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ABSTRACT 
 

Fifty inbred lines of maize acquired from various sources, were screened in the wirehouse for 

seedling traits under both normal and water deficit conditions. Six inbred lines were earmarked 

on the basis of various agronomic and physiological traits under water deficit condition. The 

inbred lines were sown in the field for making all possible crosses in diallel mating fashion. 

The F1 crosses and their reciprocals alongwith the parents were sown in the field under 

normal and water stress environment using Randomized Complete Block Design in three 

replications. Normal irrigations were applied to one set of experiment, whereas 50% of the 

normal irrigation was applied to water stress experiment. Data for various morpho-

physiological characters were recorded at different growth stages of the crop and then subjected to 

statistical analysis. Co-efficient of variability was found to be greater under water stress than 

under normal condition for majority of the seedling traits. Significant mean squares for all the 

parameters under normal and moisture deficit conditions depicted the presence of 

considerable genetic variability. Scaling tests were performed to check the adequacy of the 

data for analyzing additive-dominance model. The results showed that additive-dominance 

model was fully adequate for the traits like kernels per row, 100-kernel weight, grain yield per 

plant, cell membrane thermostability, stomatal conductance and canopy temperature under 

normal condition while plant height, ear height, days to silking, kernels per ear, 100-kernel 

weight, grain yield per plant, leaf temperature and canopy temperature depression under water 

stress condition. The data were partially adequate for the traits like ears per plant, days to 

tasselling, anthesis-silking interval, kernels per row, cell membrane thermostability and 

stomatal conductance under moisture deficit condition. Additive gene action for number of 

days to silking under normal water condition changed to non-additive gene action under water 

deficit condition. All other traits exhibited additive gene action under both conditions. 

Heritability estimates for yield related traits revealed maximum ability to transfer the 

desirable genes to the next generation. Estimation of components of variation exhibited 

greater estimates for GCA variance (б
2
g) than SCA variance (б

2
s) for majority of the traits 

under both conditions depicting the predominant role of additive genetic component except 

for days to silking and number of kernels per row under water deficit condition which 

displayed greater SCA variance (б
2
s) than GCA variance (б

2
g). Under water stress condition, 

the best performing crosses were NCIL-20-20 x D-109, NCIL-20-20 x OH-8 and D-114 x 

NCIL-20-20 and their reciprocals. Inbred lines NCIL-20-20, D-157 and D-114 proved to be 

high yielder parents under both normal and moisture deficit conditions. The information 

regarding results obtained during the current study may be used to evolve better parental 

inbred lines for developing various cross combinations which will be helpfull in maintaining 

yield sustainability in water deficit areas. 
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CHAPTER I 

INTRODUCTION 

 

Maize (Zea mays L.) a versatile plant amongst cereal crops with a wide range of agro-

climatic adaptability falls in the world‟s most extensively distributed food plant family, 

Poaceae. Its genetic characters and diversity of phenotypes, has made it adaptive to a broad 

range of soil and other environmental factors. A great variety of germplasm is available in 

maize growing countries maturing in 70 days to almost requiring upto nine months with 

variability in grain color and texture (Anonymous, 1989).  It is one of the leading cereal crops 

after wheat and rice with respect to area and production in the world. It can be grown over a 

diverse environment from tropical to temperate regions of the world, from 58º to 40º latitude 

and upto 3000 meters of altitude. It is a multipurpose crop consumed as food for human, feed 

for poultry, fodder for animals and fuel for industry. Maize grain is used for the production of 

starch, edible oil, corn syrup, corn flour, corn flakes, lactic acid, acetone, used in textiles, food 

industry and fermentation etc. Its stalks are utilized for the manufacture of paper, card boards 

and insulating material while its rachis is used in the production of pipes, plastics, paint, paste, 

alcohol for beverages, automotive fuels such as alcohol and gasohol, biogas, etc. With the 

growth of poultry and livestock industry, its utilization has increased manifolds. It is 

consumed in human diet in both fresh and processed form. Anticipated global demand 

projected for maize is from 586 million metric ton to 852 million metric ton from 1997-2020, 

which is 45% more from the present production. In Pakistan, direct use of maize is declining 

but it is extensively used in poultry and wet milling industry and constitutes 60% of poultry 

feed of the country.  

With the feasibility of raising two grain crops (Spring and Autumn) in a year from the 

same field it has become a profitable enterprise due to high grain yield potential per unit area. 

The world area under the crop is over 159 million hectares with total yield of 817 million 

metric tons with average yield of 5 ton/hectare which is more than rice and wheat (FAO, 

2009). In Pakistan maize area under cultivation is 1.083 million hectares with annual 

production of 4.271 million tones with average yield of 3.94 tons/hectare (Anonymous, 2011-



15 

 

12). It is grown under irrigated conditions but due to shortage of rainfall and pacicity of 

irrigation water, maximum potential of the crop could not be realized.  

About 26% of the world‟s total cultivated area falls in arid and semi-arid areas and 

around 40 million hectares are planted annually in Asia, which is approximately 30% of the 

total world maize area (Logrono and Lothrop, 1997). Maize plant requires 135mm water at 

tasseling which may increase upto 195mm during severe weather conditions. The reduction in 

grain yield caused by drought ranges from 10 to 76% depending on the severity and stage of 

occurrence (Bolanos et al., 1993).Today worldwide available arable land is already less than 

0.2 hact /capita and is expected to decrease further to 0.15 by 2050. Due to water deficit 

conditions in maize about 24 million tons is being lost annually and high yield potential 

genotypes under potential regions cannot compensate the projected increase in demand for the 

next decade (Heisey and Edmeades, 1999). Pakistan lies in temperate zone with a continental 

type of climate characterized by extreme variations in temperature. The annual average 

rainfall varies from 125 mm in extreme regions of south plains to 500 to 900mm in the sub-

mountainous and northern plains. About 70% of the collective rainfall occurs in summer 

monsoon (July to September). Intense shortage of water cease the photosynthetic activity, 

interruption in cell metabolism activity and ultimately causing mortality of crop plants (Jaleel 

et al., 2008).Under such circumstances, the scientists talk about ” Blue revolution” after 

having achieved green revolution. So, high yielding genotypes under water stress condition 

will be the only feasible option to cope this issue.  

Water is one of critical factors of crop yield which is becoming scarce day by day. 

Agriculture sector consumes 75% of the fresh water (Molden, 2007) and its need will increase 

by 17% upto 2025 (IWMI report, 1998). Water shortage causes huge reduction in crop yield 

and is one of the limitations for crop productivity. The current situation for global 

environment change suggests further increase in aridity and in the frequency of extreme 

events in many regions of the world (IPCC, 2001). Non-availability of proper soil moisture or 

water deficit inhibits the plant ability to express its yield potential. (Moussa et al., 

2008).Water deficit situation for certain period commonly refer to as drought. (Zhu, 2002). 

Maize, being monoecious, protandrous plant in nature with short anthesis silking 

interval (ASI), is a good indicator of general tolerance to reduced photosynthesis at flowering 
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from a number of stresses (Edmeades et al., 2000). Selection of best performing genotypes 

under drought stress conditions is the key goal of any breeding program (Richards et al., 

2004). Low heritability of drought tolerance and unavailability of effective selection approach 

limit the development of tolerant cultivars to environmental stress (Kirigwi et al., 

2004).Various morphological, physiological and biological features of higher plants show 

adaptability in response to water stress. Therefore, interpretation of agro-physiological traits 

that provide tolerance against water deficit is essential for fruitful selection of genotypes 

under stress environment. Existence of variability for drought tolerance in crop plant has been 

reported (Guittieri et al., 2001; Frova et al., 1999). Hybrids with more diversity yield more 

than parent lines (Troyer et al., 1988). Genetic architecture of important traits can be 

improved through suitable breeding strategy (Thirumani et al., 2000). 

Expression of tolerance is directly related with the growth stage of plant development, 

its intensity and period of water scarcity. Plants have three main mechanisms to cope water 

stress situation, first to avoid that water stress period from flowering time, second by 

improving water use efficiency (WUE) and third to increase the plant‟s per se water deficit 

tolerance. The last can further be divided into three breeding targets- water stress tolerance at 

flowering time, water deficit tolerance at grain filling period and last one yield stability over a 

wide range of environments. Physiological traits are considered to be reliable parameters for 

drought assessment (Ritchei et al., 1990) while exploitation of trait for improving genotype 

must be associated with production. Secondary traits measure whole plant performance in 

target environment other than economic yield (Lafitte and Courtois, 2002). Under water stress 

environment, breeding objectives cannot be achieved due to a significant level of genotype x 

environment interaction. Thus direct selection for grain yield is not suitable to achieve genetic 

improvement due to poor heritability under water deficit conditions. However, under water 

stress, heritability for some secondary traits remains high (Bolanos and Edmeades, 1996). 

This indirect selection strategy has generated several successes under wide range of 

environmental conditions (Campos et al., 2004).  

About 54 million hectare area is under open-pollinated varieties in developing 

countries and only 25% of that is planted with improved varieties (Luis et al. 2003). 

Therefore, there is a need to develop cultivars that can perform better under water deficit 
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conditions. It is emphasized to screen and evaluate the inbred lines and crosses before their 

manipulation in further breeding program. Combining ability analysis based on progeny test is 

useful approach for screening parents and hybrids (Simmonds, 1979). Breeding for better 

yield in water stress environment is more tedious than under favorable environment. Despite 

these limitations, improvement in genetic make up is possible and has been proven to some 

extent in regarding many water stress locations of world (Smith, 1995). Tolerance mechanism 

to water deficit conditions is considered to be a complex phenomenon. Polygenic inheritance 

associated with various allelic interactions and environmental effects have made it more 

difficult to breed against a target environment. Reynolds et al., (2005) illustrated that breeding 

of a plant to better stand against abiotic stress is extremely challenging due to the complex 

target environment and also stress adopted plant mechanisms. Thus breeding program based 

on exploiting polygenic inheritance of crop plant is desirable. 

Grain yield being a complex trait resulted from the interaction of various contributing 

factors which are highly influenced by environmental variation (Bruce et al., 2002). It cannot 

be directly improved by phenotypic selection of desirable plants, especially with heterozygous 

crops like maize. To overcome this tedious job, yield is partitioned into its components and 

thus the possible way to increase yielding ability is to study the inheritance mechanism 

governing various components of yield. Improvement of agronomic characters through 

genetic architecture has covered more than 30% gap between yield potential and actual yield 

under water deficit stress (Edmeades et al., 2004). 

Understanding genetic architecture of traits related to a fair degree of survival in water 

deficit condition is essential before to launch efficient breeding program. It is difficult to 

breed for high yield under non favorable condition than favorable conditions. However, in 

spite of the limitations, genetic improvement of yield is possible and has been made in water 

deficit regions through assessment of genetic mechanism in certain physiological traits 

(Campos et al., 2004). The present study is an attempt to estimate the genetic basis of 

variation and heritability among inbred lines and crosses to find the nature of genes involved 

in the inheritance of physiological and morphological traits to earmark parents for the 

synthesis of promising maize hybrids for drought stress environments. 
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Among the available conventional techniques, diallel cross analysis, as developed and 

illustrated by Hayman (1954a and 1954b) and Jinks (1954) is efficient tool furnishing 

information on genetic mechanism conditioning various plant traits in one generation. It also 

provides a worthwhile data pertaining to genetic components (additive, partial and complete 

dominance, and epistasis). Estimation of combining ability is a key component for the 

selection of parent inbred lines for the development of promising hybrids. It provides valuable 

information regarding genetic mechanisms controlling both quantitative as well as qualitative 

traits that highlight better parents for developing hybrids under target environment. General 

and specific combining ability provide estimates for additive and non-additive components, 

respectively (Sprague and Tatum, 1942; Rajos and Sprague, 1952). Thus, knowledge of gene 

effects, conditioning various attributes of economic importance would help a maize breeder 

for screening breeding material in early generations. Breeding cultivars tolerant to water 

deficit condition appear to be the only option for stress prone areas. 

The present research was pursued viewing the above information to explore genetic 

mechanism for improving maize genotypes under water deficit conditions with the underlying 

objectives. 

  Evaluation of maize inbred lines in greenhouse for physio-agronomic traits under normal 

and water deficit conditions 

 Selection of elite inbred lines for developing all possible combinations through diallel 

cross in field 

 Assessment of genetic variation pertaining to various agro-physiological traits of the 

parents alongwith all possible crosses in water deficit and normal conditions in field  

 Inheritance patterns and relative magnitude of gene action of water deficit related agro-

physiological traits 

 To search better performing combinations of inbred lines 
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CHAPTER II 

REVIEW OF LITERATURE 

 

Drought and drought tolerance 

Crop plants are adapted to survive under a range of environments which restricts 

expression of crop yield potential under a given set of conditions. A number of biotic and 

abiotic stresses affect standing crop in the field. Abiotic stresses includes water stress, 

salinity,  heat stress, excess water stress, low soil fertility, water logging condition and cold 

stress which are determinental to the production potential of major crop species like cereals. 

Overall one major factor that constrains crop growth in the world is water availability (Araus 

et al., 2002) and it is anticipated that by 2025 about one third of human population will be 

affected by water deficit (FAO report, 2007). The report highlighted that drought or water 

stress is the only cause for food deficiency in developing countries. Importance of drought to 

human life can be judged with a view that it is just the dissimilarity between life and death 

(Chrispeels, 2000). The unavailability of sufficient moisture imposing water stress is common 

in rainfed regions, earned by unpredicted rainfall and poor irrigation (Wang et. al., 2005). 

Increased frequency of water stress decreases the plant height, leaf area, stem diameter, days 

to maturity and consequently decrease grain yield (Khan et al., 2001).Drought-tolerant maize 

genotypes could play a significant role in fulfilling the Millennium Development Goals of 

“halving by 2015 the share of people suffering from extreme poverty and hunger” (Edmeades, 

2008). 

For genetic improvement of crop plants against water stress four breeding approaches 

were applied for enhanced drought tolerance (Turner, 1986). First is to breed for high grain 

yield assuming it to provide yield advantage under sub-optimal conditions, second breeding 

for maximum grain yield in respective target environment; this approach suffers with a 

problem of variation in drought prone environment from year to year makes breeding 

improvement slow (Ludlow and Muchow 1990). Third strategy is based on selection of better 

cultivars and incorporation of morphological and physiological parameters under water 

limited environment through conventional breeding programs (Foulkes et al., 2001) which has 

generated considerable improvement in developing rapid screening methods (Araus et al., 
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2008). The fourth approach encompassing conventional breeding for water deficit 

environment does not utilize multiple physiological and morphological selection criteria but 

requires only establishing a single drought resistant character for improving genetic 

architecture under water limited conditions and incorporating into existing breeding program 

(Merah, 2001). 

In maize both male and female inflorescences exist separately on the same plant. 

Synchronization between male and female floral organs in maize under water deficit 

conditions during time of pollination is of critical importance. Silking is more affected by 

moisture stress thereby affecting silk growth and thus increasing anthesis-silking interval 

(ASI) which causes significant reduction in yield (Dass et al. 2001; Fengling et al. 2002; 

Zhang et al. 2008; Evgenidis et al. 2009).  

Although drought tolerance, has been improved to some degree through conventional 

breeding in maize synthetics and hybrids. Yet with better knowledge and understanding of 

morpho-physiological parameters and their response under stress condition, are pivotal to 

identify, select and transfer desired genes in improved genotypes for drought tolerance 

(Ribaut et al., 2009). Hybrids were found to be more tolerant than inbreds (Dass et al. 2001). 

New varieties for stress target environment can be evolved viewing morpho-anatomical and 

physiological changes in plants as reaction of stress environment (Martinez et al., 2007).  

Abo-El-Kheir and Mekki (2007) studied the effect of water deficit at silking and grain 

filling. The drought stress caused reduction in yield by 27.9% and 35.5% at silking and grain 

filling, respectively. Olaoye et al. (2009) observed that post anthesis moisture deficit 

significantly reduced grain yield by 25 to 73.5% in the open-pollinated varieties and by 20 to 

64% in the hybrids, while in second set, pre and post anthesis moisture deficits reduced grain 

yield by 77.6 and 95.8%, respectively. Vicente et al. (1999) reported reduction in grain yield 

as 70% in moderate and 90% in severe stress environments. 

Robin and Domingo (1953) reported 50% loss in maize grain yield owing to 6 to 8 

stress days after tasseling. Maximum loss in kernel weight occurs late in grain filling periods 

(Claassen and Shaw, 1970). On an average 17% of maize grain yield losses occur annually 

due to water stress prone environment (Edmeades et. al., 1989). Maize plant is highly 

sensitive to water shortage in period of one week prior and two weeks after pollination (Grant 



21 

 

et. al., 1989). Water shortage during flowering increases maturation interval of male and 

female inflorescence, thus affecting synchronization by enhancing anthesis-silking interval 

and causing grain abortion (Edmeades et al., 2000). Kamara et al. (2003) found reduced .total 

growth biomass at silking by 37%, at grain filling stage by 34% and at maturity by 21% when 

water stress was imposed at various development stages of maize plant. Water stress causes 

impaired germination and poor crop stand (Harris et al., 2002) and reduces dry matter (Nam 

et al., 2001). 

Razmjoo et al. (2008) reported that tolerance to biotic stresses like drought is very 

complex phenomenon because of the intricacy of interactions between stress factors and various 

morphological, molecular, biochemical and physiological phenomenon affecting plant growth 

and development. Understanding of morpho-anatomical and physiological basis of changes 

in moisture deficit resistance could be used to select and breed new varieties of crops (Nam 

et al., 2001; Martinez et al., 2007). Plant responses to drought tolerance is of great 

significance and also basic part for making crops stress tolerant (Reddy et al., 2004; Zhao et 

al., 2008). Campos et al. (2004) reported that yield losses in maize (Zea mays L.) from 

drought were expected to increase with global climate change as temperature rise and rainfall 

distribution changes in production areas. They also concluded that conventional selection 

based on wide area testing was successful for improving yield under drought in temperate 

maize, though less so than under well watered conditions. 

DenmeD & Shaw (1962) evaluated maize yield performance under water deficit 

condition on different growth stages and observed 25% loss at preflowering, 50% yield loss at 

flowering and 21% yield reduction on post flowering stage. Unpredicted climatic fluctuations 

are expected to produce negative effects on agriculture production in most of the developing 

regions of Africa and Asia (Rijsberman, 2006; Lobell et al., 2008). Drought conditions 

prevailing for short duration caused reasonable loss in grain yield (Ashraf & Mehmood, 1990; 

Pinheiro et al., 2005). Different adaptive characters regarding morphological, physiological, 

biochemical and ecological have been proposed for improving genetic makeup of crop plants 

for drought resistance in maize (Cultere et al., 1977). Xiao et al. (2005) described 

reproductive stage of maize plant as most sensitive to water deficit condition in the field and 
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suggested that breeding for promising genotypes under drought conditions helps to 

compensate good yield. 

Grant et al. (1989) designed experiment to assess the sensitivity of maize yield 

components to water stress using eight treatments (control and seven stress treatment). They 

concluded that grain setting was more sensitive to moisture stress starting after 2-7 days of 

silking through 16-22 days after silking. Reduction of grain yield occured in maize plant by 

water shortage at various growth stages in a number of ways leaving poor crop stand, low 

germination %age, stunted growth, leaf wilting, pollen abortion, increase in anthesis-silking 

interval, poor seed set  and ear bareness. 

Seedling screening for drought 

Drought, a complex phenomenon, is recognized to be one of the important limiting 

factors for crop production (Khayatnezhad et al, 2010). An appraisal of root characters is 

considered important for screening agro-physiological traits of various crop plants specifically 

maize under water deficit conditions. Strong and robust seedlings provide basis for healthy 

crop stand and productivity (Mock and Mc Neill, 1979; Koscielniak and Dubert, 1985). 

Consequently, evaluation of seedlings under water deficit conditions is important aspect for 

breeding drought tolerant cultivars. Moisture deficit conditions were achieved by applying 

water to the plants with quantity less than 50% of normal conditions (Khan et al., 2004). 

Selmani et al. (1991) reported that seedlings showing improved growth, vigor and root system 

have a prominent chance of managing with water stress. Johnson (1980) concluded that good 

screening methods ensure plant performance at critical plant developmental stages, efficiency, 

use small amount of plant material, and screen ample number of genotypes. Addition in root 

fresh and dry weight of maize plants is a valuable adaptive feature of maize plant (Hamayun 

et al., 2010). On the other side, root growth is largely reduced under drastic moisture stress by 

limiting penetration of roots in dry soil consequently decreasing root respiratory efficiency 

(Thomas and Howarth, 2000). Takele (2000) observed severe water stress effects on  root-

shoot ratio (R/S) and concluded that decrease in water application extensively confer addition 

in R/S ratio of seedlings, which can be utilized as a valuable selection parameter for selection 

of drought tolerant genotypes (Zekri, 1991; Misra, 1990, 1993 & 1994). 
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Various agro-physiological seedling traits have been potentially utilized for evaluating 

genotypes of different crops against water stress (Turner, 1986; Ludlow and Muchow, 1990; 

Zekri, 1991; Takele, 2000; Matsui and Singh 2003; Dhanda et al., 2004; Kashiwagi et al., 

2004; Pathan et al., 2004; Tabassum, 2004; Taiz and Zeiger, 2006; Akbar, 2008; Hussain, 

2009, Chohan et al., 2012 and Javed, 2012) which incorporated seedling characters e.g root & 

shoot weight, root and shoot length, dry root and shoot weight, root: shoot ratio, cell 

membrane thermo stability, and coleoptile length at seedling stage. Wu and Cosgrove (2000) 

found that root/shoot ratio of plants increases under water deficit condition. This ratio 

deviates because roots are less sensitive as compare to shoots to growth inhibition by low 

water potentials. Sorghum in drought showed more root to shoot ratio (Xu and Bland., 1993) 

Moussa & Abdel-Aziz (2008) reported that screening of maize germplasm at seedling 

stage produced success and identified stress tolerant genotypes at seedling stage. Long roots 

were positively correlated with high harvest index (Kashiwagi et al., 2004). Ali et al. (2009) 

indicated that drought tolerant local land races exhibited greater dry root weight, more root 

length and higher root/shoot ratios over the control variety Chakwal sorghum. Furthermore 

they revealed that amendments could be made for root length, root to shoot ratio, coleoptile 

length, excised leaf water contents, cell membrane thermo stability and grain yield traits for 

water stress tolerance in sorghum. Cell membrane thermostability (CMT) has been reported as 

selection criteria against water deficit tolerance. The measurement of electrolyte leakage after 

the treatment indirectly measured integrity of cellular membranes (Rehman et al 2004; Aslam 

et al. 2006; Chohan et al. 2012).  

Significant varietal differences were observed under drought stress condition at 

seedling stage of maize and dry root weight were found to be a good indicator for selection of 

drought  tolerant genotype (Camacho and Caraballo 1994; Mehdi and Ahsan 1999). 

Significant interactions were reported for fresh shoot weight, dry shoot weight and fresh shoot 

length (Mehdi and Ahsan 1999). Sanchez-Urdaneta et al. (2005) studied root length, fresh and 

dry weight in two maize genotypes and concluded that root enlargement was significantly 

higher in resistant than the susceptible ones. Hammer et al. (2009) demonstrated vigorous root 

system that can absorb more water from more soil surface area and depth had a direct relation 

on biomass accumulation. Various plant species including maize, behave to water deficit 
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stress by redirecting growth and dry matter accumulation apart from shoot to the root (Sharpe 

et al., 2004). Deep and vigorous root system proved to be a reliable trait for drought-adapted 

plants (Dhanda et al., (2004), Khan et al., (2004) and Misra 1990 & 1994). 

Monneveux et al. (2006) assessed drought tolerance mechanism, in two CIMMYT 

maize populations DTP1 and DTP2. These populations were well adaptive to lowland tropics. 

Primarily selection was based on grain yield, ears per plant and anthesis-silking interval under 

water stress. Different cycles of DTP1 and DTP2 were evaluated under water stress and 

normal optimal conditions. Significant yield gains were recorded in both populations under 

water stress as effect of increase in number of ears per plant and kernels per ear and 

considerable decrease in anthesis-silking interval. Moreover this research also validated the 

effectiveness of recurrent selection for improving maize source population for dry areas. 

Water stress cause reduction in root and shoot growth in maize plant (Ramadan et al., 1985). 

Camacho and Caraballo (1994) evaluated 10 maize genotypes in a greenhouse 

experiment under water deficit conditions. They studied characters viz. root volume, leaf area 

per plant, longest root length, plant height, fresh and dry root weight, fresh and dry shoot 

weight, dry root weight / dry shoot weight and total dry biomass for their studies. They also 

detected significant varietal differences for all parameters.They described root dry weight as 

the best character to assess maize genotypes against water stress. Matsuura et al. (1996) 

studied effect of water stress on four crops belonging to Poaceae family i.e pearl millet, 

sorghum, barnyard millet and maize. The results depicted that both sorghum and pearl millet 

were tolerant and showed better crop stand. Significant increase in root growth was observed 

in pearl millet and sorghum while in maize it was restricted under water stress condition. 

Drought tolerance was associated with increasing root length which has role in maintenance 

of leaf water potential and water uptake. Hoogenboom et al. (1987) observed significant 

increase in root weight under water deficit stress predicting denser and deep root soil 

penetration.  

Xian-ju et al. (2004) studied correlation among root and kernel weight in diallel cross 

of fifteen maize inbred lines. The results indicated genetic differences between parents and 

hybrids. Both seed weight and root characters showed differences in terms of combining 

ability among the parents. They further indicated additive gene action and higher stable 
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heritability for fresh root weight and dry root weight. They reported positive correlation 

between fresh root weight, dry root weight and root length whereas significant and positive 

correlation existed between kernel weight and fresh root weight, dry root weight, root length 

and number of underground roots. Akbar (2008) ear marked six tolerant inbred lines from 

seventy seven maize inbred lines against high temperature stress through cell membrane 

thermostability and fresh biomass at seedling stage. 

Fengling et al. (2002) indicated that the product of drought tolerance coefficient of 

seedling emergence rate and biological yield could be used as index for drought tolerance 

identification of inbred lines during seedling stage, whereas during grown up period this 

should depend on coefficient of plant height, anthesis-silking interval and root weight.Teruel 

et al. (2008) screened inbred lines of maize at seedling stage under water deficit condition to 

estimate combining ability effects for characters in relation to seedling vigor. Data for 

germination percentage under drought, coleoptile length, root length, root number and root 

radius were recorded. Inbred lines 31B and P004 showed the highest GCA estimates for the 

variables evaluated. The characters related to seedling vigor under drought stress were mainly 

controlled by additive gene effects, although non-additive effects also appeared to be 

important especially for coleoptile length.  

Dhanda et al. (2004) evaluated thirty diverse wheat genotypes for seed vigour index, 

root length, shoot length, root to shoot length ratio, coleoptile length and cell membrane 

thermo stability under both normal and moisture deficit condition. Differences among the 

genotypes were observed more under normal than moisture stress condition. Root to shoot 

length ratio was found to be increased under water stress condition. Magnitude of genetic 

components of variance and heritability were lower under water stress than normal condition. 

They suggested cell membrane thermostability and root to shoot length ratio as selection 

criteria because of high heritability and genetic advance. Correlation studies revealed that cell 

membrane stability was the most important trait followed by root to shoot ratio and root 

length on the basis of their relationship with different traits.Water stress at vegetative stage in 

maize decreased dry shoot weight (Rehman et al., 2004). 

Olaoye et al. (2009) reported direct relation between plant root weight and plant grain 

yield under various water stress environments. Tabassum (2004) evaluated eighteen inbred 
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lines under normal and water deficit conditions at seedling stage in greenhouse and observed 

reduction in all observed characters under water deficit conditions as compared to normal 

condition. Screening was made on the basis of fresh root weight, fresh shoot weight, dry root 

weight and dry shoot weight. Generally it is anticipated that best performing inbred lines 

should have vigorous and deep root system. Mian et al. (1993) evaluated wheat genotypes in 

green house for three weeks and found a severe decrease in fresh root weight in water stress 

condition. 

Ali et al. (2009) conducted experiment to analyze sorghum genotypes using morpho-

physiological traits under water stress. They concluded that FJSS-1 performed better for about 

all traits than FJSS-11 and FJJSS-17 which also performed well for various traits under water 

stress. Highest genotypic coefficient of variation was observed for dry root weight among 

seedling traits. They also showed morpho-physiological traits as efficient selection criteria 

against water stress condition in sorghum. Khan et al. (2004) examined different seedling 

characters of 24 S1 maize populations under normal and water deficit conditions. They found 

that fresh shoot weight had highest positive direct effect followed by fresh root weight and 

shoot length.  

Grzesiak (2001) investigated the effect of drought on sixteen maize single cross 

hybrids under both field and greenhouse condition. Drought susceptibility index was 

evaluated for three years in field (drought and normal) and pot experiments. In greenhouse 

study, root to shoot dry matter ratio and index of leaf injury was used to evaluate genotype in 

drought and heat stress. Result depicted that maize genotypic variation in degree of water 

stress tolerance was better observed under severe water deficit conditions. Khan et al. (2001) 

evaluated the performance of maize variety YHS202 under different water regimes using 

morphological characters. They observed reduction in plant height, stem diameter, leaf area 

and days to complete flowering with increase of water stress condition. Yield components 

such as number of kernels per cob, 1000- kernel weight and grain yield decreased with 

addition in water stress.  

Coleoptile is an important protective covering of the developing shoot during 

emergence from seeds of monocotyledons such as grasses. Water stress reduces coleoptile 

biomass (Bayoumi et al. 2008). Wang and Lino (1997) reported relation between coleoptile 
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length and water stress index in wheat crop and suggested to screen the trait for water stress at 

early generation in wheat breading. Nagar and Dadlani (2004) evaluated maize seed vigour 

and reported that seedling dry weight, coleoptile length and vigour index were good indicator 

of emergence potential. They also concluded that long coleoptile length, rapid seedling 

growth and more seedling dry weight provided a better chance for survival under stress 

condition. Song-ping et al. (2007) conducted correlation experiment between coleoptile 

length and drought resistance index in 195 lines and reported highly significant positive 

relationship between coleoptile length and drought resistance index(r = 0.22**) under water 

deficit conditions. 

Qayyum et al. (2011) evaluated wheat varieties viz. GA-2002, Wafaq-2001, Uqab-

2000, Chakwal- 97 and Chakwal- 50 under different water stress regimes using a complete 

randomized design (CRD) experiment. They found that with the increase of water stress, 

germination %age, mean germination time and coleoptile length was decreased. Furthermore, 

Chakwal-50 and GA-2002 were found as best performing genotype on the basis of high 

germination rate and longest coleoptile length under water stress conditions. Gonzalez and 

Ayerbe (2011) evaluated eight barley genotypes in water stress conditions through 

polyethylene glycol-6000. The results showed more coleoptile growth under normal condition 

as compared to stress treatments. They found that coleoptile length under water stress 

condition could be used as selection criteria for improving tolerance of barley to drought.  

Sharp et al. (1988) evaluated maize seedlings at different water potentials. They concluded 

that primary roots continued their slow growth rate at water potential over which shoot 

growth completely inhibited. Root growth at low water potential caused thinner roots and 

analysis depicted decreased rate of root volume expansion. Liatukas and Ruzgas (2011) 

evaluated 564 wheat varieties and lines on the basis of coleoptile length and plant height 

during 2004-2009. They observed week and medium correlation between coleoptile length 

and plant height in different years and finally concluded on the basis of result that new wheat 

lines could be developed using European winter wheat accession with more coleoptile lengths 

alongwith a good plant height.   

Shiri et al. (2010) investigated 36 hybrids established through line x tester under 

normal and water stress condition using a RCBD in the field. They found both additive and 



28 

 

non-additive type of gene action under both conditions. GCA/SCA variance ratio showed that 

non-additive genetic variance was more important for grain yield. Grain yield was higher in 

non-stress condition than stress condition. Narrow and broad sense heritability values were 

also higher in non-stress condition than stress condition. The crosses such as L1×T1, L4×T1 

and L8×T1 in non-stress condition and L9×T2 in stress condition showed better specific 

ability for grain yield.  

Tabassum et al. (2005) evaluated eight inbred lines in a diallel fashion under normal 

and water stress conditions. Highly significant differences were observed among inbred lines 

under both conditions. Furthermore graphical analysis revealed additive type of gene action 

for plant height under normal as well as water stress condition while over-dominance type of 

gene action for 1000-kernel weight and grain yield per plant under both conditions. Whereas 

harvest index was controlled by additive type of gene action under normal changed to over-

dominance type of gene action under water deficit stress. Khalatbari et al. (2007) evaluated 

the performance of 30 inbred lines in field under both normal and water deficit conditions. 

They found most of the traits were negatively affected by water stress; highest decline was in 

grain yield. Regression analysis suggested that days to tasselling and days to pollination could 

be a useful criteria for selection in non-stress condition while for water stress condition 

morphological traits such as number of row per ear, number of ears per plant and number of 

kernels per row could be effective criteria for yield improvement.Water stress reduces root as 

well as shoot growth, roots are less sensitive to stress than shoots (Neumann, 2008). 

Hoogenboom et al. (1987) reported increase in root weight under water deficit stress by more 

deep penetration and greater density. 

Chen et al. (2002) evaluated fifteen single crosses alongwith six yellow maize inbred 

lines as parents under water stress conditions. Correlation studies under water stress condition 

suggested that stomatal conductance, anthesis-silking interval and plant height were 

associated with water stress tolerance. The results indicated the significance of both additive 

and dominance type of gene action for inheritance of ear plant height. While for 100-kernel 

weight and number of kernel rows were mainly influenced by additive gene effects. Grain 

yield appeared to be influenced by epistatic gene action. Values of narrow sense heritability 

were moderately high number of kernel rows, while a little low for 100-kernel weight and low 
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for plant height. Heritability estimates were observed low under drought than normal irrigated 

condition.  

Ahsan et al. (2008) evaluated 10 maize local genotypes for various morpho-

physiological parameters in greenhouse. They found significant differences among genotypes 

for most of the characters.  Negative direct relation were observed for grain yield vs leaf 

parameters including excise leaf weight loss, cell membrane thermo stability and stomatal 

size. Stomatal frequency parameter might be used as direct selection for grain yield. Both 

genotypic and phenotypic correlations had validated leaf area as indirect basis for yield 

improvement in maize. Ali et al. (2011) evaluated 40 maize genotypes in greenhouse at 40% 

moisture level. Path coefficient analysis was applied to compute the share of each trait to the 

fresh shoot length. They revealed that contribution of fresh root length was highest direct 

effects to fresh shoot length followed by root dry weight, root density, leaf temperature and 

dry shoot weight. They also suggested that these valuable traits could be applied for making 

selection. 

Maiti et al. (1996) reported significant variation in maize seedling for root to shoot 

ratio and shoot dry weight under water deficit conditions. Mehdi et al. (2001) observed highly 

significant differences between S1 maize families and treatments for all the traits except dry 

root weight which was non-significant. Dry root weight was found to be a valuable selection 

criterion for selection against water stress condition. Shrimali (2001) assessed drought 

tolerance in cereals for various morphological characters and found positive correlation for 

root length with grain weight and grain yield. 

 Mehdi and Ahsan (1999) observed high values of coefficient of variation for fresh root 

and shoot weight while evaluating 500 S1 maize families in greenhouse at seedling stage. 

Positive and non-significant correlation was reported for dry shoot weight with fresh shoot 

length and dry root weight with fresh root length whereas positive and significant correlation 

was found for fresh shoot weight with fresh root length, fresh shoot length, dry shoot weight 

and dry root weight. Rao and Singh, (2004) evaluated 28 F1 hybrid crosses in polyethylene 

glycol (PEG) at seedling stage and reported non-additive variance for shoot length and root to 

shoot ratio, whereas additive gene effects were more important for most of the studied traits 
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under water stress condition.High value of specific combining ability was observed for most 

drought related parameters. 

Golbashy et al. (2010) conducted experiment on twenty eight new hybrids and six 

commercial hybrids using a complete randomized design under both normal and water stress 

condition. Hybrid SC500 had the highest mean grain yield in normal while N 11 had the 

highest yield under water stress condition, respectively. Furthermore, number of kernel per 

row had the highest correlation with yield under stress condition. 

Genetics of physiological traits 

1. Canopy temperature depression 

Canopy temperature depression is the difference between air temperature and plant 

canopy temperature and its value is positive when canopy is cooler than air. Water stress 

indices which provide a measure of water stress based yield loss under water deficit 

conditions in comparison with normal condition have extensively been used for screening 

drought tolerant genotypes. (Mitra, 2001). Blum et al. (1989) used canopy temperature 

depression as a selection tool against drought stress in wheat crop. Eighty five genotypes were 

tested under water stress environment either providing full irrigation or moisture stress in the 

consecutive seasons. A positive correlation was observed across genotypes between drought-

susceptibility index and canopy temperature indicated that drought susceptible genotypes 

suffered more in yield reduction under moisture stress and warmer canopies at midday.  

Telabi (2011) conducted experiment on 24 wheat genotypes to determine the effect of 

canopy temperature under two water regimes i.e well water and moisture stress. He concluded 

that genotypes with low canopy temperature produced high yield in well watered condition. 

He also indicated canopy temperature depression (CTD) as a potential parameter for 

screening against water stress. 

Keener and Kircher (1983) carried out canopy air temperature measurement on maize 

crop in the arid and semi-arid regions of western USA. Three indices were developed for arid 

conditions. Data for two years proved to be good indicator of drought stress. Fischer et al. 

(1989) evaluated eighty five full sib progenies of tropical population Tuxpeno under three 

moisture deficit conditions in Mexico under complete rainfall season using infrared 

thermometry before flowering. They observed significant correlation with yield under severe 
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moisture deficit conditions. They showed high correlation between yield and canopy 

temperature under severe water stress. Furthermore, they achieved increase of 1.8, 7.8 and 

21.6% in grain yield under mild, medium and severe water stress, respectively after three 

cycles of selection.  

Bolanos and Edmeades (1996) conducted experiment with six lowland tropics of 

maize population. They reported data comprising fifty trials, evaluated under three regimes 

viz. well watered (WW), intermediate stress (IS) and severe stress (SS). They found very 

small and inconsistent genetic relation among the traits and yield. Only canopy temperature 

and plant height showed positive genetic correlation with grain yield more than their standard 

deviation. Weak correlations between traits were indicative of water status and grain yield 

under water stress while strong correlation between yield and low canopy temperature was 

desired. Bahar et al. (2008) evaluated relationship between canopy temperature depression 

(CTD) and grain yield and its component. They observed positive correlation between grain 

yield components i.e spike yield, number of grains per spike and suggested reliable selection 

criteria for stress breeding program. 

Karimizadeh and Mohammadi (2011) evaluated eight wheat genotypes under rainfed 

and supplementary irrigatioin conditions for two years. Canopy temperature depression was 

applied to assess crop yield. Significant results and positive correlation was observed for yield 

per plant, mean productivity, stress susceptibility index, stress tolerance index and canopy 

temperature depression. They showed canopy temperature depression (CTD) as important tool 

for exploring physiological basis of water stress and effective role as selection criteria. Balota 

et al. (2008) evaluated wheat cultivars using canopy temperature depression. They recorded 

data for several physiological traits under dry land conditions for three years and showed 

direct relation of leaf area with CTD in day time. Gardner et al. (1986) evaluated five hybrids 

and studied relationship between canopy temperature stress indicator and relative grain yield. 

They showed this relationship as effective tool for identifying tolerant and susceptible 

hybrids. 

Gowda et al. (2011) studied canopy temperature depression, relative water contents 

and cell membrane injury percentage in relation to grain yield in bread wheat. They observed 

maximum variability for canopy temperature and cell membrane injury percentage. High 
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heritability estimates were observed for canopy temperature and membrane cell injury 

percentage predicting as selection criteria under stress. Positive and significant correlation 

was disclosed between grain yield and canopy temperature depression (CTD) at anthesis and 

cell membrane injury. On the basis of genotypic and phenotypic coefficient of variation, 

genetic heritability and genetic advance, they suggested that characters like canopy 

temperature depression at anthesis, cell membrane injury percentage and relative contents 

could be effective selection criteria for improving grain yield in stress environment.     

Balota et al. (2007) studied experiment canopy temperature depression (CTD) to 

determine optimal time and stage of crop plant using three wheat lines. They concluded that 

ideal time for recording canopy data were 0900, 1300, and 1800hours. Moreover 

measurements taken at night time conditions for CTD comparison among genotypes were 

more stable and suitable for recording data. Bilge et al. (2008) evaluated six bread and five 

durum varieties of wheat for canopy temperature depression and its relation with grain yield. 

They concluded that durum wheat was relatively cooler than bread wheat in heat stress 

condition. Furthermore they found that CTD had a positive correlation with grain yield, spike 

yield and grain number per spike and suggested canopy temperature depression (CTD) as a 

reliable selection criterion for breeding program. 

2. Cell membrane thermostability 

Cell membrane thermostability represents the leaf tissue injury percentage of lipo-protein 

cell membranes. It is now extensively used as a reliable efficient indicator of drought or heat 

stress for evaluating genotypes at greenhouse or field conditions. Increase of water stress 

cause decreasing trend of cell membrane thermo stability percentage. Injury to cell membrane 

due to water stress causes leakage of solute from cell. Ali et al. (2009) evaluated 10 sorghum 

genotypes at seedling and post anthesis stage against water stress tolerance through morpho-

physiological traits. Significant differences were observed for all studied traits i.e coleoptile 

length, root length, root to shoot ratio, dry root weight, leaf dry matter, excised leaf weight 

contents, relative water contents, relative dry weight and cell membrane thermo stability. 

Genotypes H-18, PGRI-191, PGRI-35 and PARC-SS-1 exhibited good stress tolerance. 

Highest coefficient of variation for excised leaf weight loss and grain yield suggested scope 

for selection on the basis of these traits. Correlation studies indicated that coleoptile length, 
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root length, root to shoot ratio, flag leaf area, leaf dry matter, cell membrane thermo stability, 

excised leaf weight loss and grain yield could be utilized as a reliable markers for water stress 

tolerance at seedling and reproductive stage in sorghum.  

Aslam et al. (2006) evaluated sixty maize genotypes at four different water field capacity 

levels i.e 100%, 80%, 60% and 40% on the basis of survival rate. Ten tolerant maize 

accessions were selected on the basis of highest survival rate at lowest field capacity level 

(40%) and ten water stress susceptible accessions were selected on the basis of lowest 

survival rate at mild stress (80% of field capacity). In another experiment, they evaluated 

selected maize accession belonging to both extreme groups on the basis of survival 

percentage, relative cell injury and stomatal conductance. They demonstrated that relative cell 

injury could be efficiently utilized for selection of maize accession under water stress.  

Rehman et al. (2004) screened upland cotton genotypes against heat stress by using single 

physiological parameter i.e cell membrane thermo stability. Significant reduction in plant 

yield was observed due to extreme temperature during reproductive phase. They observed 

maximum relative cell membrane injury in drought susceptible genotypes as compared to 

tolerant ones. They also suggested relative cell injury percentage as efficient tool for selecting 

genotypes for drought tolerance in cereals. Relative cell injury percentage with high broad 

sense heritability highlighted its importance for selecting plant material under drought (Fokar 

et al. 1998). Munjal et al. (2004) screened 20 wheat varieties at both seedling and adult stage 

against heat tolerance under both field and controlled laboratory conditions. They found 

genotypes having mean values of membrane thermo stability ranging from 61.6 to 72.5% 

were heat tolerant in terms of less cell injury and less reduction in grain yield. Malik et al. 

(1998) categorized forty three elite cotton lines in field conditions using cell membrane 

thermo stability into three groups; less than 60% injury, high heat tolerance; 60 to 70% cell 

injury, medium heat tolerance and more than 80% cell injury,  low heat tolerance.      

3. Relative water contents and Excised leaf weight loss  

Relative water contents (RWC) is a critical hydration and metabolic activity index of 

cell and tissue. Relative water contents were higher in young leaves as compared to mature 

leaves (Araus et al. 2008). Nayyar and Gupta (2006) reported decrease in relative water 

content (RWC) and water potential when plant faced water scarce condition. Siddique et al. 
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(2001) observed increase in leaf temperature whenever plants were exposed to drought 

conditions which consequently lowered leaf water potential, relative water contents and 

transpiration rate. They also observed higher water contents in wheat leaves at initial stage 

which decreased in matured leaf due to accumulation of dry matter. Furthermore they 

observed lower values of relative water content in stressed condition than non-stressed in 

wheat and rice.  Relative water contents were influenced by interaction of duration of water 

stress events, severity and species (Yang & Miao, 2010). Relative water contents, stomatal 

conductance, leaf temperature and canopy temperature are valuable characters that overall 

affects plant water relation (Anjum et al., 2011). Higher relative water contents are necessary 

for adequate performance of plant (Blum, 1999). 

Malik et al. (2006) evaluated four parents along with their hybrids in upland cotton 

under drought conditions to investigate relationship among water stress tolerance and 

agronomic traits. Boll weight was positively correlated with relative water contents. Stomata 

size showed negative correlations with gining out-turn (GOT). Non-significant relationship 

was observed for all studied characters with excised leaf weight loss and stomatal frequency. 

Genotypes having less stomatal size with reduced transpiration showed improved drought 

resistance. Reduced relative leaf water contents (RLWC) have been reported with the increase 

of drought stress in several crops (Yasmine, 2008; Siddique et al., 2000; Kirnak et al., 2001)   

Relative leaf water content has been reported as a good index of water status in plant 

as compared to water potential (Sinclair & Ludlow, 1985). Bhatt et al. (2005) studied relative 

water contents in both stress and normal environment. They observed 72-82% relative water 

contents in normal plants while in the stressed it varied from 66-75% further more they found 

significant relationship between relative water contents and yield. Lycoskoufis et al. (2005) 

observed reduced plant growth and dry matter accumulation rate under water stress condition. 

It was due to less relative leaf water contents which decreased leaf area by reducing turgidity 

but it may also affect stomatal conductance and ceases photosynthetic rate. Kumar and 

Sharma (2007) analyzed gene action regarding excised leaf water loss and relative water 

contents under water stress and irrigated conditions using generation mean analysis. They 

reported predominant additive gene effects for RWC whereas ELWL were influenced under 

both additive and dominance gene effects.   
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4. Leaf temperature 

Leaf temperature can be measured through infrared spectrometry and is associated 

with plant performance under drought conditions (Blum et al., 1989). Changes in leaf 

temperature are considered to be efficient indicator for leaf water status under water stress 

conditions. Water stress tolerant plant species conserve water use efficiency by decreasing 

water loss (Anjum et al., 2011). Hirayama et al. (2006) performed experiments to evaluate 

upland and low land rice genotypes by using one physiological trait i.e leaf temperature under 

drought conditions in 1995, 1996 and 1997. Leaf temperature of upland rice genotypes was 

less than those of lowland varieties.  Relationship of leaf temperature with transpiration and 

photosynthetic activity were recorded. They observed a significant relationship of leaf 

temperature with grain yield in 1995. Moreover, they found significant positive correlation 

between leaf temperature and root growth. Upland rice progeny showed relatively more 

inheritance regarding leaf temperature. They suggested leaf temperature as a reliable indicator 

for selection against drought tolerance in upland rice breeding program.  

Silva et al. (2007) studied the role of physiological parameters i.e leaf temperature and 

relative water contents to differentiate tolerant and susceptible eight sugarcane genotypes 

against water stress. The results showed that under water stress condition tolerant genotypes 

had maintained higher relative water contents (16%) than susceptible genotypes. Furthermore 

they observed more leaf temperature about 4°C than well watered genotypes and also tolerant 

genotypes were 2.2°C less than susceptible genotypes. They suggested that leaf temperature 

and relative water content were reliable indicators for selection against drought. 

Ya et al. (2009) studied eighty three maize inbred lines to search out the relationship 

between leaf temperature variation and biomass accumulation at seedling stage under drought 

conditions. Results of leaf temperature variation between water stress and irrigated 

environment possessed a significant positive correlation with fresh and dry biomass. 

Fluctuation in transpiration rate affected the leaf temperature and stomata played important 

role in maintaining leaf temperature. They also depicted that differences in leaf temperature 

under drought could be used for selection of maize genotypes at seedling stage to accelerate 

the breeding program. 
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Ardestani and Rad (2012) evaluated two rape seed varieties named Zarfan and Opera 

under drought stress condition using randomized complete block design. Various 

physiological parameters including stomatal resistance, relative water contents, canopy 

temperature and its difference between canopy air temperatures were measured. Results 

indicated that Opera had the advantage over Zarfan due to higher relative water content 

(RWC), lower stomatal resistance and canopy temperature. They concluded that relative water 

contents (RWC), stomatal resistance and canopy temperature depression (CTD) are useful for 

making rapid selection at critical stages of rape seed against drought. 

5. Stomatal conductance 

Estimation of stomatal conductance provides the difference between vapour pressure 

from external leaf surface and inner plant tissue. This difference of vapour pressure affects the 

status of guard cells thus causing incomplete closing of stomatal apparatus. Transpiration rate 

is directly proportional to stomatal conductance, rate of transpiration decreases with the 

partial or complete closing of stomata on water stress. This loss of water from guard cells of 

stomata forces it to close to save water.    

  Sharma and Bhalla (1990) studied six drought tolerant maize inbred lines alongwith 

one susceptible under normal and stress condition. Results revealed dominat gene action 

influencing stomatal number. Matsuura (1996) found stomatal conductance with positive 

correlation with leaf xylem. Subhani and Caowdhary (2000) investigated genetic mode of 

inheritance for some morpho-physiological traits like stomatal frequency, days to heading, 

plant height, grains per spike, 1000-grain weight and grain yield per plant under both normal 

and water deficit conditions. They reported additive type of gene action for most of the traits.  

Aslam et al. (2006) screened 60 maize genotypes against four moisture stress levels 

(100%, 80%, 60% and 40%) on the basis of cell membrane thermostability and stomatal 

conductance. They found that relative cell injury (RCI%) could be applied for screening 

maize genotypes against drought. Moreover, they indicated NC-9 as stress tolerant while T-7 

as stress susceptible on the basis of selection criteria.Yu et al. (2001) evaluated cotton and 

maize genotypes at seedling stage using Hogland solution for 14 days againstsalt stress. 

Physiological parameters were recorded from upper leaves of cotton and maize. Stomatal 

conductance decreased under salt stress. More reduction in stomatal conductance was 
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recorded in cotton than maize while more reduction in turgor potential was found in maize 

than cotton. 

Rebetzke (2003) observed both additive as well as non-additive genetic effects for the 

inheritance of leaf conductance. It was indicated that selection for different leaf conductance 

increased genetic gain by delaying screening populations until late in the day and repeating 

measurement. Akbar et al. (2009) observed non-significant GCA estimates for stomatal 

conductance.   

Genetics of agronomic attributes 

Vacaro et al. (2002) studied combining ability and its potential use in future breeding 

program in 12 maize populations. Various morphological traits including plant height, ear 

height, number of ears per plant, number of grains per ear and grain yield were recorded to 

assess their performance. The results showed high genetic variability for all studied traits with 

predominant additive effects. Furthermore, they indicated that general combining ability 

(GCA) was more important than specific combining ability (SCA) signifying the importance 

of additive variance for controlling agronomic traits including grain yield and proposing 

genetic improvement through selection. 

Betran et al. (2003) evaluated seventeen lowland white tropical maize inbred lines in a 

diallel cross under stress and non-stress environments. Positive correlation between genetic 

distance (GD) and F1 hybrid performance, specific combining ability (SCA), mid parent 

heterosis and high parent heterosis were reported. They also found positive strong correlation 

between specific combining ability with genetic distance. They pointed out variations in 

performance of hybrids and inbred lines on the basis of grain yield under different magnitude 

of water stress.  

Hussain (2009) found about 20 to 40% reduction under moisture deficit condition for 

various agronomic and physiological characters including plant height, leaf area, kernels per 

row, 100- kernel weight, grain yield per plant, cell membrane thermostability and relative 

water contents.Vicente et al. (1999) observed highly significant differences in plant height 

and grain yield among the genotypes for all the traits. 

Plant height and ear attachment height in maize was reduced in water stress (Evgenidis 

et al. 2009). Plant height was severely affected when irrigation was restricted at knee height 
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stage (Dass et al. 2001). Tabassum et al. (2007) found plant height equally under the control 

of additive and non-additive genes for normal and water stress conditions. Inbred line F-133 

was found good general combiner for plant height. Imtiaz (2009) reported plant height under 

the control of additive type of gene action 

Leaf parameters like excised leaf water contents, stomata size, cell membrane thermo 

stability and leaf area had negative direct effect on grain yield. However, positive correlation 

was also observed due to indirect effects for stomatal size and leaf area that favours indirect 

selection for grain yield improvement in maize under water stress (Ahsan et al. 2008).  Khan 

et al. (2001) reported that stem height, stem diameter, leaf area and days to complete 

flowering decreased significantly with the increase of water stress and also found that drought 

affected yield components by decreasing number of grains per cob, 1000-grain weight and 

grain yield.  

Zhang et al. (2008) studied different maize genotypes in the field under drought stress, 

compared with the control and had smaller leaf area, thinner stalk, shorter and smaller ears, a 

decline in plant height and ear position, reduced kernel number per ear and kernel weight, 

which led to a yield decline index.Greater expression of heterosis was observed under water 

deficit conditions (Betran et al. 2003a). Difference in grain yield between hybrids and inbred 

lines increased with the intensity of drought. Additive gene action was found to be of 

significant importance in drought stress environment (Betran et al. 2003b). Inbred line F-133 

and F-149 was found good general combiners for number of grains per ear and grain yield per 

plant both under normal and water stress conditions (Tabassum et al. 2007). 

Mehdi et al. (2001) revealed significant differences for all traits except for dry root 

weight among maize S1 families and treatments. Interactions among treatments and S1 maize 

families were recorded significant for fresh and dry shoot weight and fresh shoot length. They 

concluded that dry root weight could be used as efficient tool for selecting superior S1 maize 

families under water stress condition. Variation in seedling parameters like plant height, root 

penetration length and shoot dry weight existed under deficit conditions (Maiti et al.,1996). 

 Grzesiak (2001) investigated performance of sixteen single cross maize hybrids under 

greenhouse and field conditions. Water stress susceptibility index in field was evaluated for 

three years under two soil moisture conditions i.e drought and irrigated and also in greenhouse 
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using pots for seedling assessment under periodic water stress. In greenhouse study, seedlings 

were evaluated by caryopsis germination index, root to shoot dry matter ratio, transpiration 

index and leaf injury %age under both drought and heat stress. They demonstrated that the 

potential of genetic variation in maize germplasm for water stress tolerance was better 

explored under severe water deficit conditions. 

A number of physiological traits so far have been reported as reliable indicators for 

selecting promising genotypes under drought conditions (Ashraf et al., 1999). Banziger et al. 

(2000) carried out correlation and heritability studies in maize and reported anthesis-silking 

interval, barreness, leaf rolling and leaf senescence as useful secondary traits for elevating 

grain yield under water stress environments.  

Genetics of various physio-agronomic traits   

Subhani and Chawdhary (2000) studied genetic mechanism of morpho-physiological 

traits in wheat and reported additive gene action. Grain yield was affected due to water stress 

before or after reproductive stage. It is estimated that about 25% of yield losses due to water 

shortage can be overcome by genetic amendment in water stress tolerance and further 25% by 

conserving water and remaining 50% through supplemented irrigation (Edmeades, 2008). Hu 

et al. (2007) assessed maize genotypes under drought and salinity and found similar reduction 

in fresh weight indifferent of leaf number. They further concluded that reduction of leaf tissue 

growth was exhibited by other factors rather than nutrient limitation in both water and saline 

stress.       

In maize, various traits related with water deficit tolerance have been documented 

(Bruce et al., 2002; Benziger et al., 2005; Araus et al., 2008). Therefore recognition of the 

basis of water deficit tolerance is a pre requisite for breeding and selection against moisture 

stress environment. Selection of efficient breeding strategy depends on comprehensive 

knowledge of gene action controlling the expression of a particular trait.      

Naveed (1979) reported both additive and dominant type of gene action for days taken 

to tasseling in maize. Yadav et al. (2003) performed genetic analysis of eight composite 

varieties in a variety cross diallel model under normal and water stress condition. Significant 

dominance effects were observed for days to 50% silking and tasselling and plant height 

under both water stressed regimes. Furthermore, variance due to additive effect, dominance 
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effect, general and specific combing ability was important for grain yield under both normal 

and stress conditions. High heritability estimates for plant height were recorded under both 

experimental conditions.  

Carena et al. (2009) evaluated forty maize hybrids against drought tolerance in the 

field over different sites and reported better yield for all hybrids against control varieties. 

They reported anthesis-silking interval and grain filling as most suitable indicator for 

screening against drought tolerance. Earlier investigations depicted importance of both 

additive and non-additive gene effects for controlling grain yield. Bukhari (1986) analyzed 

five elite inbred lines in a diallel cross and reported plant height to be under the influence of 

additive type of gene action while 100-kernel weight and grain yield were governed by over-

dominance type of gene action. 

 Ramamurthy (1980) observed additive type of gene action for plant height and days 

taken to anthesis. Siddiqui (1988) inferred non-additive type of gene action for plant height. 

Sharma and Bhalla (1990) reported plant height to be governed by dominance type of gene 

action in maize. Iqbal et al. (1991) and Patil et al. (1995) found inheritance for days to 

maturity to be additively controlled. Mahajan and Khera (1991) from diallel study on eight 

maize inbred lines under eight environments concluded that plant height was governed by 

additive type of gene action.   

Ahsan (1999) performed diallel analysis using six maize inbred lines and observed 

low values of coefficient of variation for all traits except grain yield. High magnitude for 

genotypic correlation coefficient was observed than phenotypic correlation. Negative and 

significant genotypic correlation coefficients were recorded between days taken to 50 % 

tasselling and silking and grain yield. They concluded that yield could be improved by 

increasing leaf area and plant height. Chaukan (1999) studied forty five F1 hybrids in a 

randomized complete block design and reported additive gene action for days taken to 

flowering. Unay et al. (2003) studied half-diallel crosses among 9 inbred parental lines for 

inheritance of grain yield components and found that most of the characters were under the 

control of dominant genes. 

Kumar and Gupta (2004) conducted experiments on 12 maize inbred lines for grain 

yield, its components and morphological traits such as days to 50% tasselling, plant height, 
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100-kernel weight and number of ears per plant, and reported additive and dominance 

components highly significant for all the traits. Prakash and Ganguli (2004) performed diallel 

analysis to find out the mode of gene action of various yield components by using 9 maize 

inbred lines and their crosses. They studied yield components i.e number of days to 50% 

tasselling, plant height, ear height, kernel rows per ear, kernels per row, 500-kernel weight, 

and grain yield. Non-additive gene action was reported for all traits except for days to 50% 

tasselling, ear height, and kernel rows per ear, which were characterized by additive gene 

action.  

Saeed and Saleem (2000) studied six maize inbred lines using complete diallel crosses. 

They concluded that ear height was under non-additive type of gene action while additive 

genetic effects prevailed for other three studied characters i.e days to 50% tasselling, days to 

50% silking and plant height. Saleem et al. (2002) observed over- dominance type of gene 

action for number of kernel rows per ear. Srdic et al. (2007) conducted experiments to find 

out the mode of inheritance of maize grain yield and its components i.e, kernel rows per ear, 

number of kernels per row and 1000-kernel weight. Dominant gene effects were more 

significant in maize grain yield and number of kernels per row while additive gene effects 

were more important for kernel row number and 1000-kernel weight. The mode of inheritance 

of kernel row number was partial dominance, while over-dominance were of greater 

importance for grain yield, number of kernels per row and 1000-kernel weight 

Mendes et al. (2003) identified superior maize inbred lines among five selected lines 

using diallel cross analysis. All crosses were evaluated under seven different environments. 

Data for number of ears per plant, plant height and grain yield were recorded. Results 

revealed importance of both additive and non-additive gene effects for grain yield whereas 

additive effects were important for other traits. Kuraita et al. (2003) analyzed eight maize 

inbred lines in a half diallel to investigate the inheritance pattern of yield components. Data 

regarding ear height, plant height and grain yield were recorded. They observed additive gene 

action for ear and plant height whereas, non-additive type of gene action for grain yield.        

Mahmood et al. (2003) investigated some physio-morphological characters using 

graphical analysis in wheat under drought conditions. They revealed that most of the traits 

were influenced by additive genetic effects excluding flag leaf area which showed over-
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dominance. Solomon and Labuschagne (2003) studied 6 x 6 diallel cross with two drought 

tolerant, two intermediate, one moderately susceptible and one susceptible parent. They 

revealed tolerant parents were predominantly influenced by additive gene action. Betran et al. 

(2003) investigated inheritance pattern of yield related traits under different environments. 

They observed different genetic effects under water stress and low soil nitrogen. Additive 

gene action was more important under water stress whereas dominance was significant for 

low soil nitrogen. 

Tabassum (2004) and Hussain (2009) evaluated different maize lines under normal 

and water stress condition using diallel cross. They revealed additive type of gene action for 

plant height under normal as well as water stress condition. Katna et al. (2005) evaluated 

maize on the basis of various components of grain yield and related traits. They found grain 

yield, days to 50% silking, kernel rows per ear, number of kernels per row and 100-kernel 

weight were influenced under additive and dominance effects. Afarinesh et al. (2005) 

evaluated 21 maize genotypes using diallel cross method under normal and water stress 

conditions. They recorded data for anthesis-silking interval, 1000- kernel weight and grain 

yield. The result revealed dominance type of gene effects for anthesis-silking interval, 1000-

kernel weight and grain yield under both stress and normal condition. Both additive and 

dominance variances were important under non-stress condition whereas dominance effects 

were more significant than additive effects in water stress condition. 

Abo-Shetaia et al. (2005) evaluated eight maize hybrids against water stress on the 

basis of physiolgicat traits like stomatal conductance and canopy temeperature depression 

(CTD). They found significant decrease and increase in stomatal conductance and canopy 

temperature depression traits, respectively. They suggested maintinence of higher water 

potential under water stress represented degree of drought tolerance. On the basis of results 

they concluded that hybrid TWC 323 with lowest CTD value produced maximum yield with 

other hybirds (SC21, SC22, SC23, SC24, TWC321, TWC322, TWC323 and TWC324) in 

comparison. Chohan et al. (2012) selected six maize inbred lines after screening fifity maize 

inbred lines against water stress on the basis of various morphological and physiological 

parameters. They further evaluated the F1s developed through 6 × 6 diallel under water deficit 

condition. They found preponderance of additive genetic effects for most of the traits like 
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plant height, anthesis silking interval,cell membrane thermostability, number of kernel rows 

per ear, 100-kernel weight and grain yield per plant. 

Sofi et al. (2006) studied the importance of additive, dominance and epistasis on grain 

yield and its component traits in two promising maize hybrids and found that both additive 

and dominance components were significant with predominance indicating non-additive gene 

action for the expression of the traits i.e plant height and number of ears per plant, except for 

100-kernel weight and proved that in both crosses epistasis was significant contributor to 

genetic variance. Furthermore they indicated presence of favorable epistatic gene 

combinations in both the hybrids. Muraya et al. (2006) performed a diallel cross involving 7 

maize inbred lines to estimate the heterosis and inheritance of days to 50% flowering, plant 

height, kernel rows per ear, number of kernels per row, 100-kernel weight and grain yield and 

suggested the presence of both additive and non-additive gene effects for all traits. Heterosis 

estimates showed that it was more important in grain yield and yield components. 

Ojo et al. (2006) performed correlation studies among eleven yield related traits. 

Except tassel number and 100-kernel weight, all the characters were positively correlated with 

grain yield. Subha and Singh (2006) reported both additive and dominance genetic effects 

regarding anthesis-silking interval (ASI). Lu et al. (2006) evaluated water stress tolerance by 

mapping and tagging of quantitative trait loci for various yield components in maize. A group 

of 221 recombinant inbred lines derived from Yuyu 22 were assessed under both water stress 

and normal conditions. The results revealed epistasis effects controlling number of kernels per 

row and additive genetic effect for kernel weight. 

Tabassum et al. (2007) concluded that kernel number per plant was influenced by non-

additive type of gene action under both stressed and non-stressed water environment. Munir et 

al. (1977) demonstrated that number of kernels per ear and 100- kernel weight were under the 

influence of additive genetic effects whereas over-dominance for kernel per ear was reported 

by Akbar (2008) and Hussain et al. (2009).  

Akbar (2008) evaluated six selected inbred lines through screening using a diallel 

cross under two temperature regimes. Analysis revealed that grain yield per plant and most of 

the related traits studied were under over dominance type of gene action. Farooq (2008) 

suggested additive genetic effects for inheritance of traits such as anthesis-silking interval 
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(ASI), number of kernel rows per ear, number of kernels per ear, 1000-kernel weight and 

grain yield per plant. Hussain et al. (2009) evaluated six selected maize inbred lines against 

normal as well as water stress condition. Significant differences were observed for all 

characters. Plant height, grain yield per plant and harvest index were found to be additively 

controlled with partial dominance under both conditions, whereas number of kernels per row 

was influenced under additive type of gene action. Wattoo et al. (2009) studied seven maize 

inbred lines to investigate the type of gene action (Hayman 1954a, 1954b and Jinks 1954). 

Graphical approach depicted that most of the traits such as plant height, number days taken to 

50% tasselling, number of days taken to 50% silking, number of ears per plant, number of 

kernel rows per ear, number of kernel per row, 100-kernel weight and grain yield were 

influenced by over-dominance type of gene action.  

Rafiq et al. (2010) performed experiment to explore genetic parameters for variation 

and correlation among different yield traits in maize. Analysis revealed the presence of 

significant variation among all the traits. Ear height, 100-kernel weight and grain yield per 

plant had showed high GCA variance. 100-kernel weight was significantly correlated with 

grain yield. Majority of traits showed positive indirect effect through kernel rows per ear, 

kernels per row and 100-kernel weight. Jehanzeb (2010) depicted additive type of gene action 

for days taken to maturity in wheat. Khodarahmpour (2011) investigated genetic inheritance 

pattern in twenty eight maize hybrids using Hayman-Jink model to estimate genetic effects. 

Statistics a and b were found significant for all traits. Dominance effects were recorded for 

grain yield related traits, additive gene action with partial dominance for anthesis-silking 

interval (ASI), kernel number in row, number of kernel row per ear and 1000-kernel weight.  

Combining ability studies 

Identification and selection of parents that will combine well and give productive 

progenies in any target environment serves as backbone for success of any breeding program. 

Combining ability serve as reliable indicator for selecting good potential inbred line. 

Information regarding quantitative characters with respect to general combining ability 

(GCA) and specific combining ability (SCA) for parents can be efficiently obtained from 

diallel analysis. Therefore, combining ability estimates provides information on mechanism 
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controlling quantitative characters and further help in selecting suitable parents for germplasm 

improvement or developing superior hybrids or varieties (Singh and Gupta 2008). GCA 

represents additive genetic effects whereas SCA is a measure of non-additive type 

(dominance and epistasis) of genetic effects. Furthermore it enable plant breeder to select elite 

inbred lines as parents in early generations for developing hybrids. Diallel technique with 

different strategies has been used extensively used in maize breeding program in exploring 

genetic mechanism (Silva et al. 2003; Miranda et al. 2008; Souza et al. 2008). 

Tulu and Ramachandrapp (1998) studied combining ability among seven maize 

populations using diallel cross for plant height. The results revealed highly significant 

estimates for general combining ability while specific combining ability effects were non-

significant for plant height highlighting additive type of gene action. Higher values of general 

combining ability than specific combining ability showed significance of additive genes 

controlling the traits. Joshi et al. (1998) evaluated maize inbred lines for quality and yield 

components. Combining ability studies revealed both additive and non-additive genetic 

effects for quality and yield studied components. 

Paul and Debanth (1999) studied combining ability in 7 x 7 diallel cross analysis 

which indicated that general and specific combining ability effects were important for plant 

height and days to silking. Combining ability estimates indicated importance of additive gene 

action for plant height and days to silking. Revilla et al. (1999) studied general combining 

ability, specific combining ability and reciprocal effects regarding plant height. Except kernel 

weight significant GCA and SCA were observed. Significant SCA was found for kernel 

weight. Hassabala et al. (1980) concluded from a diallel study in eight maize inbred lines and 

crosses, concluded that additive genetic effects were more significant for grain yield.  

Dracea et al. (1980) selected inbred line T-96 on the basis of good general combining 

ability estimates for kernels per ear, 100-kernel weight and grain yield per plant from 6 x 6 

local maize diallel crosses. Khamis (1983) studied 5x5 diallel crosses and analysed data on 

plant yield and plant height. The additive gene effects were predominant especially for plant 

yield. Tep-5, La-posta and Kitale synthetic 11 showed high positive general combining ability 

(GCA) and specific combining ability (SCA) effects. 
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 Saleem et al. (1986) evaluated 6 x 6 diallel cross in maize on the basis of yield and 

yield components. They reported general combing ability (GCA) effects were more 

significant for days to tasselling, days to silking, plant height, 100-kernel weight and grain 

yield per plant as compare to specific combining ability (SCA) effects. Moreover they 

observed significant SCA × environment interaction for 100-kernel weight and yield per plant 

traits. Qadri et al. (1983) investigated GCA and SCA estimates for various traits such as 

number of ears per plant, number of kernel rows per ear, number of kernels per row, plant 

height, 100-kernel weight and yield per plant. They reported highly significant estimates for 

GCA and SCA for kernel rows per ear.  

Lin and Chen (1986) evaluated 8 x 8 maize inbred lines in a diallel cross analysis. 

They observed significant GCA and SCA mean squares for days to tasselling, days to silking, 

kernel rows per ear and grain yield per plant. Overall they indicated high value for GCA than 

SCA predicting additive genetic effect. Mahmood et al. (1990) observed 100-grain weight 

under non-additive type of gene action. Hosary and Sedhom (1990) studied yield and yield 

components in diallel cross analysis. Data for seven yield traits along with grain yield were 

recorded. They reported significant GCA and SCA for all the traits showing additive and 

additive x additive genetic effects. Beck et al. (1990) analyzed plant height and grain yield in 

a diallel cross at six different location in Mexico. They found GCA estimates significant for 

all the traits. Baktash et al. (1985) made diallel crosses of 10 maize inbred lines and tabulated 

data on grain yield per plant, plant height, 100-grain weight and some other related characters. 

From the results it was concluded that general combining ability (GCA) was more important 

than specific combining ability (SCA) effects. 

Javed (1986) studied general combining ability (GCA) and specific combining ability 

(SCA) for grain yield and related components (ears per plant, kernel rows per ear, kernels per 

row, 100-grain weight) in maize single crosses. Both general and specific combining ability 

effects contributed significantly to yield and its components. Anwar (1989) studied general 

combining ability (GCA) and specific combining ability (SCA) in 6 x 6 diallel cross 

experiment and reported that mean squares for plant height, ears per plant, kernel rows per 

ear, kernels per row, 100-grain weight, grain yield per plant highly significant. General and 

specific combining ability (SCA) effects contributed significantly to grain yield and its 
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components. The variance due to specific combining ability (SCA) effects was greater in 

magnitude, indicating non-additive type of gene action. 

Khan et al. (1990) found highly significant mean squares of GCA and SCA for all 

yield and morphological traits. They predicted non-additive type of gene action due to greater 

magnitude of SCA variance. Debnath and Sarkar (1990) analyzed data on six yield 

components in nine inbred lines in a diallel cross for combining ability. They suggested that 

their F1‟s were good combiner for grain yield. Zhang and Wang (1991) studied 5 x 4 diallel 

cross in maize. They observed highly significant GCA and SCA estimates for all 11 

agronomic traits except 100-kernel weight. They further concluded that parent with high GCA 

value must be selected. El-hosary et al. (1994) provided information for combining ability 

derived on data on yield components in eight inbred lines and their twenty eight F1 hybrids. 

Significant general combining ability was detected in both years. Specific combining ability 

was significant for plant height, number of grain rows per ear, number of grains per row and 

grain yield per plant.  

Khotyleva and Lemesh (1994) concluded from 4 x 4 diallel cross that leaf area at 

sedling stage was controlled by additive type of gene action. Saeed (1998) concluded in his 

findings through diallel analysis that days to 50 % silking and 100-kernel weight were 

additively controlled.  Mathur et al. (1998) examined seventy eight hybrids through diallel 

cross. They observed significant GCA variance for days taken to 50% tasselling, days taken to 

50% silking, number of kernel rows per ear and grain yield per plant. They also highlighted 

inbred lines as good combiner for various yield traits. Zellek (2000) studied combining ability 

for grain yield and plant height. Both general and specific combining ability effects were 

found significant for days to tasseling, days to silking, kernels row per ear and plant height. 

Paul and Debenth (1999) reported significant GCA effects for anthesis-silking interval 

(ASI) and additive genetic effects played important role in inheritance. Talleei and 

Kochaksaraei (1999) studied combining ability in a complete diallel cross analysis. They 

observed significant SCA for all traits whereas significant GCA was observed for kernel yield 

at 1% and rows per ear at 5% probability level. Additive genetic variance was recorded as 

main source of variation for days to silking and tasselling. They reported cytoplasmic effects 

in the germplasm due to the presence of significant reciprocal effects.  
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Khan et al. (1999) calculated combining ability in 4 x 4 diallel cross in maize (Zea 

mays L.) for grain yield and yield related agronomic traits. Highly significant mean squares 

due to genotypes and SCA were observed for all traits except number of ears per plant. Highly 

significant GCA effects were recorded for ear height and number of kernel rows and 

significant for 100-kernel weight and plant height whereas non-significant for number of ears 

per plant, number of kernels per row and grain yield. Greater estimates for specific combining 

for all charaters were important except kernel rows per ear which predicted non-additive type 

of gene action. Inbred line USSR-3135 proved best combiner for number of kernel rows per 

ear, whereas line IMAN-I good combiner for plant height and inbred line ASE-304 showed 

good combining ability for kernel weight. Single crosses USSR-3135 x A-637 exhibited best 

SCA effects for grain yield. Ogunbodede, (2000) performed diallel experiment using six 

maize local Nigerian varieties. They found highly significant combining ability estimates for 

six agronomic studied traits. High mean square estimates of GCA than SCA for grain yield 

depicted additive genetic effects for grain yield. 

Ajmal et al. (2000) studied inheritance pattern of yield components in four wheat 

varieties viz. Blue-Silver, Pak-81, Inqalab-91 and Kohistan-97 using diallel analysis. They 

reported predominance of additive gene action for most of the parameters. Crosses, Blue-

Silkver x Kohistan-97 and Kohistan-97 x Pak-81 had high specific combining ability 

estimates for grain yield.Venugopal et al. (2002) studied combining ability analysis in forty 

five single crosses derived from a 10 x10 diallel mating for grain yield, days to silking, days 

to tasselling, plant height, ear height, 100-seed weight, kernel per row and kernel rows per 

ear. Analysis revealed that non-additive gene effects were more important for all the 

characters. Based on SCA effects and per se performance of the hybrids, AML - 105 x AML - 

135 and AML - 146 x AML - 148 for grain yield were found as potential hybrids. 

Abou-deif et al. (2003) studied inheritance of grain yield and related components i.e. 

plant height, number of ears per plant, number of kernel rows per ear, number of kernels per 

row, 100-grain weight and grain yield per plant in 4 inbred lines of maize, 6 F1 crosses, their 

reciprocals and 6 F2 crosses in the field. Analysis of variance was calculated for both general 

and specific combining ability which showed that inbred G-307-A was the best combiner for 

all characters. Crosses G-4 x G-12 and G-12 x G-307-A showed high specific combining 
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ability (SCA) for all characters except 100-grain weight. Desai and Singh (2001) conducted 

half diallel cross of 7 x 7 maize inbred lines. Analysis of variance revealed significant 

variation in GCA and SCA estimates for plant height. 

Ramesh et al. (2000) performed 6 x 6 diallel experiment in maize (Zea mays L.) for 

combining ability estimates. They found both significant general and specific combining 

ability for all the traits. Therefore non additive effects were important for grain yield, number 

of kernels per row and 100-kernel weight in developing single cross hybrids. Desai and Singh 

(2001) performed half diallel analysis and reported significant differences in GCA and SCA 

for days to tasseling, days to silking and plant height. Nigussie and Zelke (2001) found high 

magnitude of general combining ability than specific combining ability showing additive 

genetic pattern for days to tasselling.   Dubey et al. (2001) observed significant mean squares 

for 100-grain weight as well as greater SCA estimates than GCA showing predominance of 

non-additive gene action for the inheritance of trait.Vales et al. (2001) determined general and 

specific combining ability in three maize synthetic populations for evaluation of selection 

potential on the basis of plant height, ear per plant, number of kernel rows per ear and grain 

yield. Both general and specific combining ability estimates were found significant for ears 

per plant, number of kernel rows per ear and grain yield. Shreenivasa and Singh (2001) 

studied drought tolerance in maize through 7 x 7 half diallel cross analysis under water stress 

condition. Water stress was created at the time of anthesis, silking, pollination and grain 

filling stage. They recorded significant variation for general and specific combining ability 

estimates. Among the parents 1b 1073, 1b 1143 and 1b 1155 had positive GCA estimates 

regarding plant height and grain yield. Crosses 1b 1073 x 1b 1143 and 1b 1073 x 1b 1155 had 

showed high estimates of specific combining ability for plant height and grain yield. 

Vacaro et al. (2002) studied combining ability in twelve maize inbred lines in Brazil. 

Data for traits like plant height and grain yield per plant were recorded in field which showed 

that mean squares for GCA were higher than SCA for all the traits. Ahmad et al. (2009) 

evaluated six cotton genotypes under water stress condition for various morpho-physiological 

traits including plant height, relative water contents and excised leaf water loss. The result 

revealed both additive as well as non-additive type of gene action involved in the expression 

of the traits. Chen et al. (2002) observed obvious genotypic differences while evaluating eight 
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maize populations and twenty eight hybrids in China while evaluating yield at maturing stage. 

They found significant differences for GCA and SCA for grain yield among the populations. 

Population Yuzong 5, Huangmo 49, Eman 24, Golqueen and Zi T36 showed high GCA and 

SCA effect for grain yield. 

Gribincea (2002) dtudied diallel cross in maize hybrids and reported that plant height 

was under the control of both additive and dominance genetic effects. Ahmad (2002) analyzed 

genetic pattern of anthesis-silking interval and found both additive and non-additive genetic 

effects had their role in trait inheritance. Venugopal et al. (2002) analyzed genetic pattern in 

forty five single cross hybrids using diallel analysis for days to silking, days to tasseling, plant 

height, 100-kernel weight, kernels row per ear and grain yield. They depicted more important 

non-additive genetic effects for all the traits. Inbred line AML-148 and AML-164 were good 

general combiners for grain yield. In addition they found good SCA effects for hybrids AML-

105 x AML-135 and AML-146x AML-148 for grain yield.   

Yuan et al. (2003) studied heritability pattern of ten maize inbred lines using 

incomplete diallel cross to evaluate GCA and SCA for yield and yield related parameters 

including number of rows per ear, number of kernels per row, 1000-kernel weight, plant 

height and grain yield. The results revealed that most of the quantitative traits were influenced 

by additive type of gene action. Kabdal et al., (2003) evaluated seven maize inbred lines 

alongwith four control cultivars (Navin, Tarun, Surya and Gauray) using half diallel cross 

technique for combining ability and heterosis.  GCA was observed higher than SCA except 

for ear height. Five single cross hybrids were indicated on the basis of high specific 

combining ability estimates for number of days taken to 50% tasseling, number of kernel rows 

per ear, 100-kernel weight and grain yield. 

Abou-deif et al. (2003) estimated mode of inheritance in 4 maize inbred lines and F1 

and F2 hybrids using diallel for yield and yield related traits i.e ears per plant, plant height, 

kernel rows per ear, kernels per row, 100-kernel weight and grain yield per plant. Analysis of 

variance was computed for general and specific combining ability. Inbred G-307 was best 

combiner for all studied traits. High specific combining ability (SCA) estimate was recorded 

for all traits except 100-kernel weight in crosses G-4 x G-12 and G-12 and G-307-A. Betran et 

al. (2003) studied genetic diversity, specific combing ability and heterosis in tropical maize 
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under stress and normal environment. They observed greater heterosis under water stress.  

Grain yield was predominantly controlled by non-additive gene effects.  

Betran et al. (2003b) observed relative greater magnitude of general combining ability 

(GCA) with the increase of stress intensity at same location and season. General combing 

ability (GCA) was found more significant over specific combining ability (SCA) under both 

normal and water stress conditions (Betran et al. 2003a).Rana and Kapoor, (2003) evaluated 

yield and some growth parameters in 10 x 10 diallel crosses (excluding reciprocals) for 

combining ability. The results indicated significant GCA and SCA variances for all traits. 

Dominance of non-additive genetic effects was recorded for the traits. Prakash and Ganguli 

(2004) evaluated nine maize inbred lines and their crosses using diallel on the basis of kernel 

weight. Combining ability revealed superior hybrid performance over parents. Furthermore 

they found additive gene action for kernel weight trait. 

Combining ability of grain yield under different levels of stress in different maize 

genotypes showed significant specific combining ability (SCA) with non-additive gene action 

and thus might be possible to select parents with breeding potential. Both general and specific 

combining ability were also significantly higher in irrigated experimental unit compared to 

water stressed plants (Evgenidis et al. 2009). Darera et al. (2008) observed significant general 

combining ability (GCA) variance for yield, indicating predominance of additive effects. But 

in non-stress environment, both GCA and SCA variances were significant for yield indicating 

the importance of additive and non-additive effects. Contribution of male (GCAM) and female 

(GCAF) effects to hybrids varied depending on the trait. 

Makumbi et al. (2004) studied combining ability estimates on fifteen maize inbred 

lines for days to tasseling, days to silking, anthesis-silking interval, plant height, number of 

ears per plant and grain yield under drought and normal water conditions. They revealed 

significant GCA and SCA effects for all the traits. Significant GCA x environment and SCA x 

environment interaction were observed for grain yield and number of ears per plant and also 

stated grain yield under the influence of additive gene action in both normal and water stress 

conditions. Barati et al., (2004) reported significant GCA effects for all studied traits whereas 

SCA significant for all characters except 1000-kernel weight during combining ability studies 

on five maize inbred lines and their crosses. 1000-kernel weight was under additive genetic 
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effects. Malik et al., (2004) studied nine maize inbred lines in a complete diallel mating 

fashion. They reported a significant general combining ability effects for most of the studied 

traits like plant height, ear height, number of ears per plant and kernels per row indicating a 

predominant role of additive gene action for the inheritance of triat. 

Zhou et al. (2004) evaluated 105 crosses using diallel cross technique. They computed 

combing ability estimates for ten traits. They observed highly significant variances of GCA 

and SCA for all characters. They selected five inbred lines viz. Z648, Z141, Z442, Chang 7-2 

and 246 on the base of performance for developing hybrids with high grain yield. Prakash and 

Ganguli, (2004) evaluated combining ability estimates of eight quantitative traits i.e number 

of days to 50% tasseling, ear height, plant height, kernel rows per ear, kernels per row, 500-

kernel weight and grain yield in nine maize inbred line using diallel analysis technique. 

Superior performance of hybrids was observed than parents (inbred lines). They revealed that 

days to 50 % tasseling and kernel rows per ear were additively controlled. Moreover they 

suggested Line CML-49 as good combiner for ear length, number of kernels per row, 500-

kernel weight and grain yield. They also suggested DH-3394, Dh-3117 and Dh-3345 best 

combiner for early flowering. Dh-3345 showed good combination results for ear height, plant 

height and early flowering. 

Malik et al. (2004) demonstrated GCA effects more significant than SCA predicting 

importance of additive genetic effects. Bhatnagar et al. (2004) reported non-significant GCA 

effects for grain yield but significant for agronomic and kernel quality traits. Lee et al. (2005) 

observed presence of both additive and non-additive genetic effects in controlling grain yield 

in maize inbred line. Furthermore they reported 74% additive variance of the total genetic 

variance Tabassum et al. (2005) evaluated combining ability using 8 x 8 diallel cross analysis 

under stress and well watered conditions. They found most of the characters under non-

additive type of gene action except plant height which was influenced under both additive and 

non-additive gene effects. Height of ear was dependent on GCA estimates. Dominance of 

additive effects for ear height were reported by other authors (Glover et al., 2005; Menkir and 

Ayodele, 2005)   

Rezaei et al. (2005) estimated genetic characters for yield and yield related traits in 10 

early maturing maize inbred lines using diallel cross analysis. Significant variance due to 
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GCA, SCA and reciprocal effects was obtained for all traits. GCA estimates were important 

for most of the parents. Significant SCA estimates were recorded in few crosses excluding 

plant height. Additive genetic effects were found to be more important over non-additive 

genetic effect all other traits. Muraya et al. (2006) performed diallel analysis on maize S1 lines 

for evaluation on the basis of combining ability and heterosis and observed significant 

estimates of general combining ability (GCA) and specific combining ability (SCA) for days 

to 50% flowering, plant height, 100-kernel weight and grain yield predicting both additive and 

non-additive gene action for traits. The GCA/SCA ratio for all traits represented additive 

genetic effects except for 100-kernel weight.   

Patil (2006) analyzed combining ability effects in pearl millet under drought 

condition. They observed significant variances for GCA as well as SCA for various different 

traits under both environments i.e normal and water deficit condition. Furthermore they 

indicated additive as well as non-additive genetic effects for harvest index and grain yield. 

Parmar (2007) studied ten maize inbred lines in a diallel fashion with the aim of extracting 

knowledge for genetic inheritance pattern. Significant GCA and SCA estimates indicated the 

significance of both additive and non-additive genetic effects for all studied traits.     

Tabassum et al. (2007) reported GCA/SCA ratio for grain yield as 0.23 and 0.28 

against normal and water stress conditions. They also reported grain yield to be under non 

additive gene action. Amaregouda, (2007) studied nature of heterosis, gene action and 

combining ability while studying single cross maize hybrids. Variance ratio (б
2
GCA / б

2
SCA 

and б
2
A/б

2
D) showed preponderance of non-additive genetic effects regarding inheritance of 

all studied traits. Inbred line ARYP-18 and ARYP-132 was considered as best combiner on 

the basis of general combining ability (GCA) estimates. Cross ARYP-146 x NEI showed 

maximum specific combining ability (SCA) effects for grain yield. Positive correlation was 

observed kernel rows per ear, kernels per row, plant height, 100- kernel weight and grain 

yield with yield per hectare. Santos et al. (2007) studied combining ability and selection in 

five maize populations after applying three cycles of modified reciprocal recurrent selection 

(MRRS). Increased GCA effects for grain yield and prolificacy were recorded with the 

increase of selection cycles while decreased GCA effects were observed for lodging of plant, 
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showing existence of additive genetic effects for these traits. More SCA effects for grain yield 

and prolificacy predicted non-additive effects increased with MRRS cycles.  

Singh and Gupta (2008) evaluated 22 maize lines and 3 testers under drought 

conditions using nineteen morpho-physiological parameters for drought tolerance. They found 

significant differences for GCA and SCA estimates for all studied traits describing non-

additive type of gene action elucidating usage of parameters by heterosis breeding. Jumbo and 

Carena (2008) studied seven maize populations along with single cross hybrids for 

determining maternal and reciprocal effects. They observed more GCA estimates than SCA 

for all traits except ear height. Derera et al. (2008) emphasized the importance of dominance 

effects under water stress conditions. In water stress conditions, significant effect of GCA 

variance was recorded for yield, highlighting the predominance of additive effects. While in 

normal condition, both GCA and SCA variances were important for yield signifying both 

additive and non-additive effects. 

Alam et al. (2008) studied combining ability for grain yield related traits in a 5 × s 

maize diallel cross. They found predominant role of additive genetic variance for kernels per 

ear and 1000- kernel weight while non-additive genetic effects were observed for plant height, 

ear height and days to silking. Furthermore they suggested inbred P2and P5 as best general 

combioner for 1000-kernel weight. Mahpara et al. (2008) studied combining ability for yield 

and yield related traits in 7 x 7 complete diallel analysis using Griffing (1956) approach. 

Inheritance mode was determined for traits like plant height, tillers/plant, peduncle length, 

spikelets/spike, grains/spike, 1000-grain weight and grain yield per plant. They revealed the 

importance of additive genetic effects for most of the studied traits except for plant height 

and grain yield per plant on the basis of greater GCA estimates over SCA variances. Plant 

height and grain yield per plant were influenced under non-additive type of genetic effects. 

They also suggested Punjab-96, Uqab-2000 and MH-97 as good general combiner for most of 

the studied traits while good specific combiners involved hybrids Iqbal-2000 x Parwaz-94, 

Parwaz-94 x Uqab-2000 and Punjab-96 x 4072 for most of the traits. 

Souza et al. (2009) evaluated combining ability in maize yield parameters using diallel 

mating design under various stress conditions. They noticed significant estimates for specific 

combining ability (SCA) indicating significance of non-additive genetic effects. Only 
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significant correlation exists among SCA and grain yield between close environment pair like 

normal/ low and high stress/ intense stress. Variation regarding grain yield in different stress 

environments restricts maize cultivar wide adaptability. Akbar et al. (2009) studied 6 x 6 

diallel cross in maize under normal and high temperature environments using various 

physiological and grain yield related traits. They found significant mean squares due to 

general combining ability (GCA), specific combining ability (SCA) and reciprocal effects for 

all traits such as under both environments whereas non-significant GCA estimates were 

recorded for stomatal conductance. Inbred line 935006 was selected as best combiner at both 

temperature regimes for grain yield per plant, lesser growing degree days to 50% silking, 

growing degree days to 50% tasseling and physiological maturity. They further suggested best 

cross 935006 x R2304-2, its reciprocal cross followed by F165-2-4 x R2304-2 and F165-2-4 x 

935006 for good SCA estimates for grain yield per plant and other characters.   

Hussain (2009) studied combining ability effects in six maize genotypes by using 

diallel mating design. Significant GCA, SCA and reciprocal differences were observed for all 

traits. Moreover greater GCA variance than SCA variance showed predominance of additive 

genetic effects for leaf temperature, plant height, leaf area and grain yield. Bello and Olaoye 

(2009) evaluated 10 maize open pollinated varieties for grain yield and related agronomic 

traits for combining ability. They observed significant estimates of general combining ability 

for all parameters except plant height whereas significant specific combining ability (SCA) 

and GCA x year estimates were recorded only for grain yield. SCA/ GCA estimates reflected 

predominance of GCA effects in expressing all traits. The results suggested additive type of 

gene action for the inheritance of plant height, days to tasseling, days to silking, anthesis-

silking interval (ASI) and grain yield.   

Shiri et al. (2010) evaluated 36 maize hybrids derived from eighteen inbred line 

alongwith two testers against normal and water stress conditions. They concluded that both 

additive and non-additive type of gene action was involved in the expression of grain yield 

under normal and stress condition. GCA/ SCA ratio reflected dominance of non-additive 

genetic variance over additive variance for grain yield inheritance. Higher genetic variance 

regarding grain yield was observed under normal condition than water stress condition. 
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Likewise narrow and broad sense heritability effects were recorded higher than water stress 

condition. 

Sultan et al. (2011) studied combining ability in 9 maize inbred lines using a half 

diallel analysis technique using Griffing (1956) approach under two locations (Fac. Agric. 

Moshtohor and Quesna menofiya Governorate) recording various quantitative traits i.e plant 

height, days to  tasselling, rows per ear, kernels per row, 100-kernel weight and grain yield 

per plant. Location mean square was found significant for most traits except rows per ear. 

Significant mean squares due to GCA and SCA were observed for all traits in both locations. 

High ratios of GCA/SCA exceeding from unity were recorded for days to 50% tasseling, 100-

kernel weight and grain yield per plant. They further suggested parent line 9, 1 and 8 as good 

combiner for yield and related traits. They found P1 x P4, P1 x P8, P1 x P9, P4 x P7, P6 x P9 

crosses with highest SCA effects for grain yield and its related traits. Gichuru et al. (2011) 

determined GCA and SCA effects for grain yield, days taken to silking and ear height in 

maize inbred breeding program using half diallel of six parents. Higher grain yield was 

recorded for single crosses as compared to check hybrids. For grain yield significance of both 

GCA (53%) and SCA (47%) was observed whereas predominance of GCA was recorded for 

days to silking and ear height. CML197 and C92 were suggested as best combiners for grain 

yield. 

Yousaf and Sedeeq (2011) studied combining ability for plant height and ear height in 

seven maize inbred lines using line × tester. They concluded more specific combining ability 

(SCA) value than general combining ability (GCA) for the traits suggesting the importance of 

non-additive gene action for ear height and plant height. Iqbal et al. (2012) studied combining 

ability estimates in 6 × 6 maize inbred lines using diallel mating fashion under both normal 

and water deficit conditions. They found highly significant mean squares for genotypes, 

general and specific combining ability for all the studied traits. Furthermore they reported 

higher GCA effects for plant height, days to tasseling, days to silking and grain yield per plant 

while higher SCA was observed for anthesis-silking interval under water deficit condition. 
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CHAPTER III 

MATERIALS AND METHODS 

 

The research work presented in this manuscript was conducted in the Department of 

Plant Breeding & Genetics, University of Agriculture Faisalabad during the years 2009-2011. 

Faisalabad lies in the North East region of Punjab province, Pakistan with an elevation of 

about 184 meters from sea level. The district falls in the arid zone. The Meteorological data 

for the last five years (2006-2011) are presented in Appendix 23. 

A set of 80 maize inbred lines were collected from various national and international 

research organizations viz. National Agriculture Research Center Islamabad (NARC), 

CIMMYT, Maize and Millet Research Institute Yousafwala, Sahiwal, Maize Research 

Station, Ayub Agricultural Research Institute, Faisalabad (AARI) and Department of Plant 

Breeding and Genetics, University of Agriculture Faisalabad, Pakistan. These inbred lines 

were planted in the field during autumn season, 2009 for ensuring uniformity and purity 

through self-pollination and also to increase the seed for future breeding program. Thirty 

inbred lines showing impurity were discarded whereas fifty lines were retained for further 

screening. 

Germplasm Assessment 

These selected inbred lines were evaluated against water deficit tolerance in two 

phases. i.e preliminary in the green house and finally under field conditions. 

The preliminary assessment of the germplasm proved to be inexpensive for screening 

genotypes against water deficit conditions. The selected 50 inbred lines were evaluated for 

water stress tolerance and susceptibility on the basis of physio-agronomic traits at seedling 

stage using polythene bags measuring 18x9 cm containing 100% river sand during spring 

2010 in Complete Randomized Design (CRD) using two replications under both normal and 

water deficit conditions in wirehouse. One seedling in each polythene bag was maintained 

through thinning. Five seedlings of each genotype were kept in each replication and equally 

150 ml water was applied to facilitate germination to each bag in both the treatments. The first 

irrigation was applied after seven days of sowing to both normal and water deficit treatments. 

After two weeks of sowing the second irrigation was supplied to entries only under normal 
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condition. Seedlings under both treatments are allowed to grow for further seven days. The 

data pertaining to physiological and morphological seedling parameters were recorded before 

and after uprooting seedlings by applying adequate amount of water to entries in both 

treatments. The average range for minimum and maximum temperature throughout 

experimental duration in the wire house was 30°C and 35°C, respectively.  

Preliminary screening for seedling related traits 

The following seedling traits were recorded: 

Coleoptile Length 

After seven days of sowing the coleoptile length was measured from thebase to the top of 

the coleoptile in the evening at about 6pm in centimeters (cm). 

Leaf Temperature 

Leaf temperature was measured before uprooting the seedlings of each treatment at 

1.00pm-3.00pm from fully exposed leaves. Data were recorded from three leaves of each 

seedling with infrared thermometer (RAYPRM 30 CFRJ, RAYTEK, USA). 

Cell Membrane Thermostability 

Cell membrane thermostability (CMT) an indicator of relative cell injury percentage was 

determined according to Ibrahim and Quick (2001). Round leaf discs of about 0.75 cm were 

taken from fully expanded upper most whorls (side of midribs) with the help of sharp punch 

machine. About 10 leaf discs (about 1gm) were held in a test tube containing 50ml of distilled 

water in two sets. These discs were washed gently thrice with deionized water to clear surface 

from already adhered electrolyte or released electrolytes. After washing, leaf discs were 

submerged in 10ml of double distilled water in test tubes. Test tubes containing samples were 

placed in water bath at 50 C for 30 minutes. The tubes were left overnight at room 

temperature i.e 25°C. Next morning electric conductivity of each sample in test tube was 

recorded using EC meter (LF 538) after shaking well these glass tubes. Leaf discs were killed 

by autoclaving the representatives for 15 minutes at 121°C and 0.1 Mpa pressure which 

releases total electrolytes of cell and then left for whole night at 25°C in laboratory. Next 

morning the electrical conductivity (EC) was measured again after shaking samples well. 

Electrolyte leakage under stress measures the proportion of membrane integrity. The %age 
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damage to leaf tissues due to water deficit was estimated from the first and second electrolyte 

measurements using the formula: 

Cell membrane thermo stability (CMT) = (1-T1/T2) x 100 

where,   T1 represents EC value after water bath 

T2 represents EC reading after autoclaving. 

Relative Water Contents  

Relative water contents (RWC) were determined from five leaves of each sample per 

treatment according to the method described by Mata and Lamattina (2001).  To obtain plant 

RWC, leaves were collected from the seedlings and their fresh weight was recorded 

immediately by using electric balance. The leaf samples were then kept in distilled water for 

overnight at 25°C. Turgid leaves were then weighed in next morning using electric balance. 

The samples were then oven dried at 70°C for 24 hours, weight of these dried leaves were 

recorded.  

Relative water contents was determined by using the formula given below 

RWC % = [Fresh Weight – Dry Weight] / [Turgid Leaf Weight – Dry Leaf Weight] x100 

Excised leaf weight loss 

It was determined by the following method of Clarke and Townley-Smith (1986). For 

calculation of excised leaf weight loss (ELWL), leaves were weighed at three stages viz. fresh 

weight (FW) immediately after sampling, then left for 6 hours at 50% humidity and 28°C in 

incubator and then weighed after drying for 24 hours at 70 °C using the following formula. 

ELWL = (Fresh wt. (FW) – weight after 6 hours) / (Fresh wt. (FW) - dry weight (DW) x 100 

Fresh root weight 

Five uprooted seedlings of each inbred lines were washed with tap water making it 

free from sand particles and after blotting weight was calculated in grams by using electronic 

balance (Model Chyo-MJ-500). The roots were cut from shoots by scissor and mean of five 

values were used for analysis. 

Fresh shoot weight 

Fresh shoot detached from the seedlings with the help of scissor was weighed with 

electronic balance (Model Chyo-MJ-500) in grams (gm). 
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Fresh root length 

Fresh root length was obtained by uprooting seedling gently. Five seedlings belonging to 

each sample unit were measured in cm using a measuring tape and then averaged. 

Fresh shoot length 

Length of fresh shoots of five seedlings were recorded in centimeters (cm) using a 

measuring tape and averaged. 

Dry root weight 

Kraft paper bags containing fresh root part of the seedling were placed in electric oven at 

65±5 °C for 72 hours for drying. Dry root weight was obtained in gm using electronic balance 

(Model Chyo-MJ-500) and averaged.  

Dry shoot weight 

Fresh shoots were oven dried for dry root weight. The weight recorded in gram (gm) by 

using electronic balance and average calculated. 

Total dry matter 

Total dry biomass was obtained by adding the dried shoot and root weight of the five 

seedlings of each entry and recoreded in grams (gm). 

Root/ shoot ratio 

Root/shoot ratio was obtained according to the formula proposed by Noiur and Weubal 

(1978).  

Root/shoot ratio = Dry root weight/ Dry shoot weight  

Assessment of genetic material 

Six inbred lines selected on the basis of preliminary screening i.e seedling stage using 

physiological and agronomic parameters under water deficit treatments (Table 1) were 

crossed in all possible combinations in the field during spring 2011 in a complete diallel 

mating. Foreign contamination was avoided to get the desired hybrids. Both male and female 

inflorescences of maize plant were covered with kraft paper bag and butter paper bags, 

respectively to make controlled crosses. The female parents were hand emasculated and
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Table.1:  Morpho-physiological characteristics of maize inbred lines 

 

 
SR. 

NO. 

Inbred lines Plant height     Maturity           Leaf              Pith           Tasselling          CL                   CMT         RLWC           Grain yield 

1 NCIL-20-20 Tall Early Erect broad and 

large size leaves 

White  Scattered  

tassel 

6.20 %cell 

injury 

(68.5) 

RLWC 

(0.82) 

High yielder  

2 D-157 Tall Early Semi droopy 

medium size 

leaves 

White  Tassel long 

and 

compact 

9.20 %cell 

injury 

(70.0) 

RLWC 

(0.83) 

High yielder 

3 OH-8 Tall Early Erect, broad and 

vigorous leaves 

White  Tassel 

compact 

7.70 %cell 

injury 

(71.5), 

RLWC 

(0.79) 

High yielder 

4 D-114 Tall Medium  Droopy leaves White  Thin 

scattered 

tassel 

8.10 %cell 

injury 

(70.65) 

RLWC 

(0.85) 

High yielder 

5 M-14 Tall  Medium  Semi droopy 

medium size 

leaves 

White  Tassel 

compact 

8.10  %cell 

injury 

(72.5) 

RLWC 

(0.86) 

 

High yielder 

6 D-109 Tall Medium Erect broad and 

medium size 

leaves 

White   Thin and 

compact 

tassel 

7.05  %cell 

injury 

(69.5) 

RLWC 

(0.82) 

High yielder 

 
CL = Coleoptiles length 

CMT= Cell membrane thermostability 

RLWC= Relative leaf weight content 
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pollinated to ensure enough seed setting in all crosses. The F1 and their reciprocal crosses 

alongwith the parents were planted in the research field during autumn 2011 under normal 

and water deficit stress environment. The layout was Randomized Complete Block Design 

(RCBD) with three replications. Each experimental unit comprised two rows of 5.3m each 

keeping row to row distances of 75cm while plant to plant spacing was 23 cm. Two seeds 

were dibbled per hill to ensure good plant population. Thinning was done to keep one healthy 

plant per hill when the seedlings established stand. Non-experimental lines were planted to 

minimize border effect. Insecticide was applied to counter for shoot fly and stem borer. 

Except for irrigation schedule in both set, all recommended agronomic, cultural practices and 

plant protection measures were kept uniform. Normal experimental set received standard 

irrigation whereas 50% of normal irrigation was supplied to the water deficit set (Khan et al., 

2004). Ten equally competitive plants were ear-marked from each entry from both sets and 

data pertaining to various physio-agronomic traits were recorded as follows. 

Physiological parameters: 

Cell membrane thermostability  

Leaf tissues were collected from the ear-marked plants from each entry of all 

replication at anthesis. Cell membrane thermo stability (CMT) was measured by the method 

given by Ibrahim and Quick (2001) and expressed in percentage.  

Stomatal Conductance 

Steady state porometer (Model L-1 1600 SSP1674 Li cor. Ink, USA) was used to 

record data for diffusible resistance after regulating it with the widespread environment with 

help of Null gain adjustment. Stomatal conductance is dependent on diffusible resistance. 

(Unit of measurement, mol m
-2

 s
-1

) 

Leaf Temperature  

Leaf temperature of ten ear marked plants of each experiment entry per replication 

was recorded on sunny day at 13.00-15.00 from a fully exposed leaves and data were recorded 

from ear-marked plants in centigrade (°C) by using infrared thermometer (RAYPRM 30 

CFRJ, RAYTEK, USA). 
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Canopy temperature depression (CTD) 

Portable hand held radiation thermometer (CHINO-IR-AHOT) was utilized to 

measure three readings from each experimental unit at anthesis stage of maize hybrids. 

Readings were taken between 12.00 to 15.00 hours on a cloudless, bright sunny day. Hand 

held infrared thermometer was held at 30-60° from the horizontal and also at a distance of 2m 

from the rows. The average of three values was used for analysis. Ambient air temperature 

was measured with hand held thermometer immediately after taking readings and then by 

using the formula given below. 

Canopy temperature depression (CTD) = Ambient temperature (AT) – Canopy temperature 

(CT)   

Agronomic parameters: 

Plant height  

Plant height of each selected plant was measured at physiological maturity from the 

ground level to the apex of the tassel (Guzman and Lamkey 2000) with measuring rod in 

centimeters (cm) from 10 randomly selected plants of each entry. The average was calculated 

for the analysis of data. 

Ear height  

Height of the ear (female inflorescence) was calculated as distance from ground level 

to the ear height of selected plant of each entry in all replications with the help of measuring 

rod and averaged. 

Number of days to 50% tasselling 

Plants with entry were considered to have started anthesis if at least one extruded 

anther becomes visible.Number of days taken to tasselling was counted from the date of 

sowing to the time when more than 50 percent plants completed tasselling. 

Number of days to 50% silking 

Plants within entry were recognized to be at silking if at least one silk on a plant 

becomes visible. Number of days to silking was recorded by counting the number of days 

from date of sowing to the date when more than 50% of plants of entry showed the emergence 

of silks. 
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Anthesis-silking interval 

Anthesis-silking interval (ASI) represents the period between the maturity of male and 

female inflorescence. It was estimated as the days to 50% silking minus days to 50% 

tasseling.  

Number of ears per plant 

Number of ears per plant was calculated by dividing the total number of ears obtained 

from each entry in all replications by the number of plants in the experimental entry. Only 

well-filled ears were included in the count. 

Number of kernels per row 

Number of kernels per row was calculated on the average of three counts on each of 

the first ears obtained from each experimental entry from each replication and then averaged.  

Number of kernels per ear 

The totalnumber of kernels threshed from the ears obtained from the ear marked plants 

were counted and averaged worked out for statistical analysis. 

100-kernel weight  

It was recorded in grams with electronic balance from three samples obtained 

each from the bulk grain produce obtained from the ear-marked plants and average 

computed for statistical analysis. 

Grain yield per plant    

Grain yield per plant was calculated in grams by taking the total weight of 

shelled grains obtained from all the ears of each plot divided by the number of plants 

in that plot after drying to a constant moisture level (15%).  

Statistical / Biometrical Analysis 

Data relating to various seedlings, physiological and agronomic traits were 

enumerated and compared using statistical analysis (Steel et al., 1997). The data were 

subjected to biometrical technique developed by Hayman (1954a,b) and Mather and Jinks 

(1982). The differences among the parental or maternal genotypes or due to synergy between 

the two, produces a variation in diallel crosses. 

The diallel analysis requires certain conditions prior to its application, which are as follows: 



65 

 

1. Homozygous parents 

2. Normal diploid segregation 

3. Absence of maternal effects (no reciprocal differences) 

4. Independent action of non-allelic genes (absence of epistasis) 

5. No multiple alleles 

6. Genes independently distributed among the parents, and 

7. Inbreeding coefficient equal to one 

During the conduct of the experiment, most of the conditions were assumed to be 

fulfilled. The parental material utilized in hybridization was homozygous because of the fact 

that it was derived through continuous selfing for a number a generations. To invalidate the 

reciprocal differences, mean values in the off-diagonal cells of diallel Table were replaced by 

the means of direct and reciprocal crosses prior to analysis. Diallel tables were constructed by 

taking the means of direct F1 crosses and their reciprocal values and crosses were arranged in 

array tables. From genetic perspective, assumptions related to independent distribution of 

genes and omission of epistasis, are critical in attempts to illustrate the results of dilallel 

analysis. Baker, (1978) represented the linkage of genes in the population from which the 

parents were selected or the sample proportion of the parental lines involved in diallel 

crossing may act as a source for failure of the genetic material to meet the said assumptions. 

Hayman (1954a) illustrated a technique to detect the presence of multiple allelic 

effects through graphical analysis. Hayman‟s test for epistasis was found to be reliable only if 

genes were distributed independently in the parents (Feyt, 1976). The statistics like variance 

(Vr) of the family means with an array and co-variance (Wr) of the means with non-recurrent 

parents were calculated.The regression line was calculated from the mean variance (Vr) and 

co-variance (Wr). The slope and position of the regression line was fitted to the array points. 

If the line of a unit slope (b = 1) passes through the origin, complete dominance is indicated. 

The deviation of line upward and downward represents decreasing and increasing dominance, 

sequentially. If it intercepts the axis below the origin, it depicts over dominance and if it is 

almost contiguous to the parabola, additive type of gene action prevails. The position of the 

array points on the regression lines represents the allocation of the dominant and recessive 

genes among the common parents of the array.  
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The limiting parabola was drawn on the basis of the given formula  

Wr = Vr.Vp, i.e., by plotting Vr, (Wr×VP) points.  

The corresponding values for Wr for all observed values were calculated as Vr.Vp  

Where, Vp = Parent variance  

Vr = Genotpic variance  

The different arrays were fitted within the limits of parabola using the individual 

variance and co-variance as their limiting points. Array closest to the point of origin depicted 

most dominant genes, while the array far from the point of origin reflected most recessive 

genes, while the intermediate position represented the presence of both dominant and 

recessive genes in the array. 

Validity test for additive-dominance model 

Assumptions of diallel analysis must be assured before conducting experiment. Two 

scaling tests were implied to ascertain the fitness of the additive-dominance model to the data 

resulting from a diallel set of crosses. The first step of assessment was based on regression 

coefficient analysis. Both variance (Vr) of each array and co-variance (Wr) based on arrays 

with its parental values were estimated from mean diallel tables and the regression of co-

variance on the variance was calculated. The regression coefficient (b) is proposed to be 

statistically different from zero but not from unity. Failure of this test represents that non-

allelic interaction exists or genes are not independent in their performance if all the 

assumptions underlying the simple genetic model are met (Hayman, 1954a; Mather and Jinks, 

1982). The second test for the adequacy of the additive-dominance model is the analysis of 

variance of Wr+Vr and Wr-Vr. Presence of dominance (or other types of non-allelic 

interaction), Wr+Vr must change from array to array. Similarly, if there is epistasis, Wr-Vr 

will change between arrays, although in the case of dominance, Wr-Vr will not show 

additional variation than proposed from error variation (Mather and Jinks, 1977). 
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Genetic components of variation 

Comprehensive information pertaining to the genetic behavior of quantitative traits in 

early F1 generations can be generated by diallel analysis technique (Hayman, 1954a and Jinks, 

1954) and illustrated by Mather and Jinks (1982) which contribute useful protocol in handling 

of segregating generations. The approach is extensively utilized by breeders for estimating 

metric characters. 

  The technique comprises two major steps. In its first step diallel table separates the 

lineage effects into „a‟ and „b‟ components. Component „a‟ tests, the significance of additive 

effects of the genes and component „b‟ discloses the dominance effects. In case „b‟ 

component was non-significant then „a‟ component suggests the presence of additive genetic 

component. The „b‟component is additionally split into directional dominance effect (b1 = the 

mean deviation of the F1‟s from the mid parental values). It is significant only if the 

dominance deviations of the genes are predominately in one direction. The b2 component 

indicates effects due to parents sharing irregular number of dominant alleles. This occurs only 

if some parents contain substantially more dominant alleles than others. The b3 component 

indicates dominance deviation that is particular to each F1 and is corresponding to the specific 

combining ability (Griffing, 1956). Absence of genotype x environment (GxE) interaction and 

no differences between reciprocal crosses, the mean squares for c, d and the block interaction 

are all estimates of environmental components of variation (E). If reciprocal crosses differ, 

“c” item detects the average maternal effects of each parental line and„d‟ the reciprocal 

differences not ascribable to c. Presence of genotype x environment interactions (G x E) will 

be detected on the basis of differences in block interactions for the „a‟ and „b‟ items if both 

additive and dominance variations are altered to different environment intensity.  

Second step based on computation of variance of the components of each array (Vr), 

the co-variance of all the offspring included in each parental array with the non-recurrent 

parents (Wr) and variance of the parental means (V0L0=Vp) was made. Other statistics 

comprehend the calculation of means of array variances (V1L1), the variances of means of 

arrays (V0L0) and the means of array co-variances (W0L0). These values are utilized in the 

estimation of other genetic components of additive-dominance model like D, estimate of 

additive effects; H1, H2 estimate of dominant effects; F provides estimate of the relative 



68 

 

frequency of dominant to recessive alleles in the parental lines and the variation in dominance 

over the loci. Consequently, F value will be positive due to the presence of more frequent 

dominant alleles as compared to the recessive alleles. All of these components of genetic 

variation were determined following Mather and Jinks, (1982). 

Graphical presentation 

Position of array points in addition with the regression line depicts the distribution of 

dominant and recessive genes among the parents. Points nearest to the origin represent parent 

with most dominant genes, whereas the points away from the point of origin reflects parents 

possessing maximum number of recessive genes, while the parents with equal frequencies of 

dominant and recessive genes lies between these two extremes. The distance between the 

array points is measure of genetic diversity among the parents. 

Variances (Vr) and co-variances (Wr) are presented graphically. Their arrangement 

indicates their relationship by the regression of Wr and Vr. From the pattern of the regression 

line, valuable information about genetic phenomenon may be drawn in additive-dominance 

model. If the line passes from the origin it indicates complete dominance, intercepting above 

the origin and below the origin shows partial dominance and over dominance type of gene 

action, respectively and predict no dominance when regression line coincides with the 

parabola limits.   

 Complete dominance: When the line passes through the origin. 

Partial dominance: When the intercept is positive.  

Over Dominance: When intercept is negative. 

No dominance: When the regression line touches the parabola limits. 

Estimation of genetic components 

The genetic components of variation were estimated (Hayman, 1954a), Mather and 

Jinks (1982) and shown below.The parameters were determined by employing the formulae 

stated by Singh and Chaudhary (1985). 

Additive components of variation (D) 

D   Vp  E 

Where, Vp = variance of the parents, and E = environmental variance 

Component of variation due to dominant effects of genes (H1) 
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                 H1 = 4Vr + Vp – 4Wr – (3n-2/n) E 

Where, Vr = means of the array variance  

                Wr = means of the co-variances between parents and arrays and  

                  n = number of parents 

Component of variation due to dominant effects of genes correlated with gene 

distribution (H2,) 

                 H2 = 4Wr – 4Vr – 2E 

                 Where, Vr = variance of the means of arrays  

Estimation of relative frequency of dominant and recessive alleles in the parents (E) 

                     F = 2Vp-4Wr - 2(n-2)/n × E 

Overall dominance effects of the heterozygous loci (h) 

                    h = 4(MLI-MLO)
 2

 – {4(n-1)/n
2
} ×E 

Where,  

                  (ML1 – MLo)
2 

= [1/n × {(GT/n)-∑ Parental values}]
2 
 

                  GT = Grand total of all observations 

Environmental variances (E) 

E = [(Error SS + Rep SS) / (Error df + Rep df)] / No. of replications 

Where, Error SS = Error sum of squares  

Rep SS = Replication sum of squares in the analysis of variance. 

Average degree of dominance  

             Av degree of dominance     √H1 D 

Proportion of dominant genes with positive and negative effects in the parents  

                            =H2 /4H1  

uv overall loci. u = Frequency of increasing alleles, and v = 1-u, frequency of decreasing 

alleles. The ratio is equal to 0.25 when 1-u = v at all loci (Singh and Chaudhary, 1985). 

Proportion of dominant and recessive genes in the parents 

              = √     + F/ √     – F                          

 Estimation of heritability 

Broad and narrow-sense heritability estimates for each character were made according 

to Mather and Jinks (1982). 
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Heritability (NS) =         H1 – 0.5H2 – 0.5F   0.5D      H1 –0.25H2 – 0.5F   E 

                Heritability (BS) =         H1 – 0.25H2 – 05F   0.5D      H1 – 0.25H2 – 0.5F   E 

      Or      Heritability (BS) = {(Genotypic MS) / (Error MS+ Genotypic MS)} ×100   

 Where, MS= mean square calculated from ANOVA according to Steel et. al.,(1997). 

 Correlation analysis 

The correlations among all plant traits examined were computed using computerized 

software SPSS 8.0 for windows: 

                     rab = cov.ab√              

       Where,   rab  = correlation between a and b traits  

                      cov.ab   = covariance between a and b traits 

                       var.a and var.b = variances of a and b traits, respectively 

 Combining ability analysis 

Combining ability studies were performed by using Method I Model I following 

Griffing‟s approach (1956). Genetic variability in the material was divided into components 

of general combining ability (GCA), specific combining ability (SCA), reciprocal effects and 

error mean squares for the traits. Sum of squares for these components were calculated as 

under: 

SS due to GCA = (1/2n) ×∑ (Yi.+ Y.j)
 2

 – (2/n
2
) ×Y

2
 

SS due to SCA = (1/2) ×∑∑Yij × (Y i j + Y j i) – (1 2n) × ∑(Y .j+ Yi.)
2
 +(1/n

2
) × Y2.  

SS due to reciprocals   (1 2) × ∑∑ (Yij   Y j i) 2 

Where, Y i. and 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 

Yji = mean value of the cross of jth parent with ith parent (reciprocal 

 cross)  

n = number of parents 

Sum of Square due to error 

 Mean sum of squares due to error obtained in the ANOVA were used after dividing by 

number of replications because mean values are used here, thus 
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                          Thus, SS due to error =       SS (error) in ANOVA / r 

                                   Where, r =      number of replications 

Keeping in view the probability of the mean squares for fixed model I, estimates of genetic 

components due to SCA, GCA and reciprocals are obtained as under: 

 

ANOVA for combining ability (Griffing method I model I) 

SOV  df  SS  MS  F-value  Exp(MS) 

 

 

GCA  

 

SCA  

 

Reciprocal  

 

Error  

(p-1)  

 

p(p-1)/2  

 

p(p-1)/2  

 

(r-1)(p2-1)  

Sg  

 

Ss  

 

Sr  

 

Se  

Mg  

 

Ms  

 

Mr  

 

Me′  

Mg/Ms 

 

Ms-M′e  

 

(Mr-M′e) 2  

 ²e +2(n-1)
2/

 

Σ gi ² 

²e + 2/n (n-1) 

ΣΣ s²ij  

²e + 2/n (n-1) 

ΣΣ r²ij  

² 

 

 

Estimation of components of variation was carried out as below:  

 2
g = 1/n-1 Σ gi ²   Mg-M′e 2n  

 2
s =2 / n (n-1) ΣΣ s²ij   Ms-M′e  

 2
r =2/n (n-1) ΣΣ r²ij   (Mr-M′e) 2  

                               Me'  σ²e  

Where,  2
g ,  2

s,  2
r and  2

e are the estimates of variance due to general combining 

ability (GCA), specific combining ability (SCA), reciprocal effects and environment, 

respectively.  

General combining ability (GCA) effects were calculated using the expression:  

 gi = ½ (Yi.+y.i)-1/n
2
 Y… 

Specific combining ability effects (SCA) were calculated using the expression:  

                         Sij= 1/Y (Yij+ Yji) – 1/2n (Yi.+Y.i+ Yj.) +1/n
2
Y… 

Reciprocal effects were calculated following: 

                           rij = ½ (Yij-Yji) 

Variances were calculated as under: 

 Var (gi) = (n-1)/ 2n
2 ²e 
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                       Var (sij) = (n-1)
2
 / n

2 ²e 

                       Var (rg) = 1/2 ²e 

Standard errors were calculated by taking the square root of the respective variance as under: 

S.E (gi) = √         

S.E (sij) = √          

S.E (rg) = √         

 

Critical difference between two parents = S.E×Ttab at 0.05 probability.  

                                                          OR   (σ
2
) 0.5 ×Ttab at 0.05 probability  
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CHAPTER IV 
RESULTS AND DISCUSSION 

 

Seedling Traits: 

A set of fifty inbred lines of maize from diverse origin were screened for various 

seedling traits following a complete randomized design in wirehouse of the Department of 

Plant Breeding and Genetics, University of Agriculture Faisalabad, Pakistan. The lines were 

sown and evaluated under normal and water deficit conditions simultaneously. Analysis of 

variance under both normal and water deficit conditions showed highly significant differences 

among the inbred lines for all the traits (Table 2). Sufficient genetic variation was observed in 

the germplasm predicting significant genotypic variation for all the traits like fresh root 

weight, fresh shoot weight, dry root weight, dry shoot weight, fresh shoot length, fresh root 

length, root/shoot ratio, total dry matter, coleoptile length, leaf temperature, cell membrane 

thermostability, relative water contents and excised leaf weight loss. On the basis of relative 

performance (Appendix 1-7) six inbred lines were ear-marked for dialle crossing to 

investigate genetic mechanism of drought tolerance. 
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Table 2: Mean squares for maize seedling traits 

 

Traits 

Mean Squares 

Normal (Error) Water stress (Error) 

Fresh shoot length 34.56** (0.689) 25.62**(0.769) 

Fresh root length 53.87**(2.02) 43.70**(0.760) 

Fresh shoot weight 46.24**(1.23) 29.56**(0.244) 

Fresh root weight 39.21**(0.578) 23.65**(0.584) 

Dry shoot weight 0.581**(0.082) 0.180**(0.058) 

Dry root weight 22.90**(0.086) 6.154**(0.028) 

Total dry matter 23.96**(0.126) 7.146**(0.075) 

Root shoot ratio 5.90**(0.276) 1.881**(0.084) 

Coleoptiles length 16.45**(1.011) 6.227**(0.554) 

Cell membrane thermostability 238.21**(11.55) 243.47**(21.45) 

Leaf temperature 3.374*(1.88) 9.056**(2.81) 

Relative water contents 162.34**(4.13) 246.73**(5.49) 

Excised leaf weight loss 190.08**(15.44) 342.68**(21.39) 

 
*= Significant,( (P < 0.05)   

** = Highly significant (P < 0.01) 

 

The inbred lines showed a range of variation under both normal and water stress 

conditions. Some genes remain silent under normal environment while express their response 

only under target environment. Mean values of the traits under both regimes are given in 

Appendex 1-7.  

Fresh shoot length of the lines under normal condition ranged from 24.60 to 45.05cm 

whereas it varied from 20.65 to 35.0cm under water deficit condition (Appendix 1). Inbred 



75 

 

line D-157 had the highest value for fresh shoot length under normal condition while inbred 

lines NCIL-10-5 gave minimum shoot length. Under water stress conditions inbred line OH-8 

had maximum value for fresh shoot length followed by D-114 (34.75cm) and NCIL-20-20 

(32.1cm) whereas inbred line W-64-SP showed minimum fresh shoot length. 

 Mean value for fresh root length (Appendix 1) varied from 20.55 to 44.70cm under 

normal water condition and from 15.75 to 38.85cm under moisture deficit condition. Inbred 

line D-157 exhibited maximum value followed by M-14 (43.15cm), while inbred line D-103 

showed minimum value under normal condition while under water deficit condition, inbred 

line NCIL-10-23 produced maximum value while minimum value was observed for inbred 

line OH 54-3A, followed by D-103(17.95cm). 

 Inbred lines ranged from 10.9 to 27.0g under normal condition for fresh shoot weight 

whereas this value varied from 4.54 to 21.90g under water stress condition in the wirehouse. 

Inbred line NCIL-20-20 exhibited maximum values whereas minimum value was 

demonstrated by inbred line D-153 under normal condition (Appendix 2).  Regarding water 

stress condition for fresh shoot weight inbred line D-109 displayed maximum value followed 

by W-64-TMS and D-114 with value of 20.35 g and 17.79 g, respectively while lowest value 

was shown by D-134 followed by NCIL-40-12(5.37).  

Fresh root weight varied from 7.28 to 27.0g for normal water condition whereas this 

value varied from 2.54 to 19.0g under water stress condition. The highest value was observed 

for inbred line M-14 followed by inbred line D-157 (25.90 g) and D-109 (25.0 g) while 

minimum value was exhibited by inbred line NCIL-40-8 under normal water condition. 

Regarding performance under water stress condition inbred line M-14 produced the highest 

value followed by D-157 and D-109 (16.0 and 15.1g, respectively) while the lowest value was 

recorded for NCIL-40-8 (Appendix 2). 

Dry shoot weight ranged from (Appendix 3) 0.85 to 3.16g for normal water trial 

whereas it varied from 0.84 to 2.46g under water deficit condition. Inbred lines NCIL-20-20 

produced highest value followed by NCIL-30-5 and NCIL-30-15 (2.99g and 2.86g, 

respectively) and lowest value was shown by inbred line D-135 under normal water 

conditions where in case of stress condition inbred line D-155 produced highest value which 

was closely followed by NCIL-20-20 and NCIL-40-12 with value of 2.27g and 2.15g, 
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respectively. The lowest value of was noted for inbred line Antigua-1 under water deficit 

condition.  

Mean data for dry root weight ranged from 2.20 to 15.37g under normal condition 

while it varied from 0.45 to 7.61g under drought condition. Inbred line OH-8 produced 

maximum value followed by inbred line M-14 (14.50g) and D-114(13.59g) while minimum 

value was observed for inbred line NCIL-30-5 under normal condition whereas under stress 

condition inbred line M-14 showed the maximum value followed by inbred line OH-8 

(7.24g), D-114 (7.12g) and D-109 (6.41g). Minimum value regarding dry root weight was 

exhibited by inbred W-64-TMS under stress condition (Appendix 3). 

Regarding root shoot ratio, the data (Appendix 4) depicted a range of 0.61 to 6.93 

under normal condition while this value ranged from 0.38 to 4.29 under water stress 

condition. Under normal irrigation condition, inbred line D-137 displayed maximum value 

which was followed by inbred M-14 and OH-8 (6.73 and 6.38, respectively) and minimum 

value was recorded for inbredW-64-TMS. On the other hand under water stress condition, 

inbred line M-14 produced highest ratio followed by inbred D-114 (4.16) and O-H8 (4.07) 

while minimum ratio was observed for inbred W-64-TMS.  

Data for total dry matter under normal condition revealed the minimum and maximum 

mean value of 3.39 and 17.78g, respectively while it varied from 1.78 to 9.40g in water stress 

condition. Inbred line OH-8 displayed the maximum value followed by M-14 (16.66g) and D-

114 (15.91g) and minimum value was recorded for inbred OH54-3A under normal condition. 

Inbred line M-14 produced maximum value followed by OH-8 and D-114 (9.02g and 8.84g, 

respectively) and minimum value was observed for W-64-TMS under water stress condition 

in wirehouse (Appendix 4). 

Mean values for cell membrane thermostability revealed that under normal condition 

the values ranged from 43.50 to 86.50% while it varied from 14.50 to 61.50% under water 

stress condition. Inbred line M-14 displayed maximum value followed by NCIL-20-20 

(84.5%), W-64-TMS (84%) and OH-8 (83.5%) while minimum value was recorded for D-111 

under normal condition (Appendix 5).  On the other hand for stress condition inbred D109 

showed maximum value closely followed by M-14 (60.50%), OH-8 (60%) and NCIL-20-20 

(59.5%) and minimum value was observed for inbred AES-204.  
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The data (Appendix 5) for coleoptile length revealed the ranged from 3.60 to 16.85cm 

for normal condition but it varied from 1.60 to 9.20cm under stress condition. Under normal 

condition inbred line D-157 showed maximum value followed by D-114 followed by M14 

(13.85cm) and D-109 (13.70cm) and minimum value was recorded for inbred D-158. In stress 

condition inbred line D-157 showed maximum value followed by D-114 (8.10cm), M-14 

(8.10cm) and OH-8 (7.70cm) while inbred D-158 produced minimum value. 

Data (Appendix 6) regarding relative water contents revealed that minimum and 

maximum value reanged from was 45.20 to 83.95%, respectively under normal water 

application whereas this value ranged from 45.25 to 86.60% under water stress condition. 

Inbred line D-114 displayed maximum value followed by M-14 (83.90%) and D-130 

(80.30%) and minimum value was recorded for inbred D-158 under normal water condition. 

Whereas, inbred M-14 showed maximum value followed by D-114 (85.0%) and D-109 

(82.50%) and minimum value was recorded for inbred D-158 under water stress condition. 

 For excised leaf weight loss, mean data ranged from 14 to 65.5% under normal 

condition which varied in range from 10.5 to 68.5% under water stress. Inbred NCIL-10-5 

exhibited the maximum value followed by inbred NCIL-30-15 (55.50%) and inbred NCIL-10-

23(53.0%) while minimum value was noted for inbred D-157 under normal water condition 

(Appendix 6). Whereas inbred NCIL-10-5 displayed maximum value followed by NCIL-30-

15(61.0%) and A-556 (55.5%), while minimum value was recorded for inbred D-157 under 

water stress condition. 

Mean values for leaf temperature ranged from 29.8 to 35.7°C under normal condition 

while under stress condition its value varied from 32.5 to 40.2°C. Inbred line D-132 showed 

maximum value closely followed by inbred line D-136 (35.3°C) and NCIL-20-4 (34.8°C) 

while minimum value was recorded for inbred line NCIL-40-18 under normal condition. On 

the other hand under water stress condition, inbred NCIL-20-11 showed maximum value 

followed by inbred OH-54-3A and OH-8 (40.0°C) and minimum value recorded for inbred 

lines D-131 (Appendix 7). 

A perusal of the data given in (Table 2) revealed sufficient genetic variability among 

the inbred lines for seedling traits under normal and water deficit conditions which is in line 

with Maiti et al. 1996; Takele 2000; Mehdi et al. 2001; Aslam et al. 2006; Akbar 2008; 
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Hussain 2009; Ali et al. 2011; Chohan et al. 2012 and Iqbal et al. 2012. Drought tolerant 

plants are usually characterized by robust and deep root system (Blum 1979). Hamayun et al. 

(2010) indicated fresh root weight as one of the selection criteria for drought tolerant plants at 

seedling stage. Nagar and Dadlani (2004) reported that seedling dry weight and coleoptile 

length as good indicator of emergence potential. They also concluded that long coleoptile 

length, rapid seedling growth and more seedling dry weight provide a better chance for 

survival under stress condition in maize. Camacho and Caraballo (1994), Mehdi et al. (2001), 

Ali et al. (2009) reported dry root weight as selection parameter under stress and found 

significant and positive correlation of dry root weight with various seedling parameters such 

as fresh root weight, fresh shoot weight, fresh root length and fresh shoot length. Root to 

shoot ratio at seedling stage can be applied as selection tool against water stress (Wu and 

Cosgrove (2000); Grzesiak (2001); Xu et al. (2007); Khan et al. (2010); Ali et al. (2011) and 

Chohan et al. (2012)). Song-ping et al. (2007) found positive correlation between coleoptile 

length and drought resistance. More coleoptile length makes better seedling development 

even with deep seed sowing (Rebetzke et al. 2005). Cell membrane thermostability (CMT) 

has been reported as selection criteria against water deficit tolerance. The measurement of 

electrolyte leakage after the treatment indirectly measures integrity of cellular membranes 

(Rehman et al. 2004; Munjal et al. 2004; Aslam et al. 2006; Akbar, 2008). 

b. Physio-agronomic traits 

The six inbred lines alongwith the F1 single crosses and their reciprocal were assessed 

in the field under both normal and water stress conditions. Mean values for all traits under 

both regimes are given in Appendix 8-21. 

Parental line NCIL-20-20 displayed maximum value (73.0 %) for cell membrane 

thermostability while minimum value (60.7 %) was recorded for D-109 (Appendix 8) under 

normal condition while parental line M-14 showed minimum value (43.4 %) and inbred line 

NCIL-20-20 displayed maximum value (54.6 %) under water deficit condition. Among the 

crosses NCIL-20-20 × D-109 (82.4 %) showed maximum value while minimum value was 

exhibited by cross D-109 × D-114 (59.1) under normal water condition. Under water deficit 

condition, maximum value was produced by cross NCIL-20-20 × OH-8 (61.83) and minimum 

value was displayed by cross M-14 × D-109 (37.4 %). On the basis of grand mean, a 
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reduction of about 30% was recorded under water deficit condition. Results are in accordance 

with Hussain et al. (2009), Jehanzeb (2010) and Chohan et al. (2012). 

Regarding stomatal conductance (Appendix 9), parental line D-157 (0.162 mol m
-2

 s
-1

) 

gave maximum value and D-109 displayed minimum value (0.140 mol m
-2

 s
-1

) under normal 

water condition while maximum value under water deficit condition was displayed by inbred 

line NCIL-20-20(0.126 mol m
-2

 s
-1

) and minimum value shown by D-109 (mol m
-2

 s
-1

). 

Among the crosses, NCIL-20-20 × OH-8 showed highest value (0.181 mol m
-2

 s
-1

) and 

minimum value (0.138 mol m
-2

 s
-1

) was displayed by cross D-109 × D-114 under normal 

water application. Whereas under water deficit condition cross NCIL-20-20 × D-109 showed 

maximum value (0.158 mol m
-2

 s
-1

) and minimum (0.079 mol m
-2

 s
-1

) was observed for cross 

D-109 × M-14. Grand mean showed a variation of about 26% under water deficit condition. 

The results are comparable with Rebetzke (2003), Rahman (2005) and Akbar (2008). 

For leaf temperature (Appendix 10), among the inbred lines, D-109 showed maximum 

value (36.45ºC) and minimum value was shown by NCIL-20-20 (31.5 ºC) under normal 

condition while inbred line M-14 produced maximum value (36.9 ºC) and minimum value 

(32.8ºC) was produced by inbred line NCIL-20-20 under water deficit condition. Among the 

crosses, under normal water condition, D-109 × D-114 showed maximum value (36.2 ºC) and 

minimum value (29.4) was displayed by cross NCIL-20-20 × D-109 while cross D-109 × D-

114 showed maximum value (38.8 ºC) and minimum value (31.8 ºC) was displayed by NCIL-

20-20 × D-109 under water deficit condition. Grand mean differences depicted increase of 

about 7% under water deficit condition. Similar results have been achieved by Siddique et al. 

(2000), Hirayama et al. (2006), Akbar et al. (2008) and Hussain et al. (2009) and Chohan et 

al. (2012). 

For canopy temperature depression (Appendix 11), inbred line NCIL-20-20 showed 

maximum value (7.19) whereas inbred D-109 displayed minimum value (2.37) under normal 

water condition. Inbred line D-157 displayed maximum value (0.44) and minimum value 

exhibited by inbred line D-109 (-3.74) under water deficit condition. Among the crosses, 

NCIL-20-20 × OH-8 (8.48) showed the maximum value and cross OH-8 × D-109 (0.96) 

displayed minimum value under normal condition. Under water deficit, cross NCIL-20-20 × 

D-109 showed maximum value (5.98) while minimum was recorded for cross D-109 × D-114 
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(-3.92). Variation on the basis of grand mean depicted a change of about 60% under water 

deficit condition. The results are in agreement with the findings of Mitra (2001), Blum et al. 

(1988), Balota et al. (2007), Telabi (2011), Keener and Kircher (1983), Karimizadeh and 

Mohammadi (2011) and Gowda et al. (2011).  

Plant height under normal condition ranged from 113.7 to 168.3cm whereas it varied from 

86.43 to 143.23cm under water deficit condition among crosses and inbred lines (Appendix 

12). Under normal condition among the inbred lines, maximum plant height was showen by 

inbred line NCIL-20-20 (148.6cm) followed by inbred D-157 (140.7 cm) and inbred D-114 

(135.6) while minimum value for plant height was recorded for D-109 (120.8cm) whereas 

under water deficit conditions parental line NCIL-20-20 exhibited maximum value, followed 

by D-157 (119.9 cm) and OH-8 (109.1 cm) whereas minimum value was given by inbred M-

14. Among the crosses, NCIL-20-20 × D-109 showed the maximum value of 168.3 cm 

followed by NCIL-20-20 × OH-8 (161.5 cm) and NCIL-20-20 × D-157 (155.1 cm) while on 

the other hand under water deficit condition cross combination NCIL-20-20 × D-109 showed 

maximum value of 143.2 cm followed by D-157 × NCIL-20-20 (134.1) and D-114 × NCIL-

20-20 (127.3 cm). On the basis of grand mean values about 21% reduction in plant height was 

recorded under water deficit condition. Vicente et al. (1999), Borrel et al. (2000), Dass et al. 

(2001), Khan et al. (2001), Yadav et al. (2003), Kamara et al. (2003), Tabassum (2004),  

Kusaka et al. (2005), Hader (2006), Wu et al. (2008), Shao et al. (2008), Ghoshchi et al. 

(2008), Olaoye et al. (2009), Farooq et al. (2009), Ali et al. (2009), Hussain et al. (2009), Ali 

et al. (2011), Chohan et al. (2012) and Iqbal et al. (2012) reported significant decrease in 

plant height under water stress condition.  

 Among the parental lines (Appendix 13), maximum ear height was observed for NCIL-

20-20 (61.3 cm) followed by D-114 (59.4 cm) and D-109 (51.1cm) while OH-8 (54.0 cm) 

showed minimum value under normal water condition. For water deficit condition, NCIL-20-

20 (42.8 cm) produced maximum value followed by D-114 (39.5 cm) and OH-8 (37.8 cm) 

while lowest value was shown by inbred line D-109 (32.8 cm). Among cross combination 

NCIL-20-20 × OH-8 showed maximum value (67.0 cm) followed by D-157 × OH-8 (65.8 

cm) and NCIL-20-20 × D-109 (65.3 cm) while cross D-109 × OH-8 showed minimum value 

(49.1cm) under normal water condition. Under water deficit condition, combination NCIL-20-
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20 × D-109 showed maximum value of 47.3 cm followed by NCIL-20-20 × OH-8 (46.6 cm). 

On the basis of grand mean value results depicted a reduction of 13% in ear height under 

water stress condition. Dass et al. (2001), Vacaro et al. (2002), Yadav et al. (2003), Kamara 

et al.(2003), Tabassum (2004),  Parkash and Ganguli (2004), Bhatt and Rao, (2005), Farooq 

et al. (2009), Ali et al. (2009), Hussain et al. (2009) and Muna et al. (2011) reported decrease 

in ear height under stress condition. 

Parental lines D-157, D-114 and NCIL-20-20 produced maximum number (1.16) while 

the lowest value (1.03) was shown by inbred line D-109 under normal condition for number 

of ears per plant while inbred NCIL-20-20 showed maximum value (1.10) and inbred D-109 

exhibited minimum value (0.99) under water deficit condition. Among the crosses, NCIL-20-

20 × OH-8 (1.23) and NCIL-20-20 × D-157 (1.23) showed maximum value while most of the 

crosses produced value of 1.03 as minimum value under normal condition (Appendix 14). 

Under water deficit condition cross NCIL-20-20 × D-157 produced maximum value 1.23 

while minimum value was recorded for cross D-109 × D-114 (1.0). Grand mean value 

depicted a reduction of 5% under water defict conditions. Results are in line with the findings 

of Vacaro et al. (2002), Mendes et al. (2003) and Makumbi et al. (2004). 

Parental line D-114 showed the maximum value (57.6) for days to tasseling followed by 

D-109 (57.3) and NCIL-20-20 (57.0) while minimum value was produced by D-157 (55.0) 

under normal water condition (Appendix 15). Under water deficit condition parental line M-

14 (49.0) showed maximum value while minimum value was displayed by D-114 (43.3). 

Among the crosses, D-109 × D-157 and D-109 × D-114 showed maximum value (59.3) while 

minimum was recorded for OH-8 × D-157 (55.0) under normal condition whereas under 

water deficit condition cross NCIL-20-20 × D-109 displayed maximum value (46.3) while 

minimum value was shown by D-157 × OH-8 (40.6). On the basis of grand mean 33% 

reduction was observed under water deficit condition. The results are in line with Grant et al. 

(1989), Khan et al. (2001), Yadav et al. (2003), Malik et al. (2005), Monneveux et al. (2005), 

Sadek et al. (2006), Saleem et al. (2007), Akbar et al. (2008), Maik et al. (2008), Chohan et 

al. (2012) and Iqbal et al. (2012) who reported decrease in vegetative period under stress. 

Among the inbred lines, maximum value for days to silking was observed for D-109 

(62.3) followed by NCIL-20-20 (61.6) and D-114 (60.6) while minimum value was shown by 
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parental line D-157 (59.0) under normal water condition (Appendix 16). On the other hand, 

inbred line NCIL-20-20 exhibited maximum (54.0) value and minimum value was displayed 

by inbred line D-157 (47.3) under water deficit condition. Under normal condition, cross 

combination NCIL-20-20 × D-114 and D-114 × D-109 produced the maximum value (64) 

while minimum value was displayed by the cross D-157 × OH-8 (59.0). Whereas cross NCIL-

20-20 × D-109 (56.3) displayed maximum value and cross M-14 ×D-157 showed minimum 

(47.3) value under water deficit condition. On grand mean basis the difference was about 17% 

under water deficit condition. The results are in accord with Ahsan (1999), Khan et al. (2001), 

Kamara et al. (2003), Malik et al. (2005), Sadek et al. (2006), Oja et al. (2006), Saleem et al. 

(2007), Malik (2008),  Gooshchi et al. (2008), Akbar et al. (2008) and Chohan et al. (2012) 

and Iqbal et al. (2012) who reported increase in period. 

Maximum value for anthesis-silking interval under normal condition was displayed by 

parental line D-109 (5.0) followed by OH-8 (4.67) and NCIL-20-20 (4.67) while minimum 

value was shown by inbred line D-114 (3.0) (Appendix 17). Under water deficit condition, 

parental line NCIL-20-20 showed maximum value (9.3) and minimum value was displayed by 

OH-8 (6.0). Among the crosses under normal condition, cross D-109 × OH-8 (5.3) showed 

maximum value while minimum value (3.67) was displayed by cross D-157 × D-114. 

Whereas cross NCIL-20-20 × D-109 showed highest (10.0) value while minimum was 

recorded for M-14 × OH-8 (6.67) under water deficit condition. On the basis of grand mean 

value increase of about 40% was recorded under water deficit condition. The results are 

compatible with Bolanos and Edmeades (1993), Bolanos and Edmeades (1996), Dass et al. 

(2001), Edmeades et al. (2000), Monneveux et al. (2005), Edmeades et al. (2006), Campos et 

al. (2006), Bekavae et al. (2006), Zhang et al. (2008), Cattivelli et al. (2008), Olaoye et al. 

(2009), Chohan et al.(2012) and Iqbal et al. (2012) who reported increase of period under 

stress condition. 

Parental line NCIL-20-20 displayed maximum value for number of kernels per row 

(31.67) while minimum was recorded for D-109 (27.3) under normal condition (Appendix 18) 

while under water deficit condition highest value was shown by inbred line NCIL-20-20 

(24.6) while minimum was recorded for D-109 (18.1). Among the crosses under normal 

condition, NCIL-20-20 × OH-8 (34.3) showed maximum value followed by cross OH-8 × 
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NCIL-20-20 (33.3) while minimum was observed for D-109 × D-114 (26). Under water stress 

condition cross NCIL-20-20 × D-109 showed maximum (29.9) and minimum was observed 

for cross M-14 × D-109 (18.1). A reduction of about 26% was observed under water deficit 

condition on the basis of grand mean values. The results are compatible with the findings of 

Yuan et al. (2003), Katna et al. (2005) Muraya et al. (2006), Srdic et al. (2007) and Hussain 

(2009) who reported reduced number of kernels per row under stress conditions. 

Maximum value for number of kernels per ear was displayed by parental line NCIL-20-20 

(374) followed by D-157 (335) and D-114 (334) while minimum value was shown by M-14 

and D-109 (295) under normal condition (Appendix 19). Under water deficit condition, 

maximum number of kernels were shown by inbred NCIL-20-20 (275) while minimum value 

was shown by parental line M-14 (218.6). Among the crosses under normal water condition, 

NCIL-20-20 × D-157 showed maximum value (412.3) followed by D-114 × NCIL-20-20 

(411) and NCIL-20-20 × OH-8 (396) while minimum value was exhibited by cross D-109 × 

D-114 (271.6). On the other hand under water deficit condition, cross NCIL-20-20 × D-109 

produced maximum value (328.6) while minimum value was shown by D-109 × D-114 

(207.3). A comparison of grand mean showed a decrease of about 22% under water deficit 

conditions. The results are comparable with Shakil (1992), Shabbir and Saleem (2002), 

Saleem et al. (2002), Malik et al.(2004),  Tabassum (2004), Katna et al. (2005), Lu et al. 

(2006), Tabassum et al. (2007) Srdic et al. (2007), Farooq (2008), Bello and Olaoye (2009) 

and Khodarahmpour (2011) who reported reduced number of kernels per ear under stress 

condition. 

Parental line NCIL-20-20 gave maximum kernel weight (32.1g) followed by inbred D-157 

(29.7g) and D-114 (28.7g) while inbred D-109 displayed minimum kernel weight (24.4g) 

under normal water condition for 100-kernel weight  while highest value (26.4g) gave by 

inbred line NCIL-20-20 and minimum value was recorded for parental line D-109 (19.6g) 

under water stress condition (Appendix 20). Among the crosses, NCIL-20-20 × D-109 

displayed maximum value (34.3g) and minimum value was shown by M-14 × OH-8 (24.4g) 

under normal condition. In case of water deficit condition cross NCIL-20-20 × D-109 

exhibited maximum value (31.0g) and minimum value was displayed by cross D-109 × D-114 

(19.0g). On the basis of grand mean estimates a reduction of about 15% was recorded under 
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water deficit condition. The results get support from the findings of Vicente et al. (1999), 

Khan et al. (2001), Tabassum (2004), Malik et al. (2005), Aslam (2007), Sardic et al. (2007), 

Akbar (2008), Hussain et al. (2009), Chohan et al. (2012) and Iqbal et al. (2012). 

Regarding grain yield per plant (Appendix 21), inbred line NCIL-20-20 displayed 

maximum value (142.7 g) followed by D-157 (132.5 g) and OH-8 (127.2 g) while minimum 

value was shown by inbred D-109 (103.3 g) under normal condition while under water deficit 

condition maximum value of 108.1 was displayed by inbred NCIL-20-20 and minimum 

recorded for D-109 (57.6 g). Among the crosses, maximum yield was displayed by cross 

NCIL-20-20 × D-109 (162.8 g) and minimum was displayed by cross D-109 × D-114 (77.9 g) 

under normal condition. Under water deficit condition cross NCIL-20-20 × D-109 yielded 

150g followed by D-157 × NCIL-20-20 (145.5 g) and NCIL-20-20 × D-157 (141.3 g) while 

minimum value was displayed by D-109 × D-114 (46.7 g) for grain yield per plant. About 

21% reduction in grain yield per plant was observed under water deficit condition. The results 

corrdinates the findings of Dutu, (1999) and Mani et al. (2000), Farshadfar et al. (2002), 

Betran et al. (2003), Solomon and Labuschagne (2003), Tabassum (2004), Afarinesh et al. 

(2005), Ojo et al. (2007), Farooq (2008), Hussain et al. (2009), Jehanzeb (2010) and Chohan 

et al. (2012) and Iqbal et al. (2012) 
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Correlation estimates of seedling parameters 

 

The data pertaining to various seedling traits were subjected to simple linear 

correlation analysis to determine the association between various traits. Correlation analysis 

for seedling traits i.e fresh shoot length, fresh root length, fresh shoot weight, fresh root 

weight, dry shoot weight, dry root weight, root to shoot ratio, total dry matter, cell membrane 

thermo-stability, coleoptile length, relative water contents, leaf temperature and excised leaf 

weight loss was conducted separately for normal and water stress condition as well as 

combined correlation for normal and stress interaction (Table 3, 4 & 5) which depicted that 

majority of the traits were significant and positively correlated with each other under normal 

and stress condition except leaf temperature which was found non-significantly correlated 

with all traits under normal conditions while significant as well as negatively  correlated with 

fresh root weight, dry root weight, root to shoot ratio, total dry matter, coleoptiles length and 

excised leaf weight loss.   
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Table 3: Simple linear correlation coefficient of seedling traits under normal water condition. 

 

 FSL FRL FSW FRW DSW DRW RSR TDM CMT CL RWC ELWL 

FRL 0.514**            

 0.000            

FSW 0.295** 0.353**           

 0.003 0.000           

FRW 0.504** 0.520** 0.237*          

 0.000 0.000 0.018          

DSW -0.062 0.103 0.172 0.169         

 0.541 0.307 0.087 0.094         

DRW 0.374** 0.639** 0.485** 0.530** 0.056        

 0.000 0.000 0.000 0.000 0.583        

RSR 0.332** 0.470** 0.319** 0.294** -0.471** 0.808**       

 0.001 0.000 0.001 0.003 0.000 0.000       

TDM 0.355** 0.641** 0.503** 0.546** 0.220* 0.986** 0.711**      

 0.000 0.000 0.000 0.000 0.028 0.000 0.000      

CMT 0.324** 0.282** 0.168 0.225* 0.009 0.260** 0.195 0.255*     

 0.001 0.005 0.095 0.024 0.926 0.009 0.052 0.010     

CL 0.276** 0.340** 0.440** 0.251* 0.260** 0.556** 0.321** 0.586** 0.181    

 0.005 0.001 0.000 0.012 0.009 0.000 0.001 0.000 0.071    

RWC 0.050 0.131 0.258** 0.098 -0.006 0.279** 0.264** 0.271** -0.074 0.361**   

 0.624 0.193 0.009 0.332 0.950 0.005 0.008 0.006 0.463 0.000   

ELWL -0.476** -0.485** -0.177 -0.462** 0.098 -0.611** -0.531** -0.581** -0.271** -0.293** 0.020  

 0.000 0.000 0.078 0.000 0.334 0.000 0.000 0.000 0.006 0.003 0.842  

LTmp -0.106 -0.055 0.015 -0.050 -0.195 -0.090 0.024 -0.120 0.103 -0.058 -0.191 -0.016 

 0.293 0.586 0.884 0.621 0.052 0.373 0.815 0.233 0.310 0.564 0.056 0.875 

Upper values indicated Pearson‟s correlation coefficient; Lower values indicated level of significance 

at 5% probability. 

* = Significant (P<0.05); ** = Highly significant (P<0.01) 
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Table 4: Simple linear correlation coefficient of seedling traits under water stress condition. 

 

 FSL FRL FSW FRW DSW DRW RSR TDM CMT CL RWC ELWL 

FRL 0.371**            

 0.000            

FSW 0.129 0.244*           

 0.201 0.014           

FRW 0.445** 0.274** 0.161          

 0.000 0.006 0.110          

DSW 0.091 0.002 -0.073 0.188         

 0.368 0.982 0.473 0.061         

DRW 0.472** 0.242* 0.146 0.652** 0.329**        

 0.000 0.015 0.147 0.000 0.001        

RSR 0.441** 0.263** 0.149 0.594** 0.001 0.927**       

 0.000 0.008 0.140 0.000 0.992 0.000       

TDM 0.453** 0.224* 0.122 0.638** 0.486** 0.985** 0.858**      

 0.000 0.025 0.226 0.000 0.000 0.000 0.000      

CMT 0.225* 0.084 0.224* 0.386** 0.218* 0.467** 0.354** 0.472**     

 0.024 0.408 0.025 0.000 0.029 0.000 0.000 0.000     

CL 0.463** 0.335** 0.184 0.564** 0.239* 0.755** 0.658** 0.742** 0.467**    

 0.000 0.001 0.067 0.000 0.017 0.000 0.000 0.000 0.000    

RWC 0.279** 0.177 0.229* 0.355** 0.128 0.491** 0.431** 0.478** 0.269** 0.535**   

 0.005 0.077 0.022 0.000 0.203 0.000 0.000 0.000 0.007 0.000   

ELWL -0.417** -0.259** -0.100 -0.574** -0.355** -0.745** -0.621** -0.754** -0.461** -0.595** -0.370**  

 0.000 0.009 0.321 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

LTmp -0.152 -0.329 -0.151 -0.415** -0.052 -0.345** -0.358** -0.329** -0.141 -0.320** -0.187 0.345** 

 0.131 0.001 0.133 0.000 0.604 0.000 0.000 0.001 0.162 0.001 0.063 0.000 

Upper values indicated Pearson‟s correlation coefficient; Lower values indicated level of significance 

at 5% probability. 

* = Significant (P<0.05); ** = Highly significant (P<0.01) 
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Table 5: Simple linear correlation coefficient of seedling traits under combined (Normal and 

stress) condition. 

 

Traits 
 FSL FRL FSW FRW DRW DRW RSR TDM CMT CL RWC ELWL LT 

FSL 
 

            

FRL 0.516**             

FSW 0.464** 0.459** 
 

          

FRW 0.584** 0.483** 0.273 
 

         

DSW 0.046 0.128 0.267 0.211 
 

        

DRW 0.497** 0.518** 0.437** 0.608** 0.221 
 

       

RSR 0.458** 0.451** 0.314* 0.468** -0.192 0.895** 
 

      

TDM 0.484** 0.516** 0.456** 0.613** 0.348* 0.991** 0.834** 
 

     

CMT 0.370** 0.267 0.355* 0.349* 0.145 0.408** 0.308* 0.411** 
 

    

CL 0.451** 0.401** 0.473** 0.402** 0.321* 0.683** 0.512** 0.700** 0.396** 
 

   

RWC 0.256 0.231 0.385** 0.255 0.046 0.435** 0.402** 0.424** 0.091 0.505** 
 

  

ELWL -0.568** -0.437** -0.266 -0.556** -0.146 -0.721** -0.635** -0.713** -0.428** -0.483** -0.225 
  

LT -0.264 -0.303* -0.099 -0.422** -0.168 -0.338* -0.266 -0.348* -0.180 -0.251 -0.258 0.329* 
 

* = Significant (P<0.05); ** = Highly significant (P<0.01) 
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GENETIC ANALYSIS 

Analysis of variance 

To find the significant differences among the genotypes, the data for various plant 

traits under both normal and water deficit conditions were subjected to analysis of variance 

(Steel et. al., 1997). The results showed highly significant (P≤0.01) differences for all traits 

except for number of ears per plant and anthesis-silkiong interval which were significant 

(P≤0.05) among genotypes under normal condition while highly significant differences were 

observed for all traits under water deficit conditions (Appendix 22). Significant differences 

allowed to proceed for further genetic analysis (Hayman 1954 a & b; Jinks, 1954). 

Scaling Test 

The data were subjected to two scaling tests to validate the additive-dominance model 

and general assumption of diallel analysis (Hayman, 1954a). Analysis of variance for normal 

and stress experiments are presented in (Appendix 22). The data would be adequate if it 

passes two tests i.e regression analysis and analysis of variance and co-variance. For 

regression analysis, if regression estimates significantly deviates from zero (b=0) but not from 

the unity (b=1) and non-significant variation due to Wr-Vr in the analysis of array variance. If 

Wr+Vr is significant and Wr-Vr is non-significant then it is considered to be adequate. If 

Wr+Vr and Wr-Vr both estimates were non-significant then data considered to be inadequate 

for additive-dominance model. However, if data fulfill any one of the two tests, it will be 

considered to be partially adequate. Completely or partially adequate data were further 

processed to estimate genetic components of variation. Subhani (1997), Tabassum (2004), 

Akbar (2008), Imtiaz (2009), Chohan et al. (2012) and Iqbal et al. (2012) proceeded for 

genetic analysis for partially adequate data.  
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Table 6. Scaling test for adequacy of additive-dominance model for various plant traits  

a: Normal condition 

 
Trait Regression analysis Mean Squares Remarks 

H0  b=0 H0 b=1 Wr+ Vr Wr – Vr 

Plant Height 100.11** -0.316
NS

 457.22NS 8.73
NS

 Partially adequate 

Ear height 7.28** 0.694
NS

 303.33NS 4.57
NS

 Partially adequate 

No. of ears/plant 7.82** 2.252
NS

 5.917NS 8.50
NS

 Partially adequate 

Days to tasseling 9.51** 0.460
NS

 1.632NS 0.11
NS

 Partially adequate 

Days to silking 16.48** 0.655
NS

 4.265NS 0.41
NS

 Partially adequate 

Anthesis-silking interval 4.16** 2.876
NS

 0.288NS 2.30
NS

 Partially adequate 

Kernels per ear 3.60** 0.672
NS

 777NS 86063** Partially adequate 

Kernels per row 8.79** 1.235
NS

 13.404* 0.20
NS

 Fully adequate 

100-kernel weight 8.20** 1.772
NS

 66.249* 2.44
NS

 Fully adequate 

Grain yield per plant 11.33** 0.154
NS

 201372.4** 1505.37
NS

 Fully adequate 

Cell membrane thermo-stability 17.30** 4.796
NS

 224.26* 6.10
NS

 Fully adequate 

Leaf temperature 18.15** 1.001
NS

 9.70NS 9.67
NS

 Partially adequate 

Stomatal conductance 17.25** 0.602
NS

 4.69* 1.78
NS

 Fully adequate 

Canopy temperature depression 8.34** 0.867
NS

 16.54** 0.19
NS

 Fully adequate 

 

b: under stress condition 
Trait Regression analysis Mean Squares 

Remarks 
H0  b=0 H0 b=1 Wr+ Vr Wr – Vr 

Plant Height 11.40** 1.250** 7657.57** 91.71
NS

 Fully adequate 

Ear height 4.48** 0.896** 60.36* 4.72
NS

 Fully adequate 

No. of ears/plant 4.09** 2.023** 1.93
NS

 2.055
NS

 Partially adequate 

Days to tasseling 5.48** 0.299
NS

 7.22
NS

 0.53
NS

 Partially adequate 

Days to silking 4.34** -0.246
NS

 248.78** 11.48
NS

 Fully adequate 

Anthesis-silking interval 5.09** 1.152
NS

 6.37
NS

 0.340
NS

 Partially adequate 

Kernels per ear 51.56** -1.629
NS

 3569* 32.5
NS

 Fully adequate 

Kernels per row 15.24** -2.178
NS

 15.11
NS

 0.499
NS

 Partially adequate 

100-kernel weight 6.002** 1.168
NS

 56.71** 1.717
NS

 Fully adequate 

Grain yield per plant 22.67** 1.525
NS

 36696.8* 101.35
NS

 Fully adequate 

Cell membrane thermostability 4.89** 1.740
NS

 611.04
NS

 25.153
NS

 Partially adequate 

Leaf temperature 7.54** 1.643
NS

 26.51* 0.528
NS

 Fully adequate 

Stomatal conductance 4.09** 1.007
NS

 1.395
NS

 7.244* Partially adequate 

Canopy temperature depression 8.34** 0.867
NS

 16.54** 0.193
NS

 Fully adequate 

*= Significant at P≤ 0.05 

** =  Significant at P≤ 0.01 

NS= Non-significant 
Table 6a showed that the characters i.e plant height, ear height, number of ears per 

plant, days to tasseling, days to silking, anthesis-silking interval, number of kernels per ear, 

number of kernels per row, 100-kernel weight, grain yield per plant, cell membrane 
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thermostability, leaf temperature and stomatal conductance to be adequate by regression 

analysis whereas number of kernels per ear, 100 kernel weight, grain yield per plant, cell 

membrane thermostability, stomatal conductance and canopy temperature depression were 

observed adequate for analysis of arrays under normal water condition. On the other hand, the 

data in Table 6b showed all the traits adequate for regression analysis whereas plant height, 

ear height, days to silking, number of kernels per ear, 100-kernel weight, grain yield per plant 

and leaf temperature were fully adequate for analysis of arrays under water stress condition. 

Plant height  

a. Normal condition 

The trait was partially adequate under normal condition (Table 6). Analysis of 

variance for plant height showed that males and females were highly significant depicting 

additive genetic effects (Table 7), while interaction between male and female was non-

significant indicating the absence of non-additive type of gene action under normal water 

condition. Non-significant male with fema;e interaction may be due to cancellation of 

variance. 

Table 7. Analysis of variance of 6 × 6 diallel crosses of maize for plant height 

 

Source of Variation                   Degrees of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 17.68 2.175 

Male 5 1604.18** 1900.13** 

Female 5 1721.38** 1896.35** 

Male × Female 25 2.107
NS

 16.47** 

Error 70 12.362 6.64 
 
NS = Non-significant, ** = Highly significant 
 

Analysis of variance (Table 8a) under normal water condition for plant height traits 

indicated that a item was highly significant showing dominance of additive genetic effects 

while significant b item depicted dominance effects. Component b1 (directional dominance) 

was observed non-significant indicating unimportant role for the control of this trait.  

Significant value for component b2 showed unequal distribution of genes among both parents, 

while component b3 represents existence of dominance deviation unique to each F1 showing 

significant value indicating presence of specific genetic interaction for plant height. The 

maternal effects (c) and reciprocal effects (d) were non-significant for both plant height and 
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genotypes, so retesting of a and b was not performed against c and d, and the previous 

estimates for a and b remain valid. The presence of reciprocal effects biased the additive-

genetic variance. Maternal effects are indicated by reciprocal differences. All the diallel 

assumptions may not fulfill the criteria of selection in case of all parents. 

Table 8. Analysis of variance of 6 × 6 diallel cross in maize for plant height (Hayman’s 
approach, 1954a). 
a: Normal water condition 
 

Row Sources D.f. M.S. F. value 

Retesting 

             c               d 

1 a 5 3323.6** 531.4**   

2 b1 1 0.03
NS

 0
NS

   

3 b2 5 1.16* 0.12*   

4 b3 9 2.37* 0.25*   

5 b 15 1.81* 0.13*   

6 c 5 2.24
NS

 0.20
NS

   

7 d 10 2.46
NS

 0.18
NS

   

8 Total 35 476.6 38.54   

9 a × blocks 10 6.25    

10 b1 × blocks 2 74.09    

11 b2 × blocks 10 10.01    

12 b3 × blocks 18 9.56    

13 b × blocks 30 14.01    

14 c × blocks 10 11.83    

15 d × blocks 20 13.22    

16 Total × blocks 70 12.37    

 
b: Water deficit conditions 
 

Row Sources D.f. S.S. M.S. F.value 

Retesting 

             c                              d 

1 A 5 18981.8 3796.35** 610.395   

2 b1 1 6.4 6.4
NS

 1.786   

3 b2 5 130.1 26.03* 3.505   

4 b3 9 273.2 30.36* 3.994   

5 B 15 409.8 27.32** 3.755   

6 C 5 0.4 0.08
NS

 0.017   

7 D 10 2.2 0.22
NS

 0.031   

8 Total 35 19394.1 554.12 83.29   

9 a × blocks 10 62.2 6.22    

10 b1 × blocks 2 7.2 3.58    

11 b2 × blocks 10 74.3 7.43    

12 b3 × blocks 18 136.8 7.6    

13 b × blocks 30 218.3 7.28    

14 c × blocks 10 46.5 4.65    

15 d × blocks 20 138.7 6.94    

16 Total × blocks 70 465.7 6.65    
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b. Water deficit condition 

The trait was completely adequate by both tests for additive dominance model (Table 

6). Analysis of variance displayed significant variation among male and female parent 

indicating role of additive component controlling plant height. Significant interaction of male 

and female parent represented non-additive genetic effects (Table 7). High genetic variation 

under stress condition may be due to some silent genes which express only under target 

environment. 

Component a was found highly significant which depicted the existence of additive 

genetic effects (Table 8b). Non-significant value of item b revealed the absence of dominance 

effects for plant height. The b1 component was observed non-significant. Component b2 

which explains the distribution of genes among the parents was highly significant indicating 

presence of unequal gene distribution among the parents. Component b3 was found highly 

significant under water deficit condition indicating dominant deviation exclusive to F1 hybrid. 

Component c and d represents maternal and reciprocal effects, respectively were observed 

non-significant so retesting of a and b component against c and d was not required. Maternal 

effects are indicated by reciprocal differences. All the diallel assumptions may not fulfill the 

criteria of selection in case of all parents.Existance of maternal effects biased the estimates for 

D and F. 

Components of genetic variation were assessed according to Hayman (1954b) and are 

presented in Table 9. Significant D value under normal as well as water deficit condition 

depicted the importance of additive genetic effects which remained same under normal as 

well as water stress environment. Non-significant value was observed for H1 and H2 under 

normal and water deficit condition indicating unimportant role of dominant genes. Low value 

of H1 and H2 than D component suggested that additive effects were more important than 

dominant effects in controlling plant height. Unequal estimates for H1 and H2 under both 

conditions showed unequal distribution of dominant genes among the parents. 

Non-significant value of F component under both condition showed that frequency of 

dominant and recessive genes among the parents were not frequent. It is inferred that positive 
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and negative genes were almost in similar distribution among the parents. Non-significant 

negative value for h
2
 showed that heterozygous loci effects were not significant for plant 

height under normal and water stress condition.  

Mean degree of dominance (H1 /D) 
0.5 observed (< 1.96) under normal (0.172) and 

stress condition (0.208) showed no dominant effects regarding plant height under both 

conditions. The value of (H2 / 4H1) was observed less than 0.25 representing unequal 

distribution of genes under both normal (0.185) and water deficit condition (0.190). 

Significant value for E component under both conditions suggested important role for the 

expression of the trait.  

The proportion of dominant and recessive genes in the parents (F1) were found less 

than one indicating partial dominance under both conditions suggesting important role of 

additive gene action for the inheritance of this trait. Narrow sence heritability for narrow 

sense was (91%) under normal and (89%) under water stress condition indicating highly 

heritable trend for the trait as well as suggesting additive genetic effects for inheritance. 

Graphical presentation of the data (Fig 1) also suggested additive gene action for inheritance 

of this trait. 

The results are in accordance with the findings of Ramamurthy (1980), Bukhari 

(1986), Mahajan and Khera (1991), Saeed and Saleem (2000), Shabbir and Saleem (2002), 

Kuriata et al., (2003), Mendes et al. (2003), Kumar and Gupta (2004), Malik et al. (2004), 

Tabassum (2004), Muraya et al.(2006), Tabassum et al. (2007), Hussain et al. (2009), Chohan 

et al. (2012) and Iqbal et al. (2012) who inferred additive type of gene action for the 

character.  

Graphical presentation of the data for plant height under normal condition (Fig 1a) 

revealed that inbred OH-8 possessed most frequent dominant genes followed by D-109, D-

157 and NCIL-20-20 while maximum recessive genes were displayed by inbred D-114. On 

the other hand, distribution of array point over regression line under water deficit condition 

(Fig. 1b) indicated inbred D-157 as the top most for carrying maximum dominant genes 

followed by NCIL-20-20, D-114 whereas minimum dominant genes were recorded for M-14.    
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Table 9: Components of genetic variation for plant height 

 

     Components                                                                                         

                                                                                             NORMAL      WATER STRESS 

 

Additive variance (D) 359.91±8.64* 408.423±3.71* 

Dominance variance (H1) -10.664±0.22
NS

 17.667±9.41
NS

 

Proportion of positive and negative genes in the parent 

(H2) 

-7.887±0.196
NS

 13.465±8.41
NS

 

Relative frequency of dominant and recessive alleles in 

the parents (F) 

-10.631±0.21
NS

 -8.405±9.06
NS

 

Dominance effect (over all loci in heterozygous phase) 

(h
2
) 

-2.522±0.132
NS

 -0.132±5.66
NS

 

Environmental variance (E) 4.549±0.032* 2.371±1.40
NS

 

Mean degree of dominance (H1 /D) 
0.5

 0.172 0.208 

Proportion of genes with positive and negative effects 

in the parents (H2 / 4H1) 

0.184 0.190 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.842 0.905 

Heritability (Narrow sence) 0.91 0.89 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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(A) 

 

(B) 

 

Fig.1: Wr/Vr graph for Plant Height 

A = Normal Condition, B = Water deficit condition 
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Ear height  

a.  Normal condition 
Ear height was found partially adequate to the additive dominance model under normal 

water condition (Table 6). Analysis of variance displayed highly significant variation for both 

male and female parent under normal water application. Highly significant variation 

represents existence of additive genetic effects while highly significant estimates for male × 

female interaction suggested the role of non-additive type of genetic effects (Table 10). 

Table 10: Analysis of variance of 6 × 6 diallel crosses of maize for ear height 

 

Source of Variation                    Degree of freedom 
Mean Squares 

Normal  Water stress 

Replications 2 4.62 5.84 

Male 5 268.1** 190.92** 

Female 5 262.4** 186.53** 

Male × Female 25 7.2** 4.39** 

Error 70 3.05 1.91 
NS = Non- significant, ** = Highly significant 

 

Analysis for variance as displayed in Table 11a which indicated highly significant 

value for a and b item suggesting additive genetic effects as well as dominant effects 

respectively, controlling the trait. The b1 component was observed non-significant showing 

absence of directional dominance. Item b2 appeared non-significant suggesting similar 

dominant genes i.e symmetrical distribution of genes among the parents. Significant b3 item 

indicated the dominant deviation unique to F1 hybrid. The component c and d representing 

maternal and reciprocal effects, respectively were observed non-significant so retesting of a 

and b component against c and d was not done. 
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Table 11: Analysis of variance of 6 × 6 diallel crosses in maize for ear height (Hayman’s 

approach, 1954a) 

a:Normal water conditions 
 

Row Sources D.f S.S. M.S. F value 

Retesting 

             c                              d 

1 a 5 2652.35 530.47** 176.748   

2 b1 1 0.54 0.542
NS

 0.28   

3 b2 5 22 4.401
NS

 0.864   

4 b3 9 157.89 17.543** 5.065   

5 b 15 180.43 12.029** 3.08   

6 c 5 0.28 0.056
NS

 0.032   

7 d 10 0.67 0.067
NS

 0.027   

8 Total 35 2833.73 80.964 26.506   

9 a × blocks 10 30.01 3.001    

10 b1 × blocks 2 3.86 1.932    

11 b2 × blocks 10 50.94 5.094    

12 b3 × blocks 18 62.34 3.463    

13 b × blocks 30 117.15 3.905    

14 c × blocks 10 17.67 1.767    

15 d × blocks 20 48.98 2.449    

16 Total × blocks 70 213.82 3.055    

b: Water deficit conditions 

 

Row Sources D.f S.S. M.S. F. value 

Retesting 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

c                          d 

1 a 5 1886.63 377.327** 135.1   

2 b1 1 3.92 3.919
NS

 2.91   

3 b2 5 28.47 5.695** 1.65   

4 b3 9 76.14 8.46** 4.9   

5 b 15 108.54 7.236** 3.18   

6 c 5 0.55 0.11
NS

 0.11   

7 d 10 1.35 0.135
NS

 0.1   

8 Total 35 1997.07 57.059 29.91   

9 a × blocks 10 27.93 2.793    

10 b1 × blocks 2 2.7 1.349    

11 b2 × blocks 10 34.4 3.44    

12 b3 × blocks 18 31.06 1.726    

13 b × blocks 30 68.16 2.272    

14 c × blocks 10 10.37 1.037    

15 d × blocks 20 27.08 1.354    

16 Total × blocks 70 133.55 1.908    
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b. Water deficit conditions  

 The trait was partially adequate fully adequate by both tests of additive-

dominance model under water deficit conditions (Table 6).Analysis of variance regarding ear 

height under water stress condition displayed highly significant estimate for a and b item 

displaying the importance of both additive and non-additive role for the inheritance of trait 

(Table 11b). Significant value of b1 item represented the presence of directional dominance 

and significant variation for b2 showing unequal distribution of genes among both the parents. 

Item b3 with significant estimates depicted the part of dominance deviation which is unique to 

F1. Item c and d representing maternal and reciprocal effects were observed non-significant 

thus retesting was not done so results of a and b item remained valid. All the diallel 

assumptions may not fulfill the criteria of selection in case of all parents. Existance of 

maternal effects biased the estimates for D and F. 

 Components of genetic variation were calculated according to Hayman (1954b) 

approach and are given in Table 12. Positive and significant estimates for D component 

depicted a major role of additive genetic effects in inheritance of trait under normal and stress 

condition. Moreover high value of D component than H1 and H2 indicated the presence of 

additive genetic effects for ear height. Different values of H1 and H2 under both environments 

represented unequal distribution of positive genes. Additive genetic effects may be due to uni-

directional dominance of genes. Positive but yet non-significant estimates for F under normal 

condition represented low frequency of dominant genes than recessive genes while negative 

as well as non-significant value revealed less frequent positive genes. Non-significant 

estimate for h
2
 indicates absence of role regarding heterozygous loci for expression of ear 

height under normal as well as stress condition.  

 Non-significant environmental variation (E) component under both conditions 

was positive but non-significant indicating less importance of environmental variation for this 

trait. Mean degree of dominance was less than one showing partial dominance in hybrids (F1). 

Less value of (H2 / 4H1) than 0.25 under normal as well as stress condition indicated unequal 

distribution of positive and negative genes in the parents. Estimates observed for narrow sense 

heritability were 84% and 86% under normal and water stress conditions, respectively. 
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 Graphical presentation of the data (Fig.2) revealed additive gene action with 

partial dominance under both normal as well as water deficit condition. Vacaro et al. (2002), 

Prakash and Ganguli (2004), Kuraita et al. (2003), Rafiq et al. (2010), Khan et al. (1999), 

Glover et al. (2005), Jumbo and Carena (2008), Gichuru et al. (2011), Ali et al. (2007) 

supported findings of this research whereas Saeed and Saleem (2000) reported non-additive 

type of gene action controlling the expression of this character. 

 Array points distribution (Fig. 2a) indicated that inbred line M-14, D-114, OH-8 

contained maximum dominant genes and D-157 possess maximum recessive genes under 

normal water condition for ear height trait while under water stress condition NCIL-20-20 

produced maximum dominant genes followed by D-114 and D-109, respectively whereas D-

157 exhibited maximum recessive genes for ear height.(Fig. 2b)  

 

 

Table 12: Components of genetic variation for ear height 

 

   Components 

 

                                                                            NORMAL             WATER STRESS 

 

Additive variance (D) 62.02±1.039* 34.61±0.84* 

Dominance variance (H1) 5.99±2.63* 4.133±2.13
NS

 

Proportion of positive and negative genes in the 

parent (H2) 

5.764±2.35* 3.357±1.90
NS

 

Relative frequency of dominant and recessive 

alleles in the parents (F) 

3.687±2.53
NS

 -6.286±2.05
NS

 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

-0.525±1.58
NS

 0.318±1.28
NS

 

Environmental variance (E) 1.127±0.39 0.733±0.31 

Mean degree of dominance (H1 /D) 
0.5

 0.3108 0.34 

Proportion of genes with positive and negative 

effects in the parents (H2 / 4H1) 

0.2404 0.203 

Proportion of dominant and recessive genes in 

the parents (√4DH1 + F  √4DH1 – F) 

1.211 0.583 

Heritability (Narrow sence) 0.84 0.86 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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(A) 

 

 

(B) 
 

 
Fig.2: Wr/Vr graph for Ear Height 

A = Normal condition, B = Water stress condition 
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Number of ears per plant 

a: Normal condition 

 The trait was observed partially adequate because of adequacy in regression 

analysis of additive dominance model (Table 6a). Analysis of variance regarding number of 

ears per plant under normal condition displayed significant variation for male and females. 

Non-significant estimates for male x female interaction depicted absence of non-additive 

genetic effects for the expression of the trait. Non-significant value of interaction may be due 

mutual cancllation of variance (Table 13).  

 Analysis of variance for number of ears per plant under normal condition (Table 

14a) showed highly significant component a indicating the presence of additive genetic 

effects whereas non- significant estimates for component b, b1, b2 and b3 showed the absence 

of dominant genetic effects in the expression of the trait. Component c and d representing 

maternal and reciprocal effects respectively were found non-significant thus no retesting was 

made against a and b, and thus significance of a and b component remain valid.  Absence of 

maternal effects showing the fulfillment of diallel assumptions.  

 

Table 13: Analysis of variance of 6 × 6 diallel crosses of maize for number of ears per 

plant 

 

Source of Variation                 Degree of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 0.000407 0.0058 

Male 5 0.169** 0.0310** 

Female 5 0.0158** 0.0331** 

Male × Female 25 0.00158
NS

 0.0039
NS

 

Error 70 0.0032 0.0035 

 

NS = Non-significant, ** = Highly significant 
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b: Water deficit condition 

 The trait was found partially adequate because of adequacy in regression analysis 

of additive dominance model (Table 6b). Analysis of variance (Table 13) depicted significant 

differences among the male and female parents depicting presence of additive genetic 

variation for number of ears per plant. Non-significance of male x female interaction 

indicated absence of non-additive genetic effects. It may be due to mutual cancellation of 

variance. 

 Analysis of variance (Table 14b) displayed highly significant estimates for a 

component indicating the role of additive genetic effects in expression of trait under water 

deficit condition. Non-significant value was obtained for b, b1, b2 and b3 component which 

represented absence of dominance effects. Component c and d were found non-significant for 

genotype and the trait under consideration, so retesting of a and b was not conducted against c 

and d component.  
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Table 14: Analysis of variance of 6x6 diallel cross in maize for number of ears per plant 

(Hayman’s approach, 1954a) 

 a: Normal water condition 

 

Row Sources d.f. S.S. M.S. F.value 

Retesting 

    c                              d 

1 a 5 0.152 0.0305** 5.978   

2 b1 1 0 0
NS

 0   

3 b2 5 0.002 0.0004
NS

 0.235   

4 b3 9 0.013 0.001
NS

 0.287   

5 b 15 0.015 0.001
NS

 0.248   

6 c 5 0.010 0.002
NS

 1.9   

7 d 10 0.0244 0.002
NS

 1.26   

8 Total 35 0.203 0.006 1.80   

9 a × blocks 10 0.051 0.005    

10 b1 × blocks 2 0.013 0.006    

11 b2 × blocks 10 0.018 0.002    

12 b3 × blocks 18 0.092 0.005    

13 b × blocks 30 0.125 0.004    

14 c × blocks 10 0.011 0.001    

15 d × blocks 20 0.038 0.002    

16 Total × blocks 70 0.226 0.0032    

b: Water deficit condition 

 

Row Sources d.f S.S. M.S. F. value 

Retesting 

    c                       d 

1 A 5 0.311 0.0622** 18.7819   

2 b1 1 0.00002 0.000018
NS

 0.0019   

3 b2 5 0.0265 0.0053
NS

 1.3979   

4 b3 9 0.0370 0.00412
NS

 0.8641   

5 b 15 0.0636 0.0042
NS

 0.8853   

6 c 5 0.01 0.002
NS

 0.5714   

7 d 10 0.035 0.0035
NS

 2   

8 Total 35 0.4196 0.0119 3.3994   

9 a × blocks 10 0.0331 0.0033    

10 b1 × blocks 2 0.0199 0.0099    

11 b2 × blocks 10 0.0380 0.0038    

12 b3 × blocks 18 0.0857 0.0047    

13 b × blocks 30 0.1437 0.0047    

14 c × blocks 10 0.035 0.003    

15 d × blocks 20 0.035 0.0017    

16 Total × blocks 70 0.246 0.0035    

 

 Estimation of genetic component which were displayed in Table 15 (Hayman 

1954b). Significant value for component D was recorded depicting the presence of additive 
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genetic effects under normal as well as water deficit condition. Non-significant estimates for 

H component (H1 and H2) indicated absence of additive mode of gene action under both 

environmental conditions. Moreover less value of H1 and H2 represents additive role in 

controlling the expression of trait. Unequal value of H1 and H2 showed asymmetrical 

distribution of dominant genes among the parents. Additive genetic effects may be due to uni-

directional behavior of genes. 

 Negative and non-significant estimates of F component depicted the presence of 

less frequent dominant genes under both conditions. Less value of H2/4H1 than 0.25 also 

indicated asymmetrical distribution of alleles among parents under both conditions. Negative 

value for h
2
 under both conditions represents no effect of heterozygous loci for trait under 

study. The value for mean degree of dominance (H1 /D)
0.5 under normal condition was more 

than one showing overdominance type of gene action while under water deficit condition less 

value (H1 /D) 
0.5 represented partial dominance for the trait under study. Estimates for narrow 

sense heritability was recorded 66% and 70% under normal and stress condition, respectively. 

Highly significant environmental variance (E) was observed for this trait under both 

conditions. The results are in accord with the findings of Vacaro et al. (2002), Mendes et al. 

(2003), Makumbi et al. (2004) who reported additive type of gene action controlling the trait 

whereas Wattoo et al. (2009) reported non-additive type of gene action for the trait. 

 Graphical presentation of the data (Fig. 3) showed additive type of gene action 

indicating inbred D-114 with maximum dominant genes under normal condition followed by 

NCIL-20-20, OH-8 and M-14 while inbred D-157 showed minimum dominant genes for 

number of ears per plant. On the other hand, inbred line NCIL-20-20 displayed maximum 

dominant genes and OH-8 showed maximum recessive gene for trait under water deficit 

condition, respectively. 
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Table 15: Components of genetic variation for number of ears per plant  

 

Components   

 

                                                                                 NORMAL             WATER STRESS 

 

Additive variance (D) 1.854±1.126** 2.435±4.431** 

Dominance variance (H1) -2.263±2.860
NS

 5.287±1.124
NS

 

Proportion of positive and negative genes in the 

parent (H2) 

-1.599±2.555
NS

 2.186±1.005
NS

 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

-1.823±2.752
NS

 -3.730±1.082
NS

 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

-6.361±1.719
NS

 -7.216±6.763
NS

 

Environmental variance (E) 1.145±4.258** 1.305±1.674** 

Mean degree of dominance (H1 /D) 
0.5

 1.104 0.465 

Proportion of genes with positive and negative effects 

in the parents (H2 / 4H1) 

0.176 0.103 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.384 -0.243 

Heritability (Narrow sence) 0.66 0.70 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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(A) 

 

 

 

(B) 

 
Fig.3: Wr/Vr graph for number of ears per plant 

A= Normal Conditions, B= Water deficit conditions 

 

D-157
OH-8

NCIL-20-20

D-109

D-114

M-14

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

0.004

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004

Vr

W
r

D-157

OH-8

NCIL-20-20

D-109

D-114

M-14

0

0.0005

0.001

0.0015

0.002

0.0025

0 0.0005 0.001 0.0015 0.002

Vr

W
r



108 

 

 

Days to Tasselling 

  

a: Normal condition 

 The trait was recorded partially adequate for additive dominance model (Table 6). 

Significant variation for male and female represented additive genetic effects. Similarly 

interaction between male and female was non-significant indicating absence of non-additive 

genetic component in the expression of trait (Table 16). Non-significant value of Male × 

female interaction may be due to mutual cancelation of variances.    

Table 16: Analysis of variance of 6 × 6 diallel crosses of maize for number of days to 

tasseling 

 

Source of Variation                     Degree of Freedom 
Mean Square 

Normal Water stress 

Replications 2 2.231 1.361 

Male 5 20.831** 52.416** 

Female 5 14.587** 51.216** 

Male × Female 25 0.538
NS

 1.763
NS

 

Error 70 1.622 1.513 

** = Highly significant 

 Analysis of variance (Table 17a) displayed highly significant estimates for a 

item under normal water conditions. Non-significant value for b, b1, b2 and b3 was observed 

depicting absence of dominance for the inheritance of days to tasselling. Non-significant 

estimates for c and d components were obtained, so retesting of c and d against a and b was 

not required. All the diallel assumptions may not fulfill the criteria of selection in case of all 

parents.Existance of maternal effects biased the estimates for D and F. The presence of 

reciprocal effects biased the additive-genetic variance. Maternal effects are indicated by 

reciprocal differences. 

 

b: Water deficit condition 

 

 The trait was recorded partially adequate for additive dominance model (Table 6). 

Highly significant differences among the male and female genotypes represented the role of 

additive genetic effects for the expression of number of days to tasseling under water deficit 

condition (Table 16), whereas, non-significant value for male × female interaction showed 

absence of non-additive type of gene action regarding the inheritance of trait. 
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 The a component was found highly significant (Table 17b) under water deficit 

condition indicating the presence of additive genetic effects for inheritance of trait. 

Component b was found non-significant which indicated absence of general dominance 

effects. Component b1 and b2 was also non-significant indicating absence of directional 

dominance while component b3 being significant depicted dominance deviation exclusive to 

F1. Component c and d representing maternal and reciprocal effects, respectively were found 

non-significant thus retesting of a and b component against c and d was not conducted. 

Absence of maternal effects is validating the additive dominance model.  
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Table 17: Analysis of variance of 6 × 6 diallel crosses in maize for number of days to 

tasseling (Hayman’s approach, 1954a) 
a :Normal water condition 

Row Sources d.f S.S. M.S. F. value 

Retesting 

  c                              d 

1 a 5 173.148 34.629** 31.428   

2 b1 1 0.98 0.979
NS

 0.095   

3 b2 5 1.102 0.220
NS

 0.291   

4 b3 9 5.317 0.590
NS

 0.495   

5 b 15 7.398 0.493
NS

 0.298   

6 c 5 3.944 0.788
NS

 0.342   

7 d 10 6.056 0.605
NS 

0.404   

8 Total 35 190.546 5.444 3.35   

9 a × blocks 10 11.019 1.102    

10 b1 × blocks 2 20.47 10.235    

11 b2 × blocks 10 7.565 0.756    

12 b3 × blocks 18 21.483 1.193    

13 b × blocks 30 49.519 1.650    

14 c × blocks 10 23.056 2.305    

15 d × blocks 20 29.944 1.497    

16 Total × blocks 70 113.537 1.622    

 

b: Water deficit condition 
 

Row Sources d.f S.S. M.S. F_value 

Retesting 

   c                              d 

1 a 5 517.944 103.589** 34.402   

2 b1 1 2.817 2.817
NS

 2.336   

3 b2 5 5.222 1.044
NS 

0.657   

4 b3 9 35.267 3.919
NS

 2.658   

5 b 15 43.306 2.887
NS

 1.931   

6 c 5 0.222 0.044
NS

 0.022   

7 d 10 0.778 0.078
NS

 0.134   

8 Total 35 562.25 16.064 10.614   

9 a × blocks 10 30.111 3.011    

10 b1 × blocks 2 2.411 1.206    

11 b2 × blocks 10 15.889 1.589    

12 b3 × blocks 18 26.533 1.474    

13 b × blocks 30 44.833 1.494    

14 c × blocks 10 19.444 1.944    

15 d × blocks 20 11.556 0.578    

16 Total × blocks 70 105.944 1.513    

 

 

 

 Significant value of D (Table 18) represents additive gene action for the 

expression of trait under normal as well as water stress condition. Non-significant estimates 
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for H1 and H2 under normal and stress condition indicated the absence of dominance role in 

the inheritance of character. Unequal value of H1 and H2 represented asymmetrical 

distribution of dominant genes among the parents. Negative as well as non-significant value 

of F component under normal and water stress condition indicated unimportant role of 

dominant gene for expression of trait. This additive gene action may be due to uni directional 

dominance or it may be due to effect of genes which are not contributing equally. 

 The value (H2 / 4H1) was observed less than 0.25 under normal condition showing 

unequal distribution of genes for trait whereas this value changed to 0.29 being greater than 

0.25 depicting equal distribution of genes among parents under stress condition. 

Environmental variance (E) found significant showing the role of environment for the 

expression of trait. Mean degree of dominance was observed less than one under both normal 

and stress condition indicating additive type of gene action or partial dominance for the trait. 

Uni directional 

  Narrow sence heritability estimates was 0.76% and 0.82% under normal and 

water stress condition, respectively. Graphical presentation of data (Fig 4)also confirms 

additive type of gene action.The results get support from the findings of Ramamurthy (1980), 

Ramesha (1988), Tabassum (1989), Saeed (1998), Choukan (1999), Saeed and Saleem 

(2000), Kumar and Gupta (2004), Parkash and Ganguli (2004), Chohan et al. (2012) and Iqbal 

et al. (2012) who reported additive type of gene action for the trait while Karim (1979), 

Saleem et al. (2002) and Akbar (2008) who reported over dominance type of gene action for 

days to tasseling. 

Graphical presentation of the data (Fig. 4) regarding days taken to tasseling under 

normal condition revealed that inbred M-14 carried maximum dominant genes followed by D-

157, NCIL-20-20 and OH-8 whereas D-109 possessed maximum recessive genes, while under 

water stress condition distribution of array showed D-114 containing maximum dominant 

genes and M-14 exhibited minimum dominant genes. 
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Table 18: Components of genetic variation for days to tasselling 

 

     Components                                                                        

 

                                                                                   NORMAL             WATER STRESS 

Additive variance (D) 3.11±4.68** 9.706±0.249** 

Dominance variance (H1) -1.21±0.11
NS

 0.693±0.634
NS

 

Proportion of positive and negative genes in the 

parent (H2) 

-0.863±0.106
NS

 0.828±0.566
NS

 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

-0.886±0.114
NS

 -1.753±0.61
NS

 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

-0.149±7.153
NS

 0.216±0.381
NS

 

Environnemental variance (E) 0.595±1.771
NS

 0.548±9.445
NS

 

Mean degree of dominance (H1 /D) 
0.5

 0.624 0.267 

Proportion of genes with positive and negative effects 

in the parents (H2 / 4H1) 

0.178 0.298 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.628 0.494 

Heritability (Narrow sence) 0.82 0.88 

The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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(A) 

 
 

(B) 

 

 
 

Fig.4: Wr/Vr graph for number of days to tasseling 

A= Normal condition, B= Water stress condition 
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Days to silking  

a: Normal condition 

 

 The trait was found to be partial adequate under normal condition and fully 

adequate to additive dominance model under water deficit condition (Table 6a). The 

differences among the male and female were observed highly significant indicating the role of 

additive genetic component for the trait. Male × female interaction was recorded non-

significant displaying the absence of non-additive genetic component (Table 19)   

Table 19: Analysis of variance of 6 × 6 diallel crosses of maize for number of days to 

silking 

 

Source of Variation                     Degree of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 2.01 2.787 

Male 5 22.809** 20.792** 

Female 5 23.031** 20.792** 

Male × Female 25 0.284
NS

 13.379** 

Error 70 2.285 1.567 

** = Highly significant 
 The a item calculated from formal analysis demonstrated highly significant 

variation indicating the presence of additive type of gene action for the control of the 

character (Table 20a). Items b, b1, b2 and b3 were found non-significant depicting the absence 

of dominance for trait expression. The c and d item representing maternal and reciprocal 

effects were also observed non-significant thus retesting of c and d item against a and b was 

not performed. The presence of reciprocal effects biased the additive-genetic variance and 

also unvalidate the additive dominance variance.  

b. Water deficit condition 

 The trait was found fully adequate to additive dominance model (Table 6b). 

Analysis of variance (table 19) displayed highly significant variation for males and females 

indicating the presence of additive genetic effects for the expression of the trait. Highly 

significant estimates showed the existence of non-additive type of gene action. The data were 

further subjected to the analysis of variance (Mather and Jinks, 1982). 

 Highly significant value for a item indicated the presence of additive type of gene 

action (Table 20b). The item b was observed significant suggesting dominant effects for the 

trait. Item b1 was also observed Significant b2indicating important role of directional 
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dominance for the control of trait. Significant b2 item suggested existence of unequal 

distribution of dominant genes among the parents. The component b3 was also recorded 

significant showing dominance deviation unique to F1 under water deficit condition. The c 

and d item representing maternal and reciprocal effects were absent thus no retesting of c and  

against a and b was required. All the diallel assumptions may not fulfill the criteria of 

selection in case of parents.This may be the main cause for the absence of maternal effects. 

Table 20: Analysis of variance of 6 × 6 diallel crosses in maize for number of days to 

silking (Hayman’s approach, 1954a). 

a. Normal water condition 

Row Sources d.f S.S. M.S. F. value 

Retesting 

   c                              d 

1 a 5 228.593 45.718** 48.887   

2 b1 1 1.157 1.157
NS

 0.073   

3 b2 5 0.407 0.081
NS

 0.027   

4 b3 9 3.667 0.407
NS

 0.277   

5 b 15 5.231 0.348
NS

 0.118   

6 c 5 0.611 0.122
NS

 0.053   

7 d 10 1.889 0.188
NS

 0.097   

8 Total 35 236.324 6.752 2.954   

9 a × blocks 10 9.352 0.935    

10 b1 × blocks 2 31.581 15.790    

11 b2 × blocks 10 30.065 3.006    

12 b3 × blocks 18 26.983 1.499    

13 b × blocks 30 88.63 2.954    

14 c × blocks 10 23.056 2.305    

15 d × blocks 20 38.944 1.947    

16 Total × blocks 70 159.981 2.285    
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b: Water deficit condition  

Row Sources d.f. S.S. M.S. F. value 

Retesting 

   c                              d 

1 a 5 207.9 41.58** 22.38   

2 b1 1 69.7 69.69* 35.40   

3 b2 5 111.8 22.37** 8.52   

4 b3 9 152.9 16.99** 11.32   

5 b 15 334.4 22.29** 11.69   

6 c 5 0 0 0   

7 d 10 0 0 0   

8 Total 35 542.4 15.49 9.88   

9 a × blocks 10 18.5 1.85    

10 b1 ×  blocks 2 3.93 1.96    

11 b2 × blocks 10 26.23 2.62    

12 b3 ×  blocks 18 27.02 1.50    

13 b ×  blocks 30 57.18 1.91    

14 c ×  blocks 10 14.83 1.48    

15 d ×  blocks 20 19.16 0.95    

16 Total x blocks 70 109.7 1.56    

 

 Components of genetic variation were calculated using Hayman (1954b) 

approach. D component (Table 21) was found significant under normal and water stress 

condition. Component H1 was found non-significant suggesting absence of dominance under 

normal condition whereas this value was significant under water stress condition showing the 

presence of dominance in controlling the trait. Component H2 was also found non-significant 

under normal condition but it was significant under stress condition suggesting more positive 

genes. Unequal estimates of H1 and H2 both under normal and stress condition showed 

unequal distribution of dominant genes. Less value of H component than D indicated 

preponderance of additive type of gene action.  

 Negative and non-significant estimates for F component indicated low frequency 

of dominant genes under normal condition but it was significant under water stress condition 

suggesting a high frequency of dominant genes among the parents. Non-significant h
2 

showed 

no role for expression of trait under normal condition whereas h
2
 value was significant under 

water stress condition indicating important role of heterozygous loci for the expression of 

trait. Environmental variance (E) was recorded significant under water stress condition while 

under normal condition it was non-significant suggesting no major role in the expression of 

trait. 
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 Mean degree of dominance (H1/D)
0.5 under normal condition (0.692) was observed 

less than one suggesting additive type of gene action while this value changed to (1.481) in 

water stress condition more than one indicating over-dominance type of gene action. Narrow 

sense heritability observed for normal and stress condition was 79% and 35%, respectively 

showing high genetic variation for trait, however it was reduced under water stress condition. 

 The regression analysis (Fig. 5a) displayed that inbred OH-8 possessed maximum 

dominant genes for days to silking under normal water application whereas inbred D-114 

showed minimum dominant genes. In case of water deficit condition maximum dominant 

gene were displayed by D-114 followed by D-109 and OH-8, respectively and M-14 produced 

maximum recessive genes for the trait (Fig. 5b). 

 The results get support from the findings of Khalid et al.(1979), Bukhari (1986), 

Tabassum (1989), Setty (1975), Saeed (1998), Saeed and Saleem (2000), Reddyet al. (2004), 

Chohan et al. (2012) and Iqbal et al. (2012) concluded that days taken to silking were under 

control of additive type of gene action while Akbar (2008) reported non additive type of gene 

action under normal and water deficit conditions. 

 

Table 21: Component of genetic variation for days to silking 

 

Components                                                                              NORMAL      WATER 

STRESS 

Additive variance (D) 4.089±2.42* 7.84±0.38* 

Dominance variance (H1) -1.958±6.14
NS

 0.41±0.98
NS

 

Proportion of positive and negative genes in the parent 

(H2) 

-1.423±5.48
NS

 0.30±0.88
NS

 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

-1.247±5.91
NS

 1.44±0.94
NS

 

Dominance effect (over all loci in heterozygous phase) 

(h
2
) 

-0.245±3.69
NS

 0.72±0.59
NS

 

Environnemental variance (E) 0.828±9.14
NS

 1.1±0.14
NS

 

Mean degree of dominance (H1 /D) 
0.5

 0.692 0.228 

Proportion of genes with positive and negative effects 

in the parents (H2 / 4H1) 

0.181 0.187 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.638 2.35 

Heritability (Narrow sence) 0.79 0.35 

The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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(A) 

 
(B) 

 
 

Fig 5: Wr/Vr graph for number of days to silking  

A = Normal condition B= Water stress condition 
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Anthesis-silking interval  

a. Normal condition 

 The trait was observed partially adequate to additive dominance model (Table 

6a). Analysis of variance (Table 22) displayed significant variation among male and female 

parents which give reason to proceed for further analysis. This variation suggested role of 

additive genetic component for expression of trait. Non-significant estimates for male × 

female interaction indicated absence of non-additive genetic component under normal water 

conditions. This non-significant interaction might be due to mutual cancellation of variances.  

Table 22. Analysis of variance of 6 x 6 diallel crosses of maize for anthesis-silking 

interval 

Source of Variation                       Degree of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 0.231 0.777 
Male 5 1.614* 9.288** 

Female 5 1.503* 12.6** 

Male × Female 25 0.672
NS

 1.035
NS

 

Error 70 0.564 1.882 
 
** = Highly significant, *= Significant 

  

 Analysis of variance of diallel (Table 23a) displayed significant value for a item 

confirming the presence of additive genetic effects under normal condition. Non-significant 

estimates for b, b1, b2 and b3 were recorded showing absence of dominance genetic effect. 

Components c and d representing maternal and reciprocal effects, where d component was 

significant while c showed non-significant so retesting was conducted against a and b, thus 

validating the previous results. 
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Table 23: Analysis of variance of 6x6 diallel crosses in maize for anthesis-silking interval 

(Hayman’s approach, 1954a). 

a. normal water condition 

Row Sources d.f S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 16.6 3.2** 3.6   

2 b1 1 0.2 0.2
NS

 0.14  0.115
NS

 

3 b2 5 0.4 0.1
NS

 0.21  0.246
NS

 

4 b3 9 1.6 0.2
NS

 0.45  0.557
NS

 

5 b 15 2.3 0.1
NS

 0.31  0.423
NS

 

6 c 5 1.8 0.3
NS

 0.62   

7 d 10 9.1 0.9** 3.54   

8 Total 35 30.0 0.8 1.68   

9 a × blocks 10 9.2 0.9    

10 b1 × blocks 2 3.6 1.8    

11 b2 × blocks 10 4.4 0.4    

12 b3 × blocks 18 7.2 0.4    

13 b × blocks 30 15.3 0.5    

14 c × blocks 10 5.8 0.6    

15 d × blocks 20 5.1 0.2    

16 Total × blocks 70 35.6 0.5    

 

b: Water deficit condition 

 

Row Sources d.f. S.S. M.S. F. value 

Retesting 

   c                              d 

1 a 5 103 20.6** 9.631   

2 b1 1 0.06 0.06
NS

 0.015   

3 b2 5 1.58 0.31
NS

 0.073   

4 b3 9 14.85 1.65
NS

 1.074   

5 b 15 16.5 1.1
NS

 0.413   

6 c 5 6.44 1.28
NS

 1.013   

7 d 10 9.38 0.93
NS

 1.046   

8 Total 35 135.33 3.86 2.053   

9 a × blocks 10 21.38 2.13    

10 b1 × blocks 2 8.71 4.35    

11 b2 × blocks 10 43.36 4.33    

12 b3 × blocks 18 27.65 1.53    

13 b × blocks 30 79.72 2.65    

14 c × blocks 10 12.72 1.27    

15 d × blocks 20 17.94 0.89    

16 Total × blocks 70 131.77 1.88    
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b. Water deficit condition 

 The trait was observed partially adequate to additive dominance model (Table 

6b). Analysis of variance (Table 22) showed significant value for male and females showing 

the role of additive genetic effects for conditioning variation under water deficit condition. 

Non-significant value of male × female interaction indicated the absence of non-additive gene 

effects. This non-significant interaction might be due to mutual cancellation of variances.   

 Formal analysis of variance (Table 23b) displayed significant value for a item 

suggesting additive genetic effects for anthesis-silking interval under water deficit condition. 

The item b, b1, b2 and b3 were recorded non-significant denying the role of dominance gene 

effects for the expression of trait. Reciprocal effects d and maternal effects c were also non-

significant so no retesting against a and b was made.  

 Significant and positive estimates for D component under normal and water stress 

condition indicated the presence of additive genetic effects for expression of anthesis-silking 

interval (Table 24). Cumulative value of H1 and H2 is less than D component confirmed the 

role of additive gene action for trait under both normal and water stress condition. Unequal 

value of H1 and H2 under both conditions showed unequal distribution of positive and 

negative gene for the expression of anthesis-silking interval. Uni-directional dominance may 

be responsible for the expression of additive genetic effects. 

 Negative and non-significant estimates for F component showed less frequent 

dominant alleles under both conditions. Negative and non-significant value recorded for h
2
 

represented no role of heterozygous loci for the trait. Mean degree of dominance (H1 /D) 
0.5was 

greater than one under normal condition (1.39) indicating overdominance type of gene action 

while under water stress condition (0.77) it was less than one indicatingthe importance of 

additive gene action. Narrow sence heritability was observed 38% and 66% under normal and 

water deficit conditions respectively. Environmental variance (E) was also observed 

significant displaying the role of environment for expression of trait. The value for H2 / 

4H1was recorded less than 0.25 which confirmed unequal distribution of positive and negative 

genes for trait among the parents.  

 These results are in line with Farooq (2008), Bello and Olaoye (2009), 

Khodarahmpour (2011), Chohan et al. (2012) and Iqbal et al. (2012) who found additive type 
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of gene action for anthesis-silking interval. Afarinesh et al. (2005) found dominance variance 

for the control of anthesis-silking interval. 

  The graphical presentation (Fig.6a) regarding anthesis silking interval displayed 

inbred OH-8 carrying maximum dominant genes under normal condition followed by D-109 

and D-114 while D-157 exhibited maximum recessive genes. In case of water deficit 

condition (Fig.6b) maximum dominant genes were produced by inbred D-114 followed by 

NCIL-20-20 and D-109. D-157 showed maximum recessive genes for anthesis-silking 

interval. In this case pattern found to be similar this might be due to complementary gene 

action but most of the time lines perform differently. In some cases pattern for varietal 

behavior for some traits remain same under various conditions but mostly it behave 

differently. 

 

Table 24: Component of genetic variation for anthesis-silking interval  

 

Components                                                                           

                                                                                   NORMAL             WATER STRESS 

 

Additive variance (D) 0.19±0.0016* 1.656±0.142* 

Dominance variance (H1) -0.36±0.004
NS

 -0.992±0.362
NS

 

Proportion of positive and negative genes in the 

parent (H2) 

-0.26±0.003
NS

 -0.613±0.323
NS

 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

-0.21±0.004
NS

 -0.786±0.348
NS

 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

-0.05±0.002
NS

 -0.361±0.217
NS

 

Environnemental variance (E) 0.18±0.0006
NS

 0.673±5.396
NS

 

Mean degree of dominance (H1 /D) 
0.5

 1.35 0.773 

Proportion of genes with positive and negative 

effects in the parents (H2 / 4H1) 

0.180 0.154 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.44 0.53 

Heritability (Narrow sence) 0.38 0.66 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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(A) 

 
(B) 

 
Fig 6: Wr/Vr graph for anthesis-silking interval  

A= Normal condition, B= Water deficit condition 
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Number of kernels per ear  

a. Normal condition 

 The trait was recorded partially adequate to additive dominance model (Table 6a). 

Analysis of variance (Table 25) for number of kernels per ear showed highly significant 

variation for male and female parents indicating the role of additive genetic effects for the 

trait. The interaction between male × female parents was highly significant showing non-

additive genetic effects for the inheritance of the trait.  

Table 25. Analysis of variance of 6 × 6 diallel crosses of maize for number of kernels per 

ear 

Source of Variation                    Degree of fredom 
Mean Squares 

Normal Water stress 

Replications 2 421.291 21.925 

Male 5 8439.806** 9749.926** 

Female 5 11411.01** 9765.215** 

Male × Female 25 623.914** 15.614* 

Error 70 291.720 9.326 

*= Significant, ** = Highly significant 

 

 

 Mean squares for formal analysis of variance are presented in Table 26a. Item a 

displayed highly significant estimate showing additive genetic effects for the expression of 

number of kernels per ear. Significant value of b item indicated the importance of dominant 

gene action for the inheritance of the trait. Item b1 was found significant suggesting the 

presence of directional dominance. Non-significant value for b2 represented symmetrical 

distribution of genes among parents whereas non-significant value for b3 indicated the 

absence of specific gene effects. Item c and d representing maternal and reciprocal effects 

were observed non-significant thus no retesting of c and d against a and b was carried out. 

Absence of maternal effects are validating the additive dominance variance. 
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Table 26: Analysis of variance of 6x6 diallel crosses in maize for number of kernels per 

ear (Hayman’s approach, 1954a) 

 

a. Normal water condition 

Row Sources d.f S.S. M.S. F.value 

Retesting 

 c                              d 

1 a 5 98586 19717.2** 105.842   

2 b1 1 6678 6678.2* 88.727   

3 b2 5 3845 769.1
NS

 2.81   

4 b3 9 3649 405.5
NS

 2.032   

5 b 15 14173 944.9** 4.375   

6 c 5 668 133.6
NS

 0.19   

7 d 10 1428 142.8
NS

 0.567   

8 Total 35 114855 3281.6 11.251   

9 a × blocks 10 1863 186.3    

10 b1 × blocks 2 151 75.3    

11 b2 × blocks 10 2737 273.7    

12 b3 × blocks 18 3592 199.6    

13 b × blocks 30 6480 216    

14 c × blocks 10 7041 704.1    

15 d × blocks 20 5033 251.7    

16 Total × blocks 70 20417 291.7    

 

b: Water deficit condition 

 

Row Sources d.f S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 97575.9 19515.2** 1214.92   

2 b1 1 4.6 4.6
NS

 2.13   

3 b2 5 123.7 24.7
NS

 1.59   

4 b3 9 263 29.2* 3.85   

5 b 15 391.4 26.1* 2.64   

6 c 5 0.1 0
NS

 0   

7 d 10 0.1 0
NS

 0   

8 Total 35 97967.4 2799.1 300.62   

9 a × blocks 10 160.6 16.1    

10 b1 × blocks 2 4.3 2.2    

11 b2 × blocks 10 155.8 15.6    

12 b3 × blocks 18 136.7 7.6    

13 b × blocks 30 296.8 9.9    

14 c × blocks 10 62.1 6.2    

15 d × blocks 20 132.2 6.6    

16 Total × blocks 70 651.8 9.3    
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b. Water deficit condition 

 The data was completely adequate by both tests for additive dominance model 

(Table  6). Analysis of variance showed highly significant variation of males and females for 

kernels per ear indicating the role of additive genetic effect. Significant male × female 

interaction depicted the importance of dominance genetic effects for the character (Table 25).   

 Highly significant estimates for a item in the formal analysis of variance (Table 

26b) under water deficit condition showed additive genetic effects for number of kernels per 

ear. Item b was observed significant depicting general dominance effects.  Significant item b3 

represented important specific genetic effects, whereas b1 and b2 were non-significant 

showing absence of directional dominance effects and also showed equal distribution of 

dominant genes among the parents. Non-significant c and d item was found did not justify 

retesting of a and b against c and d item, so results for a and b item remained valid. All the 

diallel assumption may not fulfill the criteria of selection in case of parents, this may be the 

reason for absence of maternal effects. 

 Genetic component D was found significant (Table 27) for number of kernels per 

ear under normal as well as stress condition indicating the presence of additive gene action for 

the inheritance of trait. H1 component representing dominance effect was observed non-

significant under normal condition but it changed to significant under water stress condition.  

Different value of H1 and H2 showed different distribution of dominant genes. High value of 

D component than H component (H1 and H2) suggested additive gene action for the 

inheritance of character under both conditions. Additive gene action might be due to uni-

directional dominance or all the genes are not equal contributing. 

 Significant value for h
2 

under normal condition indicated dominance effects due 

to heterozygous loci while non-significant estimate was observed under water deficit 

condition. Negative and non-significant estimates for F component under normal condition 

displayed that recessive alleles were not frequent while positive and significant value of F 

component showed that positive alleles were significantly frequent. Significant value of h
2
 

under normal condition showed important effects of heterozygous loci for the trait while non-

significant value recorded under water stress condition depicted the absence of the effects of 
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heterozygous loci. Environmental variance (E) was also found significant under both 

conditions suggesting the role of environment for the expression of character.  

 Mean degree of dominance (H1 /D) 
0.5 was less than one under normal condition 

(0.638) indicating presence of additive gene action while under stress condition it increased 

from one thus suggesting the presence dominant genetic effects. The value for H2/4H1 was 

found to be less than 0.25 thus indicating unequal distribution of genes. Narrowsense 

heritability for normal and water stress condition were 84% and 88%, respectively. Munir et 

al. (1977), Katna et al. (2005), Lu et al. (2006), Tabassum et al. (2007) Srdic et al. (2007), 

Farooq (2008), Bello and Olaoye (2009) and Khodarahmpour (2011) and Chohan et al. (2012) 

described additive genetic effects for the inheretence of this trait. On the other hand, Shakil 

(1992), Shabbir and Saleem (2002), Saleem et al. (2002), Malik et al. (2004),  Tabassum 

(2004), Srdic et al. (2007), Akbar (2008)  and Hussain, (2009) reported dominant and over 

dominant type of gene action for this trait. 

 The array points on the graphical presentation (Fig.7a ) showed that inbred NCIL-

20-20 had maximum dominant genes for number of kernels per ear under normal condition 

while D-114 displayed minimum dominant genes. On the other hand under water deficit 

condition parent D-114 exhibited maximum dominant genes followed by OH-8 and D-109 

whereas M-14 showed minimum dominant genes (Fig.7b).  
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Table 27: Components of genetic variation for number of kernels per ear  

 

Components                                                                                    

 

                                                                                                 NORMAL             WATER STRESS 

 

Additive variance (D) 1260.47±104.91* 2210.76±2.18* 

Dominance variance (H1) 514.42±266.34
NS

 13.50±5.54* 

Proportion of positive and negative genes in the parent 

(H2) 

415.12±237.92
NS

 10.27±4.95* 

Relative frequency of dominant and recessive alleles in 

the parents (F) 

-795.23±256.30
NS

 46.73±5.33* 

Dominance effect (over all loci in heterozygous phase) 

(h
2
) 

1177.04±160.14* -1.097±3.33
NS

 

Environnemental variance (E) 107.39±39.654 3.518±0.82 

Mean degree of dominance (H1 /D) 
0.5

 0.638 7.815 

Proportion of genes with positive and negative effects in 

the parents (H2 / 4H1) 

0.201 0.190 

Proportion of dominant and recessive genes in the parents 

(√4DH1 + F  √4DH1 – F) 

0.338 1.312 

Heritability (Narrow sence) 0.84 0.88 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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(A) 

 
 (B) 

 

 
Fig 7: Wr/Vr graph for number of kernels per ear  

A= Normal condition, B= Water deficit condition 
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Number of kernels per row  

a. Normal condition 

 The trait was observed fully adequate to additive dominance model (Table 6). 

Analysis of variance displayed significant differences for male and females (Table 28) 

suggesting additive genetic effects for inheritance of the trait. Non-significant estimates of 

male × female interaction indicated absence of non-additive genetic component for number of 

kernels per row. This non-significant interaction might be due to mutual cancellation of 

variances. 

Table 28: Analysis of variance of 6 × 6 diallel crosses of maize for number of kernels per 

row  

 

Source of Variation                    Degree of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 1.194 3.025 

Male 5 55.172** 83.295** 

Female 5 65.416** 88.858** 

Male × Female 25 1.785
NS

 1.353
NS

 

Error 70 1.242 1.661 
NS= Non-significant, ** = Highly significant 
 

 The item a was observed highly significant (Table 29a) under normal condition 

indicating the presence of additive gene action for number of kernels per row. Non-significant 

values of items b, b1, b2 and b3 indicated the absence of non-additive genetic effects for the 

trait under normal condition. Item c and d indicating maternal and reciprocal effects were 

found non-significant so no retesting of a and b against c and d was conducted.  

a. Water deficit condition 

 The trait was partially adequate to additive dominance model (Table 6). 

Differences among the males and females (Table 28) under water deficit condition indicated 

the presence of additive genetic effect for number of kernels per row. Non-significant value 

displayed by male × female interaction represented the absence of non-additive genetic effect 

for the trait under consideration. This might be due to mutual cancellation of variance. 

Formal analysis of variance (Table 29b) displayed highly significant a item indicating the 

presence of additive genetic effects under water deficit condition. Item b, b1, b2 and b3 were 

found non-significant indicating the absence of dominance gene action. Component c and d 

were found non-significant thus retesting of c and d item against a and b was not performed, 
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thus the value of a and b item remained valid. Maternal effects were indicated by reciprocal 

differences as reciprocal differences are absent so maternal effects are also absent. 

 

Table 29. Analysis of variance of 6x6 diallel crosses in maize for number of kernels per 

row (Hayman’s approach, 1954a) 

a: Normal water condition 

 

Row Sources d.f. S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 600.5 120.1** 78.04   

2 b1 1 0.017 0.017
NS

 0.006   

3 b2 5 13.833 2.767
NS

 3.001   

4 b3 9 25.9 2.878
NS

 1.75   

5 b 15 39.75 2.65
NS

 1.81   

6 c 5 2.444 0.489
NS

 0.27   

7 d 10 4.889 0.489
NS

 0.98   

8 Total 35 647.583 18.502 14.89   

9 a × blocks 10 15.389 1.539    

10 b1 × blocks 2 5.144 2.572    

11 b2 × blocks 10 9.194 0.919    

12 b3 × blocks 18 29.55 1.642    

13 b × blocks 30 43.889 1.463    

14 c × blocks 10 17.722 1.772    

15 d × blocks 20 9.944 0.497    

16 Total × blocks 70 86.944 1.242    

 

b: Water deficit condition  

 

Row Sources d.f S.S. M.S. F. value 

Retesting 

   c                              d 

1 a 5 858.68 171.73** 133.20   

2 b1 1 3.62 3.62
NS

 1.45   

3 b2 5 1.02 0.20
NS

 0.09   

4 b3 9 25.84 2.87
NS

 1.14   

5 b 15 30.48 2.03
NS

 0.85   

6 c 5 2.08 0.42
NS

 0.28   

7 d 10 3.34 0.33
NS

 0.38   

8 Total 35 894.58 25.56 15.38   

9 a × blocks 10 12.89 1.29    

10 b1 × blocks 2 4.99 2.50    

11 b2 × blocks 10 21.18 2.12    

12 b3 × blocks 18 45.3 2.52    

13 b × blocks 30 71.46 2.38    

14 c × blocks 10 14.61 1.46    

15 d × blocks 20 17.30 0.86    

16 Total × blocks 70 116.27 1.66    
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 Genetic components (Table 30) revealed significant D component under normal 

as well as stress condition for number of kernels per row indicating the presence of additive 

genetic effects. H1 was found significant under normal condition showing existence of 

dominance effect for the inheritance of trait. Non-significant value for H1 under stress 

condition depicted absence of dominance effect. Unequal estimates of H1 and H2 indicated 

different distribution of dominant and recessive genes. Additive gene effects may be due to 

contribution of unequal gene effects. 

 Negative and non-significant values for F component under normal condition 

displayed that recessive alleles were not frequent while positive and significant value of F 

component showed that positive alleles were significantly frequent. Dominance effects (h
2
) 

were found non-significant suggesting low effect of heterozygous loci for the trait under both 

conditions. The value for mean degree of dominance (H1/D) 
0.5was less than one under both 

normal and water stress conditions indicating additive type of gene action.  

 Environmental variance (E) was found significant thus indicating important role 

of environment for the expression of trait. Less value of H2/4H1 than 0.25 represented 

unequal distribution of genes among the parents under both conditions. Narrow sense 

heritability estimates were 85% and 89% under normal and water deficit condition, 

respectively.The results are in line with Hussain (2009) and Yuan et al. (2003) who reported 

additive gene action while Katna et al. (2005) and Muraya et al. (2006) reported both additive 

and non-additive gene action however, Srdic et al. (2007) reported non additive gene action 

for the trait.  

 From the graphical distribution of data (Fig. 8a) it is evident that parent NCIL-20-

20 possessed maximum dominant genes followed by D-109 and M-14 under normal condition 

while parent D-114 displayed minimum dominant genes. In case of water deficit condition, 

parent D-157 showed maximum dominant genes for number of kernels per row and NCIL-20-

20 had minimum dominant genes (Fig. 8b).    
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Table 30: Components of genetic variation for number of kernels per row  

 

Components                                                                                      

 

                                                                                        NORMAL             WATER STRESS 

 

Additive variance (D) 9.92±0.195* 19.586±0.178* 

Dominance variance (H1) 1.17±0.496* -0.247±0.45
NS

 

Proportion of positive and negative genes in the 

parent (H2) 

0.86±0.443
NS

 0.118±0.404
NS

 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

-2.95±0.477
NS

 0.344±0.435
NS

 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

-0.24±0.298
NS

 0.326±0.271
NS

 

Environnemental variance (E) 0.451±0.0739
NS

 0.617±6.733
NS

 

Mean degree of dominance (H1 /D) 
0.5

 0.344 0.112 

Proportion of genes with positive and negative effects 

in the parents (H2 / 4H1) 

0.183 -0.119 

Proportion of dominant and recessive genes in the 

parents (√4DH1+ F  √4DH1 – F) 

0.396 1.169 

Heritability (Narrow sence) 0.85 0.89 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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Fig 8: Wr/Vr graph for number of kernels per row 

A= Normal condition, B= Water stress condition 
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100-kernel weight  

a. Normal condition 

 The trait was completely adequate by both tests for additive dominance model 

(Table 6). Differences among the males and females were found highly significant (Table 31) 

for 100-kernel weight indicating additive effects for the trait. Similarly interaction of male × 

female was observed significant suggesting non-additive role for the expression of 100-kernel 

weight under normal condition.  

Table 31. Analysis of variance of 6 × 6 diallel crosses of maize for 100-kernel weight 

Source of Variation                  Degree of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 1.674 2.283 

Male 5 66.726** 103.653** 

Female 5 67.041** 100.684** 

Male × Female 25 5.771** 1.892* 

Error 70 2.056 0.945 
 
* = Significant, ** = Highly significant 

 Highly significant a and b item was displayed by formal analysis of variance 

(Table 32a) which indicated the presence of additive and dominant component for the 

inheritance of trait under normal condition. Item b1 was recorded non-significant suggesting 

no major role of directional dominance for the inheritance of trait while non-significant item 

b2 indicated similar distribution of genes among the parents. Significant value of item b3 

indicated important specific gene effects. Non-significant estimates were displayed for c and 

d item representing maternal and reciprocal effects, respectively. Therefore items a and b 

were not of retested against c and d item. Thus the result value of a and b remain valid. Non-

significant reciprocal effects also cause non significant maternal effects. 

b. Water deficit condition 

 The trait was fully adequate by both tests for additive dominance model (Table 

6). The differences among the males and females were found highly significant (Table 31) for 

100-kernel weight depicting additive genetic effects. Significant value of male × female 

interaction indicated the presence of dominance effect for the expression of 100-kernel 

weight. Significant mean square value for a item (Table 32b) indicated the presence of 

additive gene action for the inheritance of 100-kernel weight under normal condition. 

Similarly significant estimates for b item showed existence of dominant genes for the trait. 
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Item b1 and b3 were recorded non-significant under water stress condition. Significant item b2 

indicated asymmetrical distribution of genes among the parents. Item c and d indicating 

maternal and reciprocal effects were found non-significant. Hence retesting of a and b item 

was not conducted against c and d. Thus the result for a and b item remained same.   

Table 32. Analysis of variance of 6 × 6 diallel crosses in maize for 100-kernel weight 

(Hayman’s approach, 1954a) 

a: Normal water condition 

Row Sources d.f S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 668.85 133.77** 72.827   

2 b1 1 4.50 4.50
NS

 0.951   

3 b2 5 19.77 3.95
NS

 1.699   

4 b3 9 119.9 13.32** 5.740   

5 b 15 144.18 9.61** 3.869   

6 c 5 0.02 0.004
NS

 0.002   

7 d 10 0.069 0.007
NS

 0.004   

8 Total 35 813.12 23.23 11.302   

9 a × blocks 10 18.37 1.83    

10 b1 × blocks 2 9.47 4.73    

11 b2 × blocks 10 23.27 2.32    

12 b3 × blocks 18 41.77 2.32    

13 b × blocks 30 74.51 2.48    

14 c × blocks 10 17.77 1.78    

15 d × blocks 20 33.22 1.66    

16 Total × blocks 70 143.88 2.05    

b: Water deficit condition 

Row Sources d.f S.S. M.S. F. value 

Retesting 

   c                              d 

1 a 5 1021.49 204.29** 216.629   

2 b1 1 0 0
NS

 0   

3 b2 5 21.75 4.349* 3.519   

4 b3 9 24.98 2.775
NS

 1.72   

5 b 15 46.72 3.11* 2.118   

6 c 5 0.22 0.044
NS

 0.211   

7 d 10 0.56 0.056
NS

 0.107   

8 Total 35 1069 30.543 32.295   

9 a × blocks 10 9.43 0.943    

10 b1 × blocks 2 2.72 1.362    

11 b2 × blocks 10 12.36 1.236    

12 b3 × blocks 18 29.03 1.613    

13 b × blocks 30 44.12 1.471    

14 c × blocks 10 2.11 0.211    

15 d × blocks 20 10.54 0.527    

16 Total × blocks 70 66.2 0.946    
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 Genetic component D was found to be significant (Table 33) under normal as 

well as water stress condition which indicated the predominance of additive genetic effects for 

the inheritance of 100-kernel weight. Component D possessed more value than H component 

suggesting the role of additive genetic effects. Different value of H1 and H2 indicated unequal 

distribution of dominant genes among the parents. Uni-directional dominance might be 

responsible for the expression of additive effects for trait. This may be cause of high additive 

effects in this case. F component displayed negative and non-significant value under normal 

and water stress condition which revealed that recessive alleles were not frequent.  

 Non-significant value was observed for h
2
 under both normal and water deficit 

condition. Mean degree of dominance (H1 /D) 
0.5 revealed additive type of gene action as the 

value for normal (0.692) and water stress condition (0.322) was less than one. Estimate for 

H2/4H1 was found less than 0.25 thus representing partial dominance due to unequal 

distribution of genes among the parents. Environmental variance (E) was observed 

significant. Narrow sense heritability observed for normal and stress condition was 78% and 

88%, respectively showing high genetic variation for trait. 

 Bukhari (1986), Wu (1987), Siddiqui (1988), Tabassum (1989), Hosary and 

Sedhom (1990), Khotyleva and Lemesh (1994), Mani et al. (2000), Farshadfar et al. (2002), 

Tabassum  (2004),  Kumar and Gupta (2004),  Katna et al. (2005), Muraya et al. (2006), Srdic 

et al. (2007), Tabassum et al. (2007),  Asefa et al. (2008), Farooq (2008), Jehanzeb (2010), 

Khodarahmpour (2011) reported 100-grain weight to be under the control of additive and non 

additive type of gene action. The results differ from those of Shakil (1992), Shabir and 

Saleem (2002), Afarinesh et al. (2005), Akbar et al. (2008) and Hussain et al. (2009) who 

reported dominance and over dominance  type of gene action.   

 Graphical presentation indicating array points demonstrated that parent D-157 

carried maximum dominant genes followed by NCIL-20-20 whereas parent M-14 displayed 

maximum recessive genes for 100-kernel weight under normal condition (Fig. 9a). The array 

position under water deficit condition (Fig. 9b) suggested NCIL-20-20 with maximum 

dominant genes and D-157 with minimum dominant genes for the trait.     
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Table 33: Components of genetic variation for 100-kernel weight  

 

   Components                                                                                                          

                                                                                        NORMAL             WATER STRESS 

Additive variance (D) 11.08±0.5379* 20.19±0.58* 

Dominance variance (H1) 5.30±1.3656* 2.09±1.469
NS

 

Proportion of positive and negative genes in the 

parent (H2) 

4.92±1.2199* 1.3618±1.312
NS

 

Relative frequency of dominant and recessive 

alleles in the parents (F) 

-3.15±1.3142
NS

 -1.66±1.414
NS

 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

0.42±0.8211
NS

 -0.198±0.883
NS

 

Environnemental variance (E) 0.74±0.2033
NS

 0.357±0.218
NS

 

Mean degree of dominance (H1 /D) 
0.5

 0.691 0.321 

Proportion of genes with positive and negative 

effects in the parents (H2 / 4H1) 

0.232 0.162 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.658 0.773 

Heritability (Narrow sence) 0.78 0.88 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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(A) 

 

 
(B)  

 

 
 

Fig 9: Wr/Vr graph for 100-kernel weight 

A= Normal condition, B= Water deficit condition 
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Grain yield per plant  

a. Normal condition 

 The trait was observed fully adequate by both tests for additive dominance model 

(Table 6). Analysis of variance (Table 34) revealed significance of additive genetic effect for 

males and females for the trait. Interaction of male × female genotypes displayed significant 

variation due to non-additive gene action. 

Table 34: Analysis of variance of 6 × 6 diallel cross of maize for grain yield per plant 

 

Source of Variation                      Degree of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 4.41 9.48 

Male 5 3377.98** 7102.39** 

Female 5 3045.36** 7446.28** 

Male × Female 25 101.92** 35.36** 

Error 70 7.55 4.16 
** = Highly significant 

  

 Highly significant a and b item (Table 35a) revealed the presence of additive and 

dominance type of gene effects for the inheritance of grain yield. The item b1, b2 and b3 were 

found highly significant. The maternal (c) and reciprocal effects (d) item were non-significant 

thus retesting of a and b against c and d was not conducted and the estimates for a and b 

items remained valid. Absence of maternal effects as reciprocal effects are also absent thus 

validating additive dominance variance.  

b. Water deficit condition 

 The trait was recorded fully adequate by both tests for additive dominance model 

(Table 6). Analysis of variance (Table 34) showed significant variation among the males and 

females for grain yield per plant indicating a role of additive genetic effect for the inheritance 

of trait. Moreover significant estimates for male × female interaction showed the presence of 

dominant effect for the expression of trait. 

 

 Significant a item displayed additive genetic effects for the inheritance of grain 

yield per plant under water deficit condition (Table 35b). Item b, b2 and b3 found significant 

indicating the presence of similar distribution of genes among the parents and important 

specific genetic effects, respectively. Item b1 displayed non-significant value indicating no 

significant role of directional dominance for the inheritance of trait. Significant estimates 
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were displayed for c and d item representing maternal and reciprocal effects, respectively. 

Thus there was need to retest c and d against a and b item. As a result previous value of a and 

b remain valid.     

Table 35. Analysis of variance of 6 × 6 diallel crosses in maize for grain yield per plant 

(Hayman’s approach, 1954a) 

a:Normal water condition 

Row Sources D.f. S.S. M.S. F. value 

Retesting 

   c                              d 

1 a 5 32090.8 6418.16** 702.131   

2 b1 1 359 359.01* 29.467   

3 b2 5 747.9 149.58** 13.916   

4 b3 9 1389.7 154.42** 13.498   

5 b 15 2496.6 166.44** 14.783   

6 c 5 25.6 5.12
NS

 0.985   

7 d 10 51.3 5.13
NS

 2.141   

8 Total 35 34664.3 990.41 131.031   

9 a × blocks 10 91.4 9.14    

10 b1 × blocks 2 24.4 12.18    

11 b2 × blocks 10 107.5 10.75    

12 b3 × blocks 18 205.9 11.44    

13 b × blocks 30 337.8 11.26    

14 c × blocks 10 52 5.2    

15 d × blocks 20 47.9 2.4    

16 Total × blocks 70 529.1 7.56    

 

b: Water deficit condition  

 

Row Sources d.f S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 72686.7 14537.3** 2816.1 1286.4**  

2 b1 1 25.2 25.2
NS

 2.14  3.657
NS

 

3 b2 5 161.7 32.3* 4.45  4.681* 

4 b3 9 627.9 69.8** 13.9  10.11** 

5 b 15 814.8 54.3** 8.73  7.87** 

6 c 5 56.5 11.3** 6.62   

7 d 10 69.2 6.9** 3.83   

8 Total 35 73627.2 2103.6 505.1   

9 a × blocks 10 51.6 5.2    

10 b1 × blocks 2 23.6 11.8    

11 b2 × blocks 10 72.7 7.3    

12 b3 × blocks 18 90.3 5    

13 b × blocks 30 186.7 6.2    

14 c × blocks 10 17.1 1.7    

15 d × blocks 20 36.2 1.8    

16 Total × blocks 70 291.5 4.2    
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 Genetic components (D and H) were observed significant (Table 36) under both 

normal and water stress condition indicating the role of additive as well as dominant genetic 

effects for grain yield per plant. H1 and H2 components were also recorded significant under 

both environments. Different value for H1 and H2 represented unequal distribution of 

dominant genes among parents. F value was found significant under normal condition 

indicating frequent dominant genes while non-significant value of F under water stress 

indicated less frequent dominant and recessive genes.  

 Effect of heterozygous loci (h
2
) among the parents was found significant under 

normal condition while it was non-significant under water stress condition. Mean degree of 

dominance (H1 /D) 
0.5 was reported less than one indicating additive genetic effects for the 

inheritance of trait under both normal as well as stress condition. Less value of H2/4H1 ratio 

suggested different distribution of genes among the parents under both conditions. 

Environmental variance (E) was found significant indicating a role for expression of trait 

under both conditions. The values of narrow sense heritability 86% and 90% were recorded 

under normal and water stress condition, respectively.  

 The results are in line with the finding  of Farshadfar et al. (2002), Betran et al. 

(2003), Solomon and Labuschagne (2003), Afarinesh et al. (2005), Ojo et al. (2007), Farooq 

(2008), Hussain et al. (2009), Jehanzeb (2010),  Chohan et al. (2012) and Iqbal et al. (2012) 

who reported additive gene action for grain yield. Whereas, Bukhari (1986), Siddiqui (1988), 

Naveed (1989), Arif (1990), Malik (1990), Yousaf (1992), Shabbir and Saleem (2002), Akbar 

(2008) and Watoo et al. (2009) who reported overdominance type of gene action for the 

inheritance of grain yield trait.  

 The graphical presentation of data (Fig. 10a) revealed that NCIL-20-20 contained 

highest dominant genes followed by D-157 and D-114 while D-109 showed minimum 

dominant genes under normal condition for grain yield per plant. Array distribution under 

water deficit condition indicated inbred OH-8 with maximum dominant genes being closest to 

the origin while D-109 farthest from the origin displayed maximum recessive genes (Fig. 

10b).  
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Table 36: Components of genetic variation for grain yield per plant  

 

Components                                                                        

                                                                                        NORMAL             WATER STRESS 

 

Additive variance (D) 878.2±17.13* 15.62±4.51* 

Dominance variance (H1) 136.9±43.50* 39.22±11.46* 

Proportion of positive and negative genes in the 

parent (H2) 

105.53±38.86* 33.07±10.23* 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

197.41±41.87* -9.96±11.02
NS

 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

64.97±26.16* 3.79±6.89
NS

 

Environnemental variance (E) 2.71±6.47
NS

 1.56±1.71
NS

 

Mean degree of dominance (H1 /D) 
0.5

 0.394 0.156 

Proportion of genes with positive and negative 

effects in the parents (H2 / 4H1) 

0.192 0.211 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

1.795 0.960 

Heritability (Narrow sense) 0.86 0.90 

The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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(A) 

 

 
 

(B) 

 

 

Fig 10: Wr/Vr graph for grain yield per plant 

A= Normal condition, B= Water stress condition 
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Cell membrane thermostability  

a. Normal condition 

 Cell membrane thermostability was found fully adequate by both tests for 

additive dominance model (Table 6). Mean square (Table 37) showed highly significant 

differences for both the males and females regarding cell membrane thermostability indicating 

the role of additive genetic effect for the expression of trait. Highly significant estimates for 

male × female interaction displayed the preponderance of non-additive genetic component for 

inheritance.    

Table 37: Analysis of variance of 6 × 6 diallel crosses of maize for cell membrane 

thermostability 

 

Source of variation                     Degree of freedom 
Mean Squares 

Normal Water stress 

Replications 2 2.82 5.78 

Male 5 466.11** 504.68** 

Female 5 486.65** 514.11** 

Male × Female 25 6.14** 10.59** 

Error 70 2.12 3.22 
 
NS = Non-significant , ** = Highly significant 
 

 Item a displayed (Table 38a) highly significant variation indicating the presence 

of additive genetic effects. Non-significant item b1 and b2 showed absence of directional 

dominance and no important effects due to asymmetrical distribution of genes. Significant 

value for b3 item represented important role of specific gene effects for the inheritance of trait 

under normal condition. Non-significant value for maternal (c) and reciprocal (d) effects were 

observed for cell membrane thermostability, thus no retesting of c and d against a and b was 

made and the result remained valid. Absence of maternal effects validate the additive 

dominance variance. 

b. Water deficit condition 

 The trait was found partially adequate for additive dominance model by both tests 

for additive dominance model (Table 6). Mean square (Table 37) displayed highly significant 

variation for cell membrane thermostability trait under water deficit condition depicting 

additive genetic component. Highly significant differences for male × female represented the 

role of dominant effects for this trait. 
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 Highly significant item a and b displayed significance of additive and dominant 

genetic effects for inheritance of cell membrane thermostability (Table 38b). Item b1 was 

found non-significant thus indicating absence of directional dominance effects. Highly 

significant estimates for b2 and b3 item indicated asymmetrical distribution and also reflect 

the importance of specific gene effects regarding the expression of trait. Item c and d were 

found non-significant thus no retesting of a and b item against c and d was conducted. All the 

diallel assumptions sometin=me not fulfilled by the parents which may be responsible for 

absence of maternal effects. 
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Table 38. Analysis of variance of 6 × 6 diallel crosses in maize for cell membrane 

thermostability (Hayman’s approach, 1954a) 

a: Normal water condition 

 

Row Sources d.f. S.S. M.S. F. value 

Retesting 

   c                              d 

1 a 5 4762.48 952.49** 414.969   

2 b1 1 0.22 0.218NS 0.081   

3 b2 5 18.79 3.758NS 1.792   

4 b3 9 120.38 13.375** 5.194   

5 b 15 139.39 9.293** 3.834   

6 c 5 1.6 0.321NS 0.221   

7 d 10 14.02 1.402NS 0.749   

8 Total 35 4917.49 140.5 66.639   

9 a × blocks 10 22.95 2.295    

10 b1 × blocks 2 5.37 2.687    

11 b2 × blocks 10 20.98 2.098    

12 b3 × blocks 18 46.35 2.575    

13 b × blocks 30 72.7 2.423    

14 c × blocks 10 14.53 1.453    

15 d × blocks 20 37.4 1.87    

16 Total × blocks 70 147.59 2.108    

 

b: Water deficit condition 

Row Sources d.f. S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 5093.29 1018.66** 161.231   

2 b1 1 11.68 11.68
NS

 1.986   

3 b2 5 62.71 12.54* 4.223   

4 b3 9 189.74 21.08** 6.388   

5 b 15 264.13 17.61** 5.237   

6 c 5 0.48 0.1
NS

 0.056   

7 d 10 0.82 0.08
NS

 0.037   

8 Total 35 5358.73 153.11 47.426   

9 a × blocks 10 63.18 6.32    

10 b1 × blocks 2 11.76 5.88    

11 b2 × blocks 10 29.7 2.97    

12 b3 × blocks 18 59.4 3.3    

13 b × blocks 30 100.87 3.36    

14 c × blocks 10 17.33 1.73    

15 d × blocks 20 44.6 2.23    

16 Total × blocks 70 225.98 3.23    
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 Genetic component (Table 39) D was found significant for cell membrane 

thermostability under normal and water deficit condition suggesting the presence of 

predominant role of additive genetic effects for the inheritance of the trait. The value for H1 

was much lower than D component confirming dominant role of additive genetic component 

for the expression of the trait under both conditions. Significant estimates for H component 

under normal condition showed importance of dominant variation while non-significant value 

was observed under water stress condition showing less important dominant effects for trait 

inheritance. H1 and H2 represented similar distribution of dominant genes. Uni-directional 

dominance might be responsible for the expression of additive effects for trait. This may be 

the cause of high additive effects in this case. 

 Negative and non-significant value for F component revealed that recessive 

alleles were not frequent under both conditions. Non-significant value of h
2
 represented no 

major effect of heterozygous alleles for expression of trait under normal as well as water 

stress condition. Mean degree of dominance (H1 /D) 
0.5was found less than one under both 

normal (0.225) and water deficit condition (0.34) indicating additive type of gene action. 

H2/4H1 was recorded less than 0.25 which represented unequal distribution of genes among 

the parents. Significant role of environmental variance (E) indicated the role of environment 

for expression of cell membrane thermostability. Heritability for narrow sense was observed 

89% and 87% under normal and stress conditions, respectively.The results corroborate with 

the findings of Jehanzeb (2010) and Chohan et al. (2012) suggested additive type of gene 

action for this trait.However Hussain et al. (2009) reported over-dominance type of gene 

action for the inheritance of the trait.  

 The distribution of array points over the regression (Fig. 11a) line for the trait 

under normal water application showed that parent D-157 closest to the origin possessed 

maximum dominant genes followed by M-14 and NCIL-20-20, while inbred D-114 showed 

maximum recessive genes. Under water deficit condition (Fig. 11b), NCIL-20-20 displayed 

maximum dominant genes followed by D-114 and OH-8, and inbred M-14 showed minimum 

dominant genes. 

     

 

 



149 

 

 

 

 

Table 39: Components of genetic variation for cell membrane thermostability  

 

     Components                                                                                                                                             

 

                                                                                   NORMAL             WATER STRESS 

 

Additive variance (D) 98.17±0.905* 97.70±2.45* 

Dominance variance (H1) 4.96±2.296* 11.33±6.24NS 

Proportion of positive and negative genes in the 

parent (H2) 

4.64±2.051* 9.34±5.57NS 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

-7.08±2.210NS -13.09±6.0NS 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

-0.39±1.380NS 1.50±3.75NS 

Environnemental variance (E) 0.77±0.3419 1.20±0.93 

Mean degree of dominance (H1 /D) 
0.5

 0.225 0.340 

Proportion of genes with positive and negative 

effects in the parents (H2 / 4H1) 

0.234 0.206 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.723 0.671 

Heritability (Narrow sence) 0.87 0.85 

 The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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Fig 11: Wr/Vr graph for cell membrane thermostability 

A= Normal condition, B= Water stress condition 
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Leaf temperature  

a. Normal condition 

 The trait was recorded partially adequate by both tests for additive dominance 

model (Table 6). All males and females displayed significant variation for leaf temperature 

suggesting additive genetic component for the trait (Table 40). Male × female interaction was 

observed non-significant thus indicating no role for non-additive component for the 

inheritance of leaf temperature. This non-significant interaction may be due to mutual 

cancellation of variance. 

Table 40. Analysis of variance of 6 × 6 diallel crosses of maize for leaf temperature 

Source of Variation                        Degree of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 0.503 0.532 

Male 5 27.812** 34.813** 

Female 5 38.329** 36.910** 

Male × Female 25 1.267
NS

 3.131** 

Error 70 0.815 1.021 
NS = Non-significant, ** = Highly significant 
 

 Formal analysis of variance (Table 41a) showed highly significant a item 

depicting the presence of additive genetic effects for expression of leaf temperature under 

normal condition. Item b, b1, b2 and b3 were recorded non-significant. Items c and d were 

observed non-significant so no retesting of a and b against c and d was conducted. Absence of 

maternal effects may be due to not fulfillment of all assumption by the parent lines in diallel. 

b. Water deficit condition 

The trait was fully adequate by both tests for additive dominance model (Table 6). 

Highly significant variation was observed for both male and females under water deficit 

condition indicating presence of additive genetic component for leaf temperature expression 

(Table 40). Male × female interaction also displayed significant differences revealing a role of 

non-additive genetic effects for the inheritance of trait. 

Formal analysis of variance displayed significant value (Table 41b) for item a 

revealed presence of additive genetic effects for inheritance of trait. Item b was also recorded 

significant indicating dominant genetic effects for the expression of leaf temperature. 

Significant estimate for b2 item showed asymmetrical distribution. Importance of specific 

genetic effects was reflected by significant value of b3 item. Maternal effects c and reciprocal 
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effects d were also noted non-significant, so retesting of a and b item against c and d item 

was not conducted and previous results of a and b item remained valid.  

Table 41. Analysis of variance of 6 × 6 diallel crosses in maize for leaf temperatur 

(Hayman’s approach, 1954a) 

a: Normal water condition 

 

Row Sources d.f S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 320.748 64.15** 62.88 32.41**  

2 b1 1 0.599 0.60
NS

 0.71  0.93
NS

 

3 b2 5 7.519 1.504
NS

 3.18  2.35
NS

 

4 b3 9 17.185 1.91
NS

 1.418  2.98
NS

 

5 b 15 25.303 1.687
NS

 1.65  2.63
NS

 

6 c 5 9.894 1.98* 4.016   

7 d 10 6.406 0.64
NS

 1.12   

8 Total 35 362.351 10.35 12.68   

9 a × blocks 10 10.202 1.02    

10 b1 × blocks 2 1.692 0.846    

11 b2 × blocks 10 4.726 0.472    

12 b3 × blocks 18 24.238 1.346    

13 b × blocks 30 30.656 1.022    

14 c × blocks 10 4.927 0.493    

15 d × blocks 20 11.352 0.567    

16 Total × blocks 70 57.137 0.816    

 

b: Water deficit condition 

 

Row Sources d.f S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 358.02 71.60** 98.0   

2 b1 1 0.042 0.042
NS

 0.11   

3 b2 5 9.46 1.892* 3.65   

4 b3 9 68.11 7.567* 3.99   

5 b 15 77.61 5.174** 3.889   

6 c 5 0.514 0.102
NS

 0.122   

7 d 10 0.707 0.070
NS

 0.089   

8 Total 35 436.86 12.48 12.21   

9 a × blocks 10 7.306 0.73    

10 b1 × blocks 2 0.781 0.39    

11 b2 × blocks 10 5.173 0.517    

12 b3 × blocks 18 34.05 1.892    

13 b × blocks 30 40.01 1.333    

14 c × blocks 10 8.374 0.83    

15 d × blocks 20 15.85 0.79    

16 Total × blocks 70 71.54 1.0221    
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Estimation of genetic component of variation (Table 42) indicated a significant value 

for both D and H component suggesting presence of both additive and dominant gene action 

for the inheritance of trait under both normal and water deficit conditions. Different values of 

H1 and H2 under both conditions represented unequal distribution of dominant and recessive 

genes among the parents. Negative and non-significant value of F component indicated more 

recessive alleles than dominant alleles under both environments. 

 Non-significant estimates for h
2
 indicated no major role of heterozygous loci for leaf 

temperature under both conditions. Value of mean degree of dominance under both condition 

was less than one reflecting additive type of gene action. Estimates for H2/4H1was observed 

less than 0.25 thus indicating unequal distribution of genes among parents under both 

conditions. Narrow sense heritability was recorded 82% and 73% under normal and water 

deficit condition. Significant value for environmental variance (E) suggested a role of 

environment for expression of trait. 

Results are in line with Hussain et al. (2009) and Chohan et al. (2012) who reported 

additive type of gene action for the inheritance of trait. Array distribution (Fig.12a) under 

normal water application revealed that parent D-114 possessed maximum dominant genes for 

leaf temperature among the genotypes followed by NCIL-20-20 and D-109, respectively 

while minimum dominant genes were shown by inbred D-157. Inbred D-114 and D-157 

displayed maximum and minimum dominant genes (Fig. 12b) also under water deficit 

condition.   
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Table 42: Components of genetic variation for leaf temperature  

 

     Components                                                            NORMAL             WATER STRESS                                                                                                                                                                                                                         

 

Additive variance (D) 5.88±8.56* 6.05±0.336* 

Dominance variance (H1) 0.67±0.22* 2.89±0.853* 

Proportion of positive and negative genes in the 

parent (H2) 

0.53±0.19* 2.71±0.762* 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

-1.007±0.209
NS

 -1.61±0.82 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

-5.20±0.13
NS

 -0.195±0.513
NS

 

Environnemental variance (E) 0.29±3.23
NS

 0.366±0.127
NS

 

Mean degree of dominance (H1 /D) 
0.5

 0.34 0.69 

Proportion of genes with positive and negative effects 

in the parents (H2 / 4H1) 

0.198 0.234 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.596 0.677 

Heritability (Narrow sence) 0.82 0.73 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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Fig 12: Wr/Vr graph for leaf temperature 

A= Normal condition, B= Water stress condition  
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Stomatal conductance  

a. Normal condition 

 Stomatal conductance was fully adequate by both tests for additive dominance 

model (Table 6). Highly significant differences among the male and females suggested 

variation due to additive genetic effects (Table 43). Similarly significant male × female 

interaction also indicated the role of non-additive genetic effects for the inheritance of trait.   

Table 43: Analysis of variance of 6 × 6 diallel crosses of maize for stomatal conductance 

 

Source of Variation                     Degree of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 0.00000696 0.00000874 

Male 5 0.00146** 0.00681** 

Female 5 0.00110** 0.00695** 

Male × Female 25 0.0000362** 0.0000806** 

Error 70 0.00001057 0.0000104 

** = Highly significant 
 

Analysis of variance (Table 44a) depicted highly significant item a and b regarding 

stomatal conductance under normal water condition displaying additive and dominant genetic 

effects for the inheritance of trait. Non-significant value of b1 item represented absence of 

directional dominance. Significant item b2 revealed asymmetrical distribution of dominant 

genes among the parents whereas significant value for b3 suggested importance of specific 

gene effects for expression of stomatal conductance. Item c representing maternal effects and 

d for reciprocal effects showed non-significant value thus retesting of a and b against c and d 

was not conducted and previous result of item a and b remained justified. 

b. Water deficit condition 

 

The Trait was found partially adequate to additive-dominance model (Table 6). The 

differences among males and females appeared to be highly significant for stomatal conductance 

representing additive genetic effects regarding expression of trait (Table 43). Significant value for 

male × female interaction suggested the role of dominant effects for creation of variation. 

Formal analysis (Table 44b) of variance revealed highly significant value for item a and b 

for water deficit condition suggesting additive and dominant type of genetic effects for the 

inheritance of stomatal conductance. Non-significant item b1 showed no important role of 

directional dominance for inheritance of character. Significant b2 value suggested symmetrical 
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distribution of genes among the parents. Significance of b3 item revealed the importance of 

specific genetic effects for the trait. Item c and d were found non-significant thus no retesting of a 

and b item was done against c and d and previous values remained valid. Some time all the 

assumptions may not fulfill the criteria of selection in case of parents this may be cause of 

absence of reciprocal effects. 

 

Table 44. Analysis of variance of 6 × 6 diallel crosses in maize for stomatal conductance 

(Hayman’s approach, 1954a) 

a: Normal water condition 

 

Row Sources D.f. S.S. M.S. F. value 

Retesting 

   c                              d 

1 a 5 0.012758 0.0025** 314.787   

2 b1 1 0.000017 0.000017
NS

 2.188   

3 b2 5 0.00005 0.00001* 4.691   

4 b3 9 0.000607 0.000067** 6.229   

5 b 15 0.000675 0.000045** 5.814   

6 c 5 0.000101 0.00002
NS

 2.034   

7 d 10 0.000232 0.000023
NS

 1.416   

8 Total 35 0.013766 0.000393 37.205   

9 a × blocks 10 0.000008 0.000008    

10 b1 × blocks 2 0.0000015 0.0000078    

11 b2 × blocks 10 0.0000022 0.0000022    

12 b3 × blocks 18 0.000195 0.000011    

13 b × blocks 30 0.000232 0.0000077    

14 c × blocks 10 0.00001 0.0000099    

15 d × blocks 20 0.000327 0.000016    

16 Total × blocks 70 0.00074 0.00001    
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b: Water deficit condition 

 

Row Sources d.f S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 0.068808 0.0137** 3487.2   

2 b1 1 0.000022 0.000022
NS

 1.07   

3 b2 5 0.000207 0.000041* 5.38   

4 b3 9 0.001708 0.00019** 12.12   

5 b 15 0.001937 0.000129** 9.66   

6 c 5 0.000035 0.0000071
NS

 0.73   

7 d 10 0.00008 0.000008
NS

 0.82   

8 Total 35 0.07086 0.002025 193.52   

9 a × blocks 10 0.000039 0.0000039    

10 b1 × blocks 2 0.000042 0.000021    

11 b2 × blocks 10 0.000077 0.0000077    

12 b3 × blocks 18 0.000282 0.000015    

13 b × blocks 30 0.000401 0.0000134    

14 c × blocks 10 0.0000969 0.0000097    

15 d × blocks 20 0.000195 0.0000098    

16 Total × blocks 70 0.000732 0.0000105    

 

Genetic components of variation were calculated and are presented in Table 45. 

Significant component D and H under both conditions indicated the presence of additive and 

dominant effects for the inheritance of stomatal conductance. Significant H component (H1 and 

H2) under both condition indicated significance of dominance variance. Negative and non-

significant value of F component depicted the presence of more recessive alleles than dominant 

alleles under both conditions.  

Significance of h
2
 under normal condition showed important role of heterozygous loci while non-

significant h
2
 value was observed under water stress condition. Mean degree of dominance 

displayed less value under both condition than one indicating additive genetic effects. The value 

of H2/4H1 more (0.253) under normal condition showed equal distribution of genes for trait while 

under stress condition H2/4H1 possessed less (0.23) value than 0.25 thus suggesting unequal 

distribution of genes among the parents. Environmental variance (E) was also observed 

significant for expression of stomatal conductance. Narrow sense heritability observed for normal 

and stress condition were 85% and 88%, respectively showing high genetic variation for trait. 

Graphical representation of Wr/Vr depicted that inbred OH-8 carried maximum dominant 

genes for stomatal conductance under normal condition (Fig. 13a) followed by M-14 and D-109, 
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whereas D-157 displayed minimum dominant genes for the trait. In case of water deficit condition 

D-157 exhibited maximum dominant gene for the trait and inbred OH-8 showed maximum 

dominant gene as it occupied farthest position to the origin (Fig. 13b). The results are comparable 

with Rebetzke (2003) and Rahman (2005) who reported both additive and non-additive gene 

action for the control of the trait while Akbar (2008) reported additive type of gene action.   

 

 

Table 45: Components of genetic variation for stomatal conductance 

 

     Components                                                                                                                                            

 

                                                                                     NORMAL             WATER STRESS 

 

Additive variance (D) 2.57±1.884* 1.41±1.1998* 

Dominance variance (H1) 2.21±4.784* 8.52±3.0458* 

Proportion of positive and negative genes in the 

parent (H2) 

2.23±4.27* 7.85±2.720* 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

-2.55±4.60
NS

 -1.12±2.93
NS

 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

1.044±2.87* 2.048±1.83
NS

 

Environnemental variance (E) 3.80±7.12 3.78±4.53 

Mean degree of dominance (H1 /D) 
0.5

 0.29 0.24 

Proportion of genes with positive and negative 

effects in the parents (H2 / 4H1) 

0.253 0.230 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.709 0.72 

Heritability (Narrow sence) 0.85 0.88 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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Fig 13: Wr/Vr graph for stomatal conductance 

A= Normal condition, B= Water deficit condition 
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Canopy temperature depression  

a. Normal condition 

The trait was fully adequate by both tests for additive dominance model (Table 6). 

Analysis of variance revealed highly significant variation indicating additive genetic effects 

(Table 46). Interaction of male × female displayed also highly significant variation indicating 

dominant genetic effects for the trait.  

Table 46: Analysis of variance of 6 × 6 diallel crosses of maize for canopy temperature 

depression 

 

Source of Variation                     Degree of Freedom 
Mean Squares 

Normal Water stress 

Replications 2 3.27 0.37 

Male 5 27.72** 70.33** 

Female 5 39.02** 72.94** 

Male × Female 25 3.26** 2.95** 

Error 70 1.29 1.27 
 
** = Highly significant 
 

Mean square (Table 47a) showed highly significant estimates for item a and b reflecting 

the role of additive and dominant genetic effects for the expression of trait under normal water 

condition. Item b1 was observed non-significant indicating absence of directional dominance for 

the inheritance of trait. Significant item b2 indicated symmetrical distribution of genes among the 

parents. Significant value for Item b3 reflected importance of specific genetic effects. Maternal 

effects c and reciprocal effects d was found non-significant thus no retesting was require to 

validate a and b item against c and d. All the diallel assumptions may not fulfill the criteria of 

selection in case of parents this may be reason of absence of maternal effects. 

b. Water deficit condition 

Trait was recorded completely adequate by both tests for additive dominance model 

(Table 6). Highly significant differences existed among the male and female genotypes reflecting 

the presence of additive genetic effects(Table 46). Male × female interaction was highly 

significant suggesting the role for dominant effects for expression of trait. 

Mean square (Table 47b) showed highly significant item a indicating predominant role of 

additive genetic effects. Significant value for item b also indicated additional role of dominant 

genetic effects for the expression of trait. Non-significant estimates for b1 suggested the absence 
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of directional dominance effects and b2 reflected symmetrical distribution of genes among the 

parents. Significant value for b3 item represented important role of specific genetic effects. Item c 

and d were found non-significant thus retesting of a and b against c and d item was not conducted 

and previous results remained valid. Maternal effects and reciprocal effects were non-significant 

this might be due to not fulfillment of all adiallel assumptoions in case of parents. 

Table 47. Analysis of variance of 6 × 6 diallel crosses in maize for canopy temperature 

depression (Hayman’s approach, 1954a) 

a: Normal water condition 

Row Sources d.f. S.S. M.S. F.value 

Retesting 

   c                              d 

1 a 5 330.33 66.06** 54.82   

2 b1 1 0.19 0.19
NS

 0.231   

3 b2 5 23.043 4.60* 3.541   

4 b3 9 54.06 6.006* 3.086   

5 b 15 77.29 5.1528** 3.110   

6 c 5 3.42 0.6842
NS

 1.002   

7 d 10 4.36 0.4365
NS

 0.397   

8 Total 35 415.41 11.8688 9.17   

9 a × blocks 10 12.05 1.205    

10 b1× blocks 2 1.64 0.8237    

11 b2 × blocks 10 13.015 1.3015    

12 b3 × blocks 18 35.03 1.946    

13 b × blocks 30 49.69 1.6564    

14 c × blocks 10 6.82 0.6823    

15 d × blocks 20 21.96 1.0981    

16 Total × blocks 70 90.52 1.2932    

b: Water deficit condition  

Row Sources d.f S.S. M.S. F. value 

Retesting 

   c                              d 

1 a 5 716.214 143.2** 161.49   

2 b1 1 0.125 0.125
NS

 0.014   

3 b2 5 11.342 2.268
NS

 1.374   

4 b3 9 62.169 6.908* 3.511   

5 b 15 73.635 4.909* 2.128   

6 c 5 0.178 0.036
NS

 0.12   

7 d 10 0.221 0.022
NS

 0.053   

8 Total 35 790.248 22.579 17.68   

9 a × blocks 10 8.87 0.887    

10 b1 × blocks 2 17.286 8.643    

11 b2 × blocks 10 16.51 1.651    

12 b3 × blocks 18 35.41 1.967    

13 b × blocks 30 69.206 2.307    

14 c × blocks 10 2.98 0.298    

15 d × blocks 20 8.319 0.416    

16 Total × blocks 70 89.374 1.277    
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Estimation of component of variation disclosed significant value for D component 

showing the presence of additive genetic effects for the inheritance of canopy temperature 

depression under normal as well as stress conditions (Table 48). The value of D component 

was more than H component thus suggesting the additive genetic effects. Unequal value of H1 

and H2 represented unequal distribution of genes among parents. Uni-directional dominance 

might be responsible for the expression of additive effects for trait. This may be cause of high 

additive effects in this case 

Non-significant h
2
 value showed no important effects of heterozygous loci for the trait 

under both conditions. Negative and non-significant value for component F indicated more 

recessive alleles than dominant alleles under both conditions. Mean degree of dominance ((H1 

/D) 
0.5

) was observed less than one under both normal and stress condition for canopy 

temperature depression. Value H2/4H1 found less than 0.25 thus suggesting unequal 

distribution of genes among the parents. Environmental variance (E) was observed significant 

under both conditions thus suggesting a role for the expression of trait. Estimates of narrow 

sense heritability observed were 76% and 88% for normal and water stress conditions, 

respectively. 

Distribution of array means over regression line (Fig 14a) indicated that parent D-114 

possessed maximum dominant genes for canopy temperature depression trait under normal 

water application and D-157 displayed maximum recessive genes for trait under consideration 

while on the other hand under water deficit condition, inbred M-14 displayed maximum 

dominant genes followed by NCIL-20-20 and D-114 respectively whereas maximum 

recessive genes for canopy temperature depression were noted for inbred D-109 (Fig. 14b). 

Results are in accordance with Punia (2011) who reported the significance of both additive 

and non-additive gene action for the trait on the basis of cumulative GCA and SCA effects.  
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Table 48: Component of variation for canopy temperature depression 

 

Components                                                                                     

 

                                                                                       NORMAL             WATER STRESS 

 

Additive variance (D) 4.45±0.243* 12.47±0.52* 

Dominance variance (H1) 3.15±0.618* 2.563±1.33
NS

 

Proportion of positive and negative genes in the 

parent (H2) 

2.45±0.552* 2.362±1.193* 

Relative frequency of dominant and recessive alleles 

in the parents (F) 

-2.02±0.594
NS

 -3.093±1.285
NS

 

Dominance effect (over all loci in heterozygous 

phase) (h
2
) 

-0.24±0.371
NS

 -0.229±0.803
NS

 

Environnemental variance (E) 0.49±9.203
NS

 0.455±0.198 

Mean degree of dominance (H1 /D) 
0.5

 0.841 0.453 

Proportion of genes with positive and negative 

effects in the parents (H2 / 4H1) 

0.194 0.230 

Proportion of dominant and recessive genes in the 

parents (√4DH1 + F  √4DH1 – F) 

0.575 0.570 

Heritability (Narrow sence) 0.76 0.87 

             The value of variance is significant (*) when the value exceeds 1.9996 after dividing it with its S.E. 
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Fig 14: Wr/Vr graph for canopy temperature depression 

A= Normal condition, B = Water stress condition 
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COMBINING ABILITY ANALYSIS 

 

Analysis of variance showed highly significant mean squares for general combining ability 

(GCA), specific combining ability (SCA) and reciprocal effects under both normal and water 

deficit conditions (Table 49a-b) suggesting the significance of both additive and non-additive 

component for the expression of traits. Estimation of GCA, SCA and reciprocal effects were 

calculated for all the traits in accordance to Griffing, (1956) Method I, Model I . 

Table 49: Mean squares due to GCA, SCA and reciprocal effects of six maize inbred 

lines in a complete diallel cross  

a.  Normal conditions 

MEAN SQUARES 

         Traits GCA 

(df=5) 

    SCA 

   (df=15) 

Reciprocal 

(df=15) 

Error 

(df=70) 

Plant height 1107.823** 0.612** 0.796** 4.120 

Ear height 176.845** 4.003** 2.107** 1.018 

Number of ears/plant 1.0185** 3.455** 7.777** 1.075 

Days to tesseling 11.547** 0.164** 0.222** 0.540 

Days to silking 15.251** 0.113** 0.055** 0.761 

Anthesis- silking interval 0.847** 0.145** 0.292** 0.188 

Number of kernels/ear 6572.389** 314.990** 46.574** 97.240 

Number of kernels/row 40.0356** 0.882** 0.162** 0.414 

100-kernel weight 44.594** 3.203** 1.971** 0.685 

Grain yield per plant 2139.391** 55.480** 1.709** 2.518 

Cell membrane thermostability 317.497** 3.101** 0.347** 0.704 

Leaf temperature 21.384** 0.562** 0.362** 0.272 

Stomatal conductance 8.5052** 1.501** 7.396** 3.524 

Canopy temperature depression 22.022** 1.717** 0.173** 0.431 

*, ** = Significant at 0.05 and 0.01 probability levels, respectively 
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b:  Water stress condition 
 

MEAN SQUARES 

         Traits GCA 

(df=5) 

    SCA 

   (df=15) 

Reciprocal 

(df=15) 

Error 

(df=70) 

Plant height 1265.451** 9.103** 5.692** 2.215 

Ear height 125.775** 2.411** 4.222** 0.635 

Number of ears/plant 2.073** 1.413** 1.00** 1.175 

Days to tesseling 34.539** 0.960** 2.222** 0.504 

Days to silking 13.858** 7.432** 0.770** 0.522 

Anthesis- silking interval 6.866** 0.366** 0.351** 0.627 

Number of kernels/ear 6505.17** 8.688** 3.703** 3.108 

Number of kernels/row 57.244** 0.677** 0.120** 0.553 

100-kernel weight 68.097** 1.039** 1.748** 0.315 

Grain yield per plant 4845.74** 18.113** 2.793** 1.388 

Cell membrane thermostability 339.552** 5.871** 2.888** 1.075 

Leaf temperature 23.861** 1.725** 2.712** 0.340 

Stomatal conductance 0.00458** 4.304** 2.555** 3.482 

Canopy temperature depression 47.747** 1.636** 8.866** 0.425 

*, ** = Significant at 0.05 and 0.01 probability levels, respectively 

  

 Variances for GCA, SCA and reciprocal effects for the traits are displayed in 

Table 50a-b under normal and water deficit condition. The components of variance were 

estimated in order to know the extent of additive and non-additive gene action for the 

inheritance of the traits. Components for variation revealed greater estimates for general 

combining ability variance (б
2
g) than specific combining ability variance (б

2
c) indicating the 

preponderance of additive gene action for the inheritance of trait under normal condition 

whereas under stress condition days to silking and number of kernels per row reflected more 

of SCA variance than GCA variance thus indicating the role of non-additive gene action for 

the expression of the trait. Non-significant mean square estimates represented absence of 
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cytoplasmic effect for the genotypes while significant value for the trait represented 

cytoplasmic effects. 

Table 50: GCA variance (б
2
g), SCA variance (б

2
s) and reciprocal effects (б

2
r) in 6 × 6 

diallel crosses in maize  

a.  Normal condition 

Traits б
2
g б

2 
s б

2 
r б

2
 A б

2
 D 

Plant height 92.258 -2.0369 -1.6624 184.516 -2.0369 

Ear height 14.4115 1.7333 -0.4987 28.8230 1.7333 

Number of ears/plant 8.1804 -4.2402 -1.4901 1.6361 -4.2402 

Days to tesseling 0.9475 -0.2182 -0.1592 1.8951 -0.2182 

Days to silking 1.2597 -0.3765 -0.3531 2.5194 -0.3765 

Anthesis- silking interval 5.8357 -2.4972 5.2160 0.1167 -2.4971 

Number of kernels/ear 522.035 126.436 -25.333 1044.07 126.436 

Number of kernels/row 3.264 0.2722 -0.1256 6.5279 0.2722 

100-kernel weight 3.456 1.4622 -0.3416 6.912 1.4622 

Grain yield per plant 173.802 30.752 -0.4043 347.60 30.752 

Cell membrane thermostability 26.206 1.3918 -0.1784 52.412 1.3918 

Leaf temperature 1.7359 0.1687 4.5162 3.472 0.1687 

Stomatal conductance 6.965 6.6711 1.9357 1.3931 6.6711 

Canopy temperature depression 1.6954 0.7470 -0.1290 3.3909 0.7470 

 

b: Water deficit condition 
Traits б

2
g б

2 
s б

2 
r б

2
 A б

2
 D 

Plant height 104.714 3.999 -1.079 209.428 3.9994 

Ear height 10.285 1.0310 -0.2968 20.570 1.0310 

Number of ears/plant 1.610 1.386 -8.7506 3.221 1.3859 

Days to tesseling 2.7994 0.2646 -0.2411 5.5989 0.2646 

Days to silking 0.5541 4.0123 -0.2613 1.1081 4.012 

Anthesis- silking interval 0.5409 -0.1514 -0.1378 1.0819 -0.1514 

Number of kernels/ear 541.388 3.2399 -1.5524 1082.77 3.2399 

Number of kernels/row 4.7142 7.1828 -0.2165 9.4285 7.1828 

100-kernel weight 5.590 0.4199 -0.1488 11.180 0.4199 

Grain yield per plant 402.347 9.711 0.7026 804.69 9.7114 

Cell membrane thermostability 27.8196 2.7844 -0.5233 55.639 2.7844 

Leaf temperature 1.8483 0.8044 -0.1566 3.6966 0.8044 

Stomatal conductance 3.7878 2.2969 -4.6368 7.5757 2.2969 

Canopy temperature depression 3.8458 0.703 -0.2083 7.692 0.703 

*, ** = Significant at 0.05 and 0.01 probability levels, respectively 
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Plant height   

  Analysis of variance displayed highly significant mean squares for plant height for 

general and specific combining ability under normal as well as under water deficit condition 

indicating the presence of both additive and non-additive type of gene action (Table 49a-b). 

Estimation of GCA (б
2
g) and SCA (б

2
s) variance revealed more value for GCA (б

2
g) (Table 

50a-b) thus suggesting dominance of additive gene action for the control of the trait 

inheritance under both environmental conditions. The result get the support from the findings 

of Saeed (1998), Zellek (2000), Desai and Singh (2001), Tulu and Ramachandrapp (1998), 

Paul and Debnath (1999), Nigussie and Zellke (2001), Vicente et al. (2001), Yuan et al. 

(2003), Malik et al. (2004), Rezaei et al. (2005) and Hussain (2009). Whereas, Zia and 

Chaudhry (1980), Mahmood et al. (1990), Dehghanpour et al. (1996), Choukan (1999), 

Lemos et al. (1999), Revilla et al. (1999) Ogunbodede (2000), Chen et al. (2002), Ahmad 

(2002), Gribincea (2002), Prakash and Ganguli (2004), Muraya et al. (2006), Tabassum et al. 

(2007), Akbar (2009) and Bello and Olaoye (2009) and Chohan et al. (2012) who observed 

plant height under the control of additive and non-additive genes. 

Inbred line NCIL-20-20 showed high estimates (13.70) for general combining ability 

and proved to be the good combiner while inbred line D-109 showed lowest value for general 

combing ability and thus a poor general combiner for plant height. Single cross M-14 x OH-8 

exhibited maximum value (0.782) followed by M-14 x D-157 (0.496). Single cross OH-8 x 

NCIL-20-20 possessed lowest (-0.859) value showing poor specific combiner for the trait 

under normal water condition (Table 51a).  

For reciprocal crosses, nine crosses displayed positive reciprocal effects while six 

showed negative reciprocal effects. The maximum value regarding reciprocal effects was 

given by D-157 x M-14 (1.467) followed by NCIL-20-20 x D-114 (0.817) while highest 

negative effects (-1.567) were recorded for cross D-109 x D-114.    

 

 

 

 

 

 



170 

 

 

Table 51: GCA (diagonal), SCA(above diagonal) and their reciprocal effects (below 

diagonal) for plant height 

a. Normal condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -5.696 0.782 0.496 -0.226 -0.393 0.116 

OH-8 -0.217 -1.571 -0.729 0.449 0.249 -0.859 

D-157 1.467 0.033 6.531 0.230 0.113 0.088 

D-114 0.333 0.333 0.150 1.020 -1.009 0.299 

D-109 -0.033 0.167 0.033 -1.567 -13.980 0.282 

NCIL-20-20 0.383 -0.267 -0.383 0.817 -0.100 13.695 

 

b:  Water deficit condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -5.544 2.772 4.200 -2.311 -1.903 1.747 

OH-8 -0.050 -1.572 0.761 0.200 -2.408 -1.075 

D-157 -0.150 0.083 7.767 -0.389 -0.747 -1.831 

D-114 -0.017 0.167 0.017 -0.756 1.758 -0.075 

D-109 0.217 -0.183 -0.083 -0.400 -14.664 0.933 

NCIL-20-20 0.000 0.083 0.000 0.033 -0.333 14.769 

 

Under water stress condition, (Table 51b) highest GCA effects (7.767) were observed 

for one inbred line D-157 which proved to be a good combiner for plant height trait in water 

deficit condition. Lowest GCA effects for the trait were observed for inbred D-109 (-14.664). 

Six single cross displayed positive specific combining ability with maximum effects by M-14 

x D-157 (4.200) followed by M-14 x OH-8 (2.772) and OH-8 x D-114 (0.2).  

Crosses OH-8 x D-109 (-2.408) showed maximum negative specific combining ability 

effects followed by M-14 x D-114 (-2.311) and M-14 x D-109 (-1.903). Highest positive 

reciprocal effects were observed for D-109 x M-14 (0.217) followed by D-114 x OH-8 

(0.167) and D-157 x OH-8 (0.083). The lowest reciprocal effects (-0.05) were recorded for 

OH-8 x M-14.      

Ear height 

Under normal water conditions, analysis of variance for ear height revealed highly 

significant estimates for GCA and SCA suggesting the presence of both additive and non-

additive type of gene action for the inheritance of trait (Table 49a-b). Greater proportion of 

GCA variance (б
2
g) than SCAvariance (б

2
s) (Table 50a-b) suggesting the preponderance of 
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additive genetic effects for the expression of the trait. The results get support from the 

findings of Khan et al. (1999), Vacaro et al. (2002),Kuraita et al. (2003), Malik et al. (2004), 

Silva et al. (2010),  Prakash and Ganguli (2004), Rafiq et al. (2010), Glover et al. (2005), 

Menkir and Ayodele (2005), Gichuru et al. (2011) who reported additive gene action whereas, 

Hussain (2009), Saeed and Saleem (2000), Venugopal et al. (2002) reported non-additive 

gene action for ear height. 

Combining ability estimates under normal condition (Table 52a) showed three 

genotypes with positive general combining ability effect with maximum value for NCIL-20-

20 (4.219) followed by D-157 (3.581) and D-109 (1.917), respectively. Inbred NCIL-20-20 

was observed to be best general combiner followed by D-157 and D-114. Parent D-109 was 

found with highest negative value (-5.594). Nine crosses displayed positive specific 

combining ability. The highest cross combination was D-114 x D-109 (1.917) followed by D-

157 x NCIL-20-20 (1.875) and OH-8 x D-114 (1.306).  On the other hand, cross M-14 x D -

157 had the maximum negative value (-3.206) followed by OH-8 Xd-114 (-1.986) for specific 

combining ability.  

Eight of the crosses displayed positive reciprocal effects while rest showed negative 

reciprocal effects. Cross NCIL-20-20 x D-157 depicted the highest value (0.117) followed by 

NCIL-20-20 x D-114 (0.150) and OH-8 x M-14 (0.133) under normal condition.  

 

Table 52: GCA(diagonal), SCA(above diagonal) and their reciprocal effects (below 

diagonal) for ear height   

a. Normal condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-20-

20 

M-14 -0.883 0.517 -3.206 1.306 0.153 0.306 

OH-8 0.133 -2.908 0.953 -1.986 0.178 -0.603 

D-157 0.100 -0.167 3.581 0.342 -1.194 1.875 

D-114 -0.017 -0.033 0.083 1.586 1.917 -1.097 

D-109 -0.050 -0.017 0.067 0.050 -5.594 0.067 

NCIL-20-20 -0.217 -0.017 0.117 0.150 0.033 4.219 
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b:  Water deficit condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -2.440 0.595 -1.427 0.593 -0.266 0.473 

OH-8 -0.033 -0.337 0.570 -2.310 0.315 1.904 

D-157 -0.017 -0.083 1.002 0.551 -0.457 0.748 

D-114 -0.050 -0.517 0.050 1.382 0.762 -0.449 

D-109 0.017 0.067 -0.100 0.100 -4.459 -0.324 

NCIL-20-20 0.033 0.067 -0.050 -0.033 -0.050 4.852 

 

Three of the parental lines showed positive value for general combining ability (Table 

52b) under water deficit condition. Parental line NCIL-20-20 showed maximum (4.852) GCA 

estimates followed by D-114 (1.38) and D-157 (1.002) whereas maximum negative value for 

GCA was shown by parental line D-109 (-4.459) followed by M-14 (-2.440) and OH-8 (-

0.337) for ear height. Nine of the crosses exhibited positive value for specific combing ability. 

Cross OH-8 x NCIL-20-20 (1.904) possessed the maximum SCA effects followed by D-114 x 

D-109 (0.762), M-14 x OH-8 (0.595) under water stress condition.  

Cross D-109 x D-114 (0.100) followed by D-109 x OH-8 (0.067). Rest of the nine 

reciprocal crosses displayed negative value reflecting the maximum value for D-114 x OH-8 

(-0.517) followed by D-114 x OH-8 (-0.083). 

Number of ears/plant 

Analysis of variance for number of ears per plant revealed highly significant variation 

due to GCA and SCA showing the role of additive and non-additive genetic effects (Table 

49a-b). High value of GCA than SCA showed predominant role of additive component for the 

inheritance of trait. Estimation of component of variation (Table 50a-b) revealed more 

estimates for GCA variance (б
2
g) than SCA (б

2
s) variance. The results are in line with Vacaro 

et al., (2002), Mendes et al., (2003), Makumbi et al., (2004) who reported additive type of 

gene action controlling the trait whereas Wattoo et al., (2009), Khan et al., (1999)  reported 

non-additive type of gene action for the trait. 

Under normal condition (Table 53a), three of the parental lines NCIL-20-20 

(0.047),D-114 (0.008) and D-157 (0.003) showed good general combiners as possessing high 

positive GCA value among the parental lines whereas other three parental lines displayed 

negative value and thus poor combiner for number of ears per plant .  
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Above diagonal eight crosses showed positive SCA effects and rest seven possessed 

negative value. CrossD-114 x D-109 and D-157 x NCIL-20-20 had the maximum value 

(0.017) each indicating good combiners under normal condition whereas cross M-14 x NCIL-

20-20 had highest negative value (-0.028). In case of reciprocal crosses under normal 

condition, eight of the crosses indicated negative value while rest seven crosses showed 

positive value. Cross D-109 x M-14 (0.05) showed the maximum value while most of the 

reciprocal crosses showed maximum negative value (-0.017).  

Table 53. GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for ears per plant 

a. Normal water condition. 
 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -0.014 0.000 0.011 0.006 -0.011 -0.017 

OH-8 0.000 -0.003 -0.000 -0.006 0.011 0.006 

D-157 -0.017 -0.017 0.003 -0.011 -0.028 0.017 

D-114 -0.017 -0.017 -0.017 0.008 0.017 -0.006 

D-109 0.050 -0.017 -0.017 0.000 -0.042 0.011 

NCIL-20-20 0.000 0.000 -0.017 0.033 0.000 0.047 

 

b. Water deficit condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -0.041 -0.013 -0.000 -0.017 -0.002 -0.011 

OH-8 0.017 -0.002 0.010 0.027 -0.038 -0.017 

D-157 -0.017 0.000 0.019 0.006 -0.035 0.029 

D-114 0.017 0.000 -0.033 0.035 0.031 -0.005 

D-109 0.017 0.017 0.000 -0.017 -0.056 0.037 

NCIL-20-20 0.000 0.033 -0.033 -0.050 0.000 0.046 
 

Three of the parental lines showed positive value for general combing ability under 

water stress conditions. Line NCIL-20-20 showed maximum positive value (0.046) followed 

by D-114 (0.035) and D-157 (0.019) while parental line M-14 (-0.041), OH-8 (-0.002)and D-

109 (-0.035) showed negative being poor combiner for number of ears per plant under water 

deficit condition.  

Cross D-109 x NCIL-20-20 showed maximum positive value (0.037), followed by D-

114 x D-109 (0.031) and OH-8 x D-114 being good specific combiner for the trait. Crosses 

OH-8 x D-109 and M-14 x D-157 had the maximum and minimum negative value, 
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respectively (Table 53b). In case of reciprocal crosses five crosses showed positive value and 

rest of the crosses showed negative value. Highest positive value was given by NCIL-20-20 x 

OH-8 (0.038) followed by OH-8 x M-14, D-114 x M-14, D-109 x M-14 and  D-109x OH-8 

whereas maximum negative value was shown by cross D-114 x D-157 (-0.033).      

Days to tasseling 

Analysis of variance regarding days to tasseling under both normal and water stress 

condition revealed significant mean squares for GCA and SCA indicating the presence of both 

additive and non-additive type of gene action controlling the trait (Table 49a-b). High 

estimates of GCA than SCA under both conditions indicated the role of additive gene action 

for inheritance of trait. Greater estimates of GCA variance (б
2
g) (Table 50a-b) than SCA 

variance (б
2
s) indicated additive genetic effects. Ramamurthy (1980), Saleem et al. 

(1986),Mathure et al. (1998), Zellke (2000), Nigussie and Zellke (2001), Betran et al. (2003), 

Kabdal et al. (2003), Prakash and Ganguli (2004) and Bello and Olaoye (2009) and Chohan et 

al. (2012) reported that the trait was under the control of additive gene action. Akbar et al. 

(2009) reported non-additive gene action for this trait.  

Three of the parents displayed positive value while the rest showed negative GCA 

effects (Table 54a). Parent D-109 (1.046) showed maximum GCA effects and was the best 

combiner followed by parent D-114 (0.907) and NCIL-20-20 (0.685). Regarding single 

crosses, eight crosses showed positive SCA effects indicating good combiners while other 

seven displayed negative SCA effects depicting as poor combiners. 

 Single cross  D-157 x D-114 and D-114 x D-109 showed maximum positive SCA 

effect(0.315) while minimum was displayed by cross D-114 x NCIL-20-20 (0.009). In case of 

reciprocal crosses, eight combinations were found with positive and seven were observed with 

negative values. Cross D-157 x M-14, D-114x D-157 and D109 x D-157 showed maximum 

effects (0.167). 
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Table 54: GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for days to tasselling  

a. Normal water condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -0.843 0.120 0.065 -0.630 0.065 -0.241 

OH-8 0.000 -0.676 -0.102 -0.130 0.065 0.093 

D-157 0.167 -0.167 -1.120 0.315 -0.491 0.037 

D-114 -1.167 -0.167 0.167 0.907 0.315 0.009 

D-109 0.000 -0.167 0.167 0.000 1.046 -0.130 

NCIL-20-20 -0.333 -0.167 0.000 0.000 0.000 0.685 

 

b. Water deficit condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 2.361 -0.472 0.472 -1.417 0.417 0.861 

OH-8 0.000 0.306 -0.472 0.306 0.306 -0.250 

D-157 0.000 0.000 -1.972 0.417 -0.417 -0.472 

D-114 0.000 0.000 0.167 -1.750 -0.639 0.972 

D-109 0.000 0.167 -0.167 -0.167 -0.250 -0.694 

NCIL-20-20 0.000 -0.167 0.000 0.000 0.167 1.306 

 

The data given in Table 54b showed that half of the parents were with positive and 

half with negative general combining ability effects. Parental line M-14 (2.361) showed the 

maximum GCA effects followed by NCIL-20-20 (1.306) and OH-8 (0.306), indicating good 

general combiner, respectively under water stress condition. In case of specific combining 

ability effects, seven crosses showed positive SCA effects while other eight displayed 

negative SCA effects. Cross D-114 x NCIL-20-20 showed the maximum SCA (0.972)effects 

while negative SCA effects were shown by OH-8 x NCIL-20-20 (-0.250).  

In case of reciprocal effects, 11 crosses possessed positive effects while rest of the 

crosses showed negative effects. Cross D-109 x OH-8, D-114x D-157 and NCIL-20-20 x D-

109 displayed the maximum effects whereas high negative effects were shown by NCIL-20-

20 x OH-8, D-109 x D-157 and D-109 x D-114.    

Days to silking 

Analysis of variance (Table 49a) revealed highly significant mean squares due to GCA 

and SCA effects which indicated the role of additive and non-additive genetic effects under 

normal and water stress condition. The estimate for GCA effects were found to be greater 
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than SCA effects indicating the predominance of additive genetic effects. Variance for general 

combining ability (б
2
g) was also observed greater than specific combining ability effects (б

2
s) 

(Table 50a) confirming the presence of additive genetic effects. The results are compatible 

with those of Saleem et al.(1986), Mathure et al. (1998), Saeed (1998),Talleei and 

Kochaksaraei (1999), Paul and Debanth (1999), Choukan (1999), Zallek (2000), Nigussie and 

Zellke (2001), Betran et al. (2003 a), Reddy et al. (2004) and Olaoye (2009), Gichuru et al. 

(2011), Chohan et al. (2012), and Iqbal et al. (2012) who reported additive gene effects for 

days to silking. 

Three of the inbred lines depicted positive value while the other three showed negative 

GCA value under normal water condition (Table 55a). The best general combiner was D-109 

(1.426) and lowest general combiner was OH-8 (-0.463). Regarding single crosses six of the 

crosses showed positive estimates and remaining nine crosses showed negative value for 

specific combining ability. Cross M-14 x D-109 (0.269) showed the maximum positive value 

while M-14 x OH-8(-0.009) displayed the minimum negative value for specific combining 

ability (SCA). Nine of the reciprocal crosses displayed positive value while the six showed 

negative reciprocal effects. Cross combination D-114 x M-14 and D-109 x D-114 showed 

maximum positive (0.167) value whereas D-114 x OH-8 (-0.333) displayed maximum 

negative reciprocal effects.      
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Table 55: GCA(diagonal), SCA(above diagonal) and their reciprocal effects (below 

diagonal) for days to silking 

a. Normal water condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -1.019 -0.009 -0.231 -0.454 0.269 0.046 

OH-8 -0.167 -0.463 0.213 -0.009 -0.454 -0.009 

D-157 0.000 -0.333 -1.407 0.102 -0.176 -0.065 

D-114 0.167 -0.167 0.000 0.648 0.102 -0.120 

D-109 0.000 -0.167 -0.167 0.167 1.426 0.102 

NCIL-20-20 -0.167 0.000 0.333 0.000 0.000 0.815 

 

b. Water deficit condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 1.546 -1.04 -0.02 -0.49 -0.296 0.26 

OH-8 1.833 -0.98 0.34 0.53 -0.10 0.29 

D-157 -0.83 0.33 -2.01 -0.60 0.92 -1.68 

D-114 -0.50 0.33 -0.50 0.13 0.28 -0.15 

D-109 -0.16 0.16 0.16 0.33 0.27 0.03 

NCIL-20-20 0.50 0.33 0.00 0.66 0.000 1.04 

 

Analysis of variance revealed highly significant mean square values for GCA and 

SCA indicating the presence of additive and dominant type of genetic effects under water 

deficit condition (Table 49b). Estimates for GCA were greater than SCA indicating the 

predominance of additive genetic effects. Components of variation showed (Table 50b) higher 

value for SCA variance (б
2
s) than GCA variance (б

2
g) indicating the presence of both 

additive and non-additive type of gene action for the trait under water deficit condition. 

Four genotypes showed positive and two showed negative general combining effects 

(Table 55b). Genotypes M-14 (1.546) showed the maximum GCA positive value followed by 

NCIL-20-20 (1.04) and D-109(0.27), respectively. Seven of the crosses showed positive value 

for specific combining ability while rest of the eight direct crosses displayed negative 

estimates. Combination D-157 x D-109 showed the maximum positive value (0.92) whereas 

cross D-157 x NCIL-20-20 showed the minimum negative value (-1.68) under water deficit 

condition. In case of reciprocal crosses, ten of the crosses showed poaitive value while rest of 

the five exhibited negative vale.    
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Anthesis-silking interval 

Analysis of variance for anthesis-silking interval (ASI) revealed significant mean 

squares due to GCA and SCA effects (Table 49a). Greater estimate for GCA was observed 

than SCA revealing the importance of additive genetic effects under normal condition. GCA 

variance (б
2
g) was observed more than SCA variance (б

2
s) which also indicated the 

significance of additive genetic effects for the inheritance of the trait (Table 50a). Similar 

findings have been reported by Shanghai et al. (1983), Paul and Debenth (1999), Choukan 

(1999), Talleei and Kochaksaraei (1999) Nigussie and Zellke (2001), Ahmad (2002),  Bello 

and Olaoye (2009) and Chohan et al. (2012) who demonstrated that this trait was controlled 

by additive gene action.  

Three of the parental lines showed positive value regarding general combining ability 

(GCA) while other three parents displayed negative GCA value under normal water condition 

(Table  56). Inbred line D-109 (0.444) showed maximum value and proved to be the best 

general combiner while inbred line M-14 (-0.333) indicated minimum value depicting poor 

combiner for the trait.  

Among the crosses, seven of the direct crosses were found with positive effects and 

eight showed negative SCA effects. Cross OH-8 x D-157 showed maximum positive value 

(0.194) whereas M-14 x D-157 showed minimum (-0.194) SCA effects. Regarding reciprocal 

crosses, ten of the crosses were positive while five of the combination displayed negative 

reciprocal effects. Maximum reciprocal effect was observed for D-114 x M-14 (1.167) 

whereas minimum value was shown by cross D-109 x D-157 (-0.333).  

Significant mean squares for GCA and SCA under water deficit condition depicted the 

presence of both additive as well as non-additive genetic effects for the inheritance of the trait 

(Table 49b). Higher estimates for GCA than SCA under water deficit condition indicated 

predominance of additive genetic effects. Variance due to general combining ability (б
2
g) was 

observed more than SCA variance (б
2
s) revealing the importance of additive role for the trait 

under water deficit condition (Table 50b).  

General combining ability estimates showed four positive and two negative GCA 

estimates for parental inbred lines under water deficit condition. Inbred line NCIL-20-20 

(0.750) exhibited maximum GCA effects proving to be the best general combiner followed by 
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D-114 (0.528) and D-157 (0.250) whereas inbred line M-14 and OH-8 showed negative GCA 

estimates of -0.167 and -1.389, respectively.  

Eight of the single crosses showed positive SCA effects while seven displayed 

negative estimates regarding anthesis-silking interval (ASI) under water deficit condition. The 

best combination was (Table 56b) OH-8 x D-114 (0.806) while poorest results were obtained 

for cross OH-8 x D-157 (-0.750). In case of reciprocal crosses, thirteen of the crosses 

displayed positive values while rest of the two showed negative estimates. The maximum 

reciprocal effects was observed for D-109 x OH-8 (1.333) whereas minimum reciprocal 

effects was noted for cross D-114 x OH-8 and NCIL-20-20 x M-14 which was -0.167.   

 

Table 56: GCA(diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for anthesis-silking interval 

a. Normal water condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -0.333 -0.00 -0.194 0.14 0.167 0.11 

OH-8 -0.167 0.278 0.194 0.03 -0.11 -0.00 

D-157 -0.167 -0.167 -0.194 -0.00 0.194 -0.03 

D-114 1.167 0.00 -0.167 -0.194 -0.306 -0.03 

D-109 0.000 0.167 -0.333 0.167 0.444 0.167 

NCIL-20-20 0.167 0.167 0.333 0.000 0.167 0.000 

 

b. Water deficit condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -0.167 -0.667 0.028 -0.083 0.250 0.028 

OH-8 0.333 -1.389 -0.750 0.806 0.139 0.583 

D-157 0.333 0.000 0.250 -0.000 0.333 0.111 

D-114 0.167 -0.167 0.000 0.528 -0.278 -0.167 

D-109 0.000 1.333 0.500 0.500 0.028 -0.500 

NCIL-20-20 -0.167 0.167 0.000 0.000 0.167 0.750 
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Number of kernels per ear 

Highly significant mean squares due to GCA and SCA was observed (Table 49a) 

which indicated the importance of both additive and non-additive genetic effects for 

controlling the trait. The magnitude of GCA estimate was more than SCA also indicated the 

role of additive genetic effects for the expression of trait. 

The variance due to general combining ability (б
2
g) was found more (Table 50a) than 

specific combining ability variance (б
2
s) showing the significance of additive gene action 

under normal condition. Munir et al. (1977), Farooq (2008) Chohan et al. (2012) and Iqbal et 

al. (2012) reported additive type of gene action whereas Tabassum et al. (2007), Akbar (2008) 

and Hussain (2009) reported non additive gene effects for number of kernels per ear row.  

Under normal condition, parental line NCIL-20-20 (38.361), D-114 (7.278) and D-157 

(6.917) showed positive estimates for general combining ability while genotypes M-14 (-

15.083), D-109 (-29.611) and OH-8 (-7.861) displayed negative value for general combining 

ability. Inbred line NCIL-20-20 was best general combiner whereas inbred D-109 proved to 

be poor combiner (Table 57a). Among the crosses, ten crosses gave positive SCA estimates 

while five showed negative SCA effects. Cross D-114 x NCIL-20-20 showed maximum 

(24.667) SCA effects while combination OH-8 x NCIL-20-20 showed minimum value (-

5.861).  

Twelve of the reciprocal crosses showed positive value and three showed negative 

value. Cross NCIL-20-20 x D-109 showed maximum (18.667) positive reciprocal effects 

whereas cross NCIL-20-20 x D-114 (-0.667) showed maximum negative effects under normal 

water condition.  
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Table 57: GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for kernels per ear 

a.  Normal water condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -15.083 5.917 1.472 0.778 -1.333 9.361 

OH-8 0.000 -7.861 -4.583 1.722 6.778 -5.861 

D-157 -0.333 -0.167 6.917 -0.889 6.167 9.694 

D-114 0.000 0.167 0.000 7.278 -4.694 24.667 

D-109 0.000 0.333 0.167 0.000 -29.611 3.556 

NCIL-20-20 0.000 0.000 0.333 -0.667 18.667 38.361 

 

b. water deficit condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -23.981 1.620 -0.963 3.037 -1.380 0.315 

OH-8 0.000 6.435 -2.046 0.954 0.370 0.898 

D-157 0.000 0.000 7.685 -1.963 -1.380 2.648 

D-114 0.000 0.000 0.000 12.352 0.954 -4.019 

D-109 0.000 -0.167 0.000 0.000 -31.898 -0.435 

NCIL-20-20 0.000 0.000 0.000 0.000 0.000 29.407 

 

Analysis of variance revealed highly significant estimates for mean square due to 

general and specific combining ability SCA under water deficit condition (Table 49b). 

Variance due to GCA was found more than SCA variance which revealed additive type of 

gene action (Table 50b). The results are in line with Prakash and Ganguli (2004), Yuan et al. 

(2003), Chohan et al. (2012) and Iqbal et al. (2012) who reported additive type of gene action 

for the inheritance of trait. Four of the parents showed positive while two displayed negative 

general combining ability effects (Table 4.102). Inbred line NCIL-20-20 showed the 

maximum positive value (29.407) proving to be best general combiner under water stress 

condition whereas inbred M-14 showed minimum value (-23.981) indicating it as a poor 

general combiner. Eight crosses displayed (Table 57b) positive value while seven crosses 

showed negative values.  

Cross combination M-14 x D-114 showed maximum positive value (3.037) while 

minimum value of (-4.019) was recorded for the cross D-114 x NCIL-20-20. In case of 

reciprocal effects, most of the estimates were zero and only one cross D-109 x OH-8 showed 

negative value (-0.167) under water deficit condition. 
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Number of kernels per row 

Highly significant estimates for GCA and SCA under normal condition (Table 49a) 

depicted the role of both additive and dominant genetic effects. Furthermore magnitude of 

GCA was more than SCA indicating a major role of additive genetic effects for the expression 

of trait. Estimates of variance (Table 50a) due to GCA (б
2
g) and SCA (б

2
s) revealed additive 

effects more important as the magnitude of GCA variance (б
2
g) was found more than SCA 

variance (б
2
s). The results are in accord with Katna et al., (2005), Muraya et al. (2006) 

observed both additive and non-additive gene action whereas Srdic et al. (2007) recorded 

additive type of gene action for the inheritance of character. 

Three parental lines showed positive GCA effects while three showed negative general 

combining ability GCA (Table 58a). Line NCIL-20-20 showed maximum value (2.833) being 

best general combiner whereas inbred line D-109 showed maximum negative value (-2.444) 

depicting it as poor combiner under normal condition. Cross D-114 x NCIL-20-20 showed 

maximum (1.056) followed by M-14 x D-109(0.694), M-14 x D-157 (0.583) and cross D-114 

x D-109, OH-8 x NCIL-20-20 displayed same SCA estimate (0.333) whereas cross OH-8 x 

D-109 had maximum negative (-1.056) effects. In case of reciprocal effects cross NCIL-20-20 

x D-109 showed maximum positive estimates (0.833) whereas maximum negative (-0.500) 

was observed for cross D-114 x M-14.  
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Table 58: GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for kernels per row 

a. Normal condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -1.278 0.111 0.583 -1.000 0.694 -0.250 

OH-8 0.000 -0.194 -0.333 0.250 -1.056 0.333 

D-157 0.000 0.500 1.000 -0.444 -0.583 0.139 

D-114 -0.500 -0.167 0.000 0.083 0.333 1.056 

D-109 0.000 0.000 0.000 0.000 -2.444 0.083 

NCIL-20-20 0.000 0.000 0.000 0.000 0.833 2.833 

 

b. Water deficit condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -1.330 0.357 0.057 -0.265 -0.451 -0.090 

OH-8 -0.083 -0.280 -1.276 0.169 0.166 0.260 

D-157 0.833 -0.017 1.837 0.419 1.066 -0.556 

D-114 0.367 -0.050 0.017 -0.507 -0.640 0.071 

D-109 0.000 -0.033 -0.150 0.033 -2.888 -0.515 

NCIL-20-20 -0.117 0.083 0.017 -0.100 -0.100 3.168 

 

Highly significant estimates were recorded for GCA and SCA under water deficit 

condition (Table 49b) indicating presence of both additive as well as non-additive genetic 

effects. GCA variance (б
2
g) was found greater than SCA variance (б

2
s) indicating more 

important role of additive genetic effects than non-additive effects (Table 50b). Two inbred 

lines showed positive general combining effects GCA while four showed negative GCA 

effects (Table 58b). Maximum GCA effects were recorded for NCIL-20-20 (3.168) followed 

by D-157 (1.837) proving to be the best general combiner under water deficit condition 

whereas maximum negative (-2.888) GCA effects were observed for D-109 indicating it as a 

poor combiner.  

In case of direct crosses, eight showed positive specific combining ability (SCA) 

effects while seven crosses displayed negative SCA effects. Maximum SCA effects were 

observed for cross D-157 x D-109 (1.066) whereas maximum negative (-1.276) value was 

shown by OH-8 x D-157. In case of reciprocal crosses, seven crosses displayed positive while 

eight showed negative estimates. Cross D-157 x M-14 showed maximum reciprocal effect 
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(0.833) whereas maximum negative reciprocal effect was recorded for D-109 x D-157 (-

0.150) under water deficit condition.  

100-kernel weight 

Analysis of variance revealed highly significant estimates for GCA and SCA effects 

for 100-kernel weight under normal condition (Table 49a) indicating the role of both additive 

and non-additive genetic effects. Greater magnitude of GCA effects than SCA effects 

indicated predominant role of additive gene action for the expression of trait. General 

combining ability variance (б
2
g) was observed high than specific combining ability variance 

(б
2
s) depicting additive genetic effects for the expression of trait (Table 50a). The results are 

in line with of Dracea et al. (1980), Ramamurthy, (1980), Hosary and Sedhom, (1990), Saeed 

(1998), Dubey et al. (2000), Farshadfar et al. (2002), Kabdal et al. (2003), Prakash and 

Ganguli, (2004) and Barati et al. (2004),Tabassum et al. (2007) and Chohan et al. (2012) who 

reported additive control of grain weight, while they differ from those of Mahmood et al., 

(1990), Revilla et al., (1999), Yuan et al., (2003) who reported grain weight to be conditioned 

by non-additive type of gene action. 

Two inbred lines showed positive general combining ability estimates while four 

displayed negative GCA effects under normal condition (Table 59a). Line NCIL-20-20 

showed maximum GCA effects (3.206) proving the best general combiner whereas inbred line 

D-109 showed maximum negative (-2.393) GCA effects. Seven of the F1 crosses displayed 

positive specific combining ability effects (SCA) while the remaining eight crosses produced 

negative estimate. Combination D-157 x D-109 (1.603) showed the maximum SCA effects 

while cross M-14 x OH-8 displayed maximum negative (-2.030) effects.  

Among the reciprocals, six crosses showed positive value while nine crosses displayed 

negative effects. Cross combinations NCIL-20-20 x M-14 and NCIL-20-20 x OH-8 displayed 

maximum value (0.017) while cross D-114 x D-157 showed maximum negative value (-

0.033). 
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Table 59: GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for 100-kernel weight  

a. Normal condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -0.229 -2.030 1.149 1.423 -0.898 1.319 

OH-8 -0.012 -1.210 -0.031 0.849 -0.418 0.133 

D-157 0.010 -0.017 0.970 -1.281 1.603 -1.746 

D-114 0.005 -0.017 -0.033 -0.343 -1.701 0.345 

D-109 -0.100 0.000 0.000 -0.017 -2.393 -0.084 

NCIL-20-20 0.017 0.017 -0.017 -0.038 -0.017 3.206 

 

b. Water deficit condition. 
 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -1.894 -0.004 -0.073 -0.262 -0.131 0.069 

OH-8 -0.233 -1.021 0.005 -0.134 0.646 -0.137 

D-157 -0.167 -0.083 0.981 0.096 -1.623 0.110 

D-114 0.017 -0.017 0.050 0.120 0.038 -0.079 

D-109 0.150 0.000 -0.033 -0.033 -2.344 1.469 

NCIL-20-20 -0.017 -0.050 0.067 -0.083 0.000 4.156 

 

Highly significant GCA and SCA effects were recorded for 100-kernel weight under 

water deficit condition indicating a role of both additive and non-additive genetic effects 

(Table 49b). Higher magnitude of GCA effects than SCA effects revealed the importance of 

additive genetic effects. Estimation of component of variation depicted higher estimates for 

GCA variance (б
2
g) than SCA variance (б

2
s) indicating predominance of additive genetic 

effects for the trait (Table 50b). 

Estimation of general combining ability indicated positive estimates for three parental 

lines while rest three displayed negative GCA estimate (Table 59b). Inbred line NCIL-20-20 

(4.156) was best general combiner with maximum positive GCA effects while inbred D-109 

(-2.344) displayed maximum negative effects. Seven of the cross combinations displayed 

positive specific combining ability effects while eight crosses showed negative SCA effects. 

Cross  D-109 x NCIL-20-20 displayed maximum SCA effects (1.469)  whereas cross M-14 x 

D-114 showed maximum negative (-0.262)  effects.  
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In case of reciprocal effects, six of the crosses showed positive reciprocal effects 

whereas nine crosses displayed negative effects. Cross D-109 x M-14 exhibited maximum 

effects (0.150) whereas cross D-157 x OH-8 (-0.083) and NCIL-20-20 x D-114(-0.083) 

displayed maximum negative effects. 

Grain yield per plant    

Under normal condition, analysis of variance gave highly significant estimates for 

general and specific combining ability revealing the significance of both additive and non-

additive genetic effects (Table 49a). Higher magnitude of GCA than SCA indicated the role of 

additive genetic effects for the inheritance of trait. GCA variance (б
2
g) was higher than SCA 

variance (б
2
s) indicating the predominant role of additive gene action for the expression of 

trait (Table 50a). Lin and Chen (1986), Saleem et al. (1986), Beck et al. (1990), Debnath and 

Sarkar (1990),  Mather et al. (1998), Tulu and Ramachandrapp (1998), Talleei and 

Kochaksovaei (1999), Ogunbodede (2000), Nigussie and Zellke (2001), Betran et al. (2003), 

Malik et al. (2004) , Makumbi et al. (2004), Rezaei et al. (2005), Santas et al. (2007), Derera 

et al. (2008), Hussain  (2009),  Billo and Olaoye, (2009), Chohan et al. (2012) and Iqbal et al. 

(2012) concluded that additive gene action was more important than non-additive gene action 

for grain yield. On the other hand, non-additive effects for grain yield was reported by 

Ramamurthy (1980),  Khan et al. 1999, Rameeh et al.(2000), Vicente et al. (2001), Rana and 

Venod (2001), Venugopal et al. (2002), Yuan et al. (2003), Tabassum et al. (2004), Tabassum 

et al. (2007), Parkash and Ganguli (2004), Bhatnagar et al. (2004), Amaregouda ( 2007) and 

Akbar (2008). While, Khan et al. (1999), Zellek (2000), Rameeh et al. (2000), Vales et al. 

(2001), Vacaro et al. (2002), Nass et al. (2000), Muraya et al. (2006), Santos et al. (2007),  

Jumbo and Carena (2008),  Derera et al. (2008), Machado et al.2009, Bello and Olaoye 

(2009), Akbar et al. (2009), Shiri et al. (2010),  Qi et al. (2010), and Gichuru et al. (2011) 

reported grain yield under the control of both additive and non-additive gene action. 

Estimates of general combining ability (Table 60a) showed that half of the parents 

possessed positive value while remaining half displayed negative GCA effects. Parent NCIL-

20-20 showed maximum general combining ability effects (17.84) proving to be best 

combiner under normal condition, whereas parent D-109 displayed maximum negative GCA 

effects (-20.15) which indicated as poor combiner for grain yield per plant. Specific 
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combining ability effects (SCA) indicated that seven crosses displayed positive SCA effects 

whereas eight crosses showed negative SCA effects. D-109 x NCIL-20-20 exhibited 

maximum SCA effects (9.188) followed by D-157 x D-109 (7.688) and D-157 x D-114 

(5.010) whereas cross D-114 x NCIL-20-20 displayed maximum negative estimate (-7.106).  

Reciprocal effects indicated that ten of the crosses showed positive value whereas five 

crosses displayed negative reciprocal effects. Highest positive value (0.350) was displayed by 

cross NCIL-20-20 x OH-8 while maximum negative value (-3.500) was exhibited by cross 

NCIL-20-20 x D-109 under normal water application condition. 

Table 60: GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for grain yield per plant 

a.  normal water condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -7.757 4.338 -1.843 1.374 -0.248 1.191 

OH-8 0.183 -0.624 -2.476 -2.476 -2.748 3.474 

D-157 -0.367 0.100 10.306 5.010 7.688 -2.473 

D-114 0.133 0.083 0.133 0.390 -0.662 -7.106 

D-109 -0.067 0.100 0.233 -0.033 -20.155 9.188 

NCIL-20-20 0.000 0.350 -0.367 0.150 -3.500 17.840 

 

b. Water deficit condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -18.522 2.494 -2.211 2.906 0.436 -2.328 

OH-8 3.567 -0.347 -2.553 -1.519 3.628 -0.703 

D-157 -0.150 0.517 14.342 -2.108 1.572 1.958 

D-114 -0.150 -0.167 0.267 6.092 -4.494 5.975 

D-109 -0.150 -2.783 -0.017 -0.033 -27.539 0.189 

NCIL-20-20 0.167 -0.067 0.050 -0.117 0.000 25.975 

 

Parent NCIL-20-20 (25.975) showed maximum GCA effects followed by D-157 

(14.342) and D-114(6.092). Inbred line NCIL-20-2being a best combiner on the basis of GCA 

effects while inbred line D-109 displayed poor performance under water deficit condition. 

Eight of the crosses showed positive specific combining ability effects (SCA) whereas seven 

displayed negative SCA effects (Table 60b). Combination D-114 x NCIL-20-20 showed 

maximum estimates (5.975) while cross OH-8 x D-157 exhibited maximum negative SCA 

effect. 
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 In case of reciprocal crosses, six of the crosses gave positive while nine crosses 

showed negative effects. Cross D-157 x OH-8 showed maximum reciprocal effect (0.517) 

while cross D-109 x OH-8 displayed maximum negative (-2.783) effect under water deficit 

condition.  

Cell membrane thermostability 

Estimation of combining ability revealed highly significant estimates for general and 

specific combining ability revealing the significance of both additive and non-additive gene 

action for the expression of trait under normal water availability (Table 49a). Higher 

magnitude of GCA than SCA indicating the predominant role of additive genetic effects. 

Estimate of variance due to GCA and SCA was also observed significant. GCA variance (б
2
g) 

was found higher than SCA variance (б
2
s) indicating the role of both additive and non-

additive gene action under normal condition (Table 50a). Chohan et al. (2012) reported 

additive type of gene action whereas Akbar (2008) and Hussain (2009) reported non-additive 

gene action for this trait. 

Three of the parents showed positive general combining ability (GCA) estimates while 

half parents displayed negative GCA estimates. Inbred line NCIL-20-20 presented maximum 

general combining ability effect (5.438) followed by D-157 (4.504) and D-114 (3.393) 

whereas inbred D-109 (-6.589) exhibited maximum negative GCA effects (Table 61a). NCIL-

20-20 proved to be the best general combiner on the basis of highest GCA effects. Eight of 

the F1 crosses gave positive SCA effects while seven showed negative SCA effects. Cross 

OH-8 x D-114 (2.270) displayed maximum specific combining ability (SCA) effects while 

combination M-14 x D-114 showed maximum negative effects (-2.120).  

Regarding reciprocal crosses, six were observed with positive while nine crosses 

displayed negative effects. Maximum positive effects (0.673) were produced by cross D-114 

x D-157 while maximum negative value (-1.108) recorded for cross NCIL-20-20 x D-157 

under normal condition for cell membrane thermostability.  
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Table 61: GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) under for cell membrane thermostability 

a. Normal water condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -4.916 -0.271 0.881 -2.116 -0.351 0.149 

OH-8 0.222 -1.831 -2.120 2.270 0.330 0.669 

D-157 -0.092 -0.015 4.504 0.074 1.619 -0.566 

D-114 0.353 -0.002 0.673 3.393 -1.297 0.810 

D-109 -0.403 0.000 -0.007 0.020 -6.589 -0.383 

NCIL-20-20 -0.113 -0.012 -1.108 0.410 0.628 5.438 

 

b. Water deficit condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -2.477 3.957 0.554 0.534 -2.623 0.363 

OH-8 0.072 -1.767 -0.806 1.097 -1.249 -1.878 

D-157 0.093 0.150 4.151 0.152 -0.466 0.822 

D-114 -0.080 -0.053 -0.003 3.065 0.079 -0.370 

D-109 0.020 -0.397 -0.028 -0.050 -8.599 2.042 

NCIL-20-20 0.002 0.010 -0.085 -0.047 -0.022 5.627 

 

General and specific combining ability effects were also observed significant for cell 

membrane thermostability under water deficit condition (Table 49b). The magnitude of GCA 

estimates were recorded more than SCA effects suggesting major role of additive genetic 

effects. Estimation of GCA variance (б
2
g) was observed higher than SCA variance (б

2
s) 

revealing the importance of both additive and non-additive genetic effects (Table 50b). 

General combining ability (GCA) represented three parents with positive effects and three 

with negative effects (Table 61b). Parental line NCIL-20-20 produced highest (5.627) general 

combining ability effects whereas D-109 exhibited maximum negative effects. On the basis of 

GCA effects inbred line NCIL-20-20 proved to be the best general combiner while on the 

other hand inbred D-109 reflected poor combiner among the parents. Specific combining 

ability estimates represented by estimates above diagonal displayed nine crosses with positive 

value while six cross displayed negative SCA effects. Cross D-109 x NCIL-20-20 exhibited 

maximum (2.042) SCA effect followed by OH-8 x D-114 (1.097).  

Among the reciprocal crosses, six crosses with positive effects while nine exhibited 

negative reciprocal effects. Cross D-157 x OH-8 was with displayed maximum positive 



190 

 

(0.150) effects while combination D-109 x OH-8 was with maximum negative effect (-0.397) 

under water deficit condition.        

Leaf temperature 

Highly significant mean squares for general, specific  and reciprocal effects for leaf 

temperature were observed significant under both normal and water deficit condition (Table 

49a-b). More GCA effects over SCA effects reflects predominant role of additive genetic 

effects for the expression of trait. Estimates of component of variation (Table 50a-b) exhibited 

higher variance due to GCA (б
2
g) than SCA (б

2
s) also depicting major role of additive genetic 

effects for expression of trait. 

Four of the parental lines (Table 62a) exhibited positive estimates for general 

combining ability (GCA) while two inbred line displayed negative GCA effects. Highest 

GCA effects were recorded for D-109 (1.325) followed by M-14(1.070), OH-8 (0.265) and D-

114 (0.047). Parent D-109 gave highest GCA effect depicting as the best general combiner 

whereas NCIL-20-20 produced minimum GCA (-2.420) effects thus indicating as poor 

general combiner. Regarding specific combining ability, eight crosses were with positive SCA 

effects while seven displayed negative effects under normal condition for leaf temperature. 

Maximum SCA effects were recorded for cross D-114 x NCIL-20-20 (0.828) and minimum 

SCA effects were produced by D-109 x NCIl-20-20 (-0.022).  

In case of reciprocal effects, (Table 62a) six crosses gave positive and nine crosses 

exhibited negative reciprocal effect. Cross D-157 x OH-8 reflected maximum (0.647) effects 

whereas combination NCIL-20-20 x D-114 exhibited minimum reciprocal effects.  
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Table 62: GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for leaf temperature 

a. Normal water condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-20-

20 

M-14 1.070 0.030 0.782 -0.458 0.291 -0.593 

OH-8 -0.208 0.265 0.043 0.130 -0.149 -0.628 

D-157 -0.033 0.647 -0.288 0.052 0.401 -0.492 

D-114 -0.125 0.015 -0.193 0.047 -0.716 0.828 

D-109 -0.392 0.503 0.140 0.638 1.325 -0.022 

NCIL-20-20 -0.087 0.173 -1.140 -0.038 -0.168 -2.420 
 

b. Water deficit condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-20-

20 

M-14 0.821 -0.156 0.633 -0.013 0.546 -1.040 

OH-8 -0.057 0.381 1.281 -1.247 0.193 0.531 

D-157 -0.280 0.077 -0.719 -0.141 0.504 -1.571 

D-114 0.172 0.097 -0.040 0.012 -0.354 1.753 

D-109 0.000 -0.073 0.075 -0.072 1.812 -0.787 

NCIL-20-20 -0.108 0.052 0.060 -0.198 -0.045 -2.308 

 

Four of the parents in diagonal displayed positive general combining ability effects 

whereas two showed negative GCA effects. Inbred line D-109 displayed maximum GCA 

effects (1.812) followed by M-14 (0.821), OH-8 (0.381) and D-114 (0.012) while inbred line 

NCIL-20-20 (-2.308) produced minimum GCA effect (Table 62b). Seven of the direct crosses 

above diagonal showed positive specific combining ability estimate while eight crosses 

reflected negative value for SCA. Cross combination of D-114 x NCIL-20-20 (1.753) showed 

maximum SCA effects whereas cross D-157 x NCIL-20-20 (-1.571) displayed minimum SCA 

effects for leaf temperature under stress condition.  

From the reciprocal effects which displayed six crosses with positive and nine crosses 

with negative effects. Cross D-114 x M-14 produced maximum reciprocal effect (0.172) 

whereas minimum effects were recorded for D-157 x M-14 (-0.280) under stress condition 

(Table 4.85b).  
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Stomatal conductance 

Mean squares for general combining ability and specific combining ability effects 

displayed significant effects for stomatal conductance under both normal and water deficit 

conditions revealing the significance of both additive and non-additive gene action for the 

inheritance of trait (Table 49a-b). GCA effects were observed more under normal condition 

than SCA effects revealing the role of predominant additive genetic effect whereas under 

stress condition SCA effects were high than GCA effect indicating predominant role of non-

additive genetic effect (Table 50a-b). Significant variance due to GCA (б
2
g) and SCA (б

2
s) 

were observed under both conditions also indicating the role of both additive and non-additive 

genetic effects (Table 63). 

Half parental lines showed positive and half negative general combining ability effects 

(Table 63a). Parent NCIL-20-20 exhibited maximum GCA effect (0.011) followed by D-157 

(0.008) and D-114 (0.002), respectively while parent D-109 displayed minimum (-0.011) 

GCA effects. Seven crosses gave positive specific combining ability effect (SCA) and eight 

crosses produced negative SCA effects. Cross D-157 x NCIL-20-20 produced maximum 

value (0.003) while cross M-14 x NCIL-20-20 gave minimum SCA effects (-0.005). 

 Eleven reciprocal crosses exhibited positive effect while other six produced negative 

effects. Most of the combinations were positive with reciprocal effects (0.000) whereas 

minimum reciprocal effects were observed for cross NCIL-20-20 x D-109 (-0.007) under 

normal condition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



193 

 

 

Table 63: GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for stomatal conductance 

a. Normal condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -0.007 0.001 0.002 0.002 -0.001 -0.005 

OH-8 -0.001 -0.003 -0.002 -0.003 0.004 -0.000 

D-157 0.000 -0.000 0.008 0.001 -0.003 0.003 

D-114 0.000 0.000 0.000 0.002 -0.003 0.000 

D-109 0.000 -0.000 0.000 0.000 -0.011 0.003 

NCIL-20-20 0.000 0.000 0.000 0.000 -0.007 0.011 
 

b. Water deficit condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-

20-20 

M-14 -0.012 0.007 -0.001 -0.001 -0.004 -0.001 

OH-8 -0.001 -0.002 -0.008 -0.006 -0.005 0.007 

D-157 -0.000 0.002 0.012 0.001 0.006 -0.001 

D-114 0.000 0.000 0.002 0.012 0.003 0.003 

D-109 -0.002 0.001 0.000 0.000 -0.032 -0.003 

NCIL-20-20 0.000 0.000 0.001 0.002 -0.000 0.022 

 

Four genotypes showed positive general combining ability effects while two displayed 

negative GCA effect (Table 63b). Inbred line NCIL-20-20 showed maximum GCA effects 

(0.022) while minimum GCA effects (-0.032) were exhibited by genotype D-109. Six of the 

direct crosses in the above diagonal showed positive specific combining ability (SCA) effect 

while ten crosses displayed negative SCA effect. Cross combination M-14 x OH-8 and OH-8 

x NCIL-20-20 exhibited maximum SCA effect (0.007) while cross OH-8 x D-157 showed 

minimum SCA effect under stress condition.  

Canopy temperature depression 

 

Mean square regarding general combining ability (GCA) and specific combining 

ability (SCA) were significant for canopy temperature depression under normal as well as 

water deficit condition. Higher estimate of GCA effects were observed over SCA effects 

reflecting the role of additive genetic effect in the expression of trait (Table 49a-b). Estimates 

of GCA variance (б
2
g) and SCA variance (б

2
s) were recorded significant under both 

conditions. GCA variance (б
2
g) was also higher than SCA variance (б

2
s) under both 
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conditions depicting the presence of additive genetic effects for inheritance of the trait (Table 

50a-b). 

Half of the inbred lines showed positive general combining ability estimate and half 

showed negative GCA effect (Table 64a). Inbred line NCIL-20-20 exhibited maximum GCA 

effects (1.918) while minimum GCA effects were produced by inbred D-109 (-1.980). Inbred 

with maximum GCA effect proved to be the best combiner while inbred showing minimum 

GCA effects found as poor general combiner. Six crosses gave positive SCA effects and nine 

produced negative effects. The cross D-114 × D-109 produced maximum SCA effect (1.559) 

followed by D-157 × NCIL-20-20 (1.338) and M-14 × OH-8 (1.006) while minimum SCA 

effects (-0.949) was observed for OH-8 × D-109.  

Nine crosses reflected positive reciprocal effects and six crosses produced negative 

estimate under normal condition. Cross D-157 x M-14 showed maximum positive reciprocal 

effect (1.158) whereas D-109 x D-157 produced maximum negative reciprocal effects (-

0.088) for canopy temperature depression.  

 

Table 64: GCA (diagonal), SCA (above diagonal) and their reciprocal effects (below 

diagonal) for canopy temperature depression 

a. Normal water condition. 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-20-

20 

M-14 -0.112 1.006 -0.899 0.730 -0.417 0.608 

OH-8 0.140 -0.936 -0.555 -0.476 -0.949 0.38 

D-157 0.158 -0.082 0.364 -0.108 -0.844 1.338 

D-114 -0.032 0.012 0.017 0.745 1.559 -0.935 

D-109 -0.007 -0.053 -0.088 0.030 -1.980 -0.377 

NCIL-20-20 0.103 0.018 0.012 0.070 1.103 1.918 

 

b. Water deficit condition 

Inbred lines M-14 OH-8 D-157 D-114 D-109 
NCIL-20-

20 

M-14 -1.811 0.871 -0.032 0.745 -0.693 -2.062 

OH-8 0.042 -0.629 -0.501 -1.014 -0.470 0.826 

D-157 -0.067 0.073 1.146 0.131 -0.216 0.281 

D-114 0.122 0.078 0.002 0.754 -0.005 0.323 

D-109 -0.083 -0.038 -0.070 -0.085 -2.394 1.587 

NCIL-20-20 -0.062 0.082 -0.035 0.042 0.005 2.934 
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Three of the inbred (Table 64b) displayed positive general combining ability effects 

and three exhibited negative effects for canopy temperature depression under water deficit 

condition. Inbred NCIL-20-20 showed maximum GCA effects (2.934) followed by D-

157(1.146) and D-114 (0.754) while maximum negative GCA effects were recorded for D-

109 (-2.394). On the basis of GCA effects inbred NCIL-20-20 proved to be the best general 

combiner while inbred D-109 poor combiner for the trait. In case of reciprocal effects eight 

crosses produced positive effects and seven displayed negative effects for canopy temperature 

depression. Cross D-114 x M-14 showed maximum reciprocal effect (0.122) and minimum 

effects were recorded for D-109 x D-114 (-0.085) under water stress condition. 
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Summary 

A set of fifty maize inbred lines collected from various sources were screened for 

various morpho-physiological traits against water deficit condition. The seeds were sown in 

pots in the greenhouse and after 25 days the seedlings were uprooted to study various 

morphological and physiological traits i.e fresh shoot length (FSL), fresh root length (FRL), 

fresh shoot weight (FSW), fresh root weight (FRW), dry shoot weight (DSW), dry root weight 

(DRW), total dry matter (TDM), root shoot ratio (RSR), coleoptile length(CL), cell membrane 

thermostability (CMT), leaf temperature (LT), relative water content (RWC) and excised leaf 

weight loss (ELWL).   The study was conducted in the Department of Plant Breeding and 

Genetics, University of Agriculture, Faisalabad Pakistan. Six inbred lines i.e M-14, OH-8, D-

109, D-114, D-157 and NCIL-20-20 were selected on the basis of their performance of 

seedling traits. The selected lines were planted in the field during spring and crossed in a 

diallel fashion to ascertain gene action and combining ability. During next season (autumn, 

2011) all the F1 crosses alongwith parents were evaluated under both normal as well as water 

deficit condition in field research area of the Department. Data for various traits were 

recorded and biometrical analysis conducted. On the basis of overall performance of the 

genotypes the following inferences are made: 

Mean squares regarding all the traits under both normal and water stress conditions 

were observed highly significant revealing the presence of considerable genetic variation in 

the experimental material for various studied traits. To validate the adequacy of the data for 

additive-dominance model On scaling test these traits were found either fully adequate or 

partially adequate under both normal and water deficit condition. The outcome of additive-

dominance model showed completely adequacy for number of kernel per row, 100-kernel 

weight, grain yield per plant, cell membrane thermostability, stomatal conductance and 

canopy temperature depression while leaf temperature, plant height, ear height, number of 

ears per plant, number of days to tasseling, number of days to silking, anthesis-silking interval 

and number of kernels per ear were partially adequate under normal water condition. The data 

were found fully adequate for plant height, ear height, number of days to silking, number of 

kernels per ear, 100-kernel weight, grain yield per plant and leaf temperature while partially 

adequate for number of ears per plant, number of days to tasseling, anthesis-silking interval, 
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number of kernels per row, cell membrane thermostability and stomatal conductance under 

water deficit condition.  

The results pertaining to gene action under both conditions revealed that majority of 

the traits were under the control of additive type of gene action except for days to silking at 

water stress and normal water condition. The male × female interaction was observed 

significant for ear height, number of kernels per ear, 100-kernel weight, grain yield per plant, 

cell membrane thermostability, stomatal conductance and canopy temperature depression 

while non-significant estimates were recorded for plant height, number of ear per plant, 

number of days to tasseling, number of days to silking, anthesis-silking interval, number of 

kernels per row and leaf temperature under normal water condition. Under water deficit 

condition, significant value for male × female interaction was observed for plant height, ear 

height, number of days to silking, number of kernels per ear, 100-kernel weight, grain yield 

per plant, cell membrane thermo-stability, leaf temperature, stomatal conductance and canopy 

temperature depression while non-significant interaction was exhibited by number of ears per 

plant, number of days to tasseling, anthesis-silking interval and number of kernels per row 

under water deficit condition. Significant values for male × female interaction for various 

traits under both conditions depicted the existence of non-additive genetic effects. Additive 

gene action for number of days to silking under normal water condition changed to over-

dominance type of gene action under water deficit. All the other traits exhibited almost same 

gene action under both conditions. All the germplasm exhibited variation under both 

conditions this may be due to some silent genes which express only under target environment. 

The Vr-Wr graphs disclosed additive with partial dominance for the traits like plant 

height, ear height, number of ears per plant , number of days to tasseling, number of kernels 

per ear, number of kernels per row, 100-kernel weight, grain yield per plant, cell membrane 

thermostability, leaf temperature, stomatal conductance and canopy temperature depression 

under both normal and water stress condition whereas Vr-Wr grapgh for number of days to 

silking showed additive with partial dominance under normal and over-dominance under 

stress. Higher heritability estimates were recorded for yield and yield related traits like plant 

height, ear height, number of ears per plant, number of days to tasseling, number of days to 

silking, anthesis-silking interval, number of kernel per ear, number of kernels per row, 100-
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kernel weight, grain yield per plant, leaf temperature, stomatal conductance, cell membrane 

thermostability and canopy temperature depression under both conditions. As a result 

selection on the basis of these traits for making a desirable genetic combination can be more 

effective for future breeding program under both normal and water deficit condition. 

Highly significant mean square estimates due to SCA, GCA and reciprocal effects for the 

traits under both conditions suggested significant contribution of genetic components of 

variation attributable to general combining ability, specific combining ability and reciprocal 

effects. Components of variation exhibited greater estimates for GCA variance (б
2
g) than 

SCA variance (б
2
s) for majority of the traits under both conditions depicting the predominant 

role of additive genetic  component except for days to silking under water deficit condition 

which displayed more SCA variance (б
2
s) than GCA variance (б

2
g). Inbred line NCIL-20-20, 

D-157 and OH-8 recorded as the best general combiner on the basis of performance regarding 

grain yield per plant under both conditions i.e normal and water deficit condition. These 

inbred lines can be exploited and utilized in future breeding program. On the basis of mean 

grain yield per plant the best combination was NCIL-20-20 × D-109 followed by NCIL-20-20 

× OH-8 and D-157 × NCIL-20-20, respectively under normal and water stress condition. 

These well performing combinations can be utilized for developing new hybrids for drought 

affected areas. Prediction of additive gene action would be expected to be more reliable as 

compared to the traits which were controlled by non-additive type of gene action. High 

heritability pattern for majority of traits suggested early selection. The information regarding 

results obtained during the current study may be used to evolve better parental inbred lines for 

developing various cross combinations which will be helpfull in maintaining yield 

sustainability in water deficit areas. 

 

 
 
 
 
 
 
 
 
 
 



199 

 

 
 

Literature Cited 
 

Abo-El-Kheir, M. S. A., and B. B. Makki.2007. Response of maize single cross-10 to water 

deficits during silking and grain filling stages. Worlds J. Agric. Sci. 3(3):269-272. 

Abo-Shetaia A.M.A., A.A.Abdel-Gawad, G.M.A.Maghoub and M.B.A. El-koomy. 2005. 

Physiological exploration of certain maize inbred lines and hybrids by using rapid 

methods technique 2. Effect of water regime on maize hubrids. Annuls. Agri. Sci., Ain 

Shams Univ., Cairo, 50(1):83-91 

Abou-deif, M. H. 2003. Inheritance of yield and its components among F1 and F2 maize 

hybrids. Bull. Nat. Res. Centre. Egypt. 28(1): 125-137. 

Afarinesh,A., E. Farshadfar and R. Choukan. 2005. Genetic analysis of drought tolerance in 

maize (Zea mays.L) using diallel method. Seed pl. 20: 457-473. Agric Sci. 141: 43-50. 

Ahmad, A. 2002. Genetics of growing degree days, yield and its components in maize. Ph.D 

thesis, Department of Plant Breeding and Genetics, UAF, Faisalabad. 

Ahmadizadeh, M., H. Shahbazi, M. Valizadeh and M. Zaefizadeh. 2011. Genetic diversity of 

durum wheat landraces using multivariate analysis under normal irrigation and 

drought stress conditions. Afric. J. Agric. Res. 6(10):2294-2302. 

Ahsan, M. 1999.  Performance of six maize (Zea mays L.) inbred lines and their all possible 

as well as reciprocal cross combinations. Pak. J. Bio. Sci. 2(1): 222-224. 

Ahsan, M., M.Z. Hader, M. Saleem and M. Aslam, 2008. Contribution of various leaf 

morpho-physiological parameters towards grain yield in maize. Int. J. Agri. Biol., 10: 

546–50 

Ajmal, S. U., B. Khanam, S. Khanum, & Z. Akram (2000). Gene action studies for some 

biometric traits in a diallel crosses of wheat. Pak. J. Bio. Sci. 3. 

Akbar, M. 2008. Genetic control of high temperature tolerance in Zea mays L. Ph. D thesis. 

Deptt. Pl. Br. Genet., Univ. Agri. Faisalabad, Pakistan. 

Akbar, M., M. S. Shakoor, A. Hussain and M. Sarwar. 2008. Evaluation of maize 3-way 

crosses through genetic variability, broad sense heritability, characters association  

Akbar, M., M. Saleem, M. Y. Ashraf, A. Hussain, F. M. Azhar and R. Ahmad. 2009. 

Combining ability studies for physiological and grain yield traits in maize at two 

 temperature regimes. Pak. J. Bot. 41(4): 1817-1829. 



200 

 

Alam,A. K. M. M., S. Ahmed, M. Begumand M.K. Sultan. 2008. Heterosis And Combining 

Ability For Grain Yield And Its Contributing Characters In Maize. Bangladesh J. 

Agril. Res. 33(3) : 375-379 

Ali, M. A., S. Niaz, A. Abbas, W. Sabir and K. Jabran. 2009. Genetic diversity and 

assessment of drought tolerant Sorghum landraces based onmorph-physiological traits 

at different growth stages. Plant Omics J. 2(5): 214-227. 

Ali, Z., S. M. A. Basra, H. Munir, A. Mahmood and S. Yousaf, 2011. Mitigation of drought 

stress  in maize by natural and synthetic growth promoters.  J. Agric. Soc. Sci. 7: 56-

62. 

Amaregouda, H. M. 2007. Combining ability analysis of S2 lines derived from Yellow pool 

and path analysis. J. Agric. Res. 46(1): 39-45. 

Anjum, S. A., X. Y. Xie, L. C. Wang, M. F. Saleem, C. Man & W. Lei. (2011). 

Morphological, physiological and biochemical responses of plants to drought 

stress. Afr. J. Agric. Res, 6(9), 2026-2032. 

Anonymous, MAIZE. 1989. Author. Dr. Franklin W. Martin. Published 1989. 

Anonymous. 2011-12. Economic Survey of Pakistan, Finance Division, Government of 

Pakistan, Islamabad. 

Anwar, J. 1989. Estimation of combiniong ability for grain yield and quality characters in 

maize. M.Sc. (Hons.). Thesis, Deptt. P.B.G., Univ. Agri. Faisalabad, Pakistan. 

Araus, J. L., G. A. Salfer, C. Royo and M. D. Serret. 2008. Breeding for yield potential and 

stress adaptation in cereals. Plant Sci. 27:377-412. 

Araus, J. L., G. I. Slafer, M.P. Reynolds and C. Royo. 2002. Plant breeding and drought in C3 

cereals: What should we breed for? Ann. Bot. 89(7):925-940. 

Ardestani, H., and A. Rad. 2012. Impact of regulated deficit irrigation on the physiological 

characteristics of two rapeseed varieties as affected by different potassium 

rates. African Journal of Biotechnology, 11(24), 6510-6519. 

Ashraf, M. and S. Mehmood.1990. Response of four Brassica species to drought stress. 

Environ. Exp. Bot. 30: 93-100.  

Aslam, M., I. A. Khan, M. Saleem and Z. Ali. 2006. Assessment of water stress tolerance in 

different maize accessions at germination and early growth stage. Pak. J. Bot. 38 (5): 

1571-1579. 

Bahar, B., M. Yildirim, C. Barutcular and I. Genc. (2008). Effect of canopy temperature 

depression on grain yield and yield components in bread and durum wheat. Not. Bot. 

Hort. Agrobot. Cluj, 36(1), 34-37. 



201 

 

Baker, R. J. 1978. Issues in diallel analysis. Crop Sci. 18: 533-536. 

Baktash, F.Y., M.A. Younis, A.H. AI-Younis and B.A. Ali-I thawi. 1985. Diallel crosses of 

corn inbred lines for grain yield and ear characters, Iraqi J. Agri.Baghdad, Iraqi .Maize 

Abst. 2(2) :562 

Balota, M., W. A. Payne, S. R. Evett and M. D. Lazar. 2007. Canopy Temperature Depression 

Sampling to Assess Grain Yield and Genotypic Differentiation in Winter Wheat.Crop 

Sci 47:1518-1529. 

Balota, M., M.William, A. Payne, S. R. Evett and T. R. Peters. 2008. Morphological and 

Physiological Traits Associated with Canopy Temperature Depression in Three 

Closely Related Wheat Lines. Crop Sci. 48:1897-1910. 

Banziger, M., G. O.Emeades, D. Beek and M. Bellon. 2000. Breeding for drought and 

nitrogen stress tolerance in maize: From Theory to practice. CIMMYT, Mexico. Pp: 

68. 

Bayoumi, T.Y., M.H. Eid and E.M. Metwali. 2008. Application of physiological and 

biochemical indices as a screening technique for drought tolerance in wheat 

genotypes. African J. Biotechnol. 7: 2341-2352. 

Beck, D. L., F. J. Betran, M. Bnaziger, M. Willcox and G. O. Edmeades. 1997. From landrace 

to hybrid: Strategies for the use of source populations and lines in the development of 

drought tolerant cultivars. In Edmeades, G. O., M. Bänziger, H. R. Mickelson and C. 

B. Pena-Valdiva (Eds.). Developing Drought and Low N-Tolerant Maize. Proceedings 

of a Symposium. Pp: 369-382. 

Beck, D. L., S. K. Vasal and J. Crossa. 1990. Heterosis and combining ability of CIMMYT‟s 

tropical early and intermediate maturity maize germplasm. Maydica 35(3): 179-285. 

Bello, O. B and G. Olaoye. 2009.Combining ability for maize grain yield and other agronomic 

characters in typical southern guinea savanna ecology of Nigeria. Afri. J. biotech. 8 

(11): 2518-2522. 

Betran, F. J., D. Beck, M. Banziger and G. O. Edmeades. 2003a. Genetic analysis of inbred 

and hybrid grain yield under stress and non stress environments in tropical maize. 

 Crop Sci. 43: 807-817. 

Betran, F. J., J. M. Ribaut, D. L. Beck and D. Gonzalez de Leon. 2003b. Genetic analysis of 

inbred and hybrid grain yield under stress and non stress environments. Crop Sci. 43: 

807-817. 

Bhatt, R. M. and N. K. Srinivasa Rao, 2005. Influence of pod load response of okra to water 

stress. Indian J. Pl. Physiol. 10: 54- 59. 



202 

 

Bilge, B., M. Yildirin, C. Baruteular and I. Genc. 2008. Effect of canopy temperature 

depression on grain yield  and yield components in bread and durum wheat. Not. Bot. 

Hort. Agrobot. 36(1):34-37. 

Blum, A. 1999. Towards standards assays of drought resistance in crop plants. Proc. 

Workshop held in CIMMYT, June 21-25, 1999. pp. 29 - 35. 

Blum, l. Shpiler, G. Golan and J. Mayer. 1989. Yield Stability and Canopy Temperature of 

Wheat Genotypes under Drought-Stress. Field Crop. Res. 22:289-296 

Bolanos, J. and G.O. Edmeades. 1996. The importance of the anthesis-silking interval in 

breeding for drought tolerance in tropical maize. Field Crop. Res. 48:65-80. 

Bolanos, L., G. O. Edmeades and L. Martinez. 1993. Eight cycles of selection for drought 

tolerance in lowland tropical maize: responses to drought-adaptive physiological and 

morphological traits. Field Crop Research, 31: 269-286. 

Borghi, B. and M. Perenzin. 1994. Diallel analysis to predict heterosis and combining ability 

for grain yield, yield components and bread-making quality in bread wheat (Triticum 

estivum L.). Theor. Appl. Genet. 89: 975-981. 

Borrell, A. K., L. Graeme, Hammer and R. G. Henzell. 2000. Does maintaining green leaf 

area in Sorghum improves yield under drought? II Dry matter and yield. Crop Sci. 40: 

 1037-1048.  

Bruce, W. B., G. O. Edmeades and T. C. Barker. 2002. Molecular and Physiological 

Approaches to maize improvement for drought tolerance. J. Exp. Bot. 53: Pp: 13-25. 

Bukhari, S. H.1986. Diallel analysis of yield and yield components in maize. M.Sc. thesis, 

Deptt. Pl. Br. Genet., Univ. Agri. Faisalabad, Pakistan. 

Burke, J. J. 2007. Evaluation of source leaf responses to water-deficit stresses in cotton using 

a novel stress bioassay. Plant Physiol. 143:108. 

Camacho, R. G. and D. F. Caraballo. 1994. Evaluation of morphological characteristics in 

Venezuelan maize (Zea mays L.) genotypes under drought stress. Sci. Agric. 

(Piracicaba Braz). 5(3):453-458. 

Campos, H., M. Cooper, J. E. Habben, G. O. Edmeades and J. R. Schussler. 2004. Improving 

drought tolerance in maize a view from industry. Field Crops Res. 90: 19-34. 

Carena, M. J, G. Bergman, N. Riveland, E. Eriksmoen and M. Halvarson. 2009. Breeding 

maize for higher yield and quality under drought stress. Maydica. 54: 287-29. 

Chaukan, R. 1999. Estimation of combining ability, additive and dominance variance of 

characters using line × tester crosses of maize inbred lines. Seed Pl. 15:47-56. 



203 

 

Chen, Y. H., W. A. Zhu, W. L. Cheng, Z. X. Qian, W. J. Yu, B. J. Wen, Y. H. Chen, W. A. Z, 

W. L. C, X. Q. Zhang, J. Y. Wu and J. W. Bai. 2002. Analysis of combining ability 

and heterosis among 8 maize populations including Goldqueen. J. Maize Sci. 10(4): 

10-12. 

Chohan, M. S. M., M. Saleem, M. Ahsan and M. Asghar.2012. Genetic Analysis of Water 

Stress Tolerance and Various Morpho-Physiological Traits in Zea mays L. Using 

Graphical Approach. Pak. J. Nutr. 11(5): 489-500.                                   

Choukan, R. 1999. General and specific combining ability of ten maize inbred lines for 

differenttraits in diallel crosses. Seed and Plant.15: 280-295. 

Chrispeels, M. J., 2000. Biotechnology and the Poor. Plant Physiology 124(1):3-6. 

Claassen, M. M. and R. H. Shaw. 1970. Water deficit effects on corn. I. Grain components. 

Agron. 62(5): 652-655. 

Cultere, J. M., D. W. Rains and R. S. Loomis. 1977. The importance of cell size in water 

relations of plants. Physiol. Pl. 40: 255-26. 

Dass, S., P. Arora, M. Kumari and P. Dharma. 2001. Morphological traits determining 

drought tolerance in maize. Ind. J. Agri. Res. 35: 190-193. 

Debnath, S. C. and K. R. Sarkar. 1990. Combining ability analysis of grain yield and some of 

its attributes in maize. Ind. J. Genet. Pl. Br. 50(1): 57-61. 

DenmeD, O. T, and R. H. Shaw .1962. Availability of soil water to plans as effected by soil 

mousier content and meteorological conditions Agron. J. 54: 385-90. 

Derera, J., P. Tongoona, B. S. Vivek and M. D. Liang. 2008. Gene action controlling grain 

yield and secondary traits in southern African maize hybrids under drought and non 

drought environments. Euphytica, 162: 411-422.   

Desai, S. A. and R. D. Singh. 2001. Combining ability studies for some morphological and 

biochemical traits related to drought tolerance in maize (Zea mays L.) Indian J. Genet. 

Pl. Breed. 61(1):203-215. 

Dhanda, S. S., G. S. Sethi and R. K. Behl. 2004. Indices of drought tolerance in wheat 

genotypes at early stages of plant growth. J. Agron. Crop Sci. 190: 6-12. 

Dr cea, I., G. Butnaru, A. Moisuc, and G. Nedelea. 1980. Inheritance of quantitative 

characters in maize hybrids obtained through a diallel cross.  Lucr ri S iin ifice, 

Agronomie 17:155-157. 

Dubey, R. B., V. N. Joshi, and N. K. Pandiya. 2001. Heterosis and combining ability for 

quality, yield and maturity traits in conventional and non-conventional hybrids of 

maize (Zea mays L.)." Ind. J. Genet. Plant Breed. 61(4): 353-355. 



204 

 

Dutu, H. 1999. Results concerning the genetic determinism of maize productivity. Circetari 

Agronomice-in-Moldova. 32: 29-33. 

Edmeadeas, G.O., M. Banziger and T. M. Ribaut. 2000. Maize improvement for drought 

limited environments. In: Physiol.  Basis for Maize Improvement. Pp: 75-111. Food 

Products  Press, New York. 

Edmeades, G. O, J. Bolanos, A. Elings, J. M. Ribaut, M. Banziger, M. E. Westgate. 2000. The 

role and regulation of the anthesis-silking interval in maize. In: Westgate ME,Boote 

KJ (eds) Physiology and modeling kernel set in maize. CSSA special publication no. 

29. CSSA, Madison WI. Pp: 43-73. 

Edmeades, G. O. 2008. Drought Tolerance in Maize: An Emerging Reality. A feature in 

James, Clive. Global status of commercialized Biotech/GM crops 2008 / ISAAA Brief 

No. 39. ISAAA: Lthaca, NY. 

Edmeades, G. O., G. S. McMaster, J. W. White and H. Campos. 2004. Genomics and the 

physiologist: bridging the gap between genes and crop response. Field Crop Res. 

90(1):5-18. 

Edmeades, G. O., J. Bolaños, and H. R. Lafitte, S. Rajaram, W. Pfeiffer and R. A.Fisher. 

1989. Traditional approaches to breeding for drought resistance in cereals. Pp: 27-52. 

In F.W.g.Baker (ed).  

Edmeades, G.O., M. Banziger, H. Campos and J. Schussler. 2006. Improving tolerance 

toabiotic stresses in staple crops: A random or planned process. In: K.R. Lamkey and 

M. Lee (Eds.). Plant Breeding: The Arnel R. Hallauer International Symposium. 

Blackwell Publishing, Iowa, USA. Pp: 293-309. 

El-Hosary, A. A., M. K. Mohamed, S. A. Sedhom and G. K. A. Abo-el-Hassan. 1994. General 

and specific combining interaction with year in maize. Ann. Agri. Sci. Moshtohor. 

32(1):217-218 

Evgenidis, G. L., V. Mellidis, C. Karamaligkas and M. Koutsika-Sotririou. 2009. 

Performance, Evaluation and Genetic Analysis of Maize Populations and Diallel 

Crosses Under Irrigated and Drought Stressed Conditions. Acta Agron. Hungarica. 

57(3): 255-265. 

Fan X.M., J. Tan, J.Y. Yang, F. Liu, B.H. Huang, Y.X. Huang, 2002. Study on combining 

ability for yield and genetic relationship between exotic tropical, subtropical maize 

inbreeds and domestic temperate maize inbreeds. (In Chinese, with English abstract.) 

Sci. Agric. Sinica 35: 743-749. 

FAO Report. 2009. State of Food Insecurity in the World. Rome, Italy. 

FAO. 2003. Bulletin of Statistics, Vol. 4. No. 1. Food and Agriculture Organization of the 

United Nations. Rome. 



205 

 

FAO. 2007. Coping with water scarcity. Challenge of the twenty-first century. UN-Water, 

Rome. 

Farooq, A. 2008. Analysis of some physio-genetic parameters related to drought tolerance in  

maize. M.Sc thesis, Department of Plant Breeding and Genetics, University of 

Agriculture,Faisalabad,Pakistan. 

Farshadfar, E., A. Afarinesh and J. Sutka. 2002. Inheritance of drought tolerance in 

maize.Cereal Res. Communications. 30: 285-291. 

Fengling, F., L. Wanchen, R. Tingzhao, P. Guangtang and Z. Shufeng. 2002. Identification of 

drought tolerance in maize inbred lines popularized in South-West of China. 

Proceedings of the 8th Asian Regional Maize Workshop, (5-8 August, 2002) 

Bangkok, Thailand.  

Fischer, K.S., G.O. Edmeades  and E.C. Johnson. 1989. Selection for the Improvement of 

Maize Yield Under Moisture-Deficits. Field Crop. Res. 22:227-243. 

Fokar, M., T. Henry, T. Nguyen and A. Blum. 1998."Heat tolerance in spring wheat. I. 

Estimating cellular thermotolerance and its heritability." Euphytica 104(1): 1-8. 

Foulkes, M. J., R. K. Scott and R. Sylvester-Bradley. 2002. The ability of wheat cultivars to 

withstand drought in UK conditions: formation of grain yield. J. Agric. Sci. 138:153-

169. 

Frova, C., Krajewski, P., Di Fonzo, N., Villa M. and Sari-Gorla M (1999). Genetic analysis of 

drought tolerance in maize by molecular markers. I. Yield components. Theor Appl. 

Genet. 99: 280-288. 

Gardner, B. R., B. L. Blad, and D. G. Watts. 1981. Plant and air temperatures in differentially-

irrigated corn. Agricultural Meteorology.25: 207-217. 

Gichuru, L., K. Njoroge; J. Ininda and L. Peter. 2011. Combining ability of grain yield and 

agronomic traits in diverse maize lines with maize streak virus resistance for Eastern 

Africa region. Agric.  Biol. J. North America. 2(3): 432-439. 

Glover, M. A., D. B. Willmot, L. L. Darrah, B. E. Hibbard, and X. Zhu. 2005. Diallel analyses 

of agronomic traits using Chinese and U.S. maize germplasm. Crop Sci. 45: 1096-

1102. 

Golbashy, M., M. Ebrahim, S. K. Khorasani and R. Chaukan. 2010. Evaluation of drought 

tolerance of some corn (Zea mays L.) hybrids in Iran. Afr. J. Agric. Res. 5(19):2714-

2719. 

Gonzalez, A. and L. Ayerbe. 2011. Response of coleoptiles to water deficit: growth, turgor 

maintenance and osmotic adjustment in barley plants (Hordeum vulgare L.) Agric. 

Sci. 2(3):159-166.  



206 

 

Gowda, D. S. S., G. P. Singh and A. M. Singh. 2011. Relationship between canopy 

temperature depression, membrane stability,relative water content and grain yield in 

bread wheat (Triticum aestivum) under heat-stress environments. Indian J.  Agri. Sci. 

Vol 81, No 3. 

Grant, R. F., B. S. Jackson, J. R. Viniry and G. F. Arkin. 1989.  Water deficit timing effects 

on yield component in maize. Agron. J. 81: 61-65. 

Gribincea, V. 2002. Cercetari-de-Genetica-Vegetala-si-Animala. 2002. Study of genetic 

determinism of some quantitative traits in maize. 7: 159-165. 

Griffing, B. 1956. Concept of general and specific combining ability in relation to 

diallel/crossing systems. Aust. J. Biol. Sci. 9: 463-493. 

Grzesiak, S. 2001. Genotypic variation between maize (Zea mays L.) single cross hybrids in 

response to drought stress. Acta Physiologiae Plantarum. 23: 443-456. 

Guiterri, M., Bowen, D., Dorrsch, J., Raboy, V. and Souza, E.2004. Identificationof a low 

phytic acid wheat. Crop Sci. 44(2):418-424. 

Guzman, P. S., & Lamkey, K. R. (2000). Effective population size and genetic variability in 

the BS11 maize population. Crop science, 40(2), 338-346. 

Hader. 2006. Association of various physio-morphological characters in maize (Zea mays L.) 

M.Sc. (Hons) Agri. Thesis. Univ. Agri. Faisalabad. Pakistan. 

Hamayun, M., S. A. Khan, Z. K. Shinwari, A. L. Khan, N. Ahmad and I. J. Lee. 2010. Effect 

of Polyethylene glycol induced drought stress on physio-hormonal attributes of 

 soybean. Pak. J. Bot. 42: 977-986. 

Hammer, G. L., Z. S. Dong, G. Mclean, A. Doherty, C. Messina, J. Paszkiewiez and M. 

Copper. 2009. Can changes in canopy and / or root system architecture explain 

historical maize yields trends in the U.S Corn Belt? Crop sci. 49: 299-312.  

Harris, D., A. Rashid, P. A. Hollington, L. Jasi and C. Riches. 2002. Prospects of improving 

maize yields with „on farm‟ seed priming. Proceedings of a Maize Symposium held, 

Kathmandu, Nepal, December 3–5, 2001, NARC and CIMMYT (2002), pp. 180–185. 

Hassaballa, E. S., M. A. El-Morshidy, and M. A. Kalifa. "Shal. Aby, EM, 1980, Combining 

ability analysis in maize, I. Flowering Res.  Bulletin Faculty of Agric. Ain. Sham‟s 

Univ 1291: 8 

Hayman, B. I. 1954a. The theory and analysis of diallel crosses. Genetics. 39: 789-809. 

Hayman, B. I. 1954b. The analysis of varience of diallel tables. Biometrics. 10: 235-244. 



207 

 

Heisey, P. W. and G. O. Edmeades. 1999. Maize Production in drought stressed 

environments. Technical  options and resource allocation. Part 1 of CIMMYT  

1997/98 World Maize Facts and Trends Mexico. D. F. CIMMYT. 

Hirayama, H. Y. Wada and H. Neato. 2006. Estimation of drought tolerance based on leaf 

temperature in Upland Rice Breeding. Breed. Sci. 56: 47-54. 

Hoogenboom, G., M. G. Huck and C. M.Peterson. 1987. Root growth rate of soybean as 

affected by drought stress. Agron.  J. 79: 607-6 14. 

Hosary, A. A. and S. A. Sedhom. 1990. Diallel analysis of yield and other agronomic 

characters in maize (Zea mays L.). Annals Agric. Sci. Moshtohor. 28(4): 1987-1998. 

Houghton, J.T., Y. Ding, D.J. Griggs, M. Noguer, P.J. van der Linden, X. Dai, K. Maskell, 

and C.A. Johnson (eds.).IPCC, 2001: Climate Change 2001: The Scientific Basis. 

Contribution of Working Group I to the Third Assessment Report of the 

Intergovernmental Panel on Climate Change Cambridge University Press, Cambridge, 

United Kingdom and New York, NY, USA, pp:881. 

Hussain, I. 2009. Genetics of Drought Tolerance In maize (Zea Mays L).  Ph. D Thesis, 

Deptt. P.B.G., Univ. Agri., Faisalabad, Pakistan. 

Hussain, I., M. Ahsan, M. Saleem and A. Ahmed. 2009. Gene action studies for agronomic 

traits in maize under normal and water stress conditions. Pak. J. Agri. Sci. 46(2): 108-

112. 

Hussain, T., I. A. Khan, M. A. Malik and Z. Ali. 2006. Breeding potential for high 

temperature tolerance in corn. Pak. J. Bot. 38(4): 1185-1196. 

Ibrahim, A. M., & Quick, J. S. (2001). Heritability of heat tolerance in winter and spring 

wheat. Crop Sci. 41(5): 1401-1405. 

Iqbal, J., M. Saleem, M. Ahsan and A. Ali. 2012. General and specific combining ability 

analysis in maize under normal and moisture stress conditions. J. Anim. Plant Sci. 

22(4): 2012. 

Iqbal, M., A. Khurshid, M.A. Chowdhry, M. Iqbal and K. Aslam. 1991. Genetic analysis of 

plant height and the traits above flag leaf node in bread wheat. Sarhad J. Agric.7: 131-

134. 

Jaleel, C. A., P. Manivannan, G. M. A. Lakshmanan, M. Gomathinayagam and R. 

Panneerselvam. 2008. Alterations in morphological parameters and photosynthetic 

pigment responses of Catharanthusroseus under soil water deficits. Colloids Surf. B: 

Biointerfaces. 61: 298-303. 



208 

 

Javed, I. Genetics of some potential parameters in Zea mays L. under normal and moisture 

deficit conditions. PhD Thesis, Deptt. Plant Breeding & Genetics, University of Agri. 

Fsd. Pakistan, 2012.  

Javed, M. A. "Combining ability for yield and yield components in maize single Crosses." 

PhD diss., M. Sc. Thesis, Deptt. Plant Breeding and Genetics, Univ. of Agri. 

Faisalabad, Pakistan, 1986. 

Jinks, J. L., 1954. Analysis of continous variation in a diallel cross of Nicotiana rustica 

varieties. Genetics 39 (6): 767-788 

Johnson, D. A. 1980. Improvement of perennial herbaceous plants for drought-stressed 

western rangelands. Pages 419-433 in N.C. Turner and P. J. Kramer (eds). Adaptation 

of plants to water and high temperature stress. Wiley Interscience, NewYork. 

Joshi, V. N., N. K. Pandiya, and R. B. Dubey. 1998. Heterosis and combining ability for 

quality and yield in early maturing single cross hybrids of maize (Zea mays L.)." 

Indian J. Genetics Pt. Breed. 58,(4):519-524. 

Jumbo, M. B and M. J. Carena. 2008. Combining ability, maternal, and reciprocal effects of 

elite early-maturing maize population hybrids. Euphytica. 162:  325-333. 

Kabdal, M. K., S. S. Verma, A. Kumar and U. B. S. Panwar. 2003. Combining ability and 

heterosis analysis for grain yield and its components in maize (Zea mays L.). Ind. J. 

Agri. Res. 37(1): 39-43. 

Kamara, A.Y., A. Menkir, B. Badu-Apraku and O. Ibikunle, 2003. The influence of drought 

stress on growth, yield and yield components of selected maize genotypes. J. Agric. 

Sci., 141: 43–50 

Karimizadeh, R. and, M. Mohammadi. 2011. Association of canopy temperature depression 

with yield of durum wheat genotypes under supplementary irrigated and rainfed 

conditions.Aust. J. Crop Sci. 5(2):138-146.  

Kashiwagi, J., L. Krishnamurthy, H. D. Upadhyaya, H. Krishna, S. Chandra, V. Vadez and R. 

Serraj. 2004. Genetic variability of drought avoidance root traits in the mini-core 

germplasm collection of chickpea (Cicer arietinum L.). Euphytica. 146: 213-222. 

Katna, G., H. B. Singh, J. K. Sharma and R. K. Mittal. 2005. Components of variation in 

maize (Zea mays L.) Annals. Biol. 21: 133-136. 

Keener, M.E. And P.L. Kircher. 1983. The use of canopy temperature as an indicator of 

drought stress in humid regions.  Agri. Met. 28:339-349. 

Khalatbari, A. A., M. R. Bihamata and A. M. Kalatbari. 2007. An evaluation of quantitative 

traits related to drought resistance in inbred lines of maize in stress and non-stress 

conditions. Scie. Comm. 1293-1296.  



209 

 

Khan, A. M. 1990. Estimation of combining ability for yield and morphological traits in 

maize (Zea mays L.). M.Sc (Hons.). Thesis, Deptt. P. B.G., Univ. Agri. Faisalabad, 

Pakistan. 

Khan, I. A., S. Habib, H. A. Sadaqat and M. H. N. Tahir. 2004. Selection criteria based on 

seedling growth parameter in maize varies under normal and water stress conditions. 

Int. J. Agri. Biol. 6(2): 252-256 

Khan, J., Shafiullah and Baitullah. 1999. Estimation of combining ability for grain yield and 

Sits components in 4 x 4 diallel cross of Maize (Zea mays L.). Pak. J. Biol. Sci. 2(4): 

1423-1426. 

Khan, M. B., N. Hussain and M. Iqbal. 2001. Effect of water stress on growth and yield 

components of maize variety YHS 202. J. Res. 12(1): 15-18. 

Khan, M. I., M. Asif and M. Aman. 2003. Response of some maize (Zea mays L.) genotypes 

to different irrigation levels. Int. J. Agri. Biol. 5(1): 88-92. 

Khan, N. U., G. Hassan, K. B. Marwat, M. B. Kumbhar, I. Khan, Z. A. Summmro, M. J. 

Baluch and M. Z. Khan. 2009. Legacy study of cotton seed traits in upland cotton 

using Griffing‟scombining ability model. Pak. J. Bot. 131-142. 

Khodarahmpour, Z. 2011. Genetic control of different traits in maize inbred lines (Zea mays 

L.) using graphical analysis. African J. Agric. Res. 6(7): 1661-1666. 

Khotyleva, L., V. A. Lemesh. 1994. Genetic control of morphological and physiological 

characters of the seedlings in maize. Tsitologiya Genetika. 28(5): 55-59. 

Kirigwi F. M., Ginkel M.V., Trethowan R, Sears R. G., Rajaram S. and Paulsen G.M., 2004. 

Evaluation of selection strategies for wheat adaptation across water regimes. 

Euphytica. 135: 361- 371. 

Kirnak, H., C. Kaya, I. Tas and D. Higgs. 2001. The influence of water deficit on 

vegetativegrowth, physiology, fruit yield and quality in eggplants. Bulg. J. Pl. Physiol. 

27(3-4): 34-46. 

Koscienlniak, J. and F. Dubert. 1985. Biological indices of productivity of various breeding 

lines of maize. III. Correlation between simple and final yield of grain and dry matter 

under natural conditions of vegetative growth. Acta. Agra. Silvestria. Ser. Agra. 24: 

35-48. 

Kumar, A. and S. C. sharma. 2007. Genetics of excised-leaf water loss and relative water 

content  in bread wheat (triticum aestivum l.). Cereal Res. Commun. 35(1): 43-52. 

Kumar, P and S. Gupta. 2004. Genetic analysis in maize (Zea mays L.). J. Res.  Birsa Agri. 

 Univ. 16(1): 113-117 



210 

 

Kuriata, R., W. Kaubiec, J. Adamczyk and H. Cygiert. 2003. Diallel analysis of single hybrids 

of maize. Biuletyn Institutu Hodowli i Aklimatyzacii Roslin. 230: 417-422. 

Kusaka, M., M. Ohta and T.Fujimura, 2005. Contribution of inorganic components to osmotic 

adjustment and leaf folding for drought tolerance in pearl millet. Physiol. Pl.  125: 

474-489. 

Lafitte, R. H. and B. Courtois. 2002. Interpreting cultivar × environment interactions for yield 

in upland rice: assigning value to droughtadaptive traits. Crop Sci 42:1409–1420. 

Liatukas, Z. and V. Ruzgas. 2011. Relationship pf coleoptiles length and plant height in 

winter wheat accessions. Pak. J. Bot. 43(3):1535-1540. 

Lin, S. F. and C. Chen. 1986. Studies on combining ability for major agronomic quantitative 

characters in maize (Zea mays L.). J. Agri. Assoc. China 136: 6-14. 

Lobell, D.B., Burke, M.B., et al., 2008. Prioritizing climate change adaptation needs for food 

security in 2030. Science 319 (5863), 607–610. 

Logrono, M. L. and Lothrop J. E 1997. Impact of drought and low nitrogen on maize 

production in Asia. In G.O. Edmeades et al. (ed.) Developing drought- and low N-

tolerant maize. Proceedings of a symposium, March 25-29, 1996. CIMMYT, El Batan, 

Mexico. CIMMYT, Mexico City. pp. 39-43. 

Lu, G. H., J. H. Tang, J. B. Yan, X. Q. Ma, J. S. Li, S. J. Chen, J. C. Ma, Z. X. Liu, L. Z. E, Y. 

R. Zhang and J. R. Dai. 2006. Quantitative trait loci mapping of maize yield and its 

components under different water treatments at flowering time. J. Integrative Plant 

Biol. 48: 1233-1243. 

Ludlow, M. M. and R. C. Muchow. 1990. A critical evaluation of traits for improving crop 

yields in water-limited environments. Adv. Agron. 43: 107-153. 

Lycoskoufis, L. H., D. Savvas and G. Mavrogianopoulos. 2005. Growth, gas exchange and 

nutrient status in pepper (Capsicum annum L.) grown in re-circulating nutrient 

 solution as affected by salinity imposed to half of the root system. Sci. Hortic. 

106:147-161. 

Mahajan, V. and A. S. Khera. 1991. Inheritance of quantitative traits in maize (Zea mays L.), 

In: winter and moon soon season. Ind. J. Gen. Pl. Br. 5 1: 292-300. 

Mahmood, N., M. A. Chowdhry and M. Kashif. 2003. Genetic analysis of some physio- 

morphic traits of wheat under drought conditions. J. Genetics & Breeding. 57: 385-

391. 

Mahpara, S., Z. Ali and M. Ahsan, 2008. Combining ability analysis for yield and yield 

related traits among wheat varieties and their F1 hybrids. Int. J. Agric. Biol., 10: 599–

604  



211 

 

Maiti, R. K., L. E. Maiti, S. Maiti,  A. M. Maiti, M. Maiti and H. Maiti. 1996. Genotypic 

variability in maize cultivars for resistance to drought and salinity at seedling stage. J. 

Pl. Physiol. 148(6): 741-744. 

Makumbi, D., M. Banziger, J. M. Ribaut and F. J. Betran. 2004. Diallel analysis of tropical 

maize inbreds under stress and optimal conditions. In: M. Polland, J. Sawkins, J. M. 

Ribaut and D. Hoisington (Eds.). Resilent crops for water limited ennvirments: 

Proceedings of a workshop Held at Cuernavaca, Mexico. 24-28 May , CIMMYT, 

Mexico D.F., Mexico. pp. 112-113 

Malik, M. N., F. I. Chaudhry and M. I. Makhdum. 1998. Screening of cotton genotypes for 

high temperature tolerance. New genetical approaches to crop improvement –II. 

Atomic energy Research Centre, Karachi. 565-571. 

Malik, S. I., H. N. Malik, N. M. Minhas and M. Munir. 2004. General and specific combining 

ability studies in maize diallel crosses. Int. J. Agri. Biol. 6(5): 856-859. 

Malik, T., A. Sanaullah and S. Malik. 2006. Genetic linkage studies of drought tolerant and 

agronomic traits in cotton. Pak. J. Bot. 38(5): 1613-1619. 

Martinez, J. P., H. Silva, J. F. Ledent and M. Pinto. 2007. Effect of drought stress on the 

osmotic adjustment, cell wall elasticity and cell volumeof six cultivars of common 

beans(Phaseolus vulgaris L.). European J. Agron. 26: 30-38. 

Mather, K. and J. L. Jinks. 1977. Introduction to Biometrical Genetics. Cornell University 

Press, Ithaca, NY.   

Mather, K. and J. L. Jinks. 1982. Introduction to Biometrical Genetics. Chapman & Hill 

Ltd.London. 

Mather, K. and J.L. Jinks, 1982. Biometrical Genetics, p: 162. Methuen, London 

Mathur, R. K., Chunilal, S. K. Bhatnagar and V. Sing. 1998. Combining ability for yield, 

phonological and ear characters in white seeded maize. Ind. J. Genet. Pl. Br. 58(2):77-

182. 

Matsui, T. and B. B. Singh. 2003. Root characteristics in cowpea related to drought tolerance 

at the seedling stage. Exp Agric.39: 29-38. 

Matsuura, A., S. Inanaga and Y. Sugimoto. 1996. Mechanism of inter-specific differences 

among four gramineous crops in growth response to soil drying. Japanese J. Crop Sci. 

65: 352-360. 

Medici, L. O., R. A. Azevedo, L. P. Canellas, A. T. Machado and C. Pimentel (2007). 

Stomatal conductance of maize under water and nitrogen deficits. Pesq. agropec. bras., 

Brasília,42(4):.599-601. 



212 

 

Mehdi, S. S., and M. Ahsan. 1999. Evaluation of S1 maize (Zea mays L.) families at seeding 

stage for fodder purposes. Pak. J. Biol. Sci. 2(2): 404-405.  

Mehdi, S. S., N. Ahmad and M. Ahsan. 2001. Evaluation of S1 maize (Zea mays L.) families 

at seeding stage under drought conditions. J. Biol. Sci. 1(1): 4-6.  

Mendes, A. A., C. G. L. Aparecida, S. A. Resende da, S. M. Figueiredo, G. A. A. Franco and 

S. J. C. Lopes-de. 2003. Combining ability of inbred lines of maize and stability of 

their respective single-crosses. J. Scientia Agricola. 60(1): 83-89.  

Menkir, A. and M. Ayodele. 2005. Genetic analysis of resistance to gray leaf spot of mid 

altitude maize inbred lines. Crop Sci. 45: 163-170.  

Merah, O., E. Deleens, I. Souyris, M. Nachit and P. Monneveux. 2001. Stability of carbon 

isotope discrimination and grain yield in durum wheat. Crop Sci. 41(3):671-681. 

Mian, M., E. Nafziger, F. Kolb and R. Teyker. 1993. Root growth of wheat genotypes in 

hydroponic culture and in the green house under different soil moisture regimes. Crop 

Sci. Madison. 33. Pp: 283-286. 

Miranda, G.V., L. V. Souza, J. C. C. Galvão, L. J. M. Guimarães, A. Vaz-de-melo and I. C. 

Santos. 2008. Genetic variability and heterotic groups of Brazilian popcorn 

populations. 162: 431-440. 

Misra, A. N. 1993. Seedling physiology of pearl millet: effect of soil cruston genotypic 

variations in emergences, mortality and growth. Agrivita. 16: 1-2. 

Misra, A. N. 1994. Pearl millet (Pennisetum glaucum L. R. Br.) seedling establishment under 

variable soil moisture levels. Acta Physiol.Pl. 16: 101-103. 

Misra,A.N.1990. Seeling vigour and prediction of drought resistance inpearl millet genotypes 

(Pennisetum americanum L., Leeke). Beitr.Tropisch. Landwirtsch. 28:  155-159. 

Mitra, J. 2001. Genetics and genetic improvement of drought resistance in crop 

plants. Curr.Sci.-Bangalore. 80(6):758-763. 

Mock, J. J. and McNeill, M.J., 1979. Cold tolerance of maize inbred lines adapted to various 

latitudes in North American. Crop Sci. 19, 239–242. 

Molden, D., K. Frenken, R. Barker, C. de Fraiture, B. Mati, M. Svendsen, C. Sadoff, C.M. 

Finlayson. 2007. Trends in water and agricultural development. D. Molden (Ed.), 

Water for Food, Water for Life: A Comprehensive Assessment of Water Management 

in Agriculture, Earthscan, London and International Water Management Institute, 

Colombo. 



213 

 

Monneveux, P., C. Sánchez, D. Beck and G. O. Edmeades. 2006. Drought tolerance 

improvement in tropical maize source populations: evidence of progress. Crop Sci. 46: 

180-191. 

Moussa, H. R. and S. M. Abdul-Aziz. 2008. Copmarative response of drought tolerant and 

drought sensitive maize genotypes to water stress. Aust. J. Crop Sci. 1(1):31-36. 

Munir, M., S. D. Shah and M. Aslam. 1977. Gene action controlling yield and its components 

in maize. Pak. J. Agic. Sci. 14(1): 63-68. 

Munjal, R., Dhanda, S.S., Rana, R.K., Singh, I. 2004. Membrane thermostability as an 

indicator of heat tolerance at seedling stage in bread wheat. National J. Plant 

Improv. 6:133–135. 

Muraya, M. M., C. M. Ndirangu and E. O. Omolo. 2006. Heterosis and combining ability in 

diallel crosses involving maize (Zea mays L.) S1 lines. Aus. J. Exp. Agric. 46: 387-

394. 

Nagar, H. P. and Dadlani, M. 2004. Assesment of seed vigour in the parental lines of maize. 

Ind. J. Agric. Res. 38(4):293-297. 

Nam, N. H., Y. S. Chauhan and C. Johansen. 2001. Effect of timing of drought stress on 

growth and grain yield of extra-short-duration pigeonpea lines. J. Agric. Sci. 136: 

 179-189. 

Naved, A. 1989. Genetic analysis of yield ant its economic characters in maize. M. Sc. Thesis, 

Deptt. Pl. Br. Genet., Univ. Agri. Faisalabad, Pakistan. 

Nayyar, H. & D. Gupta.  2006. Differential sensitivity of plants to water deficit stress: 

Association with oxidative stress and antioxidants. Environmental and Experimental 

Botany, 58(1), 106-113. 

Neumann, P. M. 2008. Coping mechanisms for crop plants in drought-prone environments. 

Ann. Bot. 101(7):901-907. 

Nigussie, M. and H. Zelleke. 2001. Heterosis and combining ability in a diallel among eight 

elite maize populations. Afr. Crop Sci. J. 9(3): 47 1-479. 

Nour, A. M., D. E. Weibel and G. W. Tood. 1978. Evaluation of root characteristics in grain 

Sorghum.  Agron. J. 70: 217-218. 

Ogunbodede, B. A., S. R. Ajibade and S. A. Olakojo. 2000. Heterosis and combining ability 

for yield and yield related characters in some Nigerian local varieties of maize (Zea 

mays). Moor J. Agric. Res. 1(1): 37-43. 



214 

 

Ojo, D. K., O. A. Omikunle, O. A. Oduwaye, M. O. Ajala and S. A. Ogunbayo. 2006. 

Heritability, character correlation and path coefficient analysis among six inbred-lines 

of maize (Zea mays L.). World J. agric. Sci. 2(3): 352-358. 

Olaoye, G., O. B. Bello, A. Y.Abubaker, L. S. Olayiwola and O. A. Adesina. 2009. Analysis 

of moisture deficit grain yield loss in drought tolerant maize (Zea mays L.) 

 germplasm accessions and its relationship with field performance. Afric. J.  

Biotech. 8(14). Pp: 3229-3238. 

Passioura, J. B. 1983. Roots and drought resistance. Agric. Water Manage. 7: 265-280. 

Pathan, M. S., P. K. Subudhi, B. Courtois and H. T. Nguyen. 2004. Molecular dissection of 

abiotic stress tolerance in sorghum and rice. In Physiology and Biotechnology 

Integration for Plant Breeding.  Edited by Nguyen HT, Blum A. Marcel Dekker, Inc. 

525-569. 

Patil, M.S., B.S. Manaka, V.M. Chavan and U.G. Kachole. 1995. Diallel analysis in bread 

wheat. Ind. J. Genet. Pl. Breed. 56: 320-324. 

Paul, K. K and S. C. Debanth. 1999. Combining ability analysis in maize (Zea mays L.). Pak. 

J. Sci. Ind. Res. 42(3): 141-144. 

Pinheiro, H. A., F. M. Damatta, R. Agnaldo, M. Chaves, M. E. I. Loureiro and C. Ducatti. 

2005. Drought tolerance is associated with rooting depth and stomatal control of water 

 use in clonesof Cofea canephora. Annals Bot. 96: Pp: 101-108.  

Prakash, S. and D. K. Ganguli. 2004. Combining ability for various yield component 

characters in maize (Zea mays L.). J. Res. Birsa Agric. Univ. 16: 55-60. Press, Ithaca, 

NY.  

Punia, S. S.,  A. M.  Shah and B. R.  Randawha. 2011. Genetic analysis for high temperature 

tolerance in bread wheat. African Crop Science Journal, Vol. 19, No. 3, pp. 149 - 163 

Qadri, M. I., K. N. Agarwal, and A. K. Sanght. 1983. Combining ability under two population 

sizes for ear traits in maize. Indian J. Genetics Pt. Breed. 43(2): 208-211. 

Qayyum, A., A. Razzaq, M. Ahmad and M. A. Jenks. 2011. Water stress causes differential 

effects on germination indeices, total soluble sugar and proline content in wheat 

(Triticum aestivum L.) genotypes. Afric. J. Biotec. 10(64):14038-14045. 

Rafiq, C. M., M. Rafique, A. Hussain and M. Altaf. 2010. Studeies on heritability, correlation 

and path analysis in maize (Zea mays L.). J. Agric. Res. 48(1): 35-38. 

Rahman, H. U. 2005. Genetic analysis of stomatal conductance in upland cotton (Gossypium 

hirsutum L.) under contrasting temperature regimes. J. Agri. Sci. 143:161–168. 



215 

 

Rajos, B. A. and G. F. Sprague. 1952. A comparison of variance of components in corn yield 

traits: III. General and specific combining ability and their interaction with locations 

and years. Agronomy 44(9): 462-466. 

Ramadan, H. A., S. N. Al-Niemi and T. T. Hamdan. 1985. Water stress, soil type and 

phosphorus effects on corn and soybean, 1. Effect on growth. Iraqi J. Agri. Sci, 

"Sanco". 3: 1237-144. 

Ramamurthy, A. 1980. Genetic analysis of yield and economic characters in maize diallel 

crosses. M.Sc. Thesis, Deptt. Pl. Br. Genet., Univ. Agri. Faisalabad. Pakistan. 

Ramesh, V., A. Rezai and A. Arzani. 2000. Estimate of genetic parameters for yield and yield 

components in corn inbred lines using diallel crosses. J. Sci. Tech. Agri. Natural 

 Resources 4(2): 95-104. 

Rana, M. K and V. Kapoor. 2003. Combining ability analysis for yield and some growth 

characters in maize (Zea mays l.). Indian J. Agric. Res. 37 (3): 219 -222. 

Rao, P. S and R. D. Singh. 2004. Studies on combining ability for drought tolerance in maize 

(Zea mays L.) using Poly Ethylene Glycol (PEG) as an osmoticum. Annuals  of 

Agric. Biol. Res. 9: 135-139. 

Razmjoo, K., P. Heydarizadeh and M. R. Sabzalian. 2008. Effect of salinity and drought 

stresses on growth parameters and essential oil content of Matricaria chamomile. Int. 

J. Agric. Biol.10: 451-454. 

Rebetzke, G. J., A. G. Condom, R .A. Richards and G. D. Furquhar. 2003. Gene action for 

leaf conductance in three wheat crosses. Aust. J. Agic. Res. 54: 381-387. 

Rebetzke, G. J., S. E. Bruce, J. A.  Kirkegaard.  2005.  Longer coleoptiles improve emergence 

through crop residues to increase seedling number and biomass in wheat (Triticum 

aestivum L.). Plant and Soil. 272: 87-100. 

Reddy, A.R., K. V. Chaitanya and M. Vivekanandan. 2004. Drought-induced responses of 

photosynthesis and antioxidant metabolism in higher plants. J. Plant Physiol. 161: 

1189-1202. 

Rehman, H., S. A. Malik and M. Saleem. 2004. Heat tolerance of upland cotton during the 

fruiting stage evaluated using cellular membrane thermostability. Field Crop Res. 85: 

149-158. 

Renu, M., S.S. Dhanda, P. K. Rana and S. Iqbal. 2004. Membrane thermostability as an 

indicator of heat tolerance at seedling stage in bread wheat. National J. Pl. Improv. 

6(2):133-135. 

Revilla, P., A. Butrón, R. A. Malvar, and R. A. Ordás. 1999. Relationship among kernel 

weight, early vigor, and growth in maize." Crop Sci. 39(3): 654-658. 



216 

 

Reynolds M P, Rebetzke G, Pellegrineschi A, Trethowan R M. 2005. Genetic, Physiological 

and Breeding Approaches to Wheat Improvement under Drought. In Drought 

Tolerance in Cereals. Ed. Jean-Marcel Ribaut. New York: Haworth‟s Food Products 

Press. 

Rezaei, A. H., B. Yazdisamadi, A. Zali, A. M. Rezaei, A. Tallei ans H. Zeinali. 2005. An 

estimate of heterosis and combining ability in corn using diallel crosses of inbred 

lines. Iranian J. Agric. Sci. 36(2): 385-397. 

Ribaut, J. M., J. Betran, P. Monneveux and T. Setter.2009. Drought Tolerance in Maize.    J. 

L. Bennetzen and S. C. Hake (Eds.). Handbook of Maize: Its Biology. Springer 

 Science + Business Media, L.L.C Newyork.  Pp: 311-344. 

Richards, R. A, Rebetzke G. J, Condon A. G and van Herwaarden A. F. 2002. Breeding 

opportunities for increasing the efficiency of water use and crop yield in temperate 

cereals. Crop Sci. 42:111-121. 

Richards, R. A. 2004.  Physiological traits used in the breeding of new cultivars for water 

scarce environments. “New directions for a diverse planet”. Proceedings of the 4rth 

International Crop Science Congress, 26 SEP-10OCT. Brisbane Australia, CSIRO 

Plant industry, G.P.O Box 1600, Canberra,Act, 2601. 

Richards, R. A. 2004. Defining selection criteria to improve yield under drought. Pl. Growth 

Reg. 157-166. 

Rijsberman, FR (2004). The Water Challenge. In: D Lomborg. Global Crises, Global 

Solutions 

Ritchie, S. W., Nguyen, H. T. and Holaday A. S, (1990). Leaf water content and gas-exchange 

parameters of two wheat genotypes differing in drought resistance. Crop Sci. 30: 105-

111. 

Robin, J. S. and C. E. Domingo. 1956. Potato yield and tuber shape as affected by severe soil 

moisture deficits and plant spacing. Agron. J. 48: 488–492. 

Saeed, M. T. 1998. Estimates of gene effects for some important plant traits in maize diallel 

crosses. M. Sc. thesis, Deptt. Pl. Breed. Genet. Univ. Agri. Faisalabad, Pakistan. 

Saeed, M. T. and M. Saleem. 2000. Estimates of gene effects for some important qualitative 

plant traits in maize diallelcrosses. Pak. J. BioI. 3(12): 1989-1990. 

Sain, D., S. Mohender, H. L. Sehtiya and S. K. Thakral. 1992. Genetics of yield and metric 

traits of physiological importance in maize. Annals-of-Biology. 8: 170-173. 

Saleem, M. and S. Hussain. 1986. Combining ability analysis in diallel set involing six wheat 

varieties. J. Agri. Res. 24:97-102 



217 

 

Saleem, M., K. Shahzad, M. Javaid and A. Ahmad. 2002.Genetic analysis for various 

quantitative traits in maize (Zea mays L.) inbred lines." Int. J. Agric. Biol. 4(3):379-

382. 

Sánchez, U., Peña-Valdivia C. B., Trejo, C., Aguirre, R., Cárdenas, E. 2005. Root growth and 

proline content of drought sensitive and tolerant maize (Zea mays L.) under different 

water potential.Cereal Res Commun 33: 697-704. 

Santos, M. F., T.M. M. Câmara, G. V. Moro, E. F. N. Costa and C. L. De Souza. 2007. 

Responses to selection and changes in combining ability after three cycles of a 

modified reciprocal recurrent selection in maize. Euphytica, 157(1), 185-194. 

Seckler, D., U. Amarasinghe, D. Molden, R. D. Silva and R. Barker. 1998. Wolrd water 

demand and supply, 1990 to 2025: Scenerios and issues. Int. Water Management Inst., 

P.O. Box 2075, Colombo, Sri Lanka. 

Selmani, A. and C. F. Wassom. 1991. Effect of mild drought on chlorophyll fluorescence and 

morphological traits in young maize seedlings. Transctions of the Kansas Academy of 

Science. 94: (3-4). Pp: 85-94.  

Shanghai, A. K., K. N. Agarwal and M. I. Qadri. 1983. Combining ability for yield and 

maturity in early maturing maize under high plant population densities. Indian J. 

 Genet. Pl. Breed. 43: 123-128. 

Sharma, J. K. and S. K. Bhalla. 1990. Combining ability for drought tolerant traits in maize. 

Crop Improvement. 1792: 144-149. 

Sharp, R. E and W. J.  Davies. 1979. Solute regulation and growth by roots and shoots of 

water-stressed maize plants. Planta. 147: 43-49. 

Sharp, R. E., Poroyko, V., Hejlek, L. G., Spollen, W. G., Springer, G. K., Bohnert, H. J., 

Nguyen, H. T., (2004) Root growth maintenance during water deficits: physiology to 

functional genomics. J Exp Bot 55: 2343–2351 

Sharp, R. E., W. K. Silk and T. C. Hsiao. 1988. Growth of the maize primary root at low 

water potentials. Pt. Physio. 87(1):50-57. 

Shiri. M., R. T. Aliyev and R. Choukan. 2010. Water stress effects on combining ability and 

gene action of yield and genetic properties of Drought Tolerance Indices in Maize. 

 Res. J. Environ. Sci. 4(1): 75-84. 

Shreenivasa, A. D., and R. D. Singh. Combining ability studies for some morpho-

physiological and biochemical traits related to drought tolerance in maize. Indian J. 

Genet 61(1):34-36. 

Shrimali, M. (2001). Studies on morphological parameters contributing to drought tolerance 

in cereals. New botanist, 28, 91-95. 



218 

 

Siddique, M. R. B., A. Hamid and M. S. Islam. 2001. Drought stress effects on water relations 

of wheat. Bot. Bull. Acad. Sin. 41: 35-39. 

Siddiqui, N. A. 1988. Genetic analysis of yield its components in maize diallel 

crosses.M.Sc.Thesis, Deptt. Pl. Br. Genet., Univ. Agri. Faisalabad,  Pakistan. 

Silva, M. D. A., J. L. Jifon, J. A. D. Silva and V. Sharma. 2007. Use of physiological 

parameters as fast tools to screen for drought tolerance in sugarcane. Brazilian Journal 

of Plant Physiology, 19(3), 193-201. 

Silva, R. G., J. C. C. Galvao, G. V. Mranda and E. oliveira. 2003. Genetic control of the 

resistance to corn stunt. Pesquisa Agropecuária Brasileira. 38: 921-928.  

Simmonds, N.W. 1979. Principles of crop improvement. Longman Group, New York. 

Sinclair, T. R. and M. M. Ludlow. 1985. Who taught plants thermodynamics? Then 

unfulfilled potential of plant water potential. Aust. J. Pl. Physiol. 12: 213-217. 

Singh N. I. and J.S. Chauhan.2010.Evaluation of Quantitative Physiological Traits of Some 

Hybrid Maize.World J. Agric. Sci., 6 (3): 297-300. 

Singh, S. B and B. B. Gupta. 2008.  Combining ability analysis for some morpho-

physiological and yield components related to drought tolerance in maize (Zea mays 

L.).  Progressive Res. 3(2): 181-186. 

Smith, B. 1995. The Emergence of Agriculture. Freeman, NewYork. 

Sofi, P., A. G. Rather, and S. Venkatesh. 2006. Detection of epistasis by generation means 

analysis in maize hybrids. Pak. J. Bio. Sci. 9: 1983-1986. 

Solomon, K. F. and M. T. Labuschagne. 2003. Expression of drought tolerance in F1 hybrids 

of a diallel crosses of durum wheat ( Triticum turgidum Var. durum L.). Cereal 

Res.Commun. 31: 49-56. 

Souza, L.V., G. V. Miranda, J. C. C. Galvão, L. J. M. Guimarães and I. C. d. Santos. 2009. 

Combining ability of maize grain yield under different levels of environmental stress. 

Pesquisa Agropecuária Brasileira. 43: 1517-1523. 

Sprague, G. F. and L. A. Tatum. 1942. General vs combining ability in single crosses of corn. 

Agronomy 34(10):923-932. 

Srdić, J., S. Mladenović-Drinić, Z. Pajić and M. Filipović .2007. Characterization of maize 

inbred lines based on molecular markers, heterosis and pedigree data. Genetika, 39(3), 

355-363. 

Steel, R. G. D., J. H. Torrie and D. A. Discky. 1997. Principles and procedures of statistics: A 

Biometrical approach, 3rd ed. McGraw Hill Book Co., New York. 



219 

 

Subhani, G. M. and M. A. Chowdhry. 2000. Inheritance of yield and some other morpho-

physiological plant attributes in bread wheat under irrigated and drought stress 

conditions. Pak. J.  Biol. Sci. 3(6), 983-987. 

Tabassum, M. I. 2004. Genetics of physio-morphological traits in Zea mays L. under normal 

and water stress conditions. Ph.D. Thesis, Department of Plant Breeding and Genetics, 

University of Agriculture, Faisalabad, Pakistan. 

Tabassum, M. I., M. Saleem, A. Ali and M. A. Malik. 2005. Genetic mechanisms of leaf 

characteristics and grain yield in maize under normal and moisture stress conditions. 

Biotech. 4: 243-254. 

Tabassum, M. I., M. Saleem, M. Akbar, M. Y. Ashraf and N. Mehmood. 2007. Combining 

ability studies in maize under normal and drought conditions. J. Agic. Res. 45(4):  

Taiz, L. and E. Zeiger. 2006. Stress physiology. In: L. Taiz, and E. Zeiger, eds. Sinauer 

Associates.  Plant Physiology, 4 th ed. Pp: 671-681.  

Takele , A. 2000. Seedling emergence and of growth of sorghum genotypes under variable 

soil moisture deficit. Acta Agron. Hung. 48: 95-102. 

Talebi, R. 2011. Evaluation of chlorophyll content and canopy temperature as indicators for 

the role and regulation of the anthesis-silking interval in maize. In: Westgate ME, 

Boote KJ (eds) Physiology and modeling kernel set in maize. CSSA special 

publication no. 29. CSSA, Madison WI. Pp: 43-73. 

Talleei, A. and H. N. K. Kochaksaraei. 1999. Study of combining ability and cytoplasm 

effects  in maize diallel crosses. Iranian. J. Agric. Sci. 30: 761-769. 

Thirumeni, S., M. Subramanian and K. Paramasivam. 2000. Combining ability and gene 

action in rice. Trop. Agric. Res., 12: 375-385. 

Thomas, H. and C. J. Howarth. 2000. Five ways to stay green. J. Exp. Bot. 51: 329-337. 

Troyer, A.F. 1983. Breeding corn for heat and drought tolerance. In D. Wilkinson and R. 

Brown (ed.) 38th Annual Corn and Sorghum Res. Conf., Chicago. 7–8 Dec. Am. Seed 

Trade Assoc., Washington, DC. pp. 128–143. 

Tulu, L., and B. K. Ramachandrappa. 1998. Combining ability of some traits in a seven parent 

diallel cross of selected maize (Zea mays L.) populations. Crop Res. 15(2&3):232-237. 

Turner, N. C. 1986. Adaptation to water deficits: a changing perspective. Aust. J. Pl. Physiol. 

13: 175-190. 

Ullah, I., M. Rehman,  M.Ashraf and Y. Zafar. 2008. Genotypic variation for drought 

tolerance in cotton (Gossypium hirsutum L.): Leaf gas exchange and productivity. 

Flora. 203: 105-115. Univ. 16(1): 113-117.  



220 

 

Vacaro, E., J. F. Neto, D. G. Pegoraro, C. N. Nuss and L. D. Conceicao. 2002. Combining 

ability of twelve maize populations. Pesq. Agropec. Bras. 37: 67-72. 

Vales, M. I., R. A. Malvar, P. Revilla and A. Ordas. 2001. Recurrent selection for grain yield 

in two Spanish maize synthetic populations. Crop Sci. 41(1): 15-19. 

Venugopal, M. N., A. Ansari and N. V. Rao. 2002. Combining ability studies in maize (Zea 

mays L.). Annals. Agri. Res. 23(1): 92-95. 

Vicente, F.S., S. K. Vasal, S. D. Mclean, S. K. Ramanujam and M. Barandiran. 1999. 

Behaviour of tropical early maize lines under drought condition. Agronomia Tropical 

(Maracay). 49(2): 135-154. 

Wang, F. Z., Q. B.Wang, S. Y. Kwon, S. S. Kwak and W. A. Su. 2005. Enhanced drought 

tolerance of transgenic rice plants expressing a pea manganese superoxide dismutase. 

J. Pl. physiol. 162: 465-472. 

Wang, X., and M. Lino. 1997. Blue light induced shrinking of protoplasts from maize 

coleoptiles and its relationship to coleotile growth. Pt. Physio. 114:1009-1020. 

Wattoo, F. M., M. Saleem, M. Ahsan, M. Sajjad and W. Ali. 2009. Genetic analysis for yield 

potential and quality traits in maize (Zea mays L.). American-Eurasian J. Agri. 

Environ. Sci. 6(6): 723-729. 

Wu, Y and D. J. Cosgrove. 2000. Adaptation of roots to low water potentials by  changes in 

cell wall extensibility and cell wall proteins.J.Exp. Botany. 51: 1543-1553. 

Xianju, Y., W. XiuQuan, H. Dan, L. ChanMing and H. GuoQuan. 2004. The genetic analysis 

of root characters and correlation among the root characters in maize (Zea mays L.) 

 SW. China. J. agric. Sci. 17(4): 426-429. 

Xiao. Y. N., X. H. Li, M. I. George, M. S. Li, S. H. Zhang and Y. I. Zheng. 2005. Quantitative 

trait locus analysis of drought tolerance and yield in maize in china.Pl. Mol. Biol. 

Reporter. 23: 155-165. 

Ya, L., D. Jun-qiang, S. Chander, L.  Deng-qun, Z.  Jiu-ran and  L. Jian-sheng. 

2009.Identification of Maize Drought-Tolerance at Seedling Stage Based on Leaf 

Temperature Using Infrared Thermography. Scientia Agri. Sinica. 42(6):2192-2201. 

Yadav, T. P., R. D. Singh and J. S. Bhat. 2003. Genetic studies under different levels of 

moisture stress in maize (Zea mays L.). Indian J. Genet. Pl. Breed. 63: 119-123. 

Yang, F. and L. F. Miao. 2010. Adaptive responses to progressive drought stress in two 

poplar species originating from different altitudes. Silva Fennica 44: 23-37. 



221 

 

Yasmine, S. 2008. Physiological basis of drought and high temperature tolerance in wheat 

(Triticum aestivum). Ph. D Thesis. Department of Plant Sciences/ Quaid-i-Azam 

 University, Islamabad, Pakistan. 

Yousif ,M. A., and F. A .Q .Sedeeq. 2011. Estimation of Combining Ability for Plant and Ear 

Height in Maize. Tikrit J. Pure Science 16 (4) Pp. 31-33. 

Yu, G. R., J. Zhuang and Z. L. Yu. 2001. An attempt to establish a synthetic model of 

photosynthesis-transpiration based on stomatal behavior for maize and soybean plants 

grown in field. J. Pt. Physio. 158(7), 861-874. 

Yuan, D. H. W., G. Wei, L. DeXiang; L. JunJie, L. Qiang; H. DY, G.W. Wu, D. X. Long, J. 

Lu and Q. Liu. 2003. Analysis of combining ability and hereditary parameters of main 

quantitative characters of 10 maize inbred lines. J. Maize Sci. China. 11(1): 26- 29. 

Zekri, M. 1991. Effects of PEG-induced water stress on two citrus cultivars. J. Pl. Nutr.14: 

59-74. 

Zellek, H. 2000. Combining ability for grain yield and other agronomic characters in inbred 

lines of maize (Zea mays L). Indian J. Genet. Plant Breed. 60(1): 63-70. 

Zhang, D. S. and G. R. Wang. 1991. Analysis of the combining ability of main photosynthetic 

and agronomic characteristics of Zea mays L. J. Shandong  Agricultural University. 

22(3): 212-220. 

Zhang, W., Z. Zhoe, G. Bai and F. Fu. 2008.  Study and evaluation of drought  resistance 

of different genotype maize inbred lines. J. Maize Sci. 15(5): 6-11. 

Zhao, C. X, L. Y. Guo, C. A. Jaleel, H. B. Shao and H. B. Yang. 2008. Prospects for 

dissecting plant-adaptive molecular mechanisms to improve wheat cultivars in 

 drought environments. Comp. Rend. Biol.331: 579-586. 

Zhou, X. H., Y. X. Cheng, Y. Yao-Hai and G. Z. Yong. 2004. Study on heterosis utilization 

of maize inbred lines in different ecological areas. J. Maize Sci. 12(4): 35-38. 

Zhu, J. K.2002. Salt and drought stress signal transduction in plants. Ann. Rev. Plant Biol. 

53:247–273. 

Zia, S., S., K. Spohrera, W. Du, W. Spreer, X. He and J.Muller. 2010. Effect of Wind and 

Radiation on the Crop Water Stress Index Derived by Infrared Thermography. Conf.  

Int. Res. on Food Security. ETH Zurich, September 14 - 16, 2010. 

 

 
 
 
 



222 

 

Apendix 1: Mean values and statistical significance of maize inbred line at seedling stage 

 
Genotypes Inbred lines Fresh shoot weight Fresh root weight 

Normal Water stress Normal Water stress 

1 NCIL-10-4 15.15±1.05 nop 7.47±0.09 l-r 11.00±0.20 wx 4.55±0.49 rst 

2 NCIL-10-5 19.85±0.95 hij 13.76±0.11 d 10.81±0.69 wx 4.13±1.07 stu 

3 NCIL-10-23 23.48±1.08 bcd 12.73±0.23 de 16.80±0.30 k-p 8.90±0.20 ijk 

4 NCIL-20-4 22.95±0.55 cde 10.78±0.34 fgh 7.57±0.94 y 3.46±0.85 tu 

5 NCIL-20-11 17.65±0.45 klm 9.05±0.15 h-m 12.97±0.67 uv 5.91±0.31 pqr 

6 NCIL-20-20 27.00±3.20 a 7.35±0.45 l-s 20.95±0.65 cd 13.25±0.65 de 

7 NCIL-30-4 24.00±1.60 bc 9.00±0.10 h-n 15.61±0.41 o-s 7.05±0.55 l-p 

8 NCIL-30-5 18.67±1.64 i-l 8.26±0.11 i-q 16.85±0.35 k-p 6.40±1.80 pq 

9 NCIL-30-15 20.55±0.95 f-i 7.12±0.43 m-s 18.85±0.55 e-i 10.05±0.45 h-k 

10 NCIL-40-8 25.25±1.05 ab 7.39±0.16 l-s 7.28±0.15 y 2.84±0.19 u 

11 NCIL-40-12 21.18±1.33 e-h 5.37±0.60 st 11.65±0.65 vwx 5.30±1.18 p-s 

12 NCIL-40-18 14.04±0.48 pqr 7.40±0.10 l-s 15.95±0.55 l-s 8.20±0.70 k-o 

13 D-103 11.59±0.91 t 6.94±0.07 n-s 10.62±0.58 wx 5.60±0.70 p-s 

14 D-105 14.58±1.02 op 19.60±0.04 b 9.95±0.05 x 5.66±0.66 p-s 

15 D-106 11.83±0.09 st 6.92±0.08 n-s 7.36±0.94 y 2.54±0.04 u 

16 D-109 25.89±0.06 a 21.90±0.60 a 25.00±0.10 b 15.10±0.50 bc 

17 D-111 16.85±0.35 lmn 9.66±0.46 g-k 18.95±0.65 e-i 11.95±0.45 efg 

18 D-114 26.95±0.55 a 17.79±0.47 c 21.15±0.35 c 15.00±0.20 bc 

19 D-118 19.76±0.13 hij 8.80±0.20 h-p 10.05±0.25 x 6.55±0.25 opq 

20 D-120 15.20±0.30 nop 6.77±0.23 p-s 15.21±0.41 p-s 8.40±0.50 j-m 

21 D-122 16.26±0.37 mno 5.49±0.15 rst 18.95±0.25 e-i 12.00±0.50 efg 

22 D-123 14.70±0.20 op 17.44±0.19 c 19.05±0.05 e-i 11.90±0.10 efg 

23 D-126 18.55±0.05 jkl 6.58±0.26 qrs 20.46±0.84 cde 11.35±0.15 fgh 

24 D-131 13.63±0.01 p-s 10.77±0.17 fgh 17.80±0.60 g-k 11.30±0.10 fgh 

25 D-124 12.20±0.30 rst 12.88±0.15 de 15.90±0.50 m-s 10.70±0.20 ghi 

26 D-130 22.00±0.20 def 9.35±0.01 g-l 19.04±0.04 e-i 12.80±0.40 def 

27 D-135 20.05±0.35 g-j 9.27±0.01 g-l 10.06±0.06 x 4.90±0.30 q-t 

28 D-132 14.23±0.33 pq 8.35±0.15 i-q 17.70±0.50 g-l 10.15±0.35 hij 

29 D-133 19.45±0.25 h-k 7.63±0.99 k-q 16.65±0.15 k-q 11.92±0.48 efg 

30 D-134 11.10±0.80 t 4.54±0.54 t 14.25±0.35 r-u 9.20±0.50 ijk 

31 D-136 11.68±0.12 t 8.70±0.30 i-p 14.90±0.70 q-t 9.15±0.45 ijk 

32 D-137 11.87±0.12 st 8.33±0.05 i-q 13.50±0.00 tu 9.20±0.50 ijk 

33 D-143 21.90±0.40 d-g 10.13±0.27 f-i 11.80±1.00 vw 6.67±0.87 nop 

34 D-148 11.00±0.10 t 11.95±0.45 def 19.50±0.00 c-g 9.95±0.55 h-k 

35 D-149 18.66±0.42 i-l 9.31±0.19 g-l 18.65±0.25 f-j 8.95±0.75 ijk 

36 D-150 20.65±0.15 fgh 6.56±0.10 qrs 17.65±0.05 h-m 8.75±0.15 jkl 

37 D-152 12.61±0.19 q-t 11.91±0.07 def 17.50±0.70 i-n 9.85±0.35 h-k 

38 D-153 10.90±0.30 t 8.92±0.08 h-o 17.45±0.05 i-n 9.92±0.12 h-k 

39 D-155 24.05±0.55 bc 8.50±0.02 i-q 19.15±0.35 e-i 9.80±0.30 h-k 

40 D-157 21.00±0.50 fgh 6.55±0.15 qrs 25.90±0.50 ab 16.00±0.20 b 

41 D-158 17.40±0.10 lm 8.05±0.01 j-q 19.35±0.15 d-h 10.70±0.20 ghi 

42 W 64 TMS 12.10±0.20 st 20.35±0.25 ab 15.80±0.80 n-s 8.30±0.10 k-n 

43 W 64 SP 13.70±0.20 p-s 6.85±0.75 o-s 15.75±1.55 n-s 8.52±0.11 jkl 

44 OH 54-3A 15.15±0.45 nop 7.65±0.37 k-q 14.19±0.31 stu 6.71±0.41 m-p 

45 OH-8 26.37±0.47 a 9.96±0.48 g-j 19.67±0.33 c-f 13.65±0.15 cd 

46 Antigua-1 14.20±0.70 pq 7.76±0.14 k-q 18.00±0.60 f-k 9.85±0.35 h-k 

47 AES-204 16.98±0.34 lmn 11.16±0.46 efg 17.99±0.22 f-k 9.95±0.45 h-k 

48 A-638 17.60±1.10 klm 7.10±0.66 m-s 15.99±0.52 l-r 8.30±0.20 k-n 

49 A-556 14.65±0.05 op 8.00±0.70 j-q 17.05±0.55 j-o 9.10±0.20 ijk 

50 M-14 24.05±0.45 bc 9.25±0.15 g-l 27.00±0.20 a 19.00±0.50 a 

LSD (5 %) 37.43 121.16 67.82 40.49 

C.V%  6.24 5.11 4.69 8.32 
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Appendix 2: Mean values and statistical significance of maize inbred line at seedling 

stage 

 
 

Genotypes 

Inbred lines Fresh shoot weight Fresh root weight 

Normal Water stress Normal Water stress 

1 NCIL-10-4 15.15±1.05 nop 7.47±0.09 l-r 11.00±0.20 wx 4.55±0.49 rst 

2 NCIL-10-5 19.85±0.95 hij 13.76±0.11 d 10.81±0.69 wx 4.13±1.07 stu 

3 NCIL-10-23 23.48±1.08 bcd 12.73±0.23 de 16.80±0.30 k-p 8.90±0.20 ijk 

4 NCIL-20-4 22.95±0.55 cde 10.78±0.34 fgh 7.57±0.94 y 3.46±0.85 tu 

5 NCIL-20-11 17.65±0.45 klm 9.05±0.15 h-m 12.97±0.67 uv 5.91±0.31 pqr 

6 NCIL-20-20 27.00±3.20 a 7.35±0.45 l-s 20.95±0.65 cd 13.25±0.65 de 

7 NCIL-30-4 24.00±1.60 bc 9.00±0.10 h-n 15.61±0.41 o-s 7.05±0.55 l-p 

8 NCIL-30-5 18.67±1.64 i-l 8.26±0.11 i-q 16.85±0.35 k-p 6.40±1.80 pq 

9 NCIL-30-15 20.55±0.95 f-i 7.12±0.43 m-s 18.85±0.55 e-i 10.05±0.45 h-k 

10 NCIL-40-8 25.25±1.05 ab 7.39±0.16 l-s 7.28±0.15 y 2.84±0.19 u 

11 NCIL-40-12 21.18±1.33 e-h 5.37±0.60 st 11.65±0.65 vwx 5.30±1.18 p-s 

12 NCIL-40-18 14.04±0.48 pqr 7.40±0.10 l-s 15.95±0.55 l-s 8.20±0.70 k-o 

13 D-103 11.59±0.91 t 6.94±0.07 n-s 10.62±0.58 wx 5.60±0.70 p-s 

14 D-105 14.58±1.02 op 19.60±0.04 b 9.95±0.05 x 5.66±0.66 p-s 

15 D-106 11.83±0.09 st 6.92±0.08 n-s 7.36±0.94 y 2.54±0.04 u 

16 D-109 25.89±0.06 a 21.90±0.60 a 25.00±0.10 b 15.10±0.50 bc 

17 D-111 16.85±0.35 lmn 9.66±0.46 g-k 18.95±0.65 e-i 11.95±0.45 efg 

18 D-114 26.95±0.55 a 17.79±0.47 c 21.15±0.35 c 15.00±0.20 bc 

19 D-118 19.76±0.13 hij 8.80±0.20 h-p 10.05±0.25 x 6.55±0.25 opq 

20 D-120 15.20±0.30 nop 6.77±0.23 p-s 15.21±0.41 p-s 8.40±0.50 j-m 

21 D-122 16.26±0.37 mno 5.49±0.15 rst 18.95±0.25 e-i 12.00±0.50 efg 

22 D-123 14.70±0.20 op 17.44±0.19 c 19.05±0.05 e-i 11.90±0.10 efg 

23 D-126 18.55±0.05 jkl 6.58±0.26 qrs 20.46±0.84 cde 11.35±0.15 fgh 

24 D-131 13.63±0.01 p-s 10.77±0.17 fgh 17.80±0.60 g-k 11.30±0.10 fgh 

25 D-124 12.20±0.30 rst 12.88±0.15 de 15.90±0.50 m-s 10.70±0.20 ghi 

26 D-130 22.00±0.20 def 9.35±0.01 g-l 19.04±0.04 e-i 12.80±0.40 def 

27 D-135 20.05±0.35 g-j 9.27±0.01 g-l 10.06±0.06 x 4.90±0.30 q-t 

28 D-132 14.23±0.33 pq 8.35±0.15 i-q 17.70±0.50 g-l 10.15±0.35 hij 

29 D-133 19.45±0.25 h-k 7.63±0.99 k-q 16.65±0.15 k-q 11.92±0.48 efg 

30 D-134 11.10±0.80 t 4.54±0.54 t 14.25±0.35 r-u 9.20±0.50 ijk 

31 D-136 11.68±0.12 t 8.70±0.30 i-p 14.90±0.70 q-t 9.15±0.45 ijk 

32 D-137 11.87±0.12 st 8.33±0.05 i-q 13.50±0.00 tu 9.20±0.50 ijk 

33 D-143 21.90±0.40 d-g 10.13±0.27 f-i 11.80±1.00 vw 6.67±0.87 nop 

34 D-148 11.00±0.10 t 11.95±0.45 def 19.50±0.00 c-g 9.95±0.55 h-k 

35 D-149 18.66±0.42 i-l 9.31±0.19 g-l 18.65±0.25 f-j 8.95±0.75 ijk 

36 D-150 20.65±0.15 fgh 6.56±0.10 qrs 17.65±0.05 h-m 8.75±0.15 jkl 

37 D-152 12.61±0.19 q-t 11.91±0.07 def 17.50±0.70 i-n 9.85±0.35 h-k 

38 D-153 10.90±0.30 t 8.92±0.08 h-o 17.45±0.05 i-n 9.92±0.12 h-k 

39 D-155 24.05±0.55 bc 8.50±0.02 i-q 19.15±0.35 e-i 9.80±0.30 h-k 

40 D-157 21.00±0.50 fgh 6.55±0.15 qrs 25.90±0.50 ab 16.00±0.20 b 

41 D-158 17.40±0.10 lm 8.05±0.01 j-q 19.35±0.15 d-h 10.70±0.20 ghi 

42 W 64 TMS 12.10±0.20 st 20.35±0.25 ab 15.80±0.80 n-s 8.30±0.10 k-n 

43 W 64 SP 13.70±0.20 p-s 6.85±0.75 o-s 15.75±1.55 n-s 8.52±0.11 jkl 

44 OH 54-3A 15.15±0.45 nop 7.65±0.37 k-q 14.19±0.31 stu 6.71±0.41 m-p 

45 OH-8 26.37±0.47 a 9.96±0.48 g-j 19.67±0.33 c-f 13.65±0.15 cd 

46 Antigua-1 14.20±0.70 pq 7.76±0.14 k-q 18.00±0.60 f-k 9.85±0.35 h-k 

47 AES-204 16.98±0.34 lmn 11.16±0.46 efg 17.99±0.22 f-k 9.95±0.45 h-k 

48 A-638 17.60±1.10 klm 7.10±0.66 m-s 15.99±0.52 l-r 8.30±0.20 k-n 

49 A-556 14.65±0.05 op 8.00±0.70 j-q 17.05±0.55 j-o 9.10±0.20 ijk 

50 M-14 24.05±0.45 bc 9.25±0.15 g-l 27.00±0.20 a 19.00±0.50 a 

LSD (5 %) 37.43 121.16 67.82 40.49 

C.V%  6.24 5.11 4.69 8.32 
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Appendix 3: Mean values and statistical significance of maize inbred line at seedling 

stage 

 

Sr. 

No. 

Inbred lines Dry shoot weight Dry root weight 

Normal Water stress Normal Water stress 

1 NCIL-10-4 2.86±0.00 abc 1.45±0.35 d-i 3.77±0.10 q 1.36±0.04 o-t 

2 NCIL-10-5 2.57±0.20 a-f 1.50±0.10 c-h 4.91±0.06 mno 2.12±0.03 i-l 

3 NCIL-10-23 2.45±0.12 b-i 1.30±0.20 e-i 3.45±0.05 q 1.17±0.04 p-u 

4 NCIL-20-4 2.36±0.21 b-j 1.45±0.45 d-i 2.37±0.16 rst 0.97±0.01 r-w 

5 NCIL-20-11 2.86±0.12 abc 1.30±0.07 e-i 4.31±0.06 p 2.30±0.02 g-k 

6 NCIL-20-20 3.17±0.31 a 2.27±0.14 ab 11.25±0.55 f 5.55±0.13 c 

7 NCIL-30-4 1.99±0.37 e-l 1.57±0.37 c-h 2.59±0.04 rs 0.85±0.01 t-w 

8 NCIL-30-5 2.99±0.36 ab 1.56±0.24 c-h 2.20±0.01 stu 1.05±0.05 q-v 

9 NCIL-30-15 2.86±0.23 abc 1.65±0.15 b-h 3.52±0.04 q 1.45±0.05 o-s 

10 NCIL-40-8 2.48±0.05 b-h 1.74±0.05 b-h 3.74±0.11 q 1.39±0.03 o-t 

11 NCIL-40-12 2.69±0.31 a-d 2.15±0.35 abc 7.70±0.10 i 2.46±0.12 f-j 

12 NCIL-40-18 2.55±0.02 a-g 1.90±0.10 a-e 5.35±0.05 klm 2.05±0.05 j-n 

13 D-103 2.41±0.03 b-j 1.51±0.04 c-h 4.58±0.37 op 2.06±0.06 j-m 

14 D-105 2.46±0.31 b-h 1.53±0.07 c-h 2.39±0.15 rst 1.11±0.10 q-v 

15 D-106 2.56±0.03 a-f 1.55±0.05 c-h 3.60±0.06 q 2.20±0.20 h-l 

16 D-109 2.86±0.14 abc 1.84±0.05 b-g 12.03±0.45 e 6.41±0.13 b 

17 D-111 2.26±0.07 c-k 1.30±0.10 e-i 4.39±0.05 op 2.05±0.05 j-n 

18 D-114 2.32±0.04 c-j 1.72±0.04 b-h 13.59±0.05 c 7.12±0.48 a 

19 D-118 2.67±0.16 a-d 1.45±0.05 d-i 4.71±0.06 nop 2.50±0.10 f-j 

20 D-120 1.85±0.05 h-m 1.55±0.05 c-h 3.45±0.01 q 1.55±0.05 m-q 

21 D-122 2.68±0.15 a-d 1.57±0.07 c-h 1.75±0.05 uv 0.60±0.06 vw 

22 D-123 2.64±0.17 a-e 1.39±0.04 d-i 1.90±0.08 tuv 0.76±0.02 uvw 

23 D-126 2.68±0.05 a-d 1.55±0.15 c-h 5.84±0.15 jk 2.77±0.05 fgh 

24 D-131 2.15±0.27 d-k 1.19±0.21 ghi 8.35±0.55 h 3.33±0.34 de 

25 D-124 2.56±0.06 a-f 1.25±0.05 e-i 5.66±0.02 kl 2.71±0.04 fgh 

26 D-130 2.75±0.27 a-d 1.35±0.05 e-i 7.45±0.05 i 2.93±0.05 ef 

27 D-135 0.93±0.06 no 1.16±0.05 hi 5.21±0.08 lmn 2.70±0.10 fgh 

28 D-132 2.62±0.35 a-e 1.49±0.05 d-h 4.48±0.08 op 3.77±0.07 d 

29 D-133 2.62±0.03 a-e 1.48±0.06 d-i 3.59±0.07 q 1.50±0.10 n-r 

30 D-134 1.46±0.13 lmn 1.21±0.05 f-i 3.43±0.02 q 0.94±0.00 s-w 

31 D-136 1.45±0.20 lmn 1.58±0.01 c-h 2.78±0.06 r 2.69±0.03 fgh 

32 D-137 1.40±0.01 l-o 1.85±0.05 b-g 9.67±0.01 g 3.76±0.02 d 

33 D-143 0.85±0.05 o 1.26±0.05 e-i 5.48±0.14 kl 2.26±0.12 h-l 

34 D-148 2.16±0.05 d-k 1.52±0.01 c-h 4.59±0.15 op 2.20±0.20 h-l 

35 D-149 1.96±0.07 f-l 1.32±0.38 e-i 4.75±0.05 nop 2.66±0.16 f-i 

36 D-150 2.57±0.13 a-f 1.77±0.10 b-h 4.45±0.05 op 1.69±0.09 l-p 

37 D-152 2.91±0.01 abc 1.43±0.02 d-i 4.75±0.02 nop 2.24±0.12 h-l 

38 D-153 2.64±0.15 a-e 1.86±0.52 b-f 3.56±0.14 q 1.25±0.05 o-u 

39 D-155 2.60±0.04 a-f 2.47±0.16 a 4.74±0.10 nop 2.32±0.10 g-k 

40 D-157 2.43±0.01 b-j 2.02±0.01 a-d 12.92±0.67 d 6.37±0.02 b 

41 D-158 1.91±0.08 g-l 1.16±0.05 hi 4.95±0.00 mno 2.85±0.05 efg 

42 W 64 TMS 2.55±0.00 a-g 1.33±0.33 e-i 1.55±0.05 v 0.45±0.05 w 

43 W 64 SP 1.80±0.86 j-m 1.49±0.14 d-i 6.18±0.02 j 2.45±0.15 f-j 

44 OH 54-3A 1.65±0.20 klm 1.29±0.05 e-i 1.74±0.02 uv 0.98±0.02 r-w 

45 OH-8 2.41±0.04 b-j 1.78±0.01 b-h 15.37±0.48 a 7.24±0.26 a 

46 Antigua-1 1.82±0.03 i-m 0.84±0.03 i 4.33±0.47 p 1.72±0.04 l-p 

47 AES-204 1.44±0.11 lmn 1.53±0.02 c-h 4.55±0.05 op 2.02±0.01 j-n 

48 A-638 1.28±0.19 mno 1.16±0.05 hi 3.69±0.09 q 2.10±0.04 i-m 

49 A-556 2.44±0.03 b-i 1.55±0.05 c-h 4.85±0.05 m-p 1.81±0.07 k-o 

50 M-14 2.16±0.05 d-k 1.78±0.08 b-h 14.50±0.18 b 7.62±0.08 a 

LSD (5 %) 7.11 3.09 265.86   220.23 

C.V%  12.48 15.73 5.42 6.62 
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Appendix 4: Mean values and statistical significance of maize inbred line at seedling 

stage 
 

Sr. No. 
Inbred 

lines 

Root shoot ratio Total dry matter 

Normal Water stress Normal Water stress 

1 NCIL-10-4 1.32±0.04 o-t 0.99±0.21 k-q 6.63±0.10 m-r 2.81±0.39 n-s 

2 NCIL-10-5 1.93±0.18 j-q 1.42±0.11 g-p 7.48±0.14 jkl 3.62±0.08 i-m 

3 NCIL-10-23 1.42±0.04 m-t 0.92±0.11 k-q 5.90±0.17 rs 2.47±0.25 q-t 

4 NCIL-20-4 1.02±0.16 q-t 0.74±0.23 m-q 4.73±0.04 t-x 2.41±0.44 q-t 

5 NCIL-20-11 1.51±0.08 m-t 1.77±0.11 e-m 7.17±0.05 klm 3.60±0.05 i-m 

6 NCIL-20-20 3.61±0.53 efg 2.46±0.21 c-f 14.42±0.25 e 7.82±0.01 d 

7 NCIL-30-4 1.35±0.27 n-t 0.57±0.13 opq 4.58±0.33 t-x 2.41±0.37 q-t 

8 NCIL-30-5 0.75±0.09 rst 0.69±0.08 n-q 5.19±0.35 tu 2.61±0.29 o-s 

9 NCIL-30-15 1.24±0.11 o-t 0.89±0.11 k-q 6.37±0.18 n-r 3.10±0.10 l-q 

10 NCIL-40-8 1.51±0.01 m-t 0.80±0.04 k-q 6.21±0.16 pqr 3.13±0.02 l-q 

11 NCIL-40-12 2.91±0.38 g-j 1.17±0.14 h-q 10.39±0.21 g 4.61±0.47 fgh 

12 NCIL-40-18 2.10±0.03 i-p 1.09±0.09 i-q 7.90±0.03 hij 3.95±0.05 h-k 

13 D-103 1.91±0.14 j-q 1.37±0.01 g-q 6.99±0.40 k-o 3.57±0.10 i-n 

14 D-105 1.00±0.19 q-t 0.73±0.09 m-q 4.85±0.16 t-w 2.63±0.03 o-s 

15 D-106 1.41±0.01 m-t 1.42±0.09 g-p 6.16±0.09 pqr 3.75±0.25 i-l 

16 D-109 4.22±0.04 e 3.49±0.17 ab 14.88±0.58 de 8.25±0.08 cd 

17 D-111 1.95±0.08 j-q 1.59±0.09 e-o 6.65±0.02 m-r 3.35±0.15 k-o 

18 D-114 5.88±0.14 bcd 4.16±0.37 a 15.91±0.00 c 8.84±0.44 abc 

19 D-118 1.78±0.13 k-q 1.72±0.01 e-n 7.37±0.09 j-m 3.95±0.15 h-k 

20 D-120 1.87±0.04 k-q 1.01±0.07 j-q 5.30±0.05 st 3.10±0.00 l-q 

21 D-122 0.66±0.02 t 0.38±0.02 pq 4.43±0.20 vwx 2.17±0.13 st 

22 D-123 0.72±0.02 st 0.55±0.03 opq 4.54±0.25 u-x 2.15±0.02 st 

23 D-126 2.18±0.01 i-o 1.80±0.14 e-l 8.51±0.20 h 4.32±0.21 ghi 

24 D-131 3.99±0.75 ef 2.94±0.80 bcd 10.50±0.28 fg 4.52±0.13 gh 

25 D-124 2.21±0.04 h-o 2.17±0.12 d-h 8.22±0.09 hi 3.96±0.02 h-k 

26 D-130 2.74±0.29 g-k 2.17±0.12 d-h 10.20±0.22 g 4.28±0.01 g-j 

27 D-135 5.65±0.26 cd 2.35±0.20 c-g 6.13±0.13 pqr 3.86±0.04 h-l 

28 D-132 1.75±0.26 k-r 2.54±0.14 cde 7.10±0.27 k-n 5.26±0.02 ef 

29 D-133 1.37±0.04 n-t 1.03±0.11 i-q 6.21±0.04 pqr 2.98±0.04 m-r 

30 D-134 2.37±0.19 h-n 0.78±0.04 l-q 4.89±0.15 t-w 2.15±0.04 st 

31 D-136 1.97±0.31 i-q 1.71±0.03 e-n 4.23±0.14 wx 4.27±0.02 g-j 

32 D-137 6.93±0.02 a 2.04±0.07 d-j 11.06±0.02 f 5.61±0.03 e 

33 D-143 6.46±0.22 abc 1.80±0.17 e-l 6.33±0.19 o-r 3.52±0.07 j-n 

34 D-148 2.13±0.12 i-o 1.45±0.13 f-o 6.75±0.10 l-p 3.72±0.21 i-m 

35 D-149 2.43±0.07 h-m 2.24±0.76 c-g 6.71±0.12 m-q 3.98±0.22 h-k 

36 D-150 1.74±0.11 k-s 0.96±0.00 k-q 7.02±0.08 k-o 3.46±0.19 k-n 

37 D-152 1.63±0.01 l-t 1.57±0.11 e-o 7.66±0.02 ijk 3.67±0.10 i-m 

38 D-153 1.36±0.13 n-t 0.73±0.18 m-q 6.20±0.01 pqr 3.11±0.57 l-q 

39 D-155 1.83±0.06 k-q 0.94±0.02 k-q 7.34±0.06 j-m 4.79±0.26 fg 

40 D-157 5.33±0.29 d 3.15±0.02 bc 15.34±0.66 cd 8.39±0.00 bcd 

41 D-158 2.60±0.11 h-l 2.48±0.17 c-f 6.85±0.07 l-p 4.01±0.00 h-k 

42 W 64 TMS 0.61±0.02 t 0.37±0.13 q 4.10±0.06 x 1.78±0.28 t 

43 W 64 SP 4.46±2.14 e 1.68±0.26 e-n 7.98±0.84 hij 3.94±0.02 h-k 

44 OH 54-3A 1.07±0.14 p-t 0.76±0.01 l-q 3.39±0.18 y 2.27±0.07 rst 

45 OH-8 6.38±0.30 abc 4.07±0.17 a 17.78±0.44 a 9.02±0.25 ab 

46 Antigua-1 2.39±0.29 h-n 2.05±0.12 d-i 6.14±0.44 pqr 2.56±0.01 p-s 

47 AES-204 3.19±0.20 fgh 1.32±0.01 g-q 5.99±0.16 qr 3.54±0.02 j-n 

48 A-638 2.96±0.51 ghi 1.83±0.13 e-k 4.97±0.10 tuv 3.26±0.01 k-p 

49 A-556 1.99±0.01 i-q 1.17±0.01 h-q 7.29±0.08 j-m 3.36±0.12 k-o 

50 M-14 6.73±0.06 ab 4.29±0.24 a 16.66±0.23 b 9.40±0.00 a 

LSD (5 %) 12.41 22.48 190.67 95.66 

C.V%  12.45 16.39 4.60 6.73 
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Appendix 5: Mean values and statistical significance of maize inbred line at seedling 

stage 

Sr. No. 
Inbred lines Cell membrane thermo-stability Coleoptile length 

Normal Water stress Normal Water stress 

1 NCIL-10-4 56.90±1.50 o-r 35.00±1.00 j-p 10.75±0.45 d-g 5.30±0.10 c-f 

2 NCIL-10-5 68.90±0.50 h-n 38.50±0.50 h-n 9.25±1.15 f-j 4.00±0.60 e-i 

3 NCIL-10-23 61.50±1.50 m-q 41.00±1.00 g-m 8.40±0.50 h-l 2.85±0.05 g-k 

4 NCIL-20-4 83.00±1.00 a-d 51.50±0.50 b-f 10.60±0.20 d-g 3.05±0.65 g-k 

5 NCIL-20-11 65.50±0.50 k-p 34.50±0.50 k-p 11.90±0.70 cde 4.25±0.15 d-i 

6 NCIL-20-20 84.50±0.50 ab 68.50±0.50 ab 12.05±0.35 cde 6.20±0.20 bcd 

7 NCIL-30-4 82.65±0.65 a-d 49.50±0.50 c-g 9.70±0.10 f-i 3.45±0.05 e-k 

8 NCIL-30-5 73.50±0.50 d-l 44.00±1.00 f-k 9.05±0.35 f-j 2.50±0.30 g-k 

9 NCIL-30-15 60.50±1.50 n-q 35.00±1.00 j-p 10.80±0.60 d-g 4.60±0.50 d-g 

10 NCIL-40-8 62.25±0.75 m-p 36.50±0.50 i-o 10.20±0.10 e-h 3.95±0.05 e-j 

11 NCIL-40-12 67.50±0.50 i-n 33.00±1.00 l-p 8.00±0.50 h-n 2.55±0.05 g-k 

12 NCIL-40-18 61.50±4.50 m-q 32.00±2.00 l-p 8.20±0.20 h-m 2.20±0.20 h-k 

13 D-103 66.50±7.50 j-o 35.00±3.00 j-p 7.20±0.50 j-o 2.15±0.25 h-k 

14 D-105 64.50±7.50 k-p 31.00±6.00 m-p 9.00±0.20 f-j 2.55±0.55 g-k 

15 D-106 56.50±0.50 pqr 26.50±0.50 pqr 11.05±0.35 def 2.90±0.10 g-k 

16 D-109 85.00±2.00 ab 69.56±1.50 a 13.70±0.50 bc 7.05±0.15 bc 

17 D-111 43.50±1.50 t 21.50±0.50 qrs 5.00±0.20 pq 2.80±0.30 g-k 

18 D-114 75.50±2.50 b-j 70.65±1.50 a-f 15.20±0.70 ab 8.10±0.30 ab 

19 D-118 76.50±0.50 b-i 47.50±1.50 d-h 7.20±0.70 j-o 2.85±0.35 g-k 

20 D-120 79.50±0.50 a-g 54.00±4.00 a-e 6.40±0.80 l-p 2.65±1.15 g-k 

21 D-122 77.50±0.50 a-h 44.50±3.50 f-j 9.10±0.40 f-j 2.95±0.55 g-k 

22 D-123 80.50±0.50 a-e 59.00±1.00 ab 9.05±0.65 f-j 2.75±0.05 g-k 

23 D-126 66.50±0.50 j-o 33.50±1.50 l-p 10.80±0.60 d-g 5.45±0.05 c-f 

24 D-131 82.50±0.50 a-d 45.00±1.00 e-i 10.00±0.40 e-h 4.35±0.45 d-h 

25 D-124 76.50±0.50 b-i 33.00±2.00 l-p 10.90±0.30 d-g 5.55±0.85 cde 

26 D-130 70.50±0.50 f-m 34.45±1.00 l-p 6.60±0.50 l-p 3.00±0.50 g-k 

27 D-135 81.00±1.00 a-d 36.00±1.00 i-p 7.45±0.55 j-n 3.60±0.40 e-k 

28 D-132 83.50±0.50 abc 35.50±0.50 i-p 8.20±0.30 h-m 3.90±0.20 e-j 

29 D-133 65.50±0.50 k-p 33.00±1.00 l-p 6.65±0.55 k-p 3.00±0.60 g-k 

30 D-134 75.50±0.50 b-j 39.50±0.50 h-n 7.70±0.70 i-n 3.25±0.25 f-k 

31 D-136 71.00±1.00 e-m 39.50±1.50 h-n 7.65±0.45 i-n 3.55±0.45 e-k 

32 D-137 63.50±0.50 m-p 29.50±0.50 n-q 5.90±0.50 nop 2.80±0.40 g-k 

33 D-143 68.50±0.50 h-n 37.50±0.50 i-n 8.80±0.40 g-k 3.40±1.00 e-k 

34 D-148 70.00±1.00 g-n 56.00±20.00 a-d 6.75±0.45 k-p 3.35±0.05 e-k 

35 D-149 81.00±1.00 a-d 32.50±1.50 l-p 6.15±0.25 m-p 2.20±1.00 h-k 

36 D-150 80.00±1.00 a-f 35.00±3.00 j-p 6.35±0.65 l-p 2.55±0.55 g-k 

37 D-152 67.00±1.00 i-n 34.50±0.50 k-p 5.80±0.80 nop 2.70±0.30 g-k 

38 D-153 74.00±1.00 c-k 41.50±0.50 g-l 6.60±0.60 l-p 3.60±0.50 e-k 

39 D-155 49.50±1.50 rst 27.00±1.00 o-r 4.75±0.75 pq 2.05±0.05 ijk 

40 D-157 79.00±1.00 a-g 70.05±0.50 abc 16.85±0.35 a 9.20±0.30 a 

41 D-158 82.50±0.50 a-d 41.50±0.50 g-l 3.60±0.60 q 1.60±0.50 k 

42 W 64 TMS 84.00±1.00 ab 37.50±0.50 i-n 5.15±0.45 opq 2.70±0.70 g-k 

43 W 64 SP 81.00±1.00 a-d 37.50±0.50 i-n 3.70±0.20 q 1.70±0.10 jk 

44 OH 54-3A 83.00±0.00 a-d 38.00±1.00 h-n 4.90±0.60 pq 1.60±0.50 k 

45 OH-8 83.50±1.50 abc 71.50.00±1.00 ab 12.55±0.25 cd 7.70±0.20 ab 

46 Antigua-1 45.50±0.50 st 19.50±0.50 rs 6.20±0.80 l-p 2.80±0.60 g-k 

47 AES-204 53.00±7.00 qrs 14.50±0.50 s 8.20±2.00 h-m 4.40±1.40 d-h 

48 A-638 64.00±6.00 l-p 32.50±0.50 l-p 8.15±3.05 h-m 3.90±1.70 e-j 

49 A-556 65.50±5.50 k-p 32.00±2.00 l-p 9.35±0.45 f-j 4.05±0.15 e-i 

50 M-14 86.50±0.50 a 72.50±0.50 ab 13.85±0.65 bc 8.10±0.10 ab 

LSD (5 %) 20.62 11.35 16.28 11.24 

C.V%  4.76 11.71 11.65 19.82 
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Appendix 6: Mean values and statistical significance of maize inbred line at seedling 

stage  

 

Sr. No. 
Inbred 

lines 

Relative water content Excised leaf weight loss 

Normal Water stress Normal Water stress 

1 NCIL-10-4 73.10±1.10 d-j 68.00±2.00 j-m 43.00±1.00 d-i 52.00±6.00 b-h 

2 NCIL-10-5 63.25±0.95 nop 61.00±5.00 pqr 65.50±0.50 a 68.50±0.50 a 

3 NCIL-10-23 72.65±7.45 e-j 70.00±1.00 ijk 53.00±1.00 bc 51.00±1.00 c-i 

4 NCIL-20-4 69.70±1.80 g-l 63.00±1.00 m-q 46.50±0.50 b-f 49.50±0.50 c-k 

5 NCIL-20-11 70.55±1.35 f-k 71.00±1.00 h-k 37.00±1.00 f-m 47.50±0.50 c-m 

6 NCIL-20-20 79.95±1.35 ab 82.00±2.00 abc 23.00±1.00 opq 15.50±0.50 q 

7 NCIL-30-4 75.50±0.70 b-f 75.00±1.00 e-i 34.50±0.50 g-n 42.50±2.50 g-p 

8 NCIL-30-5 65.40±1.30 k-o 60.50±0.50 qr 41.50±0.50 d-k 38.50±0.50 l-p 

9 NCIL-30-15 66.35±2.15 k-o 46.00±1.00 vw 55.50±1.50 b 61.00±1.00 ab 

10 NCIL-40-8 75.60±0.80 b-f 71.00±1.00 h-k 38.00±1.00 e-k 41.00±1.00 i-p 

11 NCIL-40-12 57.00±1.00 qr 53.00±2.00 stu 37.50±0.50 e-l 46.50±1.50 c-n 

12 NCIL-40-18 77.05±1.45 b-e 75.50±0.50 d-h 40.50±0.50 d-k 53.00±1.00 b-f 

13 D-103 62.80±0.30 op 52.00±1.00 tu 38.50±0.50 e-k 39.50±0.50 k-p 

14 D-105 69.40±0.80 h-l 68.00±1.00 j-m 49.50±0.50 bcd 55.00±1.00 b-e 

15 D-106 75.80±0.70 b-e 68.25±0.25 jkl 38.50±0.50 e-k 38.00±1.00 m-p 

16 D-109 80.00±0.50 ab 82.50±0.50 abc 18.50±0.50 pq 11.50±0.50 q 

17 D-111 68.55±1.05 i-m 63.50±1.50 l-q 38.50±2.50 e-k 47.50±1.50 c-m 

18 D-114 83.95±0.35 a 85.00±1.00 ab 20.50±0.50 pq 12.50±0.50 q 

19 D-118 55.95±1.65 qr 47.00±2.00 vw 31.00±6.00 k-o 34.50±4.50 p 

20 D-120 49.15±0.95 s 47.25±5.05 vw 34.50±5.50 g-n 40.00±5.00 j-p 

21 D-122 65.90±0.40 k-o 63.10±2.10 m-q 37.00±1.00 f-m 36.50±2.50 nop 

22 D-123 62.80±0.70 op 60.00±0.20 qr 42.50±0.50 d-j 56.50±2.50 bc 

23 D-126 66.25±1.35 k-o 67.15±0.95 k-o 36.50±3.50 f-n 40.50±2.50 j-p 

24 D-131 73.55±1.05 d-i 72.70±2.50 g-j 44.50±2.50 c-g 50.00±4.00 c-j 

25 D-124 71.95±1.45 e-j 69.85±1.65 ijk 39.50±5.50 d-k 43.50±3.50 f-p 

26 D-130 80.30±1.10 ab 71.00±0.50 h-k 47.50±0.50 b-e 48.50±1.50 c-l 

27 D-135 77.90±1.60 bcd 65.85±0.55 k-p 40.00±6.00 d-k 44.50±6.50 f-p 

28 D-132 66.35±0.55 k-o 54.80±0.30 st 35.50±0.50 g-n 38.50±1.50 l-p 

29 D-133 65.15±1.05 l-p 70.85±0.65 h-k 39.00±1.00 e-k 42.00±0.00 h-p 

30 D-134 62.20±1.00 op 57.20±3.00 rs 38.50±1.50 e-k 45.00±7.00 e-p 

31 D-136 55.05±0.25 r 50.80±0.40 tuv 26.50±0.50 nop 36.50±2.50 nop 

32 D-137 69.45±0.95 h-l 62.00±1.20 pqr 27.50±0.50 l-p 36.50±2.50 nop 

33 D-143 73.95±1.45 c-h 74.20±2.10 e-i 32.00±3.00 j-o 36.50±1.50 nop 

34 D-148 79.00±0.50 abc 80.10±0.10 cd 33.50±5.50 h-n 37.00±8.00 nop 

35 D-149 69.85±0.75 g-l 54.60±1.40 st 37.00±2.00 f-m 45.50±6.50 d-o 

36 D-150 57.30±1.60 qr 52.40±0.00 stu 39.50±2.50 d-k 45.00±9.00 e-p 

37 D-152 78.75±0.45 bc 78.50±0.20 c-f 31.50±4.50 k-o 38.00±1.00 m-p 

38 D-153 56.20±0.00 qr 49.25±0.95 uvw 33.50±4.50 h-n 36.00±1.00 nop 

39 D-155 64.75±0.45 l-p 62.85±0.35 n-q 39.00±9.00 e-k 36.00±2.00 nop 

40 D-157 60.20±1.00 pq 80.35±0.85 bcd 14.00±1.00 q 10.50±0.50 q 

41 D-158 45.20±0.40 s 45.25±1.05 w 33.00±1.00 i-n 42.50±2.50 g-p 

42 W 64 TMS 57.00±0.50 qr 53.30±1.90 stu 31.50±4.50 k-o 35.00±3.00 op 

43 W 64 SP 65.35±0.85 k-p 61.80±1.30 pqr 37.50±0.50 e-l 38.50±2.50 l-p 

44 OH 54-3A 74.70±0.60 c-g 76.35±1.85 d-g 42.50±0.50 d-j 51.00±3.00 c-i 

45 OH-8 63.60±0.60 m-p 79.05±0.45 cde 15.00±1.00 q 12.00±1.00 q 

46 Antigua-1 64.05±0.85 m-p 62.35±1.15 opq 27.00±1.00 m-p 34.50±2.50 p 

47 AES-204 68.30±0.60 j-n 67.75±2.45 j-n 36.00±1.00 f-n 40.50±4.50 j-p 

48 A-638 83.90±0.60 a 73.55±2.05 f-i 44.00±2.00 c-h 52.50±3.50 b-g 

49 A-556 77.00±0.50 b-e 77.70±0.50 c-g 45.00±2.00 c-g 55.50±2.50 bcd 

50 M-14 83.90±0.70 a 86.60±1.00 a 21.00±1.00 pq 13.50±0.50 q 

LSD (5 %) 39.26 44.90 12.30 15.18 

C.V%  2.96 3.56 10.73 11.43 
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Appendix 7: Mean values and statistical significance of maize inbred line at seedling stage 

Sr. No. Inbred lines 
Leaf Temperature 

Normal Water stress 

1 NCIL-10-4 34.15±0.95 a-d 37.20±0.50 a-i 

2 NCIL-10-5 34.40±0.10 a-d 38.85±0.15 a-d 

3 NCIL-10-23 33.15±0.65 a-f 38.30±0.00 a-e 

4 NCIL-20-4 32.20±1.00 a-f 39.65±0.65 ab 

5 NCIL-20-11 34.80±0.40 abc 40.20±1.50 a 

6 NCIL-20-20 31.30±0.80 c-f 33.65±0.45 h-l 

7 NCIL-30-4 32.60±0.50 a-f 37.00±0.70 a-j 

8 NCIL-30-5 32.50±0.60 a-f 35.85±0.15 b-l 

9 NCIL-30-15 33.30±1.20 a-f 39.00±0.70 a-d 

10 NCIL-40-8 33.35±0.15 a-f 37.35±2.35 a-h 

11 NCIL-40-12 33.75±0.35 a-d 39.35±0.65 abc 

12 NCIL-40-18 29.80±0.30 f 38.85±1.15 a-d 

13 D-103 29.90±1.50 ef 36.00±0.00 b-l 

14 D-105 31.35±1.15 c-f 36.65±0.65 a-k 

15 D-106 31.85±2.35 b-f 38.85±0.85 a-d 

16 D-109 32.00±1.80 a-f 32.95±0.45 kl 

17 D-111 31.40±0.90 c-f 39.50±1.20 abc 

18 D-114 32.55±1.05 a-f 33.25±0.35 jkl 

19 D-118 33.70±0.50 a-e 36.50±1.50 a-k 

20 D-120 32.70±1.20 a-f 35.80±0.50 c-l 

21 D-122 31.35±0.45 c-f 34.85±0.85 e-l 

22 D-123 33.65±1.45 a-e 39.00±2.00 a-d 

23 D-126 33.90±0.40 a-d 38.00±1.70 a-f 

24 D-131 32.30±1.10 a-f 32.50±0.80 l 

25 D-124 31.25±0.65 c-f 32.50±0.50 l 

26 D-130 31.15±0.35 c-f 35.50±0.50 d-l 

27 D-135 33.40±1.10 a-f 35.50±1.50 d-l 

28 D-132 35.70±0.50 a 35.50±0.50 d-l 

29 D-133 33.45±1.05 a-f 37.50±0.50 a-g 

30 D-134 34.15±2.35 a-d 37.00±2.00 a-j 

31 D-136 35.30±2.20 ab 37.50±2.50 a-g 

32 D-137 33.00±1.50 a-f 36.50±1.50 a-k 

33 D-143 32.80±0.70 a-f 39.00±1.00 a-d 

34 D-148 31.75±0.35 b-f 38.00±0.00 a-f 

35 D-149 33.65±0.55 a-e 37.50±0.50 a-g 

36 D-150 31.65±1.55 b-f 36.50±0.50 a-k 

37 D-152 33.50±0.10 a-f 36.00±1.00 b-l 

38 D-153 30.85±0.35 def 36.00±2.00 b-l 

39 D-155 32.70±0.40 a-f 35.50±0.50 d-l 

40 D-157 31.80±0.30 b-f 33.85±0.35 g-l 

41 D-158 33.90±0.30 a-d 34.50±0.50 f-l 

42 W 64 TMS 34.60±0.60 a-d 36.00±1.00 b-l 

43 W 64 SP 33.25±0.55 a-f 37.00±0.00 a-j 

44 OH 54-3A 34.05±0.15 a-d 40.00±1.00 a 

45 OH-8 33.60±0.50 a-f 40.00±1.00 a 

46 Antigua-1 32.65±0.15 a-f 37.00±1.00 a-j 

47 AES-204 34.65±0.45 a-d 33.50±2.50 i-l 

48 A-638 32.60±0.60 a-f 35.50±2.50 d-l 

49 A-556 32.65±0.45 a-f 34.00±2.00 g-l 

50 M-14 33.70±0.50 a-e 33.40±1.10 jkl 

LSD (5 %) 1.79 3.22 

C.V%  4.17 4.58 
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Appendix 8: Means, LSD and CV% for cell membrane thermostability of maize in a 6×6 

diallel cross 

Genotype Soil Mean 

Normal Stress 

M-14 64.10 ± 0.64 43.40 ± 0.74 53.75 ± 4.65 

M-14 x OH-8 65.43 ± 0.63 50.93 ± 0.79 58.18 ± 3.27 

M-14 x D-157 72.60 ± 0.75 53.46 ± 1.04 63.03 ± 4.32 

M-14 x D-114 68.94 ± 0.89 52.18 ± 0.83 60.56 ± 3.79 

M-14 x D-109 59.96 ± 1.00 37.46 ± 0.99 48.71 ± 5.07 

NCIL-20-20 72.78 ± 1.03 54.66 ± 0.96 63.72 ± 4.10 

OH-8 64.98 ± 0.71 50.78 ± 1.28 57.88 ± 3.24 

OH-8 x M-14 67.68 ± 1.50 46.49 ± 1.34 57.09 ± 4.82 

OH-8 x D-157 72.76 ± 0.83 52.87 ± 1.00 62.82 ± 4.49 

OH-8 x D-114 76.05 ± 0.38 53.48 ± 1.01 64.77 ± 5.07 

OH-8 x D-109 64.13 ± 0.84 39.13 ± 0.79 51.63 ± 5.61 

OH-8 x NCIL-20-20 76.49 ± 0.55 53.13 ± 1.26 64.81 ± 5.26 

D-157 72.78 ± 0.35 53.28 ± 1.09 63.03 ± 4.39 

D-157 x M-14 72.79 ± 0.77 52.57 ± 0.51 62.68 ± 4.54 

D-157 x OH-8 81.34 ± 0.86 59.19 ± 1.08 70.27 ± 4.99 

D-157 x D-114 80.87 ± 0.13 58.51 ± 1.68 69.69 ± 5.06 

D-157 x D-109 71.75 ± 0.81 46.20 ± 0.42 58.98 ± 5.73 

D-157 x NCIL-20-20 80.49 ± 0.76 61.66 ± 0.91 71.07 ± 4.24 

D-114 68.23 ± 0.38 52.34 ± 1.00 60.29 ± 3.58 

D-114 x M-14 76.06 ± 0.68 53.59 ± 0.55 64.82 ± 5.04 

D-114 x OH-8 79.52 ± 0.68 58.51 ± 1.45 69.02 ± 4.75 

D-114 x D-157 79.27 ± 0.55 55.78 ± 0.77 67.52 ± 5.27 

D-114 x D-109 67.75 ± 0.67 45.64 ± 1.60 56.69 ± 5.01 

D-114 x NCIL-20-20 82.27 ± 1.25 59.42 ± 0.56 70.85 ± 5.15 

D-109 60.77 ± 0.94 37.42 ± 0.98 49.10 ± 5.26 

D-109 x M-14 64.13 ± 0.87 39.92 ± 1.25 52.03 ± 5.46 

D-109 x OH-8 71.76 ± 0.42 46.26 ± 0.48 59.01 ± 5.71 

D-109 x D-157 67.71 ± 0.77 45.74 ± 1.62 56.72 ± 4.98 

D-109 x D-114 59.13 ± 0.77 36.16 ± 1.51 47.65 ± 5.19 

D-109 x NCIL-20-20 71.32 ± 1.23 50.19 ± 0.97 60.75 ± 4.78 

NCIL-20-20  73.01 ± 1.41 54.65 ± 0.53 63.83 ± 4.16 

NCIL-20-20 x M-14 76.51 ± 1.00 53.11 ± 0.64 64.81 ± 5.26 

NCIL-20-20 x OH-8  82.71 ± 0.93 61.83 ± 0.99 72.27 ± 4.71 

NCIL-20-20 x D-157  81.45 ± 0.49 59.51 ± 1.10 70.48 ± 4.94 

NCIL-20-20 x D-114  70.06 ± 0.82 50.23 ± 0.93 60.15 ± 4.47 

NCIL-20-20 x D-109 82.42 ± 1.16 61.42 ± 1.18 71.92 ± 4.75 

Mean 72.22 ± 0.66 51.14 ± 0.70    

 

CV% 
2.01   3.51      

 

LSD 
66.64   47.4      
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Appendix 9: Means, LSD and CV% for stomatal conductance of maize in a 6×6 diallel 

cross 

Genotype Soil Mean 

Normal Stress 

M-14 0.147 ± 0.001 0.095 ± 0.002 0.121 ± 0.012 

M-14 x OH-8 0.148 ± 0.002 0.110 ± 0.001 0.129 ± 0.009 

M-14 x D-157 0.162 ± 0.001 0.117 ± 0.001 0.139 ± 0.010 

M-14 x D-114 0.156 ± 0.001 0.117 ± 0.001 0.137 ± 0.009 

M-14 x D-109 0.140 ± 0.005 0.069 ± 0.002 0.105 ± 0.016 

NCIL-20-20 0.158 ± 0.002 0.127 ± 0.001 0.142 ± 0.007 

OH-8 0.151 ± 0.004 0.112 ± 0.002 0.131 ± 0.009 

OH-8 x M-14 0.155 ± 0.001 0.120 ± 0.003 0.137 ± 0.008 

OH-8 x D-157 0.161 ± 0.002 0.123 ± 0.002 0.142 ± 0.009 

OH-8 x D-114 0.155 ± 0.002 0.124 ± 0.002 0.140 ± 0.007 

OH-8 x D-109 0.149 ± 0.001 0.081 ± 0.002 0.115 ± 0.015 

OH-8 x NCIL-20-20 0.167 ± 0.001 0.145 ± 0.002 0.156 ± 0.005 

D-157 0.162 ± 0.001 0.117 ± 0.001 0.139 ± 0.010 

D-157 x M-14 0.161 ± 0.001 0.119 ± 0.001 0.140 ± 0.009 

D-157 x OH-8 0.173 ± 0.001 0.145 ± 0.001 0.159 ± 0.006 

D-157 x D-114 0.170 ± 0.001 0.146 ± 0.003 0.158 ± 0.006 

D-157 x D-109 0.153 ± 0.003 0.105 ± 0.002 0.129 ± 0.011 

D-157 x NCIL-20-20 0.181 ± 0.002 0.151 ± 0.003 0.166 ± 0.007 

D-114 0.156 ± 0.001 0.117 ± 0.001 0.136 ± 0.009 

D-114 x M-14 0.155 ± 0.001 0.123 ± 0.002 0.139 ± 0.007 

D-114 x OH-8 0.170 ± 0.001 0.142 ± 0.002 0.156 ± 0.006 

D-114 x D-157 0.166 ± 0.001 0.142 ± 0.001 0.154 ± 0.005 

D-114 x D-109 0.147 ± 0.002 0.103 ± 0.001 0.125 ± 0.010 

D-114 x NCIL-20-20 0.172 ± 0.002 0.158 ± 0.002 0.165 ± 0.003 

D-109 0.140 ± 0.002 0.073 ± 0.004 0.107 ± 0.015 

D-109 x M-14 0.149 ± 0.002 0.079 ± 0.004 0.114 ± 0.016 

D-109 x OH-8 0.153 ± 0.003 0.105 ± 0.002 0.129 ± 0.011 

D-109 x D-157 0.147 ± 0.002 0.103 ± 0.001 0.125 ± 0.010 

D-109 x D-114 0.138 ± 0.001 0.058 ± 0.002 0.098 ± 0.018 

D-109 x NCIL-20-20 0.155 ± 0.002 0.105 ± 0.001 0.130 ± 0.011 

NCIL-20-20  0.157 ± 0.001 0.126 ± 0.001 0.142 ± 0.007 

NCIL-20-20 x M-14 0.166 ± 0.001 0.145 ± 0.002 0.156 ± 0.005 

NCIL-20-20 x OH-8  0.181 ± 0.002 0.150 ± 0.001 0.166 ± 0.007 

NCIL-20-20 x D-157  0.172 ± 0.001 0.153 ± 0.001 0.163 ± 0.004 

NCIL-20-20 x D-114  0.169 ± 0.002 0.106 ± 0.001 0.138 ± 0.014 

NCIL-20-20 x D-109 0.181 ± 0.002 0.158 ± 0.002 0.169 ± 0.005 

Mean 0.159 ± 0.001 0.119 ± 0.002    

CV% 2.05   2.73      

LSD 37.20   193.52      
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Appendix 10: Means, LSD and CV% for leaf temperature of maize in a 6×6 diallel cross 
Genotype Soil Mean 

Normal Stress 

M-14 35.46 ± 0.31 36.97 ± 0.43 36.21 ± 0.41 

M-14 x OH-8 34.53 ± 0.33 36.28 ± 0.33 35.41 ± 0.44 

M-14 x D-157 34.90 ± 0.71 35.75 ± 0.71 35.33 ± 0.49 

M-14 x D-114 33.91 ± 0.48 36.29 ± 0.73 35.10 ± 0.66 

M-14 x D-109 35.67 ± 0.55 38.47 ± 0.36 37.07 ± 0.69 

NCIL-20-20 31.34 ± 0.66 32.66 ± 0.28 32.00 ± 0.43 

OH-8 34.95 ± 0.37 36.40 ± 0.32 35.67 ± 0.39 

OH-8 x M-14 34.48 ± 0.31 35.45 ± 0.47 34.97 ± 0.33 

OH-8 x D-157 34.04 ± 0.54 36.31 ± 0.59 35.18 ± 0.62 

OH-8 x D-114 33.83 ± 0.33 34.54 ± 1.05 34.18 ± 0.52 

OH-8 x D-109 35.32 ± 0.25 37.61 ± 0.41 36.46 ± 0.56 

OH-8 x NCIL-20-20 30.76 ± 0.26 33.95 ± 0.40 32.36 ± 0.74 

D-157 34.97 ± 0.34 36.31 ± 0.63 35.64 ± 0.44 

D-157 x M-14 32.75 ± 0.87 36.16 ± 0.36 34.45 ± 0.87 

D-157 x OH-8 32.01 ± 0.24 33.15 ± 0.41 32.58 ± 0.33 

D-157 x D-114 32.99 ± 0.44 34.41 ± 0.64 33.70 ± 0.47 

D-157 x D-109 34.95 ± 0.63 36.97 ± 0.66 35.96 ± 0.61 

D-157 x NCIL-20-20 29.03 ± 0.56 30.76 ± 0.29 29.90 ± 0.48 

D-114 34.16 ± 0.51 35.94 ± 0.63 35.05 ± 0.54 

D-114 x M-14 33.80 ± 0.41 34.34 ± 0.75 34.07 ± 0.40 

D-114 x OH-8 33.38 ± 0.36 34.49 ± 1.04 33.93 ± 0.55 

D-114 x D-157 33.63 ± 0.67 35.32 ± 0.38 34.48 ± 0.51 

D-114 x D-109 34.67 ± 0.25 36.69 ± 0.41 35.68 ± 0.50 

D-114 x NCIL-20-20 31.79 ± 0.29 34.55 ± 0.50 33.17 ± 0.67 

D-109 36.45 ± 0.50 38.47 ± 0.60 37.46 ± 0.57 

D-109 x M-14 34.31 ± 0.77 37.75 ± 0.92 36.03 ± 0.94 

D-109 x OH-8 34.67 ± 0.60 36.82 ± 0.81 35.74 ± 0.66 

D-109 x D-157 33.39 ± 0.78 36.84 ± 0.37 35.11 ± 0.86 

D-109 x D-114 36.22 ± 0.62 38.82 ± 0.35 37.52 ± 0.66 

D-109 x NCIL-20-20 32.09 ± 0.22 33.97 ± 0.45 33.03 ± 0.48 

NCIL-20-20  31.52 ± 0.67 32.88 ± 0.41 32.20 ± 0.46 

NCIL-20-20 x M-14 30.42 ± 0.52 33.85 ± 0.37 32.13 ± 0.82 

NCIL-20-20 x OH-8  31.31 ± 0.46 30.64 ± 0.79 30.98 ± 0.44 

NCIL-20-20 x D-157  31.87 ± 0.75 34.95 ± 0.92 33.41 ± 0.87 

NCIL-20-20 x D-114  32.42 ± 0.53 34.06 ± 0.23 33.24 ± 0.45 

NCIL-20-20 x D-109 29.44 ± 0.51 31.79 ± 0.33 30.62 ± 0.59 

Mean 33.37 ± 0.19 35.29 ± 0.21    

CV% 2.71   2.86      

LSD 12.68   12.21      
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Appendix 11: Means, LSD and CV% for canopy temperature depression of maize in a 

6×6 diallel cross 
Genotype Soil Mean 

Normal Stress 

M-14 3.62 ± 0.41 -1.38 ± 1.01 1.12 ± 1.22 

M-14 x OH-8 4.97 ± 0.92 -0.46 ± 0.49 2.26 ± 1.30 

M-14 x D-157 4.39 ± 0.84 0.31 ± 0.50 2.35 ± 1.01 

M-14 x D-114 6.21 ± 1.00 0.88 ± 0.89 3.54 ± 1.33 

M-14 x D-109 2.36 ± 0.26 -3.91 ± 0.83 -0.78 ± 1.45 

NCIL-20-20 7.39 ± 0.42 0.07 ± 0.66 3.73 ± 1.67 

OH-8 4.69 ± 0.43 -0.54 ± 1.04 2.08 ± 1.27 

OH-8 x M-14 3.94 ± 0.46 0.10 ± 0.90 2.02 ± 0.97 

OH-8 x D-157 3.67 ± 0.35 1.16 ± 0.70 2.41 ± 0.66 

OH-8 x D-114 4.22 ± 0.96 0.26 ± 0.37 2.24 ± 1.00 

OH-8 x D-109 0.96 ± 0.80 -2.46 ± 0.66 -0.75 ± 0.89 

OH-8 x NCIL-20-20 5.91 ± 1.00 4.28 ± 0.48 5.10 ± 0.61 

D-157 4.07 ± 0.41 0.44 ± 0.51 2.26 ± 0.86 

D-157 x M-14 3.83 ± 0.94 1.01 ± 0.91 2.42 ± 0.86 

D-157 x OH-8 6.67 ± 0.53 3.70 ± 0.40 5.19 ± 0.73 

D-157 x D-114 5.89 ± 0.88 3.10 ± 0.35 4.50 ± 0.75 

D-157 x D-109 2.33 ± 0.70 -0.46 ± 0.49 0.93 ± 0.73 

D-157 x NCIL-20-20 8.51 ± 0.50 5.40 ± 0.63 6.95 ± 0.78 

D-114 6.27 ± 0.68 0.64 ± 0.80 3.45 ± 1.34 

D-114 x M-14 4.20 ± 0.48 0.10 ± 0.23 2.15 ± 0.95 

D-114 x OH-8 5.86 ± 0.42 3.10 ± 0.26 4.48 ± 0.66 

D-114 x D-157 5.60 ± 0.65 2.40 ± 0.57 4.00 ± 0.81 

D-114 x D-109 5.23 ± 0.77 -0.66 ± 0.63 2.29 ± 1.39 

D-114 x NCIL-20-20 6.67 ± 0.65 5.12 ± 0.36 5.90 ± 0.48 

D-109 2.37 ± 0.42 -3.74 ± 0.62 -0.69 ± 1.41 

D-109 x M-14 1.06 ± 0.27 -2.38 ± 0.72 -0.66 ± 0.84 

D-109 x OH-8 2.50 ± 0.50 -0.32 ± 0.27 1.09 ± 0.68 

D-109 x D-157 5.17 ± 0.98 -0.49 ± 0.69 2.34 ± 1.37 

D-109 x D-114 1.94 ± 0.45 -3.92 ± 0.97 -0.99 ± 1.40 

D-109 x NCIL-20-20 5.54 ± 0.71 3.20 ± 0.42 4.37 ± 0.64 

NCIL-20-20  7.19 ± 0.78 0.19 ± 0.78 3.69 ± 1.64 

NCIL-20-20 x M-14 5.88 ± 0.48 4.12 ± 0.36 5.00 ± 0.48 

NCIL-20-20 x OH-8  8.48 ± 0.45 5.47 ± 0.65 6.98 ± 0.76 

NCIL-20-20 x D-157  6.53 ± 0.83 5.04 ± 0.41 5.79 ± 0.53 

NCIL-20-20 x D-114  3.33 ± 0.71 3.19 ± 0.20 3.26 ± 0.33 

NCIL-20-20 x D-109 8.04 ± 0.77 5.98 ± 0.92 7.01 ± 0.71 

Mean 4.88 ± 0.21 1.07 ± 0.28    

CV% 23.33   105.54      

LSD 20.24   17.68      
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Appendix 12 : Means, LSD and CV% of plant height of maize in a 6×6 diallel cross 
 

Genotype 

 

Soil Mean 

Normal Stress 

M-14 128.70 ± 0.79 97.80 ± 1.08 113.25 ± 6.94 

M-14 x OH-8 134.17 ± 2.71 109.00 ± 4.08 121.58 ± 6.04 

M-14 x D-157 143.67 ± 2.64 119.67 ± 0.74 131.67 ± 5.51 

M-14 x D-114 136.30 ± 2.42 104.77 ± 2.47 120.53 ± 7.22 

M-14 x D-109 120.77 ± 1.33 91.50 ± 2.34 106.13 ± 6.65 

NCIL-20-20 149.37 ± 2.09 124.37 ± 2.22 136.87 ± 5.75 

OH-8 134.60 ± 1.10 109.10 ± 0.36 121.85 ± 5.73 

OH-8 x M-14 137.83 ± 1.83 110.00 ± 1.44 123.92 ± 6.31 

OH-8 x D-157 145.13 ± 1.63 120.43 ± 0.54 132.78 ± 5.58 

OH-8 x D-114 141.10 ± 1.65 111.43 ± 0.86 126.27 ± 6.69 

OH-8 x D-109 125.73 ± 2.29 94.57 ± 0.56 110.15 ± 7.05 

OH-8 x NCIL-20-20 151.87 ± 1.86 125.60 ± 1.01 138.73 ± 5.95 

D-157 140.73 ± 1.75 119.97 ± 1.37 130.35 ± 4.75 

D-157 x M-14 145.07 ± 1.22 120.27 ± 1.45 132.67 ± 5.61 

D-157 x OH-8 153.73 ± 1.56 126.93 ± 1.37 140.33 ± 6.06 

D-157 x D-114 148.80 ± 2.07 120.03 ± 0.94 134.42 ± 6.51 

D-157 x D-109 133.57 ± 1.86 105.67 ± 1.42 119.62 ± 6.33 

D-157 x NCIL-20-20 160.80 ± 2.77 134.10 ± 1.11 147.45 ± 6.12 

D-114 135.63 ± 1.79 104.80 ± 1.72 120.22 ± 6.98 

D-114 x M-14 140.43 ± 2.56 111.10 ± 1.32 125.77 ± 6.68 

D-114 x OH-8 148.50 ± 3.32 120.00 ± 1.15 134.25 ± 6.56 

D-114 x D-157 143.17 ± 1.41 112.70 ± 1.39 127.93 ± 6.87 

D-114 x D-109 125.33 ± 0.96 99.33 ± 0.55 112.33 ± 5.83 

D-114 x NCIL-20-20 156.70 ± 0.87 127.37 ± 1.18 142.03 ± 6.59 

D-109 120.83 ± 1.79 91.07 ± 1.80 105.95 ± 6.75 

D-109 x M-14 125.40 ± 1.54 94.93 ± 0.41 110.17 ± 6.85 

D-109 x OH-8 133.50 ± 2.57 105.83 ± 1.33 119.67 ± 6.32 

D-109 x D-157 128.47 ± 0.98 100.13 ± 0.49 114.30 ± 6.35 

D-109 x D-114 113.67 ± 2.48 86.43 ± 1.58 100.05 ± 6.23 

D-109 x NCIL-20-20 140.77 ± 2.30 114.10 ± 1.23 127.43 ± 6.08 

NCIL-20-20  148.60 ± 2.74 124.37 ± 2.01 136.48 ± 5.63 

NCIL-20-20 x M-14 152.40 ± 2.52 125.43 ± 1.10 138.92 ± 6.15 

NCIL-20-20 x OH-8  161.57 ± 0.82 134.10 ± 0.67 147.83 ± 6.16 

NCIL-20-20 x D-157  155.07 ± 2.60 127.30 ± 1.13 141.18 ± 6.34 

NCIL-20-20 x D-114  140.97 ± 1.42 114.77 ± 0.75 127.87 ± 5.90 

NCIL-20-20 x D-109 168.33 ± 3.16 143.23 ± 1.49 155.78 ± 5.83 

Mean 140.87 ± 1.23 113.39 ± 1.31    

 

C.V %     2.50  2.27   

 

LSD     38.54  80.29
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 Appendix 13: Means, LSD and CV% of maize for ear height in a 6×6 diallel cross 

 

Genotype Soil Mean 

Normal Stress 

M-14 56.60 ± 1.28 35.13 ± 0.75 45.87 ± 4.85 

M-14 x OH-8 54.30 ± 1.00 37.77 ± 0.74 46.03 ± 3.74 

M-14 x D-157 57.03 ± 0.94 37.10 ± 0.97 47.07 ± 4.50 

M-14 x D-114 59.43 ± 0.54 39.47 ± 0.38 49.45 ± 4.47 

M-14 x D-109 51.07 ± 0.98 32.83 ± 0.81 41.95 ± 4.12 

NCIL-20-20 60.87 ± 1.03 42.90 ± 0.25 51.88 ± 4.05 

OH-8 54.03 ± 1.05 37.83 ± 0.72 45.93 ± 3.67 

OH-8 x M-14 52.57 ± 0.58 38.23 ± 1.52 45.40 ± 3.29 

OH-8 x D-157 58.90 ± 0.79 41.13 ± 0.64 50.02 ± 4.00 

OH-8 x D-114 54.10 ± 0.70 38.20 ± 0.31 46.15 ± 3.57 

OH-8 x D-109 49.10 ± 0.79 35.57 ± 1.04 42.33 ± 3.08 

OH-8 x NCIL-20-20 58.13 ± 1.09 46.47 ± 0.67 52.30 ± 2.67 

D-157 56.83 ± 1.04 37.13 ± 0.23 46.98 ± 4.43 

D-157 x M-14 59.23 ± 0.54 41.30 ± 1.10 50.27 ± 4.05 

D-157 x OH-8 65.83 ± 1.43 42.00 ± 0.66 53.92 ± 5.38 

D-157 x D-114 63.03 ± 0.73 42.97 ± 0.32 53.00 ± 4.50 

D-157 x D-109 54.30 ± 1.31 35.97 ± 0.72 45.13 ± 4.15 

D-157 x NCIL-20-20 67.23 ± 0.99 46.53 ± 0.67 56.88 ± 4.66 

D-114 59.47 ± 1.58 39.57 ± 0.92 49.52 ± 4.52 

D-114 x M-14 54.17 ± 0.49 39.23 ± 0.66 46.70 ± 3.36 

D-114 x OH-8 62.87 ± 0.80 42.87 ± 0.35 52.87 ± 4.49 

D-114 x D-157 60.13 ± 0.98 43.60 ± 2.05 51.87 ± 3.83 

D-114 x D-109 55.40 ± 1.70 37.77 ± 0.35 46.58 ± 4.02 

D-114 x NCIL-20-20 62.30 ± 1.00 45.73 ± 1.13 54.02 ± 3.77 

D-109 51.17 ± 0.35 32.80 ± 0.35 41.98 ± 4.11 

D-109 x M-14 49.13 ± 0.23 35.43 ± 1.10 42.28 ± 3.10 

D-109 x OH-8 54.17 ± 0.90 36.17 ± 0.45 45.17 ± 4.05 

D-109 x D-157 55.30 ± 1.47 37.57 ± 0.38 46.43 ± 4.02 

D-109 x D-114 45.13 ± 1.87 31.03 ± 1.17 38.08 ± 3.30 

D-109 x NCIL-20-20 56.17 ± 0.86 40.00 ± 0.89 48.08 ± 3.66 

NCIL-20-20  61.30 ± 0.69 42.83 ± 0.41 52.07 ± 4.14 

NCIL-20-20 x M-14 58.17 ± 1.08 46.33 ± 0.61 52.25 ± 2.70 

NCIL-20-20 x OH-8  67.00 ± 0.75 46.63 ± 0.41 56.82 ± 4.57 

NCIL-20-20 x D-157  62.00 ± 0.61 45.80 ± 0.56 53.90 ± 3.64 

NCIL-20-20 x D-114  56.10 ± 1.06 40.10 ± 0.91 48.10 ± 3.63 

NCIL-20-20 x D-109 65.33 ± 0.99 47.33 ± 0.99 56.33 ± 4.07 

Mean 57.44 ± 0.51 39.98 ± 0.43    

 

C.V% 
3.04   3.45      

 

LSD 
26.51      29.91      
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Appendix 14: Means, LSD and CV% for number of ears per plant of maize in a 6×6 

diallel cross 

Genotype Soil Mean 

Normal Stress 

M-14 1.133 ± 0.033 1.067 ± 0.033 1.100 ± 0.026 

M-14 x OH-8 1.133 ± 0.033 1.067 ± 0.033 1.100 ± 0.026 

M-14 x D-157 1.133 ± 0.033 1.067 ± 0.033 1.100 ± 0.026 

M-14 x D-114 1.133 ± 0.033 1.100 ± 0.000 1.117 ± 0.017 

M-14 x D-109 1.133 ± 0.033 1.023 ± 0.039 1.078 ± 0.034 

NCIL-20-20 1.167 ± 0.033 1.100 ± 0.058 1.133 ± 0.033 

OH-8 1.133 ± 0.033 1.033 ± 0.033 1.083 ± 0.031 

OH-8 x M-14 1.133 ± 0.033 1.133 ± 0.033 1.133 ± 0.021 

OH-8 x D-157 1.133 ± 0.033 1.133 ± 0.033 1.133 ± 0.021 

OH-8 x D-114 1.133 ± 0.033 1.167 ± 0.033 1.150 ± 0.022 

OH-8 x D-109 1.100 ± 0.058 1.027 ± 0.037 1.063 ± 0.035 

OH-8 x NCIL-20-20 1.200 ± 0.000 1.167 ± 0.033 1.183 ± 0.017 

D-157 1.167 ± 0.033 1.100 ± 0.058 1.133 ± 0.033 

D-157 x M-14 1.167 ± 0.033 1.133 ± 0.033 1.150 ± 0.022 

D-157 x OH-8 1.167 ± 0.033 1.133 ± 0.033 1.150 ± 0.022 

D-157 x D-114 1.133 ± 0.033 1.133 ± 0.033 1.133 ± 0.021 

D-157 x D-109 1.067 ± 0.033 1.033 ± 0.033 1.050 ± 0.022 

D-157 x NCIL-20-20 1.200 ± 0.000 1.167 ± 0.033 1.183 ± 0.017 

D-114 1.167 ± 0.033 1.067 ± 0.033 1.117 ± 0.031 

D-114 x M-14 1.167 ± 0.033 1.167 ± 0.033 1.167 ± 0.021 

D-114 x OH-8 1.167 ± 0.033 1.200 ± 0.000 1.183 ± 0.017 

D-114 x D-157 1.167 ± 0.033 1.133 ± 0.033 1.150 ± 0.022 

D-114 x D-109 1.133 ± 0.033 1.100 ± 0.000 1.117 ± 0.017 

D-114 x NCIL-20-20 1.233 ± 0.033 1.133 ± 0.033 1.183 ± 0.031 

D-109 1.033 ± 0.033 0.990 ± 0.010 1.012 ± 0.018 

D-109 x M-14 1.133 ± 0.033 0.993 ± 0.007 1.063 ± 0.035 

D-109 x OH-8 1.100 ± 0.000 1.033 ± 0.033 1.067 ± 0.021 

D-109 x D-157 1.133 ± 0.033 1.133 ± 0.033 1.133 ± 0.021 

D-109 x D-114 1.067 ± 0.033 1.000 ± 0.000 1.033 ± 0.021 

D-109 x NCIL-20-20 1.167 ± 0.033 1.133 ± 0.033 1.150 ± 0.022 

NCIL-20-20  1.167 ± 0.033 1.100 ± 0.058 1.133 ± 0.033 

NCIL-20-20 x M-14 1.200 ± 0.000 1.100 ± 0.058 1.150 ± 0.034 

NCIL-20-20 x OH-8  1.233 ± 0.033 1.233 ± 0.033 1.233 ± 0.021 

NCIL-20-20 x D-157  1.167 ± 0.033 1.233 ± 0.033 1.200 ± 0.026 

NCIL-20-20 x D-114  1.167 ± 0.033 1.133 ± 0.033 1.150 ± 0.022 

NCIL-20-20 x D-109 1.233 ± 0.033 1.167 ± 0.033 1.200 ± 0.026 

Mean 1.150 ± 0.006 1.106 ± 0.008    

 

CV% 
4.94   5.37      

 

LSD 
1.80   3.40      
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Appendix 15: Means, LSD and CV% for number of days to tasseling of maize in a 6×6 

diallel cross 
Genotype Soil Mean 

Normal Stress 

M-14 56.00 ± 0.58 49.00 ± 0.58 52.50 ± 1.61 

M-14 x OH-8 55.67 ± 0.33 46.33 ± 0.67 51.00 ± 2.11 

M-14 x D-157 55.33 ± 0.33 45.00 ± 0.58 50.17 ± 2.33 

M-14 x D-114 55.33 ± 0.67 43.33 ± 0.33 49.33 ± 2.70 

M-14 x D-109 57.33 ± 0.33 46.67 ± 0.33 52.00 ± 2.39 

NCIL-20-20 56.33 ± 0.33 48.67 ± 0.33 52.50 ± 1.73 

OH-8 55.67 ± 0.33 46.33 ± 0.33 51.00 ± 2.10 

OH-8 x M-14 55.67 ± 1.20 45.33 ± 0.88 50.50 ± 2.40 

OH-8 x D-157 55.00 ± 0.58 42.00 ± 0.58 48.50 ± 2.93 

OH-8 x D-114 57.00 ± 1.00 43.00 ± 1.53 50.00 ± 3.24 

OH-8 x D-109 57.33 ± 0.67 44.67 ± 0.33 51.00 ± 2.85 

OH-8 x NCIL-20-20 57.00 ± 0.58 45.33 ± 0.33 51.17 ± 2.63 

D-157 55.00 ± 0.58 45.00 ± 0.58 50.00 ± 2.27 

D-157 x M-14 55.33 ± 1.33 42.00 ± 1.00 48.67 ± 3.07 

D-157 x OH-8 55.00 ± 0.58 40.67 ± 1.20 47.83 ± 3.26 

D-157 x D-114 57.33 ± 0.33 41.00 ± 1.00 49.17 ± 3.68 

D-157 x D-109 56.67 ± 0.88 41.33 ± 0.67 49.00 ± 3.46 

D-157 x NCIL-20-20 56.67 ± 0.67 43.00 ± 1.00 49.83 ± 3.10 

D-114 57.67 ± 0.33 43.33 ± 0.33 50.50 ± 3.21 

D-114 x M-14 57.33 ± 0.67 43.00 ± 1.15 50.17 ± 3.26 

D-114 x OH-8 57.00 ± 0.58 40.67 ± 0.33 48.83 ± 3.66 

D-114 x D-157 59.00 ± 0.58 41.00 ± 0.58 50.00 ± 4.04 

D-114 x D-109 59.33 ± 0.67 41.33 ± 0.33 50.33 ± 4.04 

D-114 x NCIL-20-20 58.67 ± 0.67 44.67 ± 1.20 51.67 ± 3.19 

D-109 57.33 ± 1.20 46.67 ± 0.33 52.00 ± 2.45 

D-109 x M-14 57.67 ± 0.88 44.33 ± 0.33 51.00 ± 3.01 

D-109 x OH-8 56.33 ± 0.67 41.67 ± 0.33 49.00 ± 3.30 

D-109 x D-157 59.33 ± 0.67 41.67 ± 0.33 50.50 ± 3.96 

D-109 x D-114 59.33 ± 0.67 44.67 ± 0.88 52.00 ± 3.32 

D-109 x NCIL-20-20 58.67 ± 0.88 44.67 ± 0.33 51.67 ± 3.16 

NCIL-20-20  57.00 ± 0.58 48.67 ± 0.33 52.83 ± 1.89 

NCIL-20-20 x M-14 57.33 ± 0.67 45.67 ± 0.33 51.50 ± 2.63 

NCIL-20-20 x OH-8  56.67 ± 0.88 43.00 ± 1.15 49.83 ± 3.12 

NCIL-20-20 x D-157  58.67 ± 1.33 44.67 ± 0.88 51.67 ± 3.21 

NCIL-20-20 x D-114  58.67 ± 0.88 44.33 ± 0.67 51.50 ± 3.24 

NCIL-20-20 x D-109 57.67 ± 0.67 45.33 ± 0.33 52.50 ± 2.78 

Mean 57.06 ± 0.16 44.14 ± 0.24    

 

CV% 
2.23   2.79      

 

LSD 
3.36   10.61      
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Appendix 16: Means, LSD and CV% for number of days to silking of maize in a 6×6 

diallel cross 
 

Genotype Soil Mean 

Normal Stress 

M-14 60.00 ± 0.58 57.67 ± 1.45 58.83 ± 0.87 

M-14 x OH-8 60.00 ± 1.15 50.00 ± 1.00 55.00 ± 2.34 

M-14 x D-157 59.00 ± 0.58 47.33 ± 0.33 53.17 ± 2.63 

M-14 x D-114 61.00 ± 1.00 51.67 ± 0.88 56.33 ± 2.17 

M-14 x D-109 62.33 ± 0.33 50.67 ± 0.67 56.50 ± 2.63 

NCIL-20-20 61.33 ± 0.33 54.00 ± 0.00 57.67 ± 1.65 

OH-8 60.33 ± 0.33 50.00 ± 0.58 55.17 ± 2.33 

OH-8 x M-14 61.00 ± 1.53 51.00 ± 0.58 56.00 ± 2.35 

OH-8 x D-157 59.67 ± 0.88 48.67 ± 0.88 54.17 ± 2.52 

OH-8 x D-114 61.67 ± 0.67 53.00 ± 0.58 57.33 ± 1.98 

OH-8 x D-109 62.00 ± 0.58 53.67 ± 0.67 57.83 ± 1.90 

OH-8 x NCIL-20-20 62.00 ± 1.53 51.33 ± 0.33 56.67 ± 2.49 

D-157 59.00 ± 0.58 47.33 ± 0.33 53.17 ± 2.63 

D-157 x M-14 60.33 ± 0.88 48.67 ± 0.88 54.50 ± 2.67 

D-157 x OH-8 59.00 ± 0.58 50.00 ± 1.00 54.50 ± 2.08 

D-157 x D-114 61.00 ± 0.58 50.00 ± 1.00 55.50 ± 2.51 

D-157 x D-109 61.33 ± 0.67 53.33 ± 0.67 57.33 ± 1.84 

D-157 x NCIL-20-20 61.33 ± 0.88 50.33 ± 0.33 55.83 ± 2.50 

D-114 60.67 ± 0.67 51.67 ± 0.67 56.17 ± 2.06 

D-114 x M-14 62.00 ± 1.00 53.00 ± 0.58 57.50 ± 2.08 

D-114 x OH-8 61.00 ± 0.58 50.00 ± 0.58 55.50 ± 2.49 

D-114 x D-157 63.33 ± 0.88 53.67 ± 0.88 58.50 ± 2.23 

D-114 x D-109 64.00 ± 1.00 51.33 ± 0.88 57.67 ± 2.89 

D-114 x NCIL-20-20 63.00 ± 1.00 51.33 ± 0.88 57.17 ± 2.68 

D-109 62.33 ± 0.88 50.67 ± 0.33 56.50 ± 2.64 

D-109 x M-14 62.33 ± 0.88 53.67 ± 0.67 58.00 ± 2.00 

D-109 x OH-8 61.67 ± 0.33 53.33 ± 0.67 57.50 ± 1.89 

D-109 x D-157 63.67 ± 0.33 51.33 ± 0.88 57.50 ± 2.79 

D-109 x D-114 64.67 ± 1.20 52.67 ± 0.88 58.67 ± 2.76 

D-109 x NCIL-20-20 64.00 ± 0.58 54.33 ± 0.67 59.17 ± 2.20 

NCIL-20-20  61.67 ± 0.88 54.00 ± 0.00 57.83 ± 1.76 

NCIL-20-20 x M-14 62.00 ± 0.58 51.33 ± 0.67 56.67 ± 2.42 

NCIL-20-20 x OH-8  60.67 ± 0.33 50.33 ± 0.33 55.50 ± 2.32 

NCIL-20-20 x D-157  63.00 ± 1.00 51.33 ± 0.88 57.17 ± 2.68 

NCIL-20-20 x D-114  64.00 ± 1.15 54.33 ± 0.67 59.17 ± 2.24 

NCIL-20-20 x D-109 61.33 ± 1.76 49.33 ± 0.88 59.83 ± 1.80 

Mean 61.66 ± 0.19 51.76 ± 0.24    

 

CV% 
2.45   2.42      

 

LSD 
2.95   9.88      
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Appendix 17: Means, LSD and CV% for anthesis-silking interval of maize in a 6 × 6 

diallel cross 

Genotype Soil Mean 

Normal Stress 

M-14 4.00 ± 0.00 8.67 ± 1.20 6.33 ± 1.17 

M-14 x OH-8 4.33 ± 0.67 6.67 ± 0.33 5.50 ± 0.62 

M-14 x D-157 3.67 ± 0.33 9.00 ± 0.58 6.33 ± 1.23 

M-14 x D-114 5.67 ± 0.33 9.00 ± 0.58 7.33 ± 0.80 

M-14 x D-109 5.00 ± 0.00 8.67 ± 0.33 6.83 ± 0.83 

NCIL-20-20 5.00 ± 0.00 9.00 ± 0.58 7.00 ± 0.93 

OH-8 4.67 ± 0.33 6.00 ± 0.58 5.33 ± 0.42 

OH-8 x M-14 5.00 ± 0.58 5.67 ± 0.88 5.33 ± 0.49 

OH-8 x D-157 4.67 ± 0.33 6.67 ± 1.33 5.67 ± 0.76 

OH-8 x D-114 4.67 ± 0.33 8.33 ± 0.33 6.50 ± 0.85 

OH-8 x D-109 4.67 ± 0.33 8.67 ± 0.67 6.67 ± 0.95 

OH-8 x NCIL-20-20 5.00 ± 0.00 8.67 ± 0.33 6.83 ± 0.83 

D-157 4.00 ± 0.58 8.33 ± 0.33 6.17 ± 1.01 

D-157 x M-14 5.00 ± 0.58 6.67 ± 0.33 5.83 ± 0.48 

D-157 x OH-8 4.00 ± 0.58 9.33 ± 0.88 6.67 ± 1.28 

D-157 x D-114 3.67 ± 0.33 9.33 ± 1.86 6.50 ± 1.52 

D-157 x D-109 4.67 ± 0.33 9.67 ± 0.33 7.17 ± 1.14 

D-157 x NCIL-20-20 4.67 ± 0.33 9.67 ± 0.33 7.17 ± 1.14 

D-114 3.00 ± 0.58 8.67 ± 0.33 5.83 ± 1.30 

D-114 x M-14 4.67 ± 0.33 8.67 ± 0.88 6.67 ± 0.99 

D-114 x OH-8 4.00 ± 0.00 9.33 ± 0.67 6.67 ± 1.23 

D-114 x D-157 4.33 ± 0.88 9.33 ± 2.33 6.83 ± 1.58 

D-114 x D-109 4.67 ± 0.33 9.33 ± 0.33 7.00 ± 1.06 

D-114 x NCIL-20-20 4.33 ± 0.33 9.67 ± 0.33 7.00 ± 1.21 

D-109 5.00 ± 0.58 8.67 ± 0.33 6.83 ± 0.87 

D-109 x M-14 4.67 ± 0.33 6.00 ± 1.00 5.33 ± 0.56 

D-109 x OH-8 5.33 ± 0.33 8.67 ± 0.33 7.00 ± 0.77 

D-109 x D-157 4.33 ± 0.33 8.33 ± 0.33 6.33 ± 0.92 

D-109 x D-114 5.33 ± 0.67 8.67 ± 0.88 7.00 ± 0.89 

D-109 x NCIL-20-20 5.33 ± 0.33 9.00 ± 0.58 7.17 ± 0.87 

NCIL-20-20  4.67 ± 0.33 9.33 ± 0.33 7.00 ± 1.06 

NCIL-20-20 x M-14 4.67 ± 0.33 8.33 ± 0.67 6.50 ± 0.89 

NCIL-20-20 x OH-8  4.00 ± 0.58 9.67 ± 0.33 6.83 ± 1.30 

NCIL-20-20 x D-157  4.33 ± 0.33 9.67 ± 0.33 7.00 ± 1.21 

NCIL-20-20 x D-114  5.33 ± 0.33 8.67 ± 0.33 7.00 ± 0.77 

NCIL-20-20 x D-109 4.33 ± 0.67 5.33 ± 1.00 7.17 ± 1.38 

Mean 4.57 ± 0.08 8.56 ± 0.15    

 

CV% 
16.43   16.04      

 

LSD 
1.64   2.05      
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Appendix 18 :Means, LSD and CV% for number of kernels per row of maize in a 6×6 

diallel cross 

 

Genotype Soil Mean 

Normal Stress 

M-14 27.67 ± 0.33 20.47 ± 0.56 24.07 ± 1.64 

M-14 x OH-8 29.00 ± 0.58 21.40 ± 0.55 25.20 ± 1.74 

M-14 x D-157 30.67 ± 0.33 24.13 ± 0.79 27.40 ± 1.51 

M-14 x D-114 27.67 ± 0.33 21.00 ± 0.40 24.33 ± 1.51 

M-14 x D-109 27.33 ± 0.67 18.07 ± 0.63 22.70 ± 2.11 

NCIL-20-20 31.67 ± 0.88 24.37 ± 0.56 28.02 ± 1.70 

OH-8 29.00 ± 1.00 21.57 ± 1.04 25.28 ± 1.78 

OH-8 x M-14 30.67 ± 0.67 22.50 ± 0.61 26.58 ± 1.87 

OH-8 x D-157 31.33 ± 0.33 23.00 ± 0.46 27.17 ± 1.88 

OH-8 x D-114 30.33 ± 0.33 22.07 ± 0.18 26.20 ± 1.86 

OH-8 x D-109 26.67 ± 0.33 19.70 ± 0.71 23.18 ± 1.60 

OH-8 x NCIL-20-20 33.33 ± 0.33 25.97 ± 0.96 29.65 ± 1.71 

D-157 30.67 ± 0.67 22.47 ± 1.52 26.57 ± 1.98 

D-157 x M-14 30.33 ± 0.33 23.03 ± 0.49 26.68 ± 1.65 

D-157 x OH-8 33.00 ± 0.58 26.70 ± 0.36 29.85 ± 1.44 

D-157 x D-114 31.00 ± 0.58 24.50 ± 0.51 27.75 ± 1.49 

D-157 x D-109 28.33 ± 0.33 22.60 ± 1.08 25.47 ± 1.38 

D-157 x NCIL-20-20 34.33 ± 0.33 27.20 ± 0.53 30.77 ± 1.62 

D-114 28.67 ± 0.33 20.27 ± 1.00 24.47 ± 1.94 

D-114 x M-14 30.67 ± 0.33 22.17 ± 0.28 26.42 ± 1.91 

D-114 x OH-8 31.00 ± 1.00 24.47 ± 0.66 27.73 ± 1.56 

D-114 x D-157 30.33 ± 0.67 21.97 ± 0.85 26.15 ± 1.93 

D-114 x D-109 28.33 ± 0.67 18.73 ± 0.67 23.53 ± 2.19 

D-114 x NCIL-20-20 34.33 ± 0.88 25.37 ± 0.62 29.85 ± 2.06 

D-109 27.33 ± 0.88 18.07 ± 0.67 22.70 ± 2.13 

D-109 x M-14 26.67 ± 0.33 19.77 ± 1.24 23.22 ± 1.65 

D-109 x OH-8 28.33 ± 0.88 22.90 ± 0.47 25.62 ± 1.29 

D-109 x D-157 28.33 ± 0.33 18.67 ± 0.69 23.50 ± 2.19 

D-109 x D-114 26.00 ± 0.58 17.33 ± 0.88 21.67 ± 1.99 

D-109 x NCIL-20-20 31.67 ± 0.67 22.40 ± 1.24 27.03 ± 2.17 

NCIL-20-20  31.67 ± 1.20 24.60 ± 0.67 28.13 ± 1.70 

NCIL-20-20 x M-14 33.33 ± 0.88 25.80 ± 0.82 29.57 ± 1.77 

NCIL-20-20 x OH-8  34.33 ± 0.88 27.17 ± 0.49 30.75 ± 1.66 

NCIL-20-20 x D-157  34.33 ± 0.88 25.57 ± 0.61 29.95 ± 2.02 

NCIL-20-20 x D-114  30.00 ± 0.58 22.60 ± 0.64 26.30 ± 1.70 

NCIL-20-20 x D-109 34.67 ± 0.33 29.90 ± 0.75 32.28 ± 1.13 

Mean 30.36 ± 0.25 22.74 ± 0.30    

 

CV% 
3.67   5.67      

 

LSD 
14.90   13.39      
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Appendix 19: Means, LSD and CV% for number of kernels per ear of maize in a 6 × 6 

diallel cross 
 

Genotype Soil Mean 

Normal Stress 

M-14 295.00 ± 8.08 218.67 ± 2.03 256.83 ± 17.47 

M-14 x OH-8 324.33 ± 8.25 253.33 ± 2.85 288.83 ± 16.35 

M-14 x D-157 334.33 ± 7.45 252.00 ± 1.15 293.17 ± 18.72 

M-14 x D-114 334.33 ± 10.84 260.67 ± 0.88 297.50 ± 17.18 

M-14 x D-109 295.33 ± 8.09 212.00 ± 1.00 253.67 ± 18.99 

NCIL-20-20 374.00 ± 12.58 275.00 ± 1.73 324.50 ± 22.85 

OH-8 324.33 ± 10.35 253.33 ± 0.88 288.83 ± 16.54 

OH-8 x M-14 321.67 ± 4.41 280.33 ± 1.86 301.00 ± 9.49 

OH-8 x D-157 335.67 ± 6.17 281.33 ± 2.03 308.50 ± 12.49 

OH-8 x D-114 342.67 ± 5.24 289.00 ± 3.21 315.83 ± 12.31 

OH-8 x D-109 311.00 ± 6.08 244.00 ± 2.08 277.50 ± 15.26 

OH-8 x NCIL-20-20 366.00 ± 22.81 306.00 ± 1.73 336.00 ± 16.87 

D-157 335.00 ± 7.81 252.00 ± 0.58 293.50 ± 18.89 

D-157 x M-14 336.00 ± 8.33 281.33 ± 1.45 308.67 ± 12.79 

D-157 x OH-8 343.33 ± 9.56 288.33 ± 2.60 315.83 ± 13.07 

D-157 x D-114 354.67 ± 8.82 287.33 ± 2.03 321.00 ± 15.59 

D-157 x D-109 325.00 ± 6.43 243.67 ± 1.45 284.33 ± 18.42 

D-157 x NCIL-20-20 396.67 ± 7.75 309.00 ± 1.15 352.83 ± 19.91 

D-114 334.33 ± 12.91 260.67 ± 0.67 297.50 ± 17.46 

D-114 x M-14 342.33 ± 6.57 289.00 ± 1.15 315.67 ± 12.29 

D-114 x OH-8 354.67 ± 10.53 287.33 ± 2.19 321.00 ± 15.81 

D-114 x D-157 334.33 ± 3.48 295.00 ± 3.79 314.67 ± 9.09 

D-114 x D-109 314.33 ± 2.91 250.67 ± 1.45 282.50 ± 14.31 

D-114 x NCIL-20-20 411.00 ± 13.58 307.00 ± 1.15 359.00 ± 24.04 

D-109 295.33 ± 7.54 212.00 ± 0.58 253.67 ± 18.94 

D-109 x M-14 310.33 ± 5.04 244.33 ± 2.03 277.33 ± 14.96 

D-109 x OH-8 324.67 ± 8.41 243.67 ± 0.88 284.17 ± 18.50 

D-109 x D-157 314.33 ± 2.96 250.67 ± 0.88 282.50 ± 14.30 

D-109 x D-114 271.67 ± 4.98 207.33 ± 0.33 239.50 ± 14.56 

D-109 x NCIL-20-20 372.33 ± 8.11 266.33 ± 1.45 319.33 ± 23.99 

NCIL-20-20  374.00 ± 13.61 275.00 ± 1.15 324.50 ± 22.96 

NCIL-20-20 x M-14 366.00 ± 23.03 306.00 ± 3.06 336.00 ± 16.97 

NCIL-20-20 x OH-8  396.00 ± 7.37 309.00 ± 0.58 352.50 ± 19.73 

NCIL-20-20 x D-157  412.33 ± 14.19 307.00 ± 0.58 359.67 ± 24.39 

NCIL-20-20 x D-114  335.00 ± 5.03 266.33 ± 1.45 300.67 ± 15.53 

NCIL-20-20 x D-109 376.67 ± 9.39 328.67 ± 2.96 352.67 ± 11.60 

Mean 341.36 ± 3.43 269.26 ± 2.92    

 

CV% 
5.00   1.13      

 

LSD 
11.25   300.6      
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Appendix 20: Means, LSD and CV% for 100-kernel weight in a 6×6 diallel cross 
Genotype Soil Mean 

Normal Stress 

M-14 26.47 ± 0.19 20.73 ± 0.28 23.60 ± 1.29 

M-14 x OH-8 24.41 ± 0.71 20.97 ± 0.26 22.69 ± 0.84 

M-14 x D-157 29.79 ± 0.35 22.97 ± 0.95 26.38 ± 1.59 

M-14 x D-114 28.74 ± 0.70 22.10 ± 0.56 25.42 ± 1.54 

M-14 x D-109 24.27 ± 0.98 19.90 ± 0.21 22.08 ± 1.07 

NCIL-20-20 32.20 ± 0.61 26.43 ± 0.61 29.32 ± 1.35 

OH-8 24.43 ± 0.85 21.43 ± 0.55 22.93 ± 0.81 

OH-8 x M-14 26.97 ± 0.94 21.70 ± 0.96 24.33 ± 1.32 

OH-8 x D-157 27.60 ± 0.72 24.00 ± 1.17 25.80 ± 1.01 

OH-8 x D-114 27.17 ± 0.86 23.07 ± 0.48 25.12 ± 1.02 

OH-8 x D-109 23.87 ± 0.96 21.40 ± 0.62 22.63 ± 0.75 

OH-8 x NCIL-20-20 30.03 ± 0.76 27.07 ± 0.34 28.55 ± 0.76 

D-157 29.77 ± 0.67 23.30 ± 0.66 26.53 ± 1.51 

D-157 x M-14 27.63 ± 0.80 24.17 ± 0.69 25.90 ± 0.91 

D-157 x OH-8 30.13 ± 0.22 27.57 ± 0.50 28.85 ± 0.62 

D-157 x D-114 27.20 ± 0.93 25.37 ± 0.49 26.28 ± 0.62 

D-157 x D-109 28.07 ± 0.95 21.10 ± 0.31 24.58 ± 1.62 

D-157 x NCIL-20-20 30.30 ± 0.50 29.43 ± 0.52 29.87 ± 0.38 

D-114 28.73 ± 0.98 22.07 ± 0.35 25.40 ± 1.56 

D-114 x M-14 27.20 ± 1.06 23.10 ± 0.51 25.15 ± 1.06 

D-114 x OH-8 27.27 ± 1.13 25.27 ± 0.49 26.27 ± 0.71 

D-114 x D-157 27.57 ± 0.52 24.70 ± 0.62 26.13 ± 0.74 

D-114 x D-109 23.43 ± 0.52 21.90 ± 0.44 22.67 ± 0.46 

D-114 x NCIL-20-20 31.06 ± 0.71 28.23 ± 0.84 29.65 ± 0.80 

D-109 24.47 ± 1.23 19.60 ± 0.21 22.03 ± 1.22 

D-109 x M-14 23.87 ± 0.80 21.40 ± 0.47 22.63 ± 0.69 

D-109 x OH-8 28.07 ± 1.46 21.17 ± 0.24 24.62 ± 1.68 

D-109 x D-157 23.47 ± 0.38 21.97 ± 0.34 22.72 ± 0.40 

D-109 x D-114 24.60 ± 0.64 19.03 ± 0.23 21.82 ± 1.28 

D-109 x NCIL-20-20 28.60 ± 0.38 27.40 ± 0.52 28.00 ± 0.39 

NCIL-20-20  32.17 ± 0.80 26.47 ± 0.75 29.32 ± 1.37 

NCIL-20-20 x M-14 30.00 ± 0.84 27.17 ± 0.19 28.58 ± 0.74 

NCIL-20-20 x OH-8  30.33 ± 0.74 29.30 ± 0.57 29.82 ± 0.48 

NCIL-20-20 x D-157  31.13 ± 1.10 28.40 ± 0.90 29.77 ± 0.88 

NCIL-20-20 x D-114  28.63 ± 0.80 27.40 ± 0.64 28.02 ± 0.53 

NCIL-20-20 x D-109 34.33 ± 1.19 31.00 ± 0.32 32.67 ± 0.93 

Mean 27.89 ± 0.29 24.12 ± 0.31    

 

CV% 
5.14   4.03      

 

LSD 
11.30   32.30      
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Appendix 21: Means, LSD and CV% for grain yield per plant of maize in a 6×6 diallel 

cross 
Genotype Soil Mean 

Normal Stress 

M-14 111.13 ± 2.25 64.80 ± 1.49 87.97 ± 10.43 

M-14 x OH-8 127.60 ± 1.64 90.33 ± 1.45 108.97 ± 8.39 

M-14 x D-157 131.80 ± 0.72 96.60 ± 1.06 114.20 ± 7.89 

M-14 x D-114 125.60 ± 1.48 93.47 ± 0.41 109.53 ± 7.22 

M-14 x D-109 103.23 ± 2.97 57.37 ± 1.19 80.30 ± 10.36 

NCIL-20-20 142.73 ± 1.43 108.43 ± 1.59 125.58 ± 7.73 

OH-8 127.23 ± 1.32 83.20 ± 0.26 105.22 ± 9.86 

OH-8 x M-14 130.10 ± 0.95 101.10 ± 2.01 115.60 ± 6.56 

OH-8 x D-157 138.77 ± 1.33 115.10 ± 0.93 126.93 ± 5.34 

OH-8 x D-114 128.83 ± 0.75 107.20 ± 1.91 118.02 ± 4.92 

OH-8 x D-109 108.03 ± 1.44 76.10 ± 1.21 92.07 ± 7.19 

OH-8 x NCIL-20-20 152.50 ± 3.04 128.00 ± 0.93 140.25 ± 5.66 

D-157 132.53 ± 0.58 96.90 ± 0.21 114.72 ± 7.97 

D-157 x M-14 138.57 ± 1.59 114.07 ± 1.16 126.32 ± 5.55 

D-157 x OH-8 146.17 ± 1.31 135.17 ± 1.26 140.67 ± 2.59 

D-157 x D-114 147.30 ± 0.96 121.73 ± 0.74 134.52 ± 5.74 

D-157 x D-109 129.53 ± 0.48 91.50 ± 0.49 110.52 ± 8.51 

D-157 x NCIL-20-20 156.77 ± 0.84 145.47 ± 1.48 151.12 ± 2.64 

D-114 125.33 ± 1.25 93.77 ± 0.23 109.55 ± 7.08 

D-114 x M-14 128.67 ± 1.32 107.53 ± 0.99 118.10 ± 4.78 

D-114 x OH-8 147.03 ± 0.88 121.20 ± 0.87 134.12 ± 5.80 

D-114 x D-157 136.10 ± 0.91 114.57 ± 2.60 125.33 ± 4.97 

D-114 x D-109 111.00 ± 1.78 77.17 ± 0.75 94.08 ± 7.61 

D-114 x NCIL-20-20 142.73 ± 0.99 141.07 ± 0.47 141.90 ± 0.62 

D-109 103.37 ± 2.19 57.67 ± 0.59 80.52 ± 10.27 

D-109 x M-14 107.83 ± 1.92 81.67 ± 0.88 94.75 ± 5.93 

D-109 x OH-8 129.07 ± 0.20 91.53 ± 0.61 110.30 ± 8.40 

D-109 x D-157 111.07 ± 1.57 77.23 ± 0.71 94.15 ± 7.60 

D-109 x D-114 77.93 ± 3.53 46.73 ± 1.40 62.33 ± 7.18 

D-109 x NCIL-20-20 134.83 ± 1.09 101.77 ± 2.17 118.30 ± 7.47 

NCIL-20-20  142.73 ± 0.81 108.10 ± 1.67 125.42 ± 7.79 

NCIL-20-20 x M-14 151.80 ± 2.87 128.13 ± 0.76 139.97 ± 5.46 

NCIL-20-20 x OH-8  157.50 ± 0.85 145.37 ± 1.18 151.43 ± 2.79 

NCIL-20-20 x D-157  142.43 ± 0.58 141.30 ± 0.64 141.87 ± 0.46 

NCIL-20-20 x D-114  141.83 ± 1.09 101.77 ± 1.13 121.80 ± 8.99 

NCIL-20-20 x D-109 162.87 ± 0.74 150.00 ± 0.90 156.43 ± 2.92 

Mean 131.46 ± 1.75 103.14 ± 2.53    

 

CV% 
2.09   1.98      

 

LSD 
131.03   505.1      
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  Appendix 22. Mean Squares of various plant characters of 6 x 6 diallel cross  

a. under normal condition 

 
Source Plant 

height 

Ear 

height 

No. of 

ears/plant 

Days to 

tasselling 

Days to 

silking 

Anthesis- 

silking 

interval 

No. of 

kernels/ 

ear 

No. of 

kernels/row 

100-

kernel 

weight 

Grain 

yield/plant 

Cell 

membrane 

therm-

stability 

Leaf 

temperature 

Stomatal 

conductance 

Canopy 

temperature 

depression 

Replications 17.68 4.624 4.075 2.231 2.009 0.231 421.29 1.194 1.674 4.411 2.818 0.503 6.964 3.272 

Genotypes 476.58** 80.96** 0.005* 5.44** 6.752** 0.925* 3281.4** 18.50** 23.23** 990.4** 140.49** 10.35** 3.93** 11.868** 

Error 12.36 3.05 3.22 1.62 2.28 0.56 291.72 1.24 2.05 7.55 2.11 0.81 1.05 1.29 

 

 

 

b. under water stress condition 

 
Source Plant 

Height 

Ear 

height 

No. of 

ears/plan

t 

Days to 

tasseling 

Days to 

silking 

Anthesi

s silking 

interval 

No. of 

kernels/ 

ear 

No. of 

Kernels / 

row 

100- 

kernel 

weight 

Grain 

yield / 

plant 

Cell 

membran

e thermo-

stability 

Leaf 

temperatur

e 

Stomatal 

conductanc

e 

Canopy 

temperatur

e 

depression 

Replicatio

n 

2.175 5.841 5.837 1.361 2.787 0.777 21.92 3.025 2.283 9.480 5.780 0.532 8.747 0.377 

Genotypes 554.124*

* 

57.060*

* 

1.199** 16.064*

* 

15.497*

* 

3.866** 2799.03

** 

25.559*

* 

30.542*

* 

2103.63*

* 

153.109*

* 

12.482** 2.024** 22.578** 

Error 6.646 1.907 3.525 1.513 1.567 1.882 9.325 1.661 0.945 4.164 3.226 1.021 1.044 1.276 

 

NS = Non significant (P > 0.05); ** = Highly significant 
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         Appendix 23:  Average maximum and minimum temperature of five years  

 
 
 

 
 

Appendix 24:  Rainfall and relative humidity of five years (2005-2010) 
 

 
 


