both temperature regimes. 

              Combining ability studies revealed that under both temperature regimes 

mean squares due to GCA were highly significant for most of the traits with exception 

of  harvest index and days to maturity (heat stress) for which GCA mean squares were 

found only significant, indicating the importance of additive genetic effects. SCA 

mean squares were also found highly significant for most of the traits under both 

temperature conditions except for the grain set index (normal temperature) for which 

the SCA mean squares were found simply significant. Reciprocal effects  were found  

highly significant / significant for about ½ of the traits under  both conditions. 

                 High SCA effects resulting from crosses between higher general combiners 

suggested   the  possible improvement for that particular trait through pedigree 

selection. For normal temperature condition. This procedure can be adopted for the 

hybrids Ch-86 x SH-02; BKR-02 x SH-02; V00183 x Ch-86 and V00183 x SH-02  for 

the improvement of grain yield; 1000-grain weight; harvest index and canopy 

temperature depression respectively. Similarly such hybrid combinations like BKR-02 

x SH-02; BKR-02 x  V00183; BKR-02 x V00183; BKR-02 x SH-02; Ch-086 x SH-

02; Ch-86 x SH -02;V00183 x SH-02 and V00183 x Ch-86  may be useful for the 

improvement of  grain yield per plant; spikelets per spike, days to maturity ; spike 

length, number of grains per spike, canopy temperature depression, cell membrane 

thermostability and 1000-grain weight  in heat stress condition respectively 

                  High SCA effects resulting from crosses involving at least one higher general 

combiner indicate the involvement of additive x dominant gene interaction for the 

expression of that attribute. This situation was observed under normal temperature 

condition in Ch-86 x 93T347 for plant height; SH-02 x 3C001 for spikelets per spike 

and SH-02 x Pb-96 for days to heading. Similarly this situation was observed in 

hybrid combinations SH-02 x Pb-96 for days to anthesis; BKR-02 x 3C001 for plant 

height and BKR-02 x 93T347 for heat susceptibilty under heat stress condition. 

             Thus the overall situation displayed the significant role of both additive and 

non-additive genetic variability suggesting the involvement of integrated heat stress 

breeding strategies which can potentially exploit the additive and non-additive genetic 
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variability under normal temperature and heat stress conditions. Therefore, use of 

diallel mating with recurrent selection would be helpful for recombination and 

accumulation of desirable genes. Involvement of parental genotypes like  SH-02, Ch-

86 and BKR-02 and specific combinations like Ch-86 x SH-02, BKR-02 x SH-86 may 

be effective for developing wheat genotypes best suited for normal temperature 

condition. Similarly integrated use of pedigree method with recurrent selection or 

diallel crosses involving parents like BKR-02, SH-02 and V00183 and use of specific 

crosses BKR-02 x SH-02, V00183 x Ch-86 and Ch-86 x SH-02 would be more 

effective for evolving  wheat genotypes for the environments prone to  heat stress. 

             The conclusions drawn from this study, on the basis of overall results and performance 

of genotypes are outlined as under  

1. The genotypes BKR-02, SH-02 and Ch-86 are suggested the best for realizing 

maximum wheat yield under normal temperature condition. These genotypes exhibited 

best performance in novel aspects viz spike index at anthesis, dry biomass per plant at 

anthesis, grain set index, number of kernels per unit dry spike weight, canopy temperature 

depression, cell membrane thermo stability and heat susceptibility index. It was concluded 

that these techniques may be the acid test for establishment of genetic basis of 

thermotolerance. 

2 Parental genotypes BKR-02 and V00183 are suggested the best for ensuring high 

yield under heat stress condition. However, SH-02 and Ch-86 may also be grown for 

better economic returns. These parental genotypes were studied against grain set 

index and relative cell injury for determination of genetics of terminal heat stress 

tolerance.  Performance of parental strains 3C001, 93T347 and Pb-96 was not 

satisfactory. 

3    F1 hybrids of thermotolerant parental genotypes registered good grain yield in high 

temperature stress. Physiological traits like canopy temperature depression and cell 

membrane thermostability helped in establishment of inheritance of wheat thermo-

tolerance. 

4. Best general combiners observed in stress free environment were BKR-02,   Ch-86 

and SH-02 which would be incorporated in breeding strategies for the appreciation of 

wheat yield. BKR-02, SH-02 and V00183 displayed best general combining effects 

for most of the traits studied in high temperature stress and can be involved in 

hybridization for evolution of thermo- tolerant wheat varieties. 
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APPENDICES 
 
  Appendix I   Monthly meterological data for Noember 2005.  Research area, 
                       Department of Plant Breeding and Genetics, University of Agriculture,  
                       Faisalabad,Pakistan..          

               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN NET  

     
ETO 

WIND 

 
MAX 

 
MIN. 

Avg. Avg. FALL EVAPORATION RADIATION SPEED 

  ºC ºC ºC % mm Mm MJ/m2/DAY      mm Km/h 

1 32.5 16.5 24.5 48 00.0 03.1 09.70 02.6 04.5 

2 29.5 16.5 23.0 53 00.0 03.0 09.50 02.6 04.2

3 29.5 17.0 23.3 55 00.0 02.0 09.50 01.7 04.2 

4 27.5 14.0 20.8 59 00.0 02.3 09.40 02.0 02.8 

5 31.0 13.0 22.0 58 00.0 03.1 09.60 02.6 01.8 

6 30.0 13.5 21.8 58 00.0 02.7 09.40 02.3 01.0 

7 30.0 14.5 22.3 57 00.0 02.6 09.20 02.2 01.8 

8 28.5 13.5 21.0 54 00.0 03.4 09.00 02.9 02.8 

9 30.5 13.0 21.8 60 00.0 02.6 08.50 02.2 01.8 

10 30.5 14.0 22.3 50 00.0 02.3 08.70 02.0 01.7 

11 31.0 15.0 23.0 47 00.0 03.2 08.90 02.7 03.6

12 30.5 15.0 22.8 48 00.0 03.3 08.90 02.8 03.1 

13 30.0 15.0 22.5 50 00.0 03.4 08.80 02.9 03.2 

14 30.0 12.0 21.0 51 00.0 03.8 08.70 03.2 03.5 

15 32.0 12.0 22.0 46 00.0 03.2 09.50 02.7 01.9 

16 29.0 11.0 20.0 47 00.0 03.4 09.60 02.9 03.9 

17 28.0 10.0 19.0 39 00.0 03.7 10.20 03.1 04.3 

18 28.0 09.0 18.5 38 00.0 04.7 10.30 04.0 05.7 

19 28.5 08.5 18.5 50 00.0 03.0 09.50 02.6 02.7 

20 29.0 10.0 19.5 53 00.0 02.5 05.50 02.1 01.2

21 28.5 11.0 19.8 53 00.0 02.8 08.40 02.4 01.7 

22 31.0 11.0 21.0 52 00.0 02.4 08.40 02.0 00.9 

23 29.0 10.5 19.8 54 00.0 02.3 07.20 02.0 01.3 

24 30.0 12.0 21.0 51 00.0 02.8 09.00 02.4 02.1 

25 29.0 12.0 20.5 50 00.0 03.6 08.30 03.1 02.0 

26 28.5 12.5 20.5 47 00.0 03.5 07.60 03.0 01.6 

27 28.0 15.5 21.8 45 00.0 03.4 08.40 02.9 03.6 

28 25.0 11.0 18.0 50 00.0 03.6 06.00 03.1 05.0 

29 24.0 12.0 18.0 50 00.0 03.8 09.00 03.2 06.5

30 24.0 07.0 15.5 42 00.0 03.7 09.30 03.1 04.5 

AVERAGE: 29.1 12.6 20.8 50.5 00.0(Total) 03.1 08.8 02.6 03.0 

5 YEARS : 28.9 12.8 20.8 63 4.1 …. …. …. 03.1 

10 YEARS: 28.5 12.8 20.7 65 3.7 …. …. …. 2.7 
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Appendix II   Monthly meterological data for December 2005.  Research area, 
                       Department of Plant Breeding and Genetics, University of Agriculture,  
                       Faisalabad,Pakistan..          

               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN NET  

     ETO 
WIND 

 
MAX 

 
MIN. 

Avg.   FALL EVAPORATION RADIATION SPEED 

  ºC ºC ºC % mm mm MJ/m2/DAY      mm Km/h 

1 24.0 05.5 14.8 44 00.0 02.8 08.10 02.0 04.5 

2 24.0 05.2 14.6 43 00.0 02.7 08.00 01.9 04.0 

3 23.5 05.0 14.3 42 00.0 02.6 07.80 01.8 02.2

4 24.0 05.0 14.5 50 00.0 02.2 08.10 01.5 02.8 

5 25.0 06.5 15.8 40 00.0 03.3 07.60 02.3 03.3 

6 25.5 07.0 16.3 50 00.0 03.0 08.20 02.1 03.6 

7 28.0 07.0 17.5 51 00.0 03.1 07.80 02.2 01.8 

8 27.0 07.0 17.0 55 00.0 03.0 06.80 02.1 01.9 

9 26.0 08.0 17.0 54 00.0 02.0 07.20 01.4 01.8 

10 25.5 05.0 15.3 45 00.0 02.2 07.50 01.5 02.3 

11 25.0 05.0 15.0 39 00.0 02.5 08.00 01.8 02.8 

12 26.5 03.5 15.0 47 00.0 01.8 07.00 01.3 01.8 

13 24.0 04.0 14.0 47 00.0 02.0 07.20 01.4 01.7 

14 23.5 03.5 13.5 46 00.0 02.2 07.60 01.5 04.6 

15 23.0 04.5 13.8 46 00.0 02.0 07.40 01.4 03.6 

16 23.0 04.0 13.5 55 00.0 01.7 07.20 01.2 02.6 

17 22.0 03.0 12.5 50 00.0 02.2 08.10 01.5 03.6 

18 25.0 03.0 14.0 37 00.0 01.7 07.20 01.2 01.8 

19 24.0 03.5 13.8 55 00.0 01.9 06.70 01.3 03.7 

20 23.5 04.0 13.8 55 00.0 01.7 07.00 01.2 01.8 

21 24.0 03.0 13.5 61 00.0 00.9 04.10 00.6 01.0 

22 22.0 03.5 12.8 60 00.0 01.5 04.00 01.1 01.2 

23 18.5 05.5 12.0 68 00.0 01.5 04.00 01.1 01.6 

24 23.0 04.0 13.5 65 00.0 01.8 04.50 01.3 01.7 

25 23.0 04.5 13.8 50 00.0 02.5 05.60 01.8 02.5 

26 22.5 06.0 14.3 58 00.0 02.0 05.20 01.4 03.4 

27 24.5 11.0 17.8 47 00.0 02.0 04.90 01.4 02.7 

28 23.0 08.0 15.5 62 00.0 01.8 04.00 01.3 01.8 

29 22.5 05.5 14.0 62 00.0 01.7 05.50 01.2 02.0 

30 23.0 05.5 14.3 65 00.0 01.6 06.50 01.1 02.5 

31 22.5 08.0 15.3 63 00.0 01.0 05.00 00.7 01.9 

AVERAGE: 23.9 05.3 14.6 52.0 0.0(Total) 02.1 06.6 01.5 02.5 

5 YEARS : 23.9 8.4 16.2 64 3.34 …. …. …. 03.3 

10 YEARS: 22.5 8.1 15.3 70 3.13 …. …. …. 2.7 
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Appendix III   Monthly meterological data for January 2006.  Research area, 
                       Department of Plant Breeding and Genetics, University of Agriculture,  
                       Faisalabad,Pakistan..                       
               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN NET  

     ETO 
WIND 

 MAX  MIN. Avg.   FALL EVAPORATION RADIATION SPEED 

  ºC ºC ºC % mm mm MJ/m2/DAY      mm Km/h 

1 17.5 13.0 15.3 63 00.0 01.6 03.50 01.1 06.5 

2 14.5 09.0 11.8 90 08.2 01.5 01.50 01.1 04.5 

3 16.0 05.0 10.5 80 00.0 00.5 04.50 00.4 02.6 

4 15.0 04.0 09.5 70 00.0 01.9 08.00 01.3 02.5 

5 17.5 02.0 09.8 65 00.0 02.5 09.30 01.8 09.0 

6 18.5 01.0 09.8 63 00.0 01.2 09.10 00.8 05.0 

7 19.0 01.0 10.0 61 00.0 01.3 09.00 00.9 05.4 

8 21.5 00.5 11.0 45 00.0 01.2 08.90 00.8 01.9 

9 22.0 02.0 12.0 47 00.0 01.3 06.20 00.9 01.9 

10 20.0 05.0 12.5 55 00.0 01.8 06.50 01.3 01.6 

11 22.0 06.0 14.0 42 00.0 02.3 07.80 01.6 04.3 

12 25.5 05.0 15.3 53 00.0 02.2 08.10 01.5 03.0

13 27.0 07.0 17.0 50 00.0 02.2 07.50 01.5 01.1 

14 25.0 07.0 16.0 54 00.0 02.0 07.50 01.4 02.1 

15 22.0 12.0 17.0 57 00.0 01.8 02.70 01.3 00.8 

16 17.0 13.0 15.0 65 T 01.5 02.50 01.1 04.3 

17 20.0 11.5 15.8 73 00.0 01.1 04.30 00.8 02.5 

18 19.5 08.0 13.8 85 00.0 01.0 03.50 00.7 01.7 

19 17.0 05.0 11.0 73 00.0 01.1 05.50 00.8 02.5 

20 22.0 07.0 14.5 52 00.0 01.9 08.50 01.3 02.8 

21 22.0 06.0 14.0 50 00.0 02.6 08.50 01.8 05.0 

22 21.0 05.0 13.0 50 00.0 02.4 08.70 01.7 03.5 

23 21.0 05.5 13.3 48 00.0 03.0 08.40 02.1 05.5 

24 21.5 04.0 12.8 49 00.0 03.0 08.20 02.1 04.3

25 22.0 06.0 14.0 40 00.0 02.5 07.50 01.8 01.0 

26 23.0 05.5 14.3 50 00.0 02.2 07.50 01.5 03.8 

27 24.0 06.5 15.3 49 00.0 02.2 08.20 01.5 02.0 

28 24.0 06.5 15.3 50 00.0 02.3 08.00 01.6 02.1 

29 24.5 08.5 16.5 54 00.0 02.0 06.50 01.4 01.4 

30 22.0 07.5 14.8 61 00.0 02.4 06.50 01.7 02.1 

31 22.0 09.0 15.5 56 00.0 02.6 07.00 01.8 02.3 

AVERAGE: 20.8 06.3 13.5 58.1 8.2(Total) 01.9 06.8 01.3 03.2 

5 YEARS : 19.2 6.4 12.8 69 13.4 …. …. …. 03.8 

10 YEARS: 19.1 7.1 13.1 77 12.4 …. …. …. 03.3 
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Appendix IV  Monthly meterological data for February  2006.  Research area, 
                       Department of Plant Breeding and Genetics, University of Agriculture,  
                       Faisalabad,  Pakistan.                       

               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN NET  

     
ETO 

WIND 

 
MAX 

 
MIN. 

Avg.   FALL EVAPORATION RADIATION SPEED 

  ºC ºC ºC % mm mm MJ/m2/DAY      mm Km/h 

1 26.0 10.0 18.0 52 00.0 02.7 07.50 01.9 01.6 

2 23.5 10.5 17.0 60 00.0 02.6 08.00 02.2 01.7 

3 26.5 10.0 18.3 58 00.0 03.0 08.50 02.6 05.0 

4 27.5 10.5 19.0 48 00.0 03.4 09.00 02.9 06.5 

5 28.0 09.0 18.5 55 00.0 03.9 09.20 03.3 05.0 

6 29.0 11.0 20.0 46 00.0 02.8 06.50 02.4 01.4 

7 24.0 10.0 17.0 70 00.0 01.5 04.80 01.3 01.8 

8 25.0 11.0 18.0 60 00.0 02.2 05.60 01.9 02.8 

9 26.5 09.5 18.0 62 00.0 02.1 07.90 01.8 02.5 

10 29.5 11.5 20.5 60 00.0 02.2 07.00 01.9 02.1

11 29.0 11.5 20.3 48 00.0 02.6 08.00 02.2 02.5

12 29.0 16.0 22.5 48 00.0 02.7 08.30 02.3 03.0 

13 28.5 14.0 21.3 62 00.0 02.7 08.10 02.3 03.7 

14 26.5 14.0 20.3 60 00.0 03.2 05.10 02.7 02.1 

15 29.0 15.5 22.3 43 00.0 03.5 05.70 03.0 03.6 

16 26.0 14.0 20.0 47 00.0 02.5 06.80 02.1 03.3

17 28.0 14.5 21.3 44 00.0 03.3 08.50 02.8 02.9

18 28.0 15.0 21.5 45 00.0 03.0 06.50 02.6 02.3 

19 28.0 15.5 21.8 41 00.0 04.4 06.00 03.7 01.7 

20 30.0 16.0 23.0 45 00.0 03.6 06.90 03.1 01.6 

21 30.0 18.0 24.0 42 00.0 03.7 08.20 03.1 02.0 

22 30.0 20.0 25.0 41 00.0 04.0 08.80 03.4 02.2 

23 24.5 12.0 18.3 75 05.4 02.0 02.00 01.7 05.3 

24 28.0 14.0 21.0 45 00.0 02.9 06.80 02.5 02.7 

25 31.5 14.5 23.0 46 00.0 04.5 10.00 03.8 02.6 

26 29.0 14.0 21.5 62 09.2 04.6 06.80 03.9 02.0 

27 26.0 10.0 18.0 61 00.0 03.3 10.30 02.8 03.2 

28 25.0 12.5 18.8 40 00.0 04.3 12.00 03.7 05.7 

AVERAGE: 27.6 13.0 20.3 52.4 14.6(Total) 03.1 07.5 02.6 03.0 

5 YEARS : 20 7.6 13.8 72 9.5 …. …. …. 03.9 

10 YEARS: 20.1 7.6 13.9 77 19.4 …. …. …. 3.7 
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Appendix V  Monthly meterological data for March  2006.  Research area, 
                       Department of Plant Breeding and Genetics, University of Agriculture,  
                       Faisalabad,  Pakistan.                                

               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN NET  

     
ETO 

WIND 

 
MAX 

 
MIN. 

Avg.   FALL EVAPORATION RADIATION SPEED 

  ºC ºC ºC % mm mm MJ/m2/DAY      mm Km/h 

1 28.0 14.0 21.0 38 00.0 04.5 12.00 03.2 04.6 

2 31.0 12.0 21.5 37 00.0 04.8 10.80 03.4 02.8 

3 30.5 12.0 21.3 43 00.0 05.0 10.50 03.5 02.2 

4 30.0 13.5 21.8 40 00.0 04.0 09.60 02.8 02.6 

5 30.5 14.0 22.3 31 00.0 04.4 08.80 03.1 01.9

6 30.0 15.0 22.5 31 00.0 04.4 10.00 03.1 04.3 

7 31.0 15.0 23.0 33 00.0 05.8 09.60 04.1 04.6 

8 30.0 15.0 22.5 35 00.0 05.6 10.00 03.9 06.8 

9 29.0 17.0 23.0 33 00.0 03.5 10.40 02.5 06.5 

10 26.0 16.0 21.0 36 00.0 03.5 07.20 02.5 04.6 

11 30.0 15.0 22.5 50 00.0 04.6 08.50 03.2 03.9 

12 29.0 15.0 22.0 45 00.0 04.5 09.20 03.2 03.7 

13 27.5 18.0 22.8 44 00.0 03.7 08.40 02.6 03.6 

14 24.0 16.5 20.3 54 05.2 02.3 05.60 01.6 04.3 

15 18.0 13.0 15.5 68 03.2 01.0 01.40 00.7 02.8 

16 24.0 12.5 18.3 56 00.4 03.1 10.80 02.2 02.8 

17 27.0 12.0 19.5 37 00.0 04.5 10.80 03.2 02.1 

18 27.5 13.0 20.3 43 00.0 04.1 11.60 02.9 03.6 

19 28.5 15.5 22.0 45 00.0 04.1 10.40 02.9 05.1 

20 30.5 16.0 23.3 52 04.2 05.4 09.60 03.8 07.9 

21 22.5 14.0 18.3 51 00.8 01.2 04.80 00.8 05.0 

22 28.0 15.0 21.5 38 00.0 04.5 12.50 03.2 04.0 

23 30.5 16.5 23.5 23 00.0 04.2 12.00 02.9 05.0 

24 32.0 18.5 25.3 39 T 05.3 10.80 03.7 05.1 

25 24.0 13.0 18.5 40 00.0 06.0 04.40 04.2 05.1 

26 28.5 15.5 22.0 37 11.2 06.3 11.20 04.4 06.0 

27 27.5 14.5 21.0 32 00.0 05.2 13.00 03.6 05.3 

28 27.0 11.5 19.3 47 12.0 06.0 07.40 04.2 05.4 

29 26.0 13.5 19.8 44 00.0 05.0 13.00 03.5 04.1 

30 30.0 14.5 22.3 30 00.0 06.3 13.50 04.4 04.3 

31 34.0 17.0 25.5 29 00.0 06.5 12.10 04.6 02.5 

AVERAGE: 28.1 14.6 21.4 40.7 37.0(Total) 04.5 09.7 03.1 04.3 

5 YEARS : 28.3 13.6 21 53 18.7 …. …. …. 04.4 

10 YEARS: 27.4 13.8 20.6 55 16.9 …. …. …. 4.6 
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Appendix VI  Monthly meterological data for April  2006.  Research area, 
                       Department of Plant Breeding and Genetics, University of Agriculture,  
                       Faisalabad,  Pakistan.                

               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN NET  

     ETO 
WIND 

 
MAX 

 
MIN. 

Avg.   FALL EVAPORATION RADIATION SPEED 

  ºC ºC ºC % mm mm MJ/m2/DAY      mm Km/h 

1 34.5 18.5 26.5 29 00.0 07.2 11.20 05.0 03.8

2 35.5 18.0 26.8 30 00.0 08.0 10.80 05.6 03.9 

3 36.5 18.0 27.3 32 00.0 07.6 12.00 05.3 04.0 

4 36.5 19.5 28.0 25 00.0 06.3 09.60 04.4 01.8 

5 36.0 19.5 27.8 25 00.0 06.7 10.00 04.7 02.8 

6 36.0 20.5 28.3 26 00.0 08.0 10.30 05.6 03.9 

7 37.0 22.0 29.5 24 00.0 07.5 09.90 05.3 03.0

8 39.0 24.0 31.5 26 00.0 08.6 09.60 06.0 02.0 

9 37.0 23.0 30.0 27 00.0 10.0 06.20 07.0 07.2 

10 31.0 17.0 24.0 25 00.0 10.1 09.00 07.1 09.3 

11 32.0 16.0 24.0 23 00.0 09.5 10.40 06.7 08.6 

12 31.0 11.0 21.0 25 00.0 10.3 10.10 07.2 07.0 

13 33.0 13.0 23.0 20 00.0 12.2 09.80 08.5 05.2

14 35.5 18.5 27.0 20 00.0 13.5 09.60 09.5 05.6 

15 37.0 19.5 28.3 23 00.0 10.7 08.30 07.5 06.0 

16 39.5 21.0 30.3 22 00.0 11.2 09.60 07.8 08.0 

17 37.0 19.0 28.0 20 00.0 09.4 07.00 06.6 05.5 

18 35.0 17.0 26.0 20 00.0 09.3 10.00 06.5 04.6 

19 37.5 22.0 29.8 25 00.0 10.0 09.20 07.0 06.1

20 37.0 22.5 29.8 23 00.0 10.0 09.40 07.0 06.0 

21 38.0 22.0 30.0 20 00.0 10.5 10.00 07.4 05.0 

22 39.0 21.0 30.0 20 00.0 10.8 09.80 07.6 04.0 

23 40.5 22.5 31.5 21 00.0 11.0 09.50 07.7 05.4 

24 40.5 22.0 31.3 22 00.0 11.0 10.00 07.7 05.2 

25 41.0 22.5 31.8 20 00.0 10.5 09.70 07.4 02.7

26 43.0 26.0 34.5 19 00.0 11.0 09.50 07.7 03.2 

27 43.0 27.0 35.0 21 00.0 12.0 09.30 08.4 03.1 

28 44.0 24.0 34.0 24 00.0 11.0 08.50 07.7 02.1 

29 44.5 26.5 35.5 23 00.0 13.0 09.00 09.1 05.0 

30 42.0 27.0 34.5 22 00.0 12.0 06.50 08.4 05.4 

AVERAGE: 37.6 20.7 29.2 23.4 0.0(Total) 10.0 09.5 07.0 04.8

5 YEARS : 36.1 20.1 28.1 35.5 13.8 …. …. …. 05.2 

10 YEARS: 35.6 19.8 27.7 38.9 26.4 …. …. …. 6.1 
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Appendix VII Monthly meterological data for  November  2007.  Research area, 
                       Department of Plant Breeding and Genetics, University of Agriculture,  
                       Faisalabad,  Pakistan.                    

               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE AVG. RAIN  PAN Sun 

     ETO 
WIND 

 
MAX 

 
MIN. 

Avg. R.H. FALL EVAPORATION Shine SPEED 

  ºC ºC ºC % mm mm hours      mm Km/h 

1 31.0 13.0 22.0 28 00.0 05.0 10.00 03.5 02.2 

2 30.5 13.0 21.8 26 00.0 04.0 09.75 02.8 04.5 

3 31.5 14.5 23.0 27 00.0 04.0 09.00 02.8 02.9 

4 31.5 13.0 22.3 23 00.0 04.0 09.00 02.8 04.3 

5 30.0 14.5 22.3 33 00.0 04.0 09.25 02.8 01.4 

6 29.0 14.0 21.5 38 00.0 04.0 09.00 02.8 01.1 

7 30.0 18.0 24.0 32 00.0 05.0 07.00 03.5 10.0 

8 29.5 17.0 23.3 41 00.0 05.0 06.50 03.5 00.7 

9 30.0 15.0 22.5 44 00.0 03.0 07.50 02.1 01.8 

10 29.0 14.0 21.5 46 00.0 04.0 07.00 02.8 01.1 

11 27.0 14.5 20.8 47 00.0 04.0 06.00 02.8 00.0 

12 28.0 14.0 21.0 53 00.0 03.5 04.00 02.5 03.6 

13 27.0 14.0 20.5 55 00.0 02.5 02.50 01.8 03.0 

14 26.5 14.5 20.5 62 00.0 02.5 03.00 01.8 02.2 

15 26.5 14.5 20.5 57 00.0 02.5 03.00 01.8 01.8 

16 26.0 13.5 19.8 45 00.0 01.0 04.00 00.7 00.4 

17 26.5 12.0 19.3 52 00.0 01.0 08.50 00.7 02.8 

18 26.5 12.5 19.5 51 00.0 02.0 07.50 01.4 00.7 

19 26.0 12.0 19.0 55 00.0 02.0 07.00 01.4 01.5 

20 26.0 12.5 19.3 58 00.0 01.5 07.50 01.1 00.0 

21 25.0 11.0 18.0 50 00.0 02.0 07.00 01.4 03.0 

22 26.5 11.5 19.0 51 00.0 02.0 06.50 01.4 00.0 

23 26.5 11.0 18.8 57 00.0 02.0 07.00 01.4 01.5 

24 26.5 11.0 18.8 54 00.0 02.0 06.00 01.4 02.0 

25 26.0 12.0 19.0 54 00.0 01.0 06.00 00.7 01.8 

26 25.5 11.5 18.5 52 00.0 01.5 04.00 01.1 01.8 

27 25.0 12.0 18.5 63 00.0 02.0 04.00 01.4 00.8 

28 24.0 13.0 18.5 59 00.0 01.5 06.00 01.1 01.5 

29 26.0 12.0 19.0 49 00.0 01.0 02.00 00.7 06.0 

30 23.5 13.0 18.3 49 00.0 02.0 06.60 01.4 07.2 

AVERAGE: 27.4 13.3 20.3 47.0 0(total) 02.7 06.4 01.9 02.4 

5 YEARS : 28.7 13.2 21 55.1 6.4 …. …. …. 03.1 

10 YEARS: 28.3 12.4 20.4 60.6 5.2 …. …. …. 2.9 
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Appendix VIII   Monthly meterological data for December  2007.  Research area, 
                       Department of Plant Breeding and Genetics, University of  Agriculture,  
                       Faisalabad,  Pakistan.                    

               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN Sun 

     ETO 
WIND 

 
MAX 

 
MIN. Avg.   FALL EVAPORATION Shine SPEED 

  ºC ºC ºC % mm mm hours      mm Km/h 

1 21.5 12.0 16.8 57 00.0 02.0 06.50 01.4 09.6

2 22.0 12.0 17.0 51 00.0 02.0 06.50 01.4 07.1

3 22.0 11.5 16.8 51 00.0 02.0 08.50 01.4 07.9

4 22.5 08.5 15.5 33 00.0 03.5 09.00 02.5 05.8

5 23.0 08.0 15.5 33 00.0 02.5 09.00 01.8 05.0

6 21.5 07.5 14.5 49 00.0 02.0 02.50 01.4 01.8

7 20.5 08.0 14.3 44 00.0 02.0 08.50 01.4 02.8

8 20.5 06.5 13.5 46 00.0 02.0 07.50 01.4 03.6

9 20.0 09.0 14.5 51 00.0 02.0 01.00 01.4 06.1

10 19.0 13.0 16.0 50 01.0 01.5 02.00 01.1 07.2

11 19.0 08.0 13.5 50 05.0 01.0 02.50 00.7 08.3

12 17.0 09.5 13.3 59 00.0 02.0 02.00 01.4 07.1

13 17.0 07.0 12.0 61 00.0 01.0 07.50 00.7 04.3

14 19.0 07.0 13.0 48 00.0 01.0 08.50 00.7 06.5

15 19.0 07.0 13.0 39 00.0 02.0 09.00 01.4 02.1

16 20.5 06.0 13.3 50 00.0 02.0 09.00 01.4 07.3

17 20.0 05.5 12.8 47 00.0 02.0 09.00 01.4 07.0

18 21.5 07.0 14.3 56 00.0 03.0 01.50 02.1 07.5

19 18.5 04.5 11.5 54 00.0 01.0 08.00 00.7 02.8

20 19.0 06.0 12.5 70 00.0 02.0 08.00 01.4 04.3

21 21.5 06.5 14.0 63 00.0 02.0 08.00 01.4 04.5

22 22.5 06.0 14.3 60 00.0 02.5 08.50 01.8 06.5

23 23.0 05.5 14.3 62 00.0 02.5 08.50 01.8 03.5

24 24.0 06.5 15.3 70 00.0 02.0 07.45 01.4 04.0

25 24.5 06.0 15.3 66 00.0 02.0 08.50 01.4 02.5

26 24.0 05.0 14.5 56 00.0 02.0 09.00 01.4 02.1

27 21.0 05.5 13.3 67 00.0 03.0 08.45 02.1 03.6

28 20.5 05.0 12.8 68 00.0 02.0 08.45 01.4 01.5

29 20.0 04.0 12.0 85 00.0 02.5 09.00 01.8 04.2

30 19.0 04.0 11.5 64 00.0 02.0 09.00 01.4 04.7

31 19.0 03.0 11.0 62 00.0 01.7 08.50 01.2 05.6

AVERAGE: 20.7 07.1 13.9 55.5 Total=  6.0 02.0 07.1 01.4 05.1

5 YEARS : 23.6 8.4 15 60 10.2 …. …. …. 03.0

10 YEARS: 22.7 8.1 14.9 67 7.8 …. …. …. 2.8
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Appendix  IX   Monthly meterological data for January  2008.  Research area, 
                         Department of Plant Breeding and Genetics,  
                         University of  Agriculture,  Faisalabad, Pakistan.                 
               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN NET  

     ETO 
WIND 

 
MAX 

 
MIN. 

Avg.   FALL EVAPORATION sun shine SPEED 

  ºC ºC ºC % mm mm hours      mm Km/h 

1 19.0 03.0 11.0 25 00.0 03.0 08.25 02.1 08.6 
2 19.5 03.0 11.3 33 00.0 01.5 08.50 01.1 01.8 
3 18.5 02.5 10.5 36 00.0 02.0 02.00 01.4 04.7 
4 18.0 03.0 10.5 30 00.0 01.0 08.50 00.7 05.4 
5 19.0 07.0 13.0 30 00.0 01.5 00.00 01.1 03.6 
6 15.0 05.5 10.3 44 00.3 01.3 07.75 00.9 01.9 
7 18.5 08.0 13.3 37 00.0 02.5 01.00 01.8 01.7 
8 18.5 10.0 14.3 57 00.8 02.3 00.00 01.6 02.1 
9 14.0 11.0 12.5 63 06.8 00.3 00.00 00.2 03.8 

10 17.0 10.5 13.8 68 27.0 00.0 00.50 00.0 03.6 
11 16.0 05.0 10.5 57 00.0 01.0 08.00 00.7 05.4 
12 16.0 06.0 11.0 39 00.0 01.5 08.50 01.1 09.4 
13 18.0 04.0 11.0 32 00.0 02.0 08.00 01.4 04.6 
14 18.5 06.0 12.3 58 00.0 02.5 05.50 01.8 03.6 
15 19.0 04.0 11.5 50 00.0 03.0 06.50 02.1 00.0 
16 21.5 09.0 15.3 50 00.0 02.5 00.00 01.8 00.7 
17 17.0 11.0 14.0 70 00.4 01.5 00.00 01.1 03.2 
18 13.0 07.5 10.3 80 11.3 00.3 08.00 00.2 07.0 
19 16.0 00.0 08.0 54 00.0 02.0 08.75 01.4 02.5 
20 17.5 00.0 08.8 29 00.0 01.5 09.00 01.1 04.6 

21 16.5 00.5 08.0 29 00.0 01.5 09.25 01.1 03.2
22 15.0 01.0 07.0 38 00.0 01.5 09.00 01.1 04.7 
23 15.0 00.5 07.3 29 00.0 01.0 09.50 00.7 07.9
24 14.5 02.0 06.3 37 00.0 02.0 09.00 01.4 00.7 
25 17.0 01.5 07.8 19 00.0 02.0 09.00 01.4 02.0 
26 14.5 03.0 05.8 46 00.0           02.0 09.25 01.4 03.2
27 15.5 00.0 07.8 26 00.0 02.5 09.00 01.8 07.5 
28 16.0 04.0 10.0 22 00.0 02.0 09.00 01.4 05.4 
29 17.0 02.0 09.5 27 00.0 03.0 08.50 02.1 04.3 
30 19.0 01.0 10.0 37 00.0 02.0 08.75 01.4 02.2 
31 19.0 00.5 09.8 35 00.0 02.5 09.50 01.8 05.7

AVERAGE: 17.0 03.7 10.4 41.5 46.6(total) 01.8   01.2 04.0 

5 YEARS : 19.7 6.9 13.3 70 46.6 …. …. …. 03.5 

10 YEARS: 19.4 6.9 13.1 75 13.4 …. …. …. 03.1 
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Appendix X   Monthly meterological data for February  2008.  Research area, 
                       Department of Plant Breeding and Genetics,  
                       University of  Agriculture,  Faisalabad, Pakistan.           

               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN SUN 

     ETO 
WIND 

 
MAX 

 
MIN. Avg.   FALL EVAPORATION SHINE SPEED 

  ºC ºC ºC % mm mm Hours      mm Km/h 

1 18.5 00.0 09.3 28 00.0 02.5 09.00 01.8 05.4

2 19.0 03.5 11.3 38 00.0 02.0 00.00 01.7 05.9

3 16.0 05.0 10.5 51 05.6 00.6 06.50 00.5 06.5

4 13.5 07.0 10.3 50 00.0 02.5 02.50 02.1 08.3

5 14.5 02.0 08.3 56 00.0 02.5 06.75 02.1 08.0

6 16.0 05.0 10.5 38 00.0 01.5 03.50 01.3 05.7

7 16.0 09.0 12.5 43 00.8 01.0 00.00 00.9 09.0

8 11.5 07.5 09.5 36 00.4 00.2 00.00 00.2 03.6

9 14.5 02.0 08.3 54 00.0 02.0 04.25 01.7 10.0

10 16.0 03.0 09.5 38 00.0 03.0 09.50 02.6 14.2

11 19.0 00.5 09.8 25 00.0 03.0 10.00 02.6 10.0

12 19.5 01.5 10.5 26 00.0 03.0 10.00 02.6 06.5

13 19.0 02.5 10.8 16 00.0 04.0 09.00 03.4 08.5

14 19.5 03.5 11.5 30 00.0 04.0 10.00 03.4 02.8

15 22.5 04.5 13.5 36 00.0 02.5 09.00 02.1 06.5

16 24.0 07.0 15.5 31 00.0 02.5 06.00 02.1 03.2

17 23.5 08.0 15.8 30 00.0 03.0 09.00 02.6 06.8

18 23.0 08.0 15.5 52 00.0 03.0 10.00 02.6 05.0

19 24.0 08.0 16.0 43 00.0 05.0 09.50 04.3 02.3

20 26.0 06.0 16.0 49 00.0 04.0 10.00 03.4 02.5

21 27.0 09.5 18.3 32 00.0 05.0 08.00 04.3 05.0

22 21.0 08.0 14.5 37 00.0 03.0 00.00 02.6 04.4

23 20.5 08.5 14.5 36 00.0 03.0 01.00 02.6 08.3

24 22.0 07.5 14.8 43 00.0 02.5 09.00 02.1 07.5

25 23.5 06.5 15.0 35 00.0 04.0 09.00 03.4 05.0

26 23.0 08.0 15.5 26 00.0 04.5 10.00 03.8 12.2

27 25.5 07.5 16.5 28 00.0 05.0 10.00 04.3 09.4

28 28.0 08.0 18.0 37 00.0 04.5 10.00 03.8 05.4

29 29.5 09.5 19.5 39 03.0 09.25 02.6 02.6

AVERAGE: 20.5 05.7 13.1 37.3 6.8(total) 03.0 06.9 02.5 06.6

5 YEARS : 22.3 10.0 16.2 65.7 23.2 …. …. …. 03.4 

10 YEARS: 20.4 8.2 14.3 72.0 15.9 …. …. …. 4.1 
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Appendix XI   Monthly meterological data for March  2008.  Research area, 
                        Department of Plant Breeding and Genetics,  
                        University of  Agriculture,  Faisalabad, Pakistan.                  
               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN PAN SUN 

     ETO 
WIND 

 
MAX 

 
MIN. 

Avg.   FALL EVAPORATION SHINE SPEED 

  ºC ºC ºC % mm mm Hours      mm Km/h 

1 29.5 11.5 20.5 44 00.0 03.5 08.75 02.5 06.1

2 28.0 12.5 20.3 44 00.0 03.0 08.25 02.1 04.6 

3 28.5 13.5 21.0 48 00.0 03.5 07.50 02.5 05.8 

4 29.0 14.0 21.5 49 00.0 02.5 07.00 01.8 06.5

5 28.0 12.5 20.3 38 00.0 05.0 08.75 03.5 06.8 

6 30.0 12.0 21.0 40 00.0 04.0 09.00 02.8 04.7 

7 30.0 14.5 22.3 40 00.0 05.0 09.25 03.5 03.6

8 28.0 12.0 20.0 40 00.0 05.0 08.50 03.5 07.2 

9 27.5 12.5 20.0 45 00.0 05.0 09.25 03.5 05.4 

10 29.0 12.5 20.8 40 00.0 05.5 09.00 03.9 04.3 

11 29.5 13.0 21.3 42 00.0 05.0 03.00 03.5 02.9 

12 29.0 14.0 21.5 40 00.0 04.0 09.75 02.8 05.0 

13 30.0 13.5 21.8 34 00.0 05.0 09.50 03.5 05.4 

14 30.0 15.0 22.5 29 00.0 05.5 09.50 03.9 05.7 

15 30.0 15.0 22.5 35 00.0 05.0 09.50 03.5 05.0 

16 31.0 14.0 22.5 36 00.0 05.0 09.50 03.5 06.0 

17 33.0 17.0 25.0 38 00.0 04.0 09.25 02.8 02.8 

18 33.5 18.0 25.8 33 00.0 04.0 10.00 02.8 04.7 

19 33.0 14.5 23.8 34 00.0 06.5 09.75 04.6 04.7 

20 33.0 14.5 23.8 37 00.0 06.0 09.25 04.2 04.0 

21 31.5 14.5 23.0 44 00.0 05.5 06.50 03.9 05.0 

22 30.5 13.5 22.0 39 00.0 05.5 10.00 03.9 03.2 

23 31.0 14.0 22.5 37 00.0 05.0 10.00 03.5 03.6 

24 32.0 16.0 24.0 30 00.0 06.0 10.25 04.2 06.1 

25 33.0 16.0 24.5 24 00.0 06.0 10.00 04.2 05.4 

26 33.0 16.0 24.5 31 00.0 06.5 07.50 04.6 07.6 

27 32.5 17.0 24.8 41 00.0 04.5 10.00 03.2 05.2 

28 34.0 18.0 26.0 39 00.0 06.0 10.00 04.2 01.8 

29 32.5 15.5 24.0 34 00.0 05.5 10.00 03.9 07.2 

30 34.0 15.5 24.8 33 00.0 06.0 07.75 04.2 01.1 

31 35.0 18.0 26.5 35 00.0 05.5 09.50 03.9 07.2 

AVERAGE: 30.9 14.5 22.7 37.8 00.0 05.0 08.9 03.5 05.0 

5 YEARS : 28.6 14.6 21.6 48.2 32.7 …. …. …. 04.0 

10 YEARS: 28.3 13.9 21.1 50.5 18.8 …. …. …. 4.5 
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Appendix XII   Monthly meterological data for April 2008.  Research area, 
                        Department of Plant Breeding and Genetics,  
                        University of  Agriculture,  Faisalabad, Pakistan.                  

               LATITUDE = 31O- 26' N,  LONGITUDE = 73O- 06' E,  ALTITUDE = 184.4m 

DATE 
TEMPERATURE R.H. RAIN  PAN SUN 

    ETo 
WIND 

 
MAX 

 
MIN. 

Avg.   FALL EVAPORATION SHINE SPEED 

  ºC ºC ºC % mm mm Hours     mm Km/h 

1 30.0 17.0 23.5 34 00.0 08.0 9.50 05.6 07.2 

2 32.0 19.0 25.5 37 00.2 07.0 5.00 04.9 01.2 

3 31.5 15.0 23.3 43 05.2 06.2 1.00 04.3 05.4 

4 22.5 13.5 18.0 61 00.0 01.5 5.00 01.1 08.3

5 26.0 14.5 20.3 53 01.4 05.0 5.00 03.5 07.2 

6 25.0 13.0 19.0 57 00.6 04.1 6.50 02.9 11.8 

7 25.0 16.0 20.5 56 00.0 03.5 9.00 02.5 04.7 

8 29.0 20.0 24.5 41 00.0 05.5 9.00 03.9 09.0 

9 32.5 18.0 25.3 44 00.0 06.0 6.00 04.2 06.1

10 31.5 19.5 25.5 40 00.0 06.5 5.00 04.6 11.2 

11 31.5 19.0 25.3 40 00.0 06.0 9.00 04.2 07.9 

12 32.0 19.0 25.5 42 01.3 04.5 10.75 03.2 05.4

13 33.5 20.0 26.8 40 00.0 06.5 9.00 04.6 05.4 

14 31.5 20.0 25.8 35 00.0 08.0 3.00 05.6 05.0 

15 31.5 20.0 25.8 41 01.2 06.2 6.50 04.3 08.6 

16 31.5 15.5 23.5 39 06.1 05.1 10.50 03.6 09.4 

17 28.5 15.0 21.8 34 00.0 05.5 9.50 03.9 08.3

18 31.0 16.0 23.5 29 00.0 06.5 10.50 04.6 04.7 

19 34.0 18.0 26.0 26 00.0 07.0 9.00 04.9 01.4 

20 36.5 20.0 28.3 21 00.0 07.0 10.00 04.9 05.4 

21 36.5 20.0 28.3 24 00.0 07.0 10.50 04.9 06.1 

22 37.5 27.5 32.5 23 00.0 09.0 10.00 06.3 05.6

23 40.0 21.0 30.5 23 00.0 09.0 10.50 06.3 06.5 

24 37.5 21.5 29.5 23 00.0 12.0 10.50 08.4 05.0 

25 40.0 20.5 30.3 20 00.0 12.0 7.00 08.4 04.7

26 40.0 22.0 31.0 19 00.0 11.0 11.25 07.7 09.7 

27 39.5 20.0 29.8 15 00.0 09.5 11.00 06.7 05.2 

28 38.5 19.5 29.0 17 00.0 10.0 11.50 07.0 04.7 

29 41.0 21.5 31.3 14 00.0 10.0 10.50 07.0 05.0 

30 41.5 21.5 31.5 16 00.0 08.0 10.50 05.6 04.0

AVERAGE: 33.3 18.8 26.0 33.6 Total=16 07.1 11:00 05.0 06.3 

5 YEARS : 37.1 20.3 28.7 31.8 7.5 …. …. …. 04.3 

10 YEARS: 36.6 20.2 28.4 34.8 11.6 …. …. …. 5.6 
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Appendix XIII     

Relative tolerance index and relative performance ratio data of 220 genotypes  used 
in preliminary screening (2005-06) 

Sr.No Genotype/ variety 
Average grain yield / plant (g) 

RTI%* RPR%** 
Normal Temp Heat Stress 

1 99B4012 20.33 10.33 49.19 50.81 

2 V00125 18 8.67 51.83 48.17 

3 SD66 18.66 8.67 53.54 46.46 

4 V00183 31 20.67 33.32 66.68 

5 WAFAQ01 15 7.33 51.13 48.87 

6 91BD01084 14 6.67 52.36 47.64 

7 99B2237 19.33 9.67 49.97 50.03 

8 V01180 21 11.33 46.05 53.95 

9 SARC-5 21.33 11.33 46.88 53.12 

10 CT00231 23.66 11.67 50.68 49.32 

11 RWM9313 20.66 11 46.76 53.24 

12 93T347 25 11.33 54.68 45.32 

13 DIMOND 20.33 8.67 57.35 42.65 

14 V99022 21 8.67 58.71 41.29 

15 NRDW-1 14 6.33 54.79 45.21 

16 99B2278 13 7 46.15 53.85 

17 7-03 16 7 56.25 43.75 

18 SN122 20 10 50.00 50.00 

19 BARS-3 18.67 8.33 55.38 44.62 

20 2KC033 23 11 52.17 47.83 

21 PR-80 16 8.67 45.81 54.19 

22 NR234 21 9 57.14 42.86 

23 NRL9912 19.67 9.67 50.84 49.16 

24 V00055 22.67 11.67 48.52 51.48 

25 NR231 24 11.33 52.79 47.21 

26 2KC050 24.67 11.33 54.07 45.93 
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Sr.No Genotype/ variety 
Average grainyield / plant (g) 

RTI%* RPR%** 
Normal Temp Heat Stress 

27 KT2000 24 11.67 51.38 48.63 

28 BLUE SILVER 20 8.67 56.65 43.35 

29 CW86 30 19.67 34.43 65.57 

30 SIND 81 19 9.67 49.11 50.89 

31 ZARGHOON 18 11.67 35.17 64.83 

32 FSD83 20 10.67 46.65 53.35 

33 FSD 85 21 13.33 36.52 63.48 

34 INQ 91 30 18 40.00 60.00 

35 KAGHAN 83 14 6.67 52.36 47.64 

36 KIRN 95 15.33 6.67 56.49 43.51 

37 KOHINOOR 83 17.33 7.33 57.70 42.30 

38 LU 26 21 12 42.86 57.14 

39 PARWAZ 94 22 13 40.91 59.09 

40 PASBAAN 90 24 11.33 52.79 47.21 

41 PEERSABAK 85 23 9.33 59.43 40.57 

42 PUNJAB 96 25 11.67 53.32 46.68 

43 SARSABZ 92 20 8.33 58.35 41.65 

44 BHAKKAR 2002 30 19.67 34.43 65.57 

45 SHAHEEN 94 16 8.67 45.81 54.19 

46 SHAHKAR 95 21 11.33 46.05 53.95 

47 SOGHAT 90 22.66 9.67 57.33 42.67 

48 TANDOJAAM 93 21 10.33 50.81 49.19 

49 SH2002 29 20.33 29.90 70.10 

50 PAK 81 24.33 13.33 45.21 54.79 

51 BWP 97 25 12 52.00 48.00 

52 MH 97 24.33 11.33 53.43 46.57 

53 KOHISHTAN 97 23.33 13.67 41.41 58.59 

54 KOHSAAR 95 21 8.67 58.71 41.29 

55 ROHTAS 90 21.67 8.67 59.99 40.01 
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Sr.No Genotype/ variety 
Average grainyield / plant (g) 

RTI%* RPR%** 
Normal Temp Heat Stress 

56 SULIMAN 96 20 10.67 46.65 53.35 

57 WL711 23 13.67 40.57 59.43 

58 ANMOOL 91 20 10.67 46.65 53.35 

59 BWP 2000 23 11.67 49.26 50.74 

60 FAKHRE SARHAD 23.33 11.67 49.98 50.02 

61 MARVI 2000 22 10.67 51.50 48.50 

62 AS 2002 24 11.67 51.38 48.63 

63 IQBAL 2000 22 10.67 51.50 48.50 

64 AUQAB 2000 26 11.67 55.12 44.88 

65 CH 97 28 16 42.86 57.14 

66 V1180 21 11.67 44.43 55.57 

67 V01034 21.66 11.67 46.12 53.88 

68 V01045 24.33 12.33 49.32 50.68 

69 V01180 23.33 11.67 49.98 50.02 

70 V02200 22.33 11.67 47.74 52.26 

71 V02201 22.67 11.33 50.02 49.98 

72 V02190 21.33 9.33 56.26 43.74 

73 V01027 24 12.67 47.21 52.79 

74 SEHAR 06 26.33 16 39.23 60.77 

75 V01149 21.67 10.67 50.76 49.24 

76 V02166 19.33 9 53.44 46.56 

77 V02169 18 8 55.56 44.44 

78 V02172 16.33 6.67 59.15 40.85 

79 9717 20.66 9 56.44 43.56 

80 9718 20.67 10.33 50.02 49.98 

81 9719 20 11.33 43.35 56.65 

82 9720 23 11.67 49.26 50.74 

83 9721 25 14 44.00 56.00 

84 9722 21 10.33 50.81 49.19 
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Sr.No Genotype/ variety 
Average grainyield / plant (g) 

RTI%* RPR%** 
Normal Temp Heat Stress 

85 9723 19.33 10.33 46.56 53.44 

86 9724 13 5.67 56.38 43.62 

87 9725 14.67 7.33 50.03 49.97 

88 9726 20 10.33 48.35 51.65 

89 9727 25.67 14 45.46 54.54 

90 9728 24 14 41.67 58.33 

91 9729 23.33 11 52.85 47.15 

92 9730 12 7 41.67 58.33 

93 9731 16.67 8 52.01 47.99 

94 9732 20 11 45.00 55.00 

95 9734 21.33 10 53.12 46.88 

96 9735 18 9.67 46.28 53.72 

97 9736 17.66 9 49.04 50.96 

98 3C057 19 10.33 45.63 54.37 

99 3C058 20 11 45.00 55.00 

100 3C059 24 13 45.83 54.17 

101 3C060 18 11 38.89 61.11 

102 3C061 13.33 6.67 49.96 50.04 

103 3C062 20 11 45.00 55.00 

104 3C063 24 13 45.83 54.17 

105 3C064 23 12 47.83 52.17 

106 3C065 18 11 38.89 61.11 

107 3C066 13 6.67 48.69 51.31 

108 3C067 14.67 7.33 50.03 49.97 

109 3C068 18 7.67 57.39 42.61 

110 3C069 19 10 47.37 52.63 

111 3C070 22 10 54.55 45.45 

112 3C071 22 11.33 48.50 51.50 

113 3C072 13 6.67 48.69 51.31 
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Sr.No Genotype/ variety 
Average grainyield / plant (g) 

RTI%* RPR%** 
Normal Temp Heat Stress 

114 3C073 13 5.67 56.38 43.62 

115 3C074 15 6.67 55.53 44.47 

116 3C075 16.33 9 44.89 55.11 

117 3C076 17.33 9.67 44.20 55.80 

118 2C020 22 11 50.00 50.00 

119 2C021 28 17 39.29 60.71 

120 1C001 21 12 42.86 57.14 

121 1C002 20 9 55.00 45.00 

122 1C006 18 9 50.00 50.00 

123 1C007 19 9 52.63 47.37 

124 1C020 18 11 38.89 61.11 

125 1C026 17.33 8 53.84 46.16 

126 2KC010 19 9.33 50.89 49.11 

127 2KC033 21.33 11 48.43 51.57 

128 GA2000 24 11.67 51.38 48.63 

129 RAWAL 87 20 10.67 46.65 53.35 

130 3C023 23.33 10.67 54.26 45.74 

131 4C030 21.33 10.67 49.98 50.02 

132 3C001 22.33 8.67 61.17 38.83 

133 TW0102 20.67 8.67 58.06 41.94 

134 TW0103 21.33 9.33 56.26 43.74 

135 TW0104 19.33 8.67 55.15 44.85 

136 TW0105 13.67 7 48.79 51.21 

137 TW0106 18.33 7.33 60.01 39.99 

138 TW0107 23.33 10.33 55.72 44.28 

139 TW0108 24.33 10.33 57.54 42.46 

140 TW0109 21.67 9.67 55.38 44.62 

141 TW0110 14.33 8 44.17 55.83 

142 TW0111 18.67 8.33 55.38 44.62 
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Sr.No Genotype/ variety 
Average grainyield / plant (g) 

RTI%* RPR%** 
Normal Temp Heat Stress 

143 TW0112 21.67 11 49.24 50.76 

144 99T055 24.33 13 46.57 53.43 

145 99T053 15.33 7.67 49.97 50.03 

146 99T052 18.33 10.67 41.79 58.21 

147 99T049 13.33 6.67 49.96 50.04 

148 99T046 21.67 10 53.85 46.15 

149 99T018 26.33 14 46.83 53.17 

150 99T006 25.33 13.67 46.03 53.97 

151 99T012 12.33 6 51.34 48.66 

152 TW0135 29 20 31.03 68.97 

153 99T007 26 16 38.46 61.54 

154 TW2160 20.67 9.67 53.22 46.78 

155 TW2161 13.67 6 56.11 43.89 

156 TW2162 15.33 7.33 52.19 47.81 

157 TW2163 17 8 52.94 47.06 

158 TW2164 18 8.33 53.72 46.28 

159 TW2165 20.33 10 50.81 49.19 

160 TW2166 16.33 7.33 55.11 44.89 

161 TW2167 23.33 9.33 60.01 39.99 

162 TW2168 24.33 13 46.57 53.43 

163 TW2169 15.33 7.67 49.97 50.03 

164 PB1 19.33 9.33 51.73 48.27 

165 2467 23.33 11.33 51.44 48.56 

166 2493 20.33 8.67 57.35 42.65 

167 2495 19.33 9.67 49.97 50.03 

168 2295 13.33 7.67 42.46 57.54 

169 992278 17.33 8 53.84 46.16 

170 4028 20.33 10 50.81 49.19 

171 12539 19.67 8.67 55.92 44.08 
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Sr.No Genotype/ variety 
Average grainyield / plant (g) 

RTI%* RPR%** 
Normal Temp Heat Stress 

172 12575 25.33 13 48.68 51.32 

173 12599 13.33 7.67 42.46 57.54 

174 12600 16.33 6.67 59.15 40.85 

175 12638 19.67 8.67 55.92 44.08 

176 12661 21.33 9.67 54.66 45.34 

177 12663 14.33 7 51.15 48.85 

178 2268 16.33 10.33 36.74 63.26 

179 2269 18 10 44.44 55.56 

180 22671 20.33 11.33 44.27 55.73 

181 22672 22.67 11.33 50.02 49.98 

182 22676 26.33 16.67 36.69 63.31 

183 22684 28.33 16.67 41.16 58.84 

184 22696 13.33 6.67 49.96 50.04 

185 22701 19.67 8.33 57.65 42.35 

186 22703 21.33 10.67 49.98 50.02 

187 22704 22.33 12 46.26 53.74 

188 22728 24.33 11.67 52.03 47.97 

189 22767 18 7.33 59.28 40.72 

190 22769 15.33 6.33 58.71 41.29 

191 22770 16.33 7 57.13 42.87 

192 NR31 19.33 9 53.44 46.56 

193 NR234 21.33 10 53.12 46.88 

194 NR239 21.67 11 49.24 50.76 

195 NR240 25.33 13 48.68 51.32 

196 NR241 13.33 7 47.49 52.51 

197 NR242 15.67 7.67 51.05 48.95 

198 PR89 17.33 7.33 57.70 42.30 

199 AUP4606 19.33 11.33 41.39 58.61 

200 MPF7 22.67 13.67 39.70 60.30 
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Sr.No Genotype/ variety 
Average grainyield / plant (g) 

RTI%* RPR%** 
Normal Temp Heat Stress 

201 CT99022 21.33 11.67 45.29 54.71 

202 V04188 18 9.67 46.28 53.72 

203 PR88 19.33 9 53.44 46.56 

204 V033010 23.33 1.33 94.30 5.70 

205 V04189 21.67 12 44.62 55.38 

206 9244 22.33 12.67 43.26 56.74 

207 NR285 16.33 9.33 42.87 57.13 

208 V03138 18.33 11 39.99 60.01 

209 DN38 19.33 9.67 49.97 50.03 

210 V032862 20.33 12.33 39.35 60.65 

211 MALIR 22 11.67 46.95 53.05 

212 MSH14 21 8.67 58.71 41.29 

213 99FJ03 23 11.67 49.26 50.74 

214 SN128 26 14.67 43.58 56.42 

215 PR92 15.33 8.67 43.44 56.56 

216 CHAM6 18 10.67 40.72 59.28 

217 DN1 23 11.67 49.26 50.74 

218 V01BT002 26.33 15.67 40.49 59.51 

219 NR271 19.33 10.67 44.80 55.20 

220 03FJ26 20 9.33 53.35 46.65 
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