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Abstract 
Drought is a solemn environmental factor that causes great loss of yield in maize crop. Maize 
is highly sensitive to drought. There is need to develop drought tolerance maize genotypes to 
fulfill demand of feed for livestock and food for human. For this propose prescribed study 
was conducted in the glasshouse (Experiment 1) and research area (Experiment 2) of 
Department of Plant Breeding and Genetics, University of Agriculture Faisalabad, Pakistan. 
Forty maize inbred lines were collected from different research organizations such as 
Department of Plant Breeding and Genetics, University of Agriculture Faisalabad, Maize and 
Millet Research Institute, Sahiwal and Fodder Research Institute, Sarghodha, Pakistan during 
crop season of 2009. The inbred lines were screened for drought tolerance under glasshouse 
conditions. Heritability, genetic advance and genotypic correlations were found higher for 
root length, shoot length, fresh root weight, fresh shoot weight, dry root weight and dry shoot 
weight under normal and drought conditions. On the basis of fresh root and shoot length two 
inbred lines P1 (WFTMS) and P2 (Q66) were selected as drought resistant and sensitive 
parents respectively. F1, F2, BC1 and BC2 were developed and evaluation of basic six 
generations was performed under normal and drought conditions. It was found that high 
correlation coefficients were found among plant height, cell membrane thermo-stability, leaf 
area, cob length, cob girth, rows per ear, grains per ear row, biomass per plant, 100-grian 
weight and grain yield per plant under normal condition and drought conditions. Narrow 
sense heritability of generations was found higher for leaf water potential, cell membrane 
thermo-stability, stomata size, excised leaf water loss, plant height, leaf area, cob length, cob 
girth, grain rows per cob, biomass per plant, grain yield per plant under normal condition 
while under drought condition for cell membrane thermo-stability, stomata conductance, leaf 
water potential, leaf area, cob length, cob girth, biomass per plant, 100-grain weight, grain 
yield per plant. Additive effects were found higher for biomass per plant, leaf area and leaf 
water potential under normal condition while under drought condition for cob girth. Higher 
additive effects indicated that selection of these traits may be helpful for further breeding 
program.  

Dominance effects were reported for cell membrane thermo-stability, leaf water 
potential, stomata frequency, plant height, leaf area and grain yield per plant under normal 
condition while plant height and grain yield per plant under drought condition. Selection on 
the basis of dominant effects indicated that increase may be achieved for these traits to 
improve grain yield in maize. Positive additive × additive interaction were found higher for 
cell membrane thermo-stability, stomata frequency, leaf water potential, excised leaf water 
loss, cob girth, plant height, leaf area and 100-grain weight under normal condition. While; 
stomata frequency, stomata conductance, cell membrane thermo-stability, excised leaf water 
loss, plant height, grain per ear row and grain yield per plant under drought condition. 
Positive i indicated that increase in these traits may be fixed for the improvement of yield in 
maize under normal and drought conditions. Additive × dominance interaction was found 
higher for grain per ear row under drought condition which indicated that selection may be 



delayed till further generations. Positive dominance × dominance interaction was found 
greater for biomass per plant and grain yield per plant under normal condition, and grain per 
ear row under drought condition but which were due to negative dominance genetic effects 
and may not be helpful for the improvement grain yield in maize. 

On the basis of heritability, genetic advance, correlation and genetic effects 
concluded that fresh shoot weight, dry shoot weight, root length, shoot length and emergence 
percentage at seedling stage, stomata frequency, stomata size, cell membrane thermo-
stability, leaf temperature, excised leaf water loss, plant height, leaf area, biomass per plant, 
cob girth, 100-grain weight, grain yield per plant at maturity stage may be helpful for the 
development of higher grain yield maize genotypes under drought conditions.  
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Chapter 1 

INTRODUCION 

Maize (Zea mays L.) is one of the most significant cereal crops consumed as feed, food and 

raw material in numerous industrial products useful to mankind. Maize enjoys a significant 

position in the existing cropping systems of Pakistan. It ranks third after wheat and rice for 

its grain production in Pakistan. Maize is grown in almost all the provinces of the country, 

but KPK and Punjab are the main production areas in Pakistan. It was estimated that its 70% 

production is used directly or indirectly as food and rest of it find its ways to starch 

manufacturing and poultry industries. Maize grain is rich source of starch 72%, protein 10%, 

oil 4.8%, fiber 5.8%, sugar 3.0% and ash 1.7% (Chaudhary, 1983). In Pakistan, It was grown 

on an area of 1083 thousand hectares with the annual production of 4271 thousand tons 

(Anonymous, 2012). Globally, maize is grown on an area of 144,000 thousand hectares with 

production of 695,000 thousand tones (FAO, 2008). Global demand for maize will increase 

from 526000 thousand tons to 784000 thousand tons from 1993 to 2020, with most of the 

increased requirement coming from developing countries (Rosegrant et al., 1999). 

Maize is cultivated two times in a year in Pakistan (autumn and spring). With the 

active involvement of multinationals in Pakistan, the cultivation of spring maize has been 

increased. Although the climatic and soil conditions of Pakistan are most friendly for maize 

production but still there is a very low grain yield as compared to other countries of the world 

that produces maize. It was an established fact that management inputs like improved 

varieties, seed, irrigation, sowing time, planting pattern, plant population and balanced use of 

fertilizers have an effective role in the enhancement of crop yield. Maize is generally grown 

under irrigated condition in Pakistan and due to shortage of rains, water has become scarce. 

Limitation on water use is being imposed in every crop (Araus et al., 2002). 

Maize has fibrous and shallow root system, due to which plant is dependent on 

moisture of the soil. As a C4 plant maize is a substantially more effective plant than C3 

plants like soybeans and alfalfa. Maize crop is most sensitive to water scarce conditions 

(drought) at the time of silk emergence, when the flowers are ready for pollination. The 

importance of adequate soil moisture is shown in many parts of South and North Africa, 

where occasional drought regularly causes failure to maize crop and accompanying famine. 
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Although it is grown mainly in hot and wet climates, it has been said to thrive in dry, hot, wet 

or cold conditions, meaning that it is a highly versatile crop. Maize needs 500-800 mm of 

water during its life cycle of 80-110 days (Critchley and Klaus, 1991). According to 

Jamieson et al. (1995) requirement of water for maize at the time of tasseling is 135 

mm/month and this requirement may increase up to 195 mm/month during hot windy 

conditions. 

Significant yield losses in maize are projected with drought to increase with global 

climatic change in major production areas. Majority of maize is grown under irrigated 

condition in Pakistan. Maize is suffers from drought stress between anthesis and grain filling 

(40-80% yield loss). Therefore, drought is considered to be a major factor affecting plant 

growth and yield. There is a need to recognize suitable executive techniques in maize that 

can resist stress situations. It was a high water demanding crop and can give high production 

when water and nutrients are in sufficient amount. However, maize is sensitive to water 

stress (Pandey et al., 2000; Cakir, 2004) and other environmental stresses around anthesis 

period (Pandey et al., 2000). 

In Pakistan 25-30% of the total cropped area is under rainfed conditions. It was 

therefore, the effective maize breeding program would be launched to evolve high yielding 

and well adapted hybrids/varieties for water deficit conditions (Akram et al., 2002; Akhtar et 

al., 2008; Noorka and Afzal 2009). The breeding of maize for water stress requires 

continuous efforts primarily, through the knowledge of genetic mechanism governing 

heritable parameters. Genetic effects of heritable parameters lead a plant breeder to a clear 

understanding of inheritance patterns of various plant traits as their relative contribution to 

the final grain yield. Such information will be most helpful, as to accurately ascertain the 

merits of individual characters as yield promoting traits. Previous research showed that 

variations for drought tolerance exist in various crop species like in maize (Frova et al., 

1999) and in wheat (Guttieri et al., 2001). Because of this high genetic diversity for drought, 

new methodologies can help to develop drought tolerant varieties. Hybrids of the parents 

having more diversity yield more than of similar parents (Troyer et al., 1998). To improve 

drought tolerance and provide yield stability, the use of genetics is an important part of the 

solution to this problem. Agronomical practices have also their importance rather genetic 

solutions are unlikely to close more than 30% of the gap between optimum and potential 
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yield under water stress conditions (Edmeades et al., 2004). Improved genetics can be packed 

in a seed and easily be adapted than improved agricultural practices that depend more heavily 

on infrastructure, input availability and access to markets and skill in soil and crop 

management (Campos et al., 2004). The performance and stability of a group of tropical 

inbred lines under different conditions was studied and reported different type of gene action 

under stress conditions (Betran et al., 2003). The problem of water stress can be solved either 

by providing supplemental irrigation to crop in stress areas or by developing drought tolerant 

genotypes. The provision of supplemental irrigation is not feasible for Pakistan owing to 

resources. Therefore, development of drought tolerant cultivars seems to be the best to cope 

with the drought stress.  

Drought (water scarcity) is becoming an ever more crucial issue in many parts of the 

world. Due to the rapid climate change, an increase in temperature and random rainfall 

indicated that water will become even scarcer. Since agriculture is the major water user, 

efficient use of water in agriculture is needed for the management of limited resources. To 

enhance drought tolerance to increase and water use efficiency, different strategies such as 

change of crops capable of producing acceptable yields under drought stress or rainfed 

conditions have to be achieved (Zwart and Bas-tiaanssen, 2004; Farre and Faci, 2006) or by 

genetics improvement through the successful breeding methods. The only option is to 

increase the maize productivity per unit area of land and time, which can be achieved through 

selection of best genotype improved in breeding program and application of proper 

production management techniques.  

Keeping above facts in view, this study was carried out with the following objectives: 

 Evaluation of maize inbred lines for various physiological and morphological traits under 

water deficit conditions. 

 To analyze the inheritance pattern of drought tolerance and sensitive genes from the 

parents to progeny. 

 Estimation of variability for various physiological and morphological traits of crosses and 

parents under normal and water stress conditions. 

 The information so derivative may be helpful in developing selection criterion and for 

further upcoming breeding programs to develop maize drought tolerant genotypes. 
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Chapter 2      

REVIEW OF LITERATURE 

2.1. Drought tolerance related physiological traits 

A number of studies about various physiological traits, such as cell membrane 

thermo-stability, stomata conductance, stomata frequency and size, leaf water potential, 

excised leaf water loss and leaf temperature related to drought tolerance have been reported 

in domesticated plant species. Some of the selected studies on these traits are cited as below: 

2.1.1. Cell membrane thermo-stability 

The cell membrane stability (CMS) is a tool which screens maize genotypes for 

drought stress (Blum and Ebercon, 1980; Farooq and Farooqe, 2006). Extensive application 

of cell membrane stability as selection indicator of some abiotic stresses like drought and 

high temperature has been reported in different crops like wheat (Blum et al., 2001; Rehman 

et al., 2006), rice (Tripathy et al., 2000), cotton (Ullah et al., 2006; Rahman et al., 2006) and 

sorghum (Premachandra et al., 1992). Lower CMS value is associated with susceptibility 

under drought condition. CMS varies with the genotypes of plants i.e genotypes having 

higher CMS value exhibit greater drought tolerance and vice versa. While taking account of 

breeder’s view, CMS shows that additive genetic and partial dominance effects under water 

stressed conditions. This property of CMS can thus be utilized during selection of new 

synthetics (Chohan et al., 2012).  

Keeping in view the CMS as a stress tolerance index, there is a positive correlation 

between CMS and other stress tolerance indicators like relative water content (RWC) and 

osmotic adjustment (OA). More precisely speaking, RWC and OA can alter the cell 

membrane thermo-stability (CMT) under water stressed environment thus preparing the plant 

for stressful environment which ultimately increases the chance of survival of the plant under 

stress (Taheri et al., 2011).  Ahsan et al. (2008) found a positive correlation for cell 

membrane thermo-stability, leaf area, stomata frequency with stomata size. Grain yield 

showed positive direct effect and significant positive correlation with stomata size and 

frequency. The phenotypic and genotypic correlation of leaf area was also highly significant 

with grain yield. The direct effects of leaf area for grain yield were also significant and 

higher then the indirect effects. It was concluded that these traits may be used for the 
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selection of higher yielding maize genotypes. Ahsan et al., (2013) reported from an 

experiment that dominance effects were found for cell membrane thermo-stability under 

water stressed condition. It was concluded that selection of higher yielding maize genotypes 

may be helpful on the basis of cell membrane thermo-stability. 

2.1.2. Stomata Conductance  

There are some certain reliable physiological or biochemical characteristics used in 

the selection of genotypes/varieties tolerant to water deficit conditions (Ashraf et al., 1999). 

Stomata conductance decreases significantly in wheat cultivars during water stress (Kamran 

et al., 2009). It showed similar results for maize under water deficit conditions along with 

reduction in root and shoot dry weights and transpiration rate (Jabeen et al., 2008). It was 

sensitive to environmental conditions such as light, air or soil humidity and even wind. It also 

changed by plant age. Dry land wheat varieties showed less stomata conductance (or more 

stomata tolerance) than irrigated varieties (Castrigano et al., 1987). It also had been observed 

that stomata conductance was related with salinity stress as it decreases with increase in salt 

concentration in the plants prone to salinity stress (Kusvuran, 2012). Stomata conductance 

along with relative cell membrane injury may be used as screening tool in the evaluation of 

certain cultivars against water stress (Aslam et al., 2006), but It was not as effective tool in 

selection because it did not give clear difference among the cultivars against drought (Winter 

et al., 1988). 

2.1.3. Stomata frequency 

Stomata frequency was the occurrence of stomata on leaf surface of the plant. 

Stomata conductivity directly related transpiration rate of the plant i.e more the number of 

stomata on leaf, more will be the transpiration and vice versa. It had also been observed that 

less stomata frequency showed more stomata resistance; lessen the loss of water from plant 

surface. Stomata frequency did not affect photosynthetic rate in Barley (Miskin et al., 1976). 

Stomata frequency varies from genotype to genotype even within same species. Cotton plants 

under different tolerance levels against water stress were studied by Singh et al. (1996) and 

they concluded that relative water content, stomata frequency, biomass per plant and cotton 

yield per plant showed high variability in stomata frequency among each genotype. 

Furthermore, stomata frequency showed significant and positive genotypic correlation with 
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grain yield while it had non significant and positive phenotypic correlation with grain yield 

of maize (Aslam et al., 1999). 

Stomata frequency was heritable character and had shown additive and partial 

dominance under irrigated and partial dominance under drought conditions (Subhani and 

Chowdhry, 2000). As it was controlled by additive type of gene action, breeders can select 

early segregating generations for this trait (Subhani and Chowdhry, 2000). Similar results 

were from the experiment of Majeed et al. (2001) suggested that stomata frequency may be 

used for selection of Barely at F1, F2 and backcrossed generations would be more effective 

than in advanced segregating generations. Additive gene action was found for stomata 

frequency under normal condition while over-dominance type of gene action was reported 

under drought conditions (Tabassum et al., 2005). While talking about the genetic linkage of 

stomata conductance with agronomic traits in cotton had suggested that it had no effect on 

any of the agronomical traits like fibre length, fibre strength, fibre fineness, number of bolls 

per plant, boll weight and ginning out-turn (Malik et al., 2006). Ahsan et al. (2013) reported 

from an experiment that additive effects were found for stomata conductance, stomata 

frequency and stomata size. It was concluded that these traits may be used for the 

improvement of maize yield. 

2.1.4. Leaf water potential 

Leaf water potential was used as indicator of drought tolerance in plants. It was 

usually varies from variety to variety hence giving an idea for a drought tolerant or drought 

sensitive genotype in wheat (Randhawa et al., 1988). Leaf water potential may be laborious 

to measure but could be informative as screening technique for parental material and 

advanced lines among different wheat genotypes (Winter et al., 1988). During water stress, 

movement of water from roots to leaves was said to be slow down which ultimately 

decreased the transpiration rate and increased leaf temperature. So this increased temperature 

of the leaves was considered as an indicator for the plant stress tolerance for selection against 

drought (Jongdee et al., 2002). Effect of abiotic stress like drought and salinity on the Leaf 

water potential was negatively correlated i-e increased water or salt stress decreases the leaf 

water potential of the plants as examined in drought and salt resistant (CU196 and CU159) 

and susceptible (CU40 and CU252) melon cultivars (Kusvuran, 2012). When parental, F2 

and backcross generations of two wheat crosses (Fsd. 85 × Pak. 81 and Fsd. 85 × Rohtas 90) 
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were subjected to study gene action under drought conditions. It was concluded that leaf 

water potential was controlled by additive, dominance and additive × dominance type of gene 

action (Ahmed et al., 2000).  

2.1.5. Excised leaf water loss (ELWL) 

Excised leaf water loss may be used as drought stress indicator as reported by Araghi 

and Assad (1998) in six genotypes of wheat including two drought resistant cultivars 

(Roshan and Kal-Haydary), two intermediate (Roshan and Bayat), and two drought 

susceptible (Qods and Falat) cultivars. They also found that each of the cultivar was also 

different with respect to excised leaf water loss. Similar results were found by Munjal and 

Dhanda (2005) while studying on wheat cultivars. They found significant differences with 

respect to excised leaf water loss among cultivars due to genotype, environment and 

genotype × environment interactions. Excised leaf water loss may be laborious to measure 

but could be informative as screening technique for parental material and advanced lines 

among different wheat genotypes (Winter et al., 1988). It was suggested that excised leaf 

water loss was controlled by additive, dominance and additive × dominance gene effects 

(Ahmed et al., 2000). The parental, F2 and backcross generations of two wheat crosses (Fsd. 

85 × Pak. 81 and Fsd. 85 × Rohtas 90) involving drought susceptible and resistant genotypes 

under rainfed conditions were evaluated for gene action for excised leaf water loss under 

drought conditions. Excised leaf water loss was found to be a heritable (68-75) physiological 

trait as estimated in wheat in F2 and backcross generations. It was suggesting that selection 

should lead to a fast genetic improvement (Ahmad et al., 2001).  

The correlation of excised leaf water loss with agronomic traits, it was directly related 

with some of agronomic traits like seed yield as studied in four Brassica species (B. 

campestris, B. carinata, B. juncea, B. napus) in field conditions for excised leaf water loss as 

a selection criterion for water stress tolerance. It was observed that the genotypes which had 

lower values of excised leaf water loss gave comparatively better seed yield indicating that it 

was negatively correlated with excised leaf water loss (Kumar and Singh, 1998). The non-

significant correlation would be easy to breed recombinant lines for improved drought 

resistance. Inheritance of excised leaf water loss was found to be controlled by a few major 

genes as described from the estimates of narrow sense heritability. The physiological traits 

under study were not correlated with agronomic traits (Malik and Wright, 1995). The genetic 
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linkage of excised leaf water los with agronomic traits in cotton had suggested that it had no 

effect on any of the agronomic traits like fibre length, fibre strength, fibre fineness, number 

of bolls per plant, boll weight and ginning out-turn (Malik et al., 2006). Excised leaf water 

loss showed a negative correlation with relative water content which clearly indicated that 

increased excised leaf water loss will decrease the RWC from plant body cells (Dhanda and 

Sethi, 2002).  

2.1.6. Leaf temperature 

 Leaf temperature may be used as stress tolerance indicator in water stressed 

conditions of the crops. Leaf temperature varies with the available moisture content to the 

plant i-e significant difference at irrigated and drought conditions. Leaf temperature was also 

significantly and linearly related to yield reduction ratio under stress and non-stress 

conditions at the ear emergence stage (Araghi and Assad, 1998). Leaf Temperature could not 

be used as screening tool among different cultivars as drought resistance indicator as they do 

not clearly differentiate among the different genotypes (Clarke and McCaig, 1982). Ali et al.  

(2011b) found that root length showed maximum direct effect on shoot fresh length followed 

by root dry weight, leaf temperature, root density and shoot dry weight. Ali et al.  (2013d) 

reported that leaf temperature, stomata conductance, water use efficiency, photosynthetic rate 

and transpiration rate showed higher genetic advance and heritability along with significant 

genotypic correlation.  

2.2. Drought Tolerance Related Agronomic Traits  

2.2.1. Plant height (cm) 

Plant height was an important morphological indicator of the plant growth and the 

response of the plant to water stress. As plant height respond differently at different moisture 

content levels, so it may be used as screening tool for drought tolerance (Farhad et al., 2011). 

Plant height was significantly affected by available moisture content to the plant in the 

negative way as studied by Khan et al. (2001) on the maize plant cv. YHS-202. Plant height 

was found to be controlled by additive type of the gene action as estimated by the Ahmed et 

al. (2000) in their experiment on the parents, F2 and backcross generations of two wheat 

crosses under drought stress. Similar results for plant height were from another experiment 

by Inamullah et al. (2005) on wheat. They used diallel analysis to check gene action for plant 

height and grain yield. According to them, additive component was significant for plant 
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height. Plant height was studied in soybean under optimal conditions of water, it was found 

that phenotypic coefficient of variation and other morphological traits were higher than that 

of genotypic coefficients of variations which indicated the environmental effects on the 

expression of the traits. Furthermore, it was also observed that heritability and genetic 

advance were high for the plant height thus indicating the additive type of gene action. It was 

suggested that there was need for the further improvement of the trait of plant height through 

selection (Karad et al., 2005; Prakash and Verma, 2006). Over-dominance was found in the 

expression on plant height trait that referred to the importance of non-additive type of gene 

action (Kumar et al., 2005). Some of more or less similar findings came from the experiment 

of Hussain et al. (2009) on maize in which the utilized set of six drought tolerant and 

susceptible maize inbred lines were evaluated under normal and water stress conditions for 

the study of gene action for pant height. They also found the same type of controlling genes 

for plant height i.e. additive type but with partial dominance. It was suggested that plant 

height might be helpful during the selection for the development of new synthetics. 

2.2.2. Leaf area (cm2) 

Leaf area was an important morphological trait for the screening of cultivars for 

moisture contents because it responds differently at different moisture content levels 

(Rezaeieh and Eivazi, 2011). Leaf area was variety dependent parameter; hence always show 

significant varietal differences (Farhad et al., 2011). As for water stress, leaf area responds in 

a negative way to it i-e increase in stress decreased leaf area of plants (Khan et al., 2001). 

Leaf area, like plant height was also controlled by the additive gene action with partial 

dominance as reported by Hussian et al., (2009) in six drought tolerant and susceptible maize 

inbred lines evaluated under normal and water stress conditions. It was concluded that 

selection of higher yielding maize genotypes may be effective on the basis of leaf area. 

Magnitude of genetic variances and heritability of leaf area can be found by scaling test 

(Chohan et al., 2012). Ali et al.  (2014) found that leaf area, grain rows per cob, cob diameter 

and 100-seed weight showed significant correlation and higher additive variance which 

suggested that selection may be helpful to improve grain yield in maize. 

2.2.3. Grains per ear row 

Grain per ear row had negative relationship with water stress i.e grain per ear row was 

reduced under insufficient availability of water (Saeed et al., 1997). Number of grain per ear 
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reduction may be due to embryo abortion or delay in appearing silk because of the 

carbohydrates shortage in drought stress condition (Wasson et al., 2000). Li et al., (2004) 

concluded that plants under normal irrigation condition produced more number of grains per 

ear because during the granulation phase (the most sensitive stage of drought stress) plant has 

received water. Early grain filling was the most sensitive to water stress as compared with 

preanthesis and late grain-filling growth stages (Bruce et al., 2002). Setter et al. (2001) 

expressed that, maize granulation was determined by leaf photosynthesis, amount of sugars, 

starch, abscisic acid and cytokinin and shortage of water in five days before pollination and 

in pollination stage reduced the grain rows in the ear. Giunta et al., (1993) conducted various 

field experiments with durum wheat and Triticale under different water levels under 

Mediterranean climate. Wheat yield showed significant reductions under drought stress, 

while Triticale showed only a low and non-significant decrease as compared to control. The 

most severe stress caused a reduction in all the yield components particularly in the number 

of grains per ear and the number of fertile ears per unit area. The reduction in yield under 

mild stress was only due to a lower grain size. Harvest index was significantly decreased in 

cases of severe drought conditions in wheat. The greater drought resistance of Triticale could 

be attributed to the early heading date and to the greater capacity of its roots to absorb water 

from soil. 

2.2.4. Biomass per plant (g) 

Hussain et al. (2009) evaluated a set of six drought tolerant and susceptible maize 

inbred lines under normal and water stress conditions. Significant differences among the 

genotypes were found for all the characters. Plant height, leaf area, grain yield per plant and 

harvest index, under both conditions indicated additive gene action with partial dominance 

which suggested that these traits might be useful during selection for developing synthetics. 

The over-dominance type of gene action was recorded for kernels per row and 100-grain 

weight. Heritability estimates ranged from moderate to high (54-85%) for various traits. 

Gene action (additive and over dominance) and heritability suggested selection of desirable 

parents for breeding drought tolerant hybrids. Ali et al. (2014) found higher genetic advance 

and heritability for grain rows per cob, 100-seedw eight, biomass per plant and grain yield 

per plant. Higher additive effects were reported for biomass per plant, 100-seed weight and 

grain yield per plant. 
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2.2.5. Grain yield per plant (g) 

Grain yield per plant was found to be significantly affected by the available moisture 

contents. Reduction in the yield due to water stress was reported up to 9.1 % when compared 

to the maize grown under normal water level (Zaidi et al., 2008). Reduction in soil water 

contents reduces the maize grain yield in three ways. First, by reduction in the interception of 

photosynthetic active radiations (PAR) which were the consequences of drought induced 

wilting and rolling/curling of leaves (Xianshi et al., 1998). Second, drought also reduced the 

ability to use PAR efficiently (Radiation use efficiency). And thirdly, increased requirement 

of nutrients for more development of root in drought conditions also reduced the grain yield 

(Banziger et al., 2000). Similar results were reported by Saeed et al. (1997) while working on 

response of maize to water stress i-e water stress significantly reduced the plant yield. 

Usually insufficiency of available moisture contents to plant decreases the yield of the crop 

plants as observed by the Khan et al., (2001) in Maize. Similar results were observed by 

Singh et al. (2000) in breeding experiments of maize for improving drought tolerance. Their 

results revealed that reduction in grain yield per plant was maximum under less moisture 

contents. Grain weight reduction was found to be 27.5% under minimum available moisture. 

Grain yield per plant showed maximum reduction under stress conditions. They further found 

that variability for yield per plant was higher under stress than optimum moisture situations. 

They also found that yield heritability under moisture stress was low. The average heterosis 

for yield under drought was found to be better than parental composites indicating that 

hybrids performed better than parents. Therefore, they suggested direct selection for yield 

was advisable under optimum situation after doing selection under stress for highly heritable 

and strongly correlated traits. Similar type of evaluation for the maize cultivars was 

performed by Seif et al. (2005) to check the effects of available soil moisture depletion 

(ASMD) on the grain yield per plant. They found that grain yield was negatively affected 

with increase of ASMD.  

Grain yield per plant was controlled by dominance variance as found by Afarinesh et 

al. (2005) while working on maize genotypes under both irrigated and drought conditions to 

find out gene action for grain yield per plant under normal and drought conditions. They 

further elaborated their findings as additive and dominance variances were involved under 

irrigated conditions the dominance variance was more important as compared to the additive 
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variance under stress conditions. In another experiment on gene action responsible for grain 

yield per plant conducted by Inamullah et al. (2005) on bread wheat ( Triticum aestivum) 

using 8×8 diallel analysis under normal conditions found that dominance component was 

significant for grain yield per plant. To estimate the variability, heritability and genetic 

advance for grain yield per plant. Karad et al. (2005) conducted an experiment on 16 soybean 

genotypes under normal conditions of moisture. Their results revealed that phenotypic 

coefficients of variation were higher than the genotypic coefficients of variation for grain 

yield per plant indicating the effect of the environment. They found that heritability and 

genetic advance were high for grain yield per plant indicating the presence of additive gene 

action for this trait; thereby these traits had scope for improvement through selection. 

Murugan and Ganesan (2006) reported dominant gene action for grain yield per plant of five 

rice crosses. Prakash and Verma (2006) reported that grain yield per plant showed over 

dominance expressions. Grain yield per plant trait may be utilized as a trait in recurrent 

selection for maize cultivars against drought (Monneveux et al., 2006). One of the important 

finding related to grain yield was given by Ahmad et al. (2006) while working with wheat 

genotypes to check their response to water stress that plants may tolerate stress conditions at 

the cost of yield. It  was suggested that breeding for drought tolerant cultivars of maize, gene 

action (additive and over dominance) and heritability may be used for the selection of 

desirable parents for breeding drought tolerant hybrids (Hussain et al., 2009). When grain 

yield was subjected to scaling test as screening source for drought, it showed full adequacy 

along with moderate to high heritability estimates which revealed that it had maximum 

ability to transfer the genes to the next generation (Chohan et al., 2012).  

2.2.6. 100-grain weight (g) 

100-grain weight serves as an indicator of response of cultivar to available soil 

moisture depletion (ASMD) and thus can be utilized as a tool for screening against drought. 

Normally it has been reported that 100-grain yield is negatively correlated with ASMD i.e. 

decreases with increase in ASMD (Khan, 2001; Seif et al., 2005). Similar results were 

reported by the Saeed et al. (1997) while working on response of maize to water stress i-e 

water stress significantly reduced the 100-grain yield. Sufficient genetic variability was 

found for 100-grain in wheat by Gupta et al. (2000) who conducted this experiment to check 

the drought and cold stress effect on wheat cultivars. They found that additive and 
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dominance interactions were involved too in the inheritance of the 100-grain trait. Murugan 

and Ganesan (2006) also concluded that grain yield is solely controlled by the dominant gene 

action. Similar results were obtained by Subhani and Chowdhry (2000) while testing the type 

of gene involved in the inheritance of 100-grain yield. They put forward that dominant type 

of genes were involved in the inheritance of 100-grain yield. While findings of Kumar et al. 

(2006) revealed that there was over-dominance for 100-grain yield, indicating the importance 

of non-additive gene action in their expression. They further suggested that additive 

component was of little importance for the 100-grain yield. Afarinesh et al. (2005) also 

suggested the same kind of results for the above said trait inheritance. Patra et al. (2006) 

suggested 100-grain weight was the result of combination of high heritability and moderate 

genetic advance indicating similar gene action for effective selection. 

2.2.7. Seedling traits 

Various research workers had performed experiments on maize at seedling traits to 

evaluate the performance of maize for drought tolerance (Ching et al., 1977 and Ali et al. 

2011a, b). Higher values of genetic variances, heritability and genetic advance were found 

for emergence index, percentage and growth rate of seedling under drought conditions 

(Fakorede and Ojo 1981). Jenison et al. (1981) reported that dry root weight was the most 

important trait that showed resistance against drought condition and root worms attack. Eagle 

(1982) concluded from an experiment that male endosperm was most important as compared 

to female endosperm under drought conditions. Chapman and Drolsom (1983) reported 

higher GCA and SCA for emergence rate, emergence percentage, fresh root weight, fresh 

shoot weight, dry root weight and dry shoot weight under drought conditions. It was 

concluded that these traits may be helpful to improve grain yield of maize. Eissa (1983) 

found higher genetic variation from an experiment on 124 cotton genotypes that fresh root 

weight, fresh shoot weight, dry root weight and dry shoot weight and relative root growth 

under drought conditions. 

Pozzi et al. (1985) reported emergence rate, emergence percentage, fresh root weight, 

fresh shoot weight, dry root weight and dry shoot weight were the traits that may be helpful 

for the improvement of maize genotypes under cold stress conditions. Stamp (1986) found 

that fresh root weight, fresh shoot weight, dry root weight and dry shoot weight were traits 

that may helpful to select resistant maize genotypes against drought condition. Wallace et al. 
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(1986) concluded that emergence percentage, fresh root weight, fresh shoot weight at 

seedling stage and grain yield per plant was significantly correlated with each other. It was 

concluded that these traits may be used for the improvement of maize yield under drought 

condition. Higher SCA and GCA were found for grain yield and leaf emergence rate (Hebert 

(1990). Cross (1991) reported higher SCA and GCA for grain yield, emergence percentage, 

seedling vigor and leaf emergence rate. 

Camacho (1994) from an experiment concluded that fresh root weight, fresh shoot 

weight, dry root weight, root volume, root length, shoot length, root/shoot length ratio, fresh 

root/shoot weight ratio, dry root/shoot weight ratio and dry shoot weight were the potential 

traits for selection of higher grain yielding maize genotypes under drought conditions. Singh 

et al. (1997) found higher heritability, genetic advance and significant genotypic correlation 

for emergence rate, 100-seed weight and grain yield per plant. Mehdi and Ahsan (1999) 

found higher heritability, genetic advance, genetic coefficient of variance and significant 

genotypic correlation for fresh root weight, fresh shoot weight, dry root weight, root length 

and shoot length. In another experiment they concluded that moderate type of heritability was 

found for fresh root weight, fresh shoot weight, root length and shoot length and were also 

significant genotypic correlation among traits (Mehdi and Ahsan 2000a). It was found that 

fresh root weight, fresh shoot weight, dry root weight, root length and shoot length of S1 

families may be used to develop higher yielding maize genotypes. 

Higher GCA and SCA were found for fresh root weight, fresh shoot weight, dry root 

weight, root volume, root/shoot length ratio, fresh root/shoot weight ratio, emergence 

percentage, root branching, dry root/shoot weight ratio and dry shoot weight. It was 

concluded that selection on the basis of these traits may be helpful to select improved grain 

yield per plant genotypes of maize (Akhtar, 2002). Aslam et al. (2006) concluded from an 

experiment that cell membrane thermo-stability survival rate and stomata conductance may 

be used to select drought resistant maize genotypes. It was reported that reduction in seedling 

dry matter, chlorophyll contents, leaf temperature, leaf water potential were the traits that 

showed direct effects on grain yield reduction (Grzesiak et al. (2007). Wang et al. (2007) 

reported significant change in leaf temperature, leaf water potential, stomata conductance, 

photosynthetic rate and transpiration rate of maize genotypes under drought conditions. 

Significant reduction in chlorophyll contents was found under drought conditions (Moulin et 
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al. (2009). Ahsan et al. (2011) found significant genotypic correlation among fresh root 

weight, fresh shoot weight, dry root weight, root/shoot length ratio, fresh root/shoot weight 

ratio, epidermal cell size, dry root/shoot weight ratio and dry shoot weight. It was concluded 

that these traits may be used for selecting higher yielding maize genotypes under drought 

condition. Ali et al. (2011a) found significant genotypic correlation among fresh root weight, 

fresh shoot weight, dry root weight, root/shoot length ratio, chlorophyll contents, fresh 

root/shoot weight ratio, root density, dry root/shoot weight ratio and dry shoot weight. It was 

suggested that chlorophyll contents, fresh root weight, fresh shoot weight, root density and 

dry root/shoot weight ratio may be used for selection of drought resistant maize genotypes. 

Ali et al. (2011b) found positive direct effect of chlorophyll contents, fresh root weight, fresh 

shoot weight and root density on fresh shoot length. Hence selection may be helpful on the 

basis of these traits. Ali et al. (2012) reported higher heritability and genetic advance for leaf 

temperature, chlorophyll contents, sub-stomata CO2 concentration, fresh root and shoot 

length, stomata conductance, photosynthetic rate and transpiration rate. It was concluded that 

selection of drought resistant maize genotypes may be helpful on the basis of physiological 

traits of maize.  Ali et al. (2013a) found higher genetic advance, heritability and strong 

genotypic correlation among stomata conductance, chlorophyll content, sub-stomata CO2 

concentration and photosynthetic rate and suggested that these traits may be used for the 

improvement of grain and fodder yield of maize. Ali et al. (2013b) found higher heterosis 

and heterobeltiosis for fresh root weight, fresh shoot weight, root length and shoot length and 

suggested that these traits may be used to develop maize hybrids with higher grain yield.       

2.3. Genetic Effects 

Variability of morphological and physiological traits is the result of genetic 

differences and of environmental causes. Generation variance analysis has widely been used 

by plant breeders for effectively partitioning the total variability into genetic and 

environmental components. The partitioning of phenotypic variance into its genotypic and 

environmental components is not enough to have deep insight into the genetic properties of a 

breeding material. The genotypic variances need to be partitioned further into additive (D), 

dominance (H), environmental (E) and interaction (F). 

Kalsy and Garg (1988) evaluated two cotton crosses along with their parents, F2 and 

backcrosses for plant height, boll number, boll weight and seed-cotton yield, to find out 
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information on the nature and magnitude of various types of gene effects under well watered 

conditions. The generation mean analysis showed that 3 types of gene action (additive, 

dominance and epistasis) were important in the inheritance of boll weight and seed-cotton 

yield. The contribution of dominance and epistatic gene effects was greater than the additive 

effects for these characters. Reciprocal recurrent selection may be the most suitable breeding 

procedure for the improvement of boll weight and seed cotton yield to exploit additive and 

non-additive gene effects. The additive component was the main component involved in the 

inheritance of boll number in both the crosses. This suggested the possibility of exploiting 

this component for the isolation of desirable segregants by simple selection technique. 

Bernardo et al. (1991) used generation mean analysis to determine the relative 

importance of additive, dominance and epistatic effects controlling resistance of head smut of 

maize. They used parental inbred lines, F1, F2 and first backcross generations for testing head 

smut resistance. Additive effects accounted for 97% of the variation among first cross 

generations and 88% of the variation among other cross generations. Dominance and 

epistatic effects were minor as compared with additive effects. The absence of entries × years 

interaction indicated that multiple-year screening of germplasm was not necessary. These 

results indicated that additive genetic effects may be used progress in selection for head smut 

resistance. Gomaa et al. (1999) evaluated two cotton crosses (Family 8/87 × S 6037 and Giza 

80 × S 6037), their P1, P2, F2, and F3 families to estimate the type of gene action and 

correlation for yield and yield components. They observed additive variance for seed cotton 

yield per plant, bolls per plant and seed index in the first cross, while dominance variance 

was controlling seed cotton yield per plant and bolls per plant in the second cross. Both 

additive and dominant genetic variances were controlling boll weight and lint percentage in 

both the crosses and seed index in the second cross. In cross 1 seed cotton yield per plant had 

positive genotypic correlation with bolls per plant and boll weight, in cross 2, there was a 

positive genotypic correlation between seed cotton yield per plant and bolls per plant. 

Generation mean analysis was used on 6 generations of a cross in cotton by Mert et 

al. (2003) under well watered conditions to find the inheritance of ginning out-turn and 100 

seed weight. They reported that additive, dominance and epistatic genetic effects were 

responsible for ginning out-turn, while only dominance effects were involved in the 

inheritance of 100 seed weight. 
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Golparvar et al. (2004) studied susceptible and tolerant wheat cultivars against 

drought along with their F1, F2, BC1 and BC2 generations for grain yield per plant and relative 

water content to find out their response to drought stress conditions. Analysis of variance 

indicated that there are significant differences between generations of traits studied. 

Generation mean analysis for relative water contents revealed some additive and dominance 

type of gene action along with additive × additive and additive × dominance interactions. 

Therefore, selection of the selected traits might be fruitful for drought tolerance in later 

segregating generations. 

Gene action was estimated by Murugan and Ganesan (2006) in six generations (P1, P2, 

F1, F2, BC1 and BC2) of five rice crosses (IR 58025 × IR72, IR 58025 x IR24, IR 58025 × 

Daunsan, IR 58025 × ARC 11353 and IR 58025 × IR 547442-22-19-3) for plant height, 100-

grain weight and grain yield under normal conditions in Tamil Nadu, India. They found that 

grain yield was mostly controlled by dominant gene action, although in some crosses, the 

trait was controlled by additive gene action. Additive, dominance and/or interaction effects 

were observed for other traits studied. 

Golparvar et al. (2006) conducted experiments using drought tolerant and susceptible 

wheat genotypes. Parents along with F1, F2, BC1 and BC2 generations were sown in a RCBD 

with three replications under water stress conditions. Results indicated that there is 

significant difference between generations for all the traits. Degree of dominance exhibited 

over-dominance for all the traits. Fitting simple additive dominance model designated that 

the model accounted for genetic changes of harvest index and biological yield. Additive-

dominance model was not able to account for changes of traits mean of grain filling rate and 

relative flag leaf water content. It was revealed that m, d, h, i, j model for relative flag leaf 

water content and m-d-h-i model for mean of grain filling rate are the best model. 

Approximation of heritability and mode of gene action showed that the selection for 

improvement of trait studied in stress condition and specifically in early generations have 

medium genetic gain. Therefore, it was concluded from the present study that can propose 

use of traits mean of grain filling rate and harvest index as indirect selection criteria for 

improvement of plant grain yield in water stress condition. 

Azizi et al. (2006) determine genetic parameters for yield and other traits including 

some of the yield components under three planting densities, using analysis of generation 
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mean (P1, P2, F1, F2, BC1 and BC2) derived from crosses of B73 with Mo17 and K74/1 inbred 

lines of corn. Analysis of variance reinforced the hypothesis that interaction of plant density 

on generation mean depends on evaluating genotypes and the kind of trait. Generation mean 

analysis suggested that both additive and dominance effects were important for most of the 

traits evaluated in this study, but dominance had a more pronounced effect. Epistasis affected 

the expression of nine traits in both crosses at three planting densities. Expression of epistasis 

and genetic parameters differed in the two crosses and were influenced by plant density. 

Plant densities interacted more strongly with epistasis gene action than with additive or 

dominance gene action in both crosses. 

Ashour et al. (2006) studied the genetic basis of grain yield by a generation mean 

analysis in five crosses of winter wheat (Triticum aestivum) cultivars along with their F1, F2, 

BC1 and BC2 generations under normal conditions. Their results revealed significant 

differences among generations for studied traits. They found that grain yield per plant had 

additive type of gene action and heritability estimates of broad sense and narrow sense 

indicating that early selection might use for this trait. 

Kumar and Sharma (2007) studied the genetic effects on twelve wheat generations of 

four crosses involving three drought tolerant and three drought susceptible cultivars to 

determine nature of gene action for excised-leaf water loss and relative water content through 

generation mean analysis under rainfed and irrigated environments. Significant differences 

were observed among generation mean for excised leaf water loss and relative water content 

in all the four crosses under both the environments, which revealed the presence of genetic 

diversity for these characters in the materials. Additive genetic effects were predominant for 

relative water contents, while for excised leaf water loss both additive and dominance 

component of variance were important. Epistatic effects, particularly dominance × 

dominance type of interaction was more predominant for relative water contents, while 

additive × additive for, while for excised leaf water loss. The study revealed that magnitude 

of non-additive gene action was higher than additive gene action in most of the crosses for 

both the characters. Under such situations breeding methods such as biparental mating or 

diallel selective mating could be followed in developing wheat generations with less water 

loss and high relative water content. Among the traits reported in literature, relative water 



19 
 

content and excised leaf water loss have been preferred because they are practically more 

feasible in screening large segregating generations. 

Two wheat crosses along with their parents, F2 and back crosses (BC1, BC2) were 

evaluated by Munir et al. (2007) to estimate the gene action for 1000 grain weight, grain 

yield per plant and biomass per plant under drought conditions. The experiment entirely 

depended upon natural precipitation and no surface irrigation was applied. Significant 

differences among generations for different traits were computed, which indicated the 

presence of genetic variability between the parent varieties. The results showed that type of 

gene action varied with the traits, crosses and treatments. Study of generation mean analysis 

revealed that additive, dominance and epistatic effects were involved in the inheritance of 

yield and yield components. Therefore, selection in later segregating generations was 

suggested to obtain drought tolerant and high yielding lines.  

Naveed et al. (2009) carried out a field experiment to assess the genetic potential of 

okra genotypes for drought tolerance through breeding and selection in 6 generations of 4 

crosses between pairs of genotypes with a degree of tolerance to drought. Narrow sense 

heritability and genetic advance varied across crosses, traits and stress conditions. For fruit 

yield, narrow sense heritability and genetic advance were high under normal conditions as 

compared to drought, which indicated that direct selection of fruit yield would only be 

feasible under non-stress conditions. Among the agronomic traits, although number of pods 

per plant had shown good narrow sense heritability and genetic advance under drought, yet 

leaf water potential appeared to be better indicator for selection criteria owning to higher 

heritability under drought. Thus, chances to find stress tolerant breeding material in 

segregating generations of this cross were promising. 

Tchiagam et al. (2011) calculated the heritability to inquire the mode of genetic 

control and to assess the potential for genetic improvement of sucrose content in cowpea 

using generation mean analysis. F1, F2 and backcross generations generations were produced 

by crosses of four selected cultivars. The sucrose level was measured via a High Performance 

Liquid Chromatography system. It was found that broad-sense heritability was of a moderate 

to high value and no transgressive segregation was observed. Narrow-sense heritability, 

heterosis values and gene effects analysis suggested that the sucrose content is controlled by 

additive and non-additive genes. It was also found that at 10% level of selection, an increase 
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was predicted after one cycle. Epistasis was significant in most of crosses and at least five 

genes affected the sucrose aggregation in cowpea seeds. From these results it is estimated 

that breeding for increased sucrose content in the seeds of cowpea can be quite successful 

through recurrent selection in later generations. 

Khodambashi et al. (2012) measured six basic generations in order to estimate gene 

action for grain yield and its related traits in lentil, in a RCBD with three replications in a 

field trial. Besides plant height, 100-seed weight, seed yield per plant, pod length, primary 

branches, secondary branches, the number of pods per plant, clusters per plant, nodes per 

main stem and the number of seeds per pod were recorded. Generation mean analysis and 

joint scaling tests indicated that additive, dominance and epistatic effect were involved in the 

inheritance of the studied traits. Simple additive-dominance model was sufficient only for 

pod length. Significant dominance and dominance × dominance interactions with opposite 

sign indicated duplicate epistasis for all traits except pod length. Narrow-sense heritability 

was low for 100-seed weight, seed yield per plant, number of seeds per pod and pod length 

moderate for other traits. Average degree of dominance was more than unity for 100-seed 

weight, seed yield per plant, pod length, and number of primary and secondary branches 

which showed the high importance of dominance gene effect in control of these traits. Due to 

the presence of greater non additive gene effects combined with low narrow-sense 

heritability, selection for almost all of the studied traits, especially in early generations, 

would be complex in conventional methods. Six generations (P1, P2, F1, F2, BC1 and BC2) of 

five upland cotton (Gossypium hirsutum L.) crosses were evaluated by Pathak (1975) under 

well watered conditions to find out genetic effects for fiber properties by using generation 

mean analysis and indicated that additive, dominance and dominance × dominance genetic 

effects were involved in the inheritance of fiber length. Fiber strength had additive gene 

action while fiber fineness was governed by over dominance type of gene action.  

2.4. Selection Criteria  

Many plant scientists conducted research on different crops under drought conditions 

to develop selection criterion. Bhan et al. (1974) reported resistant varieties showed deeper 

root penetration producing heavier and more numerous primary and secondary roots than the 

susceptible varieties. Oregan et al. (1993) reported in a drought study of maize that resistant 

genotype had a lower growth rate than the drought sensitive genotype when not stressed, but 
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had a higher growth rate and deeper rooting than the drought sensitive genotype when 

stressed. The drought resistant genotype has higher relative water content throughout the 

period of water stress than drought sensitive cultivar. Camacho and Caraballo (1994) studied 

maize genotypes under drought stress in greenhouse trials for various parameters relating to 

root and shoot growth after four week emergence. Cultivars differed significantly in all 

growth parameters except length of the root. It was suggested that measurement of dry root 

weight was the most appropriate criterion for selection of drought tolerant maize genotypes. 

Petcu and Terbea (1996) evaluated maize cultivar grown under water stress condition. Dry 

matter accumulation was lower in water stressed roots and leaves than in control, and root 

length was shorter in the water stressed plants than in control. Khaliq et al. (2000) studied 

wheat genotypes under field drought condition and revealed that stomata frequency may be 

useful selection criterion for increasing grain yield of wheat. However in an experiment on 

maize under drought stress Mehdi et al. (2001) suggested that dry root weight might be more 

useful selection criteria, while selecting for superior S1 families for water stress conditions. 

Cereal cultivars representing durum wheats, Triticales, barleys and especially tall and 

dwarf bread wheats were evaluated by Fischer and Maurer (1978) in field experiments in 

north-western Mexico over three seasons to understand the basis of cultivar differences in 

yield under drought. Drought was developed in that rain-free environment by permanently 

withholding irrigation at different stages prior to anthesis. Control plants were well watered 

during the growing period. The cultivars under drought produced yield from 37 to 86% of 

control yield. Highly significant cultivar differences were observed under drought and were 

consistent between years. 

Clarke and McCaig (1982) evaluated excised leaf water retention, leaf temperature 

and leaf diffusive resistance as screening criteria for drought resistance in wheat under 

rainfed and irrigated conditions. They tested wheat cultivars of diverse origin for two years. 

Yields under rainfed relative to irrigated conditions were used to characterize drought 

resistance of the cultivars. They observed that neither diffusive resistance measurements nor 

leaf temperature were suitable screening techniques because with these techniques, 

differences between cultivars were not detected. Cultivar differences were detected in 

excised leaf water loss rate. Water retention capability was greatest early in the season and 

dropped markedly after anthesis. They observed that drought tolerant in durum wheat 
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cultivar, Pelissier had the best water retention capability and progeny of a Pelissier × 

Hercules cross showed a range of retention capabilities between the parental values. They 

concluded that measurement of excised leaf water retention capability showed the most 

promise of the three techniques evaluated.  

Singh et al. (2000) examined breeding strategies in maize for improving drought 

tolerance in five kinds of generations derived from composites possessing various degrees of 

drought tolerance: composites 8551 and 85134 (most tolerant), 8527 and 85164 (tolerant), 

8557, Ageti 76 and DRC 8601 (moderately tolerant) and A 68 (most susceptible). The five 

generations were evaluated under three moisture regimes: optimum moisture (four 

irrigations) moderate moisture stress (two irrigations) and high moisture stress (completely 

rainfed without irrigation, I0). Results revealed that reduction in grain yield per plant was 

maximum under no irrigation (63%), and negligible (6%) under two and four. Grain weight 

reduction was 27.5% under no irrigation. Grain yield per plant and per plot showed 

maximum reduction under stress conditions. Moderate reduction (15-30%) was observed for 

plant height and grain weight, which were also highly heritable and positively correlated with 

grain yield per plot. Composites 8551 and 85164 performed better than the rest of the 

composites under all moisture situations. Composite 8557 was specifically adopted to water 

stress condition. The variability for yield and yield components was higher under stress (CV: 

15.8-50.4%) than optimum moisture situations (CV: 9.3-31.7). The yield heritability under 

moisture stress was low. The average heterosis for yield under I0 and I4 were 11.7 and 

16.1% better than parental composites indicating that hybrids performed better than parents. 

The hybrid composite 8527 × DRC 8601 performed exceedingly well across different 

moisture situations. Therefore, direct selection for yield was advisable under optimum 

situation after doing selection under stress for highly heritable and strongly correlated traits. 

Guang Mei and Zheng (2003) simulated water stress in a greenhouse experiment to 

study the response of 7 maize cultivars/lines to drought, as expressed by their growth and 

development indicators and economic yield. From the booting stage to tasselling stage, the 

plants were exposed to water stress, with soil water at 45% of maximum field capacity. 

According to their results considerable differences were observed among the genotypes for 

the characters under study. Fourteen maize hybrids were studied by Mitu and Zamfir (2004) 

for their response to drought under irrigated and dry land conditions. According to their 
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results the Paltin, Campion, Rapsodia, Danubiu, Faur and Olt performed well under irrigated 

and drought conditions, while Partizan, Orizont, Vultur, Octavian and Granit were sensitive 

to drought and produced significantly low kernel yield under drought conditions. 

 Five maize cultivars (SC 10, TWC 310, Giza 2, SC 152 and TWC 352) were 

evaluated by Seif et al. (2005) for 100 grain weight and grain yield under various irrigation 

treatments of 40, 60 and 80% of the available soil moisture depletion in Moshtohor, Egypt, 

during 1998 and 1999 growing seasons. The cultivars showed highly significant differences 

in the traits studied. SC 10 surpassed the other 4 cultivars in 100-grain weight and grain yield 

per plot. All the studied characters were negatively affected by increasing ASMD. The 

highest grain yield was obtained when plants were irrigated at 40% of ASMD, whereas the 

lowest grain yield was recorded at 80% of ASMD in both the growing seasons. SC 10, 

irrigated at 40% of ASMD, could be recommended for higher maize yield. 

Hader (2006) measured the leaf parameters and reported that leaf area might be useful 

indirect indicator for yield improvement in maize crop. Muraya et al. (2006) evaluated the 

maize lines to study the heterosis and inheritance of days to 50% flowering, cob length, 

number of lines per cob, 100-grain weight number of seeds per line, plant height, ear height, 

leaf angle, number of leaves per plant, leaf area index, cob diameter and grain yield. They 

reported that existence of both additive and non-additive gene effects for all parameters. 

Aslam et al. (2006) conducted two experiments to screen maize accessions for stress 

tolerance at different moisture levels evaluated for stomata conductance and. They found 

broad sense heritability for these traits and it was found that relative cell membrane injury 

percentage could be used as main selection criterion for drought tolerance in maize. Balota et 

al. (2008) concluded that wheat cultivars with high canopy temperature depression tend to 

have higher grain yield under dry, hot conditions and therefore, canopy temperature 

depression has been used as a selection criterion to improve adaptation to drought and heat. 

Farshadfar et al. (2008) studied gene action of 22 durum genotypes for grain yield, 

100-seed weight and biomass per plant under rainfed and irrigated conditions at Kerman 

shah, Iran. Their studies revealed significant genetic differences for all the traits studied 

under rainfed condition indicating the possibility of selection for drought tolerant genotypes. 

They also found highly significant additive component for all the traits under study in 

addition to significant epistatic effects for grain yield. The predominance of additive 
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component suggested that selection in early segregation generations would be effective for 

improving these traits. 

Fang et al. (2011) conducted a pot experiment under water stress at the seedling stage 

to investigate the main physiological and morphological changes of different maize 

landraces. For the drought-sensitive landraces, water deficiency significantly decreased root 

volume, the number of laterals, plant dry weight and total leaf area but increased the 

activities of the enzymes nitratase, peroxidase and superoxide dismutase and the content of 

malondialdehye. Water stress had little effect on both physiology and morphology of the 

drought tolerant landraces. They further observed that under water deficit conditions, their 

root volume, relative number of laterals, shoot dry weight, total leaf area and root dry weight 

were larger but superoxides, nitratase, and peroxidase activities were lower than those of the 

other landraces under same conditions. These findings certified that differences in tolerance 

to water deficit existed among different types of maize landraces and it was suggested that 

biomass and nitratase could be regarded as their screening indexes tolerant to water stress 

tolerance at seedling stage. In addition, it could be formulated that a possible mechanism of 

tolerance to water deficit in maize landraces may involve accumulation of more biomass to 

enhance the growth of plant and changes in the activity of antioxidant enzymes to exert 

regulatory control over physiological and metabolic processes in the plant body. 

Rezaeieh and Eivazi (2011) reported significant variation for leaf area, longest root 

length, plant height, root fresh weight, root dry weight, shoot dry weight, root dry 

weight/shot dry weight ratio, and total dry matter were determined. The data obtained 

allowed to identify a suitable genotype at low water supply. Qayyum et al. (2012) conducted 

an experiment to evaluate maize genotypes for crown roots, seminal roots, primary root 

length, lateral roots, fresh root weight and dry root weight under three moisture levels. On the 

basis of mean values, hybrids of tropical yellow and highland yellow showed best 

performance under the drought conditions. Principal component analysis was also used to 

assess the contribution of major traits which were attributing maximum variations among 

maize hybrids. The first two components with Eigen values greater >1 contributed 76.94% of 

the variability among the hybrids. The magnitude of broad sense heritability was high for all 

the traits. It was suggested that all traits were genetically inherited and there was a chance for 

the improvement of these traits by selection and breeding. 
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Chapter 3      

MATERIALS AND METHODS 

3.1. Experiment-1 

The present study was carried out to generate genetic information which can help to breed 

maize inbred lines with improved drought tolerance. Phenotype is interaction of genotype 

and environment. To breed a cultivar which may produce better yield under drought stress 

conditions, breeder needs the information about the gene action of the traits related to yield 

and quality under drought stress environment. The information about linkage relationships of 

the traits related to yield and quality as well as the traits which help plant to tolerate drought 

are also needed. 

Seeds of 40 inbred lines were collected from different research organizations (Maize 

and Millet Research Institute, Fodder Research Institute and Department of Plant Breeding 

and Genetics) of Pakistan. The experiment was conducted in the research area of department 

of Plant Breeding and Genetics, University of Agriculture Faisalabad. Each entry was planted 

by keeping row-to-row and plant-to-plant distances of 75 and 25 cm respectively in each 

replication. Normal agronomic and crop husbandry practices were followed to raise the crop. 

3.1.1. Screening of germplasm 

The collected germplasm was screened against drought at two moisture levels using 

the completely randomized design in greenhouse.  

i) 100% of the field capacity 

ii) 50% of the field capacity 

The survival rate of selected genotypes was scored on the basis of emergence 

percentage of the genotypes was recorded under normal and under drought conditions. 

Drought tolerant and sensitive entries were selected on the basis of following traits. 

3.1.1. Morphological traits 

3.1.1.1. Fresh root length (cm) 

The fresh root lengths of seedlings were measured in centimeters by using numerical 

scale. The root length of 5 plants was measured in centimeters and the average was 

calculated. 

3.1.1.2. Fresh shoot length (cm) 
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Fresh shoots lengths obtained of seedlings were measured by using numerical scale. 

The shoot length of 5 plants was measured in centimeters and the average was calculated. 

3.1.1.3. Fresh root shoot ratio 

Root length and shoot length were measured and the ratio was calculated by using 

following formula:  

Fresh root/shoot length ratio = Root length/Shoot length  

3.1.1.4. Fresh root weight (g) 

Five plants (seedlings) of each accession from each replication were selected 

randomly. The roots of each plant were separated from the plant and fresh root weight was 

recorded in grams with the help of an electronic balance (OHAUS-GT4000, USA). The 

average root weight of five plants was calculated. 

3.1.1.5. Fresh shoot weight (g) 

Five plants (seedlings) of each accession from each replication were selected 

randomly. The shoots of each plant were separated from the plant and fresh shoot weight was 

recorded in grams with the help of an electronic balance (OHAUS-GT4000, USA). The 

average shoot weight of five plants was calculated. 

3.1.1.6. Dry root weight (g) 

The fresh roots separated from five plants (seedlings) of each accession from each of 

the replication were put in Kraft paper bags and dried at 250C in an electric oven until 

completely dried roots were obtained which were then weighed in grams with the help of an 

electronic balance (OHAUS-GT4000, USA). The average was calculated for five plants.  

3.1.1.7. Dry shoot weight (g) 

The fresh shoots separated from five plants(seedlings) of each accession from each of 

the replication were put in Kraft paper bags and dried at 250C in an electric oven until 

completely dried shoots were obtained which were then weighed in grams with the help of an 

electronic balance (OHAUS-GT4000, USA). The average was calculated for five plants.   

3.2. Development of plant material  

Two lines (one drought tolerant and one susceptible) were selected as parent lines P1 

(WFTMS) and P2 (Q66) respectively from experiment-I.  

3.3. Development of F1 generation 
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The P1 and P2 were sown in the field under optimum conditions during spring 2009. 

Normal agronomic practices were followed to raise the crop. Tolerant and susceptible parents 

were crossed to develop F1. Parent P1 was used as male because it was found good pollen 

producer; while parent P2 was used as female. 

3.4. Development of F1, F2, BC1, BC2 generation  

The P1, P2 and F1 were grown in the next cropping season autumn 2009. At maturity 

F1 plants were selfed. This selfed seed was the source of F2 population. The F1 plants were 

also crossed with the parents P1 and P2 to develop BC1 and BC2 respectively. F1 was also be 

developed by crossing P1 and P2 as mentioned in section 3.3. 

3.5. Raising of basic six generations, P1, P2, F1, F2, BC1 and BC2  

The experiment was sown at the experimental area of the Department of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad during the year 2010. The 

experimental material was planted in field. The seeds of all the generations such as P1, P2, F1, 

F2, BC1 and BC2 were planted in nested block design with three replications. Two contrasting 

water levels i.e., normal and water stressed were applied to all generations in nested block 

design. Each entry was planted by keeping row-to-row and plant-to-plant distances of 75 and 

25 cm respectively in each replication. Normal agronomic and crop husbandry practices were 

followed to raise the crop.  

3.6. Generation Mean Components  

Data of basic six generations were analyzed using nested design. Analysis of variance 

depicted significant variation between generations. Therefore, data were subjected to the 

generation mean analysis to determine the type of genetic effects associated with the traits 

under study within each water regime. Generation mean analysis was carried out following 

Mather and Jinks (1982). Generation mean analyses were computed using a computer 

programme provided by Dr. Muhammad Ahsan, Associate professor, Department of Plant 

Breeding and Genetics. Mean and variances of each population (parents, backcrosses, F1 and 

F2) used in the analysis were calculated from individual plants pooled over replications. A 

weighted least square analysis was performed on the generation mean commencing with the 

simplest model using parameter m only and tested for goodness of fit. If the chi-squared 

value of one parameter model [m] was significant then further models of increasing 

complexity [md, mdh, etc.] were tried and tested for goodness of fit. The best model was 
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chosen as the one which had significant estimates of all parameters along with non-

significant chi-squared value. The parent with higher magnitude was always taken as P1 in 

the model fitting for each trait. Theoretical genetic components of generation mean used in 

the analysis are shown in the Table 3.1. 

Table: 3.1. Coefficients of parameters for the weighted least squares analysis of 
generation mean (Mather and Jinks, 1982) 
Generations Components of genetic effects 

 M [d] [h] [i] [j] [l] 

P1 1 1.0 0.0 1.00 0.00 0.00 

P2 1 -1.0 0.0 1.00 0.00 0.00 

F1 1 0.0 1.0 0.00 0.00 1.00 

F2 1 0.0 0.5 0.00 0.00 0.25 

BC1 1 0.5 0.5 0.25 0.25 0.25 

BC2 1 -0.5 0.5 0.25 -0.25 0.25 

M = mean, d = additive, h = dominance, i = additive-additive, j = additive-dominance and l = 
dominance-dominance  
3.7. Generation variance components 

A weighted least squares analysis of variance was computed by using a computer 

programme provided by Dr. Muhammad Ahsan, Associate professor, Department of Plant 

Breeding and Genetics was performed on the data of the experiment containing six 

generations (parents, F1, F2, BC1 and BC2) based on the method as described in Mather and 

Jinks (1982). Model fitting was started using the E parameter only. When the chi-squared 

value was significant; D, H and F parameters were successively included until a satisfactory 

model fit was obtained. The best fit model was chosen as the one with all significant 

parameters and non-significant chi-squared value. Coefficients of genetic variance were 

shown in table 3.2. 

Table: 3.2. Coefficients of genetic effects for the weighted least square analysis of 
generation variances (Mather and Jinks, 1982) 
Generations Components of variation 

 D  H F E 

P1 0.00 0.00 0.00 1 

P2 0.00 0.00 0.00 1 
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F1 0.00 0.00 0.00 1 

F2 0.50 0.25 0.00 1 

BC1 0.25 0.25 -0.50 1 

BC2 0.25 0.25 0.50 1 

D = additive, H = dominance, F = dominant × additive, E = environmental variation 

3.8. Heritability estimates 

Narrow sense heritability (h2ns) in F2 generation was calculated using the components of 

variance from the best fit model of weighted least squares analysis by the formula:  

h2ns  

(1) = 0.5D / (0.5D + E) (When a simple DE model was adequate without a significant 

dominance component) 

(2) = 0.5D / (0.5D + 0.25H + E) (When a DHE model had to be fitted) 

Narrow sense heritability (h2∞) in F∞ generation was also calculated by using the formula: 

h2∞ = D / (D + E) 

3.9. Correlations 

The Phenotypic and genetic correlation coefficients between pairs of plant traits were 

calculated using the individual plant data of the F2 generations. 

3.9.1. Phenotypic correlations 

The phenotypic correlations (rp) between two traits x and y were calculated by using the 

following formula. 

rp = PCOV(x,y)/ (PVx . PVy)1/2 

Where, 

PCOV(x,y) is the mean phenotypic covariance of x and y traits. 

PVx = Phenotypic variance of x traits  

PVy = Phenotypic variance of y traits.  

3.9.2. Genetic correlations 

The genetic correlations (rg) between two traits x and y were computed by using the 

following formula. 

rg = GCOV(x,y)/ (GVx.GVy)1/2 

Where, 

GCOV(x,y) = COV(x,y) F2 – COV(x,y)E 
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COV(x,y)E = (1/4)[COV(x,y)P1 + COV(x,y)P2 + 2COV(x,y)F1] 

GCOV(x,y), COV(x,y)E, COV(x,y)P1, COV(x,y)P2, COV(x,y)F1 and COV(x,y) F2 are 

covariances of x and y associated with genetic effects, non-genetic effects, P1, P2, F1 and F2 

generations respectively and GV (x) and GV (y) are genetic variances of x and y traits 

respectively (Kwon and Torrie, 1964). 

3.10. Agronomic Traits 

3.10.1. Plant height (cm) 

Ten plants were selected from each generation i.e. P1, P2 and F1, twenty five from 

each of BC1 and BC2 and fifty from F2 population at maturity and plant height was measured 

with a measuring tape in centimeters from the ground level to the base of the tassel and the 

average height was calculated. 

3.10.2. Leaf area (cm2) 

Leaves from ten selected plants from each generation i.e. P1, P2 and F1, twenty five 

from each of BC1 and BC2 and fifty from F2 population at maturity were taken and area of 

each leaf was measured using the formula suggested by Mckee, (1964). 

Leaf area = Leaf length (cm) × leaf width (cm) ×0.74 

3.10.3. Cob length (cm) 

Cob length was measured in centimeters with the help of measuring tape each of ten 

guarded plants from each generation of P1, P2 and F1, twenty five from BC1 and BC2 and fifty 

from F2 population. 

3.10.4. Cob girth (cm)  

The diameter of cobs from selected plant was measured from base, middle and top 

most portion of the cob with the help of Vernier Caliper (Model RS232). The average cob 

diameter of five plants was calculated. 

3.10.5. Rows per ear 

To obtain number of rows per ear, ten plants were selected from each generation i.e. 

P1, P2 and F1, twenty five from each of BC1 and BC2 and fifty from F2 population at maturity 

from each replication and grain rows per ear were counted.  

3.10.6. Grains per row 
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Ten plants were selected from each generation i.e. P1, P2 and F1, twenty five from 

each of BC1 and BC2 and fifty from F2 population at maturity and were threshed manually. 

Their grains per row were counted. 

3.10.7. Biomass per plant (g) 

Ten plants were selected from each generation i.e. P1, P2 and F1, twenty five from 

each of BC1 and BC2 and fifty from F2 population at maturity and weight of total air dried 

plants from each generation was taken by using digital balance and converted into kg ha-1. 

The recorded weight was then added to already calculate grain yield to record biomass per 

plant. 

3.10.8. 100-grain weight (g) 

Hundred kernels weight was measured in grams with an electronic scientific balance 

from the bulk produce of each plot in each replication. 

3.10.9. Grain yield per plant (g) 

Grain yield per plant was determine by taking ten guarded plants from P1, P2 and F1, 

twenty five from BC1 and BC2 and fifty from F2 population. 

3.11. Physiological Traits 

3.11.1. Cell membrane-thermo stability 

Cell membrane thermo-stability was estimated following the method proposed by 

Ibrahim and Quick (2001). The leaf samples were cut from ten selected plants from P1, P2 

and FI and twenty five plants from BC1 and BC2 and fifty plants from F2 population. The 

leaves samples were washed with de-ionized water to remove any adherent or all ready 

k8released electrolytes. Then ten discs of 10 mm of each side of midrib were cut from each 

leaf sample and washed twice with de-ionized water. The leaf discs were placed in (16×150 

mm) test tubes with 10 ml di-ionized water. The test tubes were put in water bath at 500C for 

thirty minutes. After treatment, tubes were held over night at room temperature. Electrical 

conductivity of test tubes was measured with EC meter (TOA-CM-14P, Japan). The test 

tubes were autoclaved at 120°C and 0.10 MPa and electrical conductivity was measured 

again. Membrane thermo-stability was expressed in percentage units as the reciprocal of 

relative leakage: 

MTS = (1-T1/T2) × 100 

Where T1 is the conductivity reading after heat treatment 
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T2 is the conductivity reading after autoclaving. 

3.11.2. Stomata frequency  

The stomata frequency was estimated per unit area from upper surface (adaxial) of 

the leaf of the mother shoot of each randomly selected plant under 10X microscopic field. 

Five strips from the middle part of the leaf were obtained and dipped into Carnoy’s solution 

to remove chlorophyll and arrest stomata movement from the leaf tissues. The strips were 

washed with acetone and stored in formalin solution for further examination after 48 days. 

10X microscopic field was used to examine and count the stomata frequency. For stomata 

frequency the samples were counted in each strip. 

3.11.3. Stomata size (μm2) 

The same leaf strips used for observation of stomata frequency were also used for 

measuring stomata size under medium power (40X) objective of the microscope. Stomata 

length and breadth were measured in microns. With the help of compound microscope 

(NIKON-ON3, JAPAN) five stomata from each strip were measured at different places of  

leaf. 

Area = length × breadth 

3.11.4. Leaf water potential  

Leaf water potential was taken approximately every 7 to 10 days from emergence to 

maturity, on clear-sky days at 8:00–9:00 with a portable PSYPRO water potential system. 

ΨL was measured with a C-52 sample chamber after the leaf of spike fully expanded. Discs 

about 6 mm in diameter were cut from the leaves of 3 plants and sealed in a chamber. 

Samples were equilibrated for 30 min before the readings were recorded by a Wescor HR-

33T microvoltmeter in the psychrometric mode. 

Atmosphere water potential (Ψa) was calculated by Zhang et al. (1999): 

Ψa= RT lnRH Vw 

Where: R = 8.3127 Pa m3/mol K is the constant of general gas; T is the absolute humidity 

(K); Vw= 1.8 × 10–5 m3/mol is the partial Moore volume content; RH is relative humidity 

(%) 

Water transfer resistance was calculated by Zhang et al. (1997): 

E = ΨS – ΨL = ΨL – ΨaΨSL ΨLa 
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where: E is the transpiration rate (μg/cm2/s), which was measured similarly with 

water potential of leaves and soil by CIRAS-2 photosynthetic system; ΨS (Pa), ΨL (Pa), and 

Ψa (Pa) are the water potentials of soil, leaves and atmosphere; ΨSL (s) and ΨLa (s) are the 

water transfer resistances between soil-leaves and leaves-atmosphere respectively.  

3.11.5. Excised leaf water loss  

Three fully developed leaf samples were taken from each of the selected plants grown 

under well-watered and drought condition. The samples were kept in polythene bags after 

excision and fresh weight was recorded using electronic balance. The leaf samples were left 

on laboratory bench at room temperature. After 24 hours, weight of the wilted leaf samples 

was recorded. Then the leaf samples were oven dried at 70°C for 72 hours, for recording 

oven dry weight and excised leaf water loss was calculated using the following formula as by 

Clarke and McCaig (1982). 

Excised leaf water loss = (Fresh weight – wilted weight) / Dry weight 

3.11.6. Leaf temperature (oC) 

Leaf temperature of ten selected plants from each of P1, P2, FI, twenty five from BC1 

and BC2 and fifty from F2 generation at 13.00-15.00 pm from fully exposed leaves to 

sunlight. Data was recorded from three leaves of each selected plants with infrared 

thermometer (RAYPRM30CFRG, RAYTEK USA). 

3.11.7. Stomata conductance (mmol m-² s-¹) 

Stomata conductance of 10 selected plants from each condition (normal and drought) was 

measured by using IRGA (infrared gas analyzer). 
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CHAPTER 4      

RESULTS AND DISCUSSIONS 

4.1. Screening for Drought Tolerance and Susceptible Lines   

4.1.1. Emergence (%) 

To sort out drought tolerant and susceptible germplasm among forty inbred lines of maize, 

morphological parameters (emergence %age, root/shoot length, root/shoot fresh and dry 

weights) were taken into account. All of the 40 genotypes except OH28, OH41, OH-54-3A, 

WM13RA and Q97 showed similar emergence mean (5%) that indicated their similarity 

among each other. The mean value for emergence was found to be same as that for their 

values under normal irrigated conditions which showed that they behave same under 

irrigation conditions while under water stress great variation in emergence of these inbred 

was recorded. On the other hand, WA3748 showed very fewer emergences under drought 

conditions depicted its sensitivity for the drought at germination stage. It was found from 

Appendix 3 that significant differences were found for all inbred lines under drought 

conditions but non-significant under normal conditions. It was shown from Table 4.1.1 that 

mean performance (4.888±0.036%), higher heritability 54.28% and lower genetic advance 

5.157% were recorded for emergence percentage under normal conditions. Table 4.1.1a 

indicated that mean performance (3.325±0.085%), higher heritability 62.09 % and moderate 

genetic advance 20.08% were recorded for emergence percentage under drought conditions. 

Higher heritability and genetic advance indicated that selection may be much effective to 

develop resistance maize genotypes. On the basis of emergence percentage of genotypes it 

was concluded that the genotypes that were germinated fully, selected as drought resistant 

and the genotypes showed lower emergence as drought sensitive genotypes. The higher 

emergence percentage indicated the health, moisture contents of seed and vigor of seeds. The 

potential of seeds grown under drought conditions depended upon the moisture contents of 

seed. Similar results were obtained by Fakorede and Ojo (1981) in maize; Chapman and 

Drolsom (1983) in maize; Eissa (1983) in cotton; Pozzi et al. (1985) and Akhtar (2002) in 

maize.  



35 
 

 

 

 



36 
 

 

4.1.2. Root length (cm)  

Mean performance of maize genotypes for root length showed that maximum root length was 

gained by the W187R and minimum root length gain by WM13RA under normal conditions 

of water supply (Fig. 4.3). While Antigua-1 was found to be at its best with respect to root 

length under drought condition and OH28 showed minimum root length among all of the 

genotypes under study under drought thus proving its sensitivity to drought (Fig. 4.4). It was 

shown from Appendix 1 that higher root length was found for W187R (37.20cm) following 

by A50-2 (33.60cm) while lower for A556 (26.20cm) and W64SP (26.20cm) under normal 

conditions. It was suggested from Appendix 2 that higher root length was found for Antigual 

(35.30cm) followed by K55TMS (31.08cm) while lower was found for OH28 (14.85cm) and 

Q66 (15.53cm) under drought condition. The higher root length indicated that the genotypes 

were drought resistant and could produce long roots to get water from deep soil. The 

genotypes that could not produce long root were drought sensitive. It was concluded that root 

length may be used as a selection criteria for drought tolerance maize genotypes. It was 

suggested from Appendix 3 that significant differences were found for all inbred lines under 

normal and drought conditions. It was suggested from Table 4.1.1 that mean performance 

(27.154±0.439cm), higher heritability 61.69% and genetic advance 13.339% were recorded 

for root length under normal conditions while table 4.1.1a indicated that mean performance 

(23.708±0.506cm), higher heritability 75.83% and genetic advance 22.89% were recorded 

for root length under drought conditions. Higher heritability and genetic advance indicated 

that selection may be much effective to develop resistance maize genotypes. These results 

were also in the line with those of Nour and Weibal (1978) who found that significant 

varietal differences in all traits were observed for root characteristics such as root length, 

fresh root weight and root shoot ratio. The most drought resistant cultivars had greater fresh 

root weight, which is the best indicator and characteristics for the determination of drought 

resistance. Similar results were obtained by Eissa (1983) in cotton; Fakorede and Ojo (1981); 

Chapman and Drolsom (1983); Pozzi et al. (1985); Akhtar (2002); Mehdi and Ahsan (1999); 

Mehdi and Ahsan (2000b); Ahsan et al. (2011) and Ali et al. (2011a, b) in maize, and Aslam 

et al. (2006) in maize. 
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4.1.3. Shoot length 

In case of shoot length, OH8 gained maximum shoot length followed by WM13RA value 

under well water condition while A495 and M14 showed minimum shoot length (Fig. 2.5, 

4.6). Data for shoot length in the appendix 1 indicated that higher shoot length was found for 

OH8 (38.60cm) followed by WM13R (35.80cm) and WF-9 (33.40cm) under normal 

conditions while under drought conditions 23.88 and 23.10cm along with lower emergence 

percentage 4.5 and 2% respectively. It showed that they were drought sensitive as their shoot 

length was decreased under drought condition. Appendix 2 showed that A545 got maximum 

shoot length (28.20cm) followed by A521-1 (27.80cm) under drought conditions as they did 

for the emergence (4.50% and 5.00%) respectively under drought showing their tolerance 

towards drought conditions. USSR150 was the observed at its least performance with respect 

to shoot length (14.60cm) under drought condition that shows its sensitivity for drought. It 

was suggested that higher shoot length under drought condition indicated the accumulation of 

organic compounds like osmolytes in the shoot, higher photosynthetic rate, lower 

transpiration rate, higher water use efficiency of plant, higher chlorophyll contents and batter 

use of input by plant. It was persuaded from tables Appendix 3 that significant differences 

were found for all inbred lines under normal and drought conditions. It was suggested from 

table 4.1.1 that mean performance (29.048±0.528cm), higher heritability 82.86% and genetic 

advance 21.979% were recorded for shoot length under normal conditions while table 4.1.1a 

indicated that mean performance (22.244±0.528cm), higher heritability 75.03% and genetic 

advance 25.15% were recorded for shoot length under drought conditions. Higher heritability 

and genetic advance indicated that selection may be much effective to develop resistance 

maize genotypes. Similar results were obtained by Eissa (1983) in cotton; Fakorede and Ojo 

(1981); Chapman and Drolsom (1983); Pozzi et al. (1985); Akhtar (2002); Mehdi and Ahsan 

(1999); Mehdi and Ahsan (2000b); Ahsan et al. (2011) and Ali et al. (2011a, b) in maize. 

4.1.4. Root weight (g)  

Figures (4.7, 4.8, 4.9, and 4.10) showed the comparative response of all 40 genotypes with 

respect to root weight (fresh and dry) under normal and drought conditions. Data regarding 

fresh root weight showed that Q97 gained maximum (40.00g) while OH28 minimum (7.45g) 

values under normal irrigated conditions. On the other hand, A427-2 showed maximum root 

fresh weight value under drought conditions depicting its fitness for drought while W10 

showed minimum fresh root weight (1.95g) which shows its sensitivity to the drought. 
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Dry weights of the roots were taken to check the response of each of the inbred line to water 

applied and drought. Values for the root dry weights showed that A545 gained maximum 

value (26.35g) and OH41 was at its least value (4.35g) for root dry weights under normal 

supply of water. While under drought conditions, M14 showed maximum dry root weight 

gain (17.45g) and W187R gained least value of dry root weight (0.40g). The fresh and dry 

root weights showed the accumulation of organic compounds in the roots, higher length of 

root, diverse type of root system and growth rate of roots under normal and drought 

conditions. The higher differences among fresh and dry weights suggested that the moisture 

contents in fresh and dry roots were higher. The greater difference in fresh and dry weight of 

root also indicated the ability of root to penetrate in soil, retention of moisture and 

absorbance of water under drought condition. It was suggested from Appendix 3 that 

significant differences were found for all inbred lines under normal and drought conditions. It 

was suggested from table 4.1.1 that mean performance (18.221±0.921g, 5.944±0.301g), 

higher heritability (89.96%, 81.23%) and genetic advance (68.379%, 59.46%) were recorded 

for fresh root weight under normal and drought conditions respectively while table 4.1.1a 

indicated that mean performance (12.761±0.696g, 4.671±0.316g), higher heritability 

(92.92%, 89.56%) and genetic advance (77.325%, 90.86%) were recorded for dry root 

weight under normal and drought conditions. Higher heritability and genetic advance 

indicated that selection may be much effective to develop resistance maize genotypes (Pozzi 

et al., 1985 and Akhtar 2002; Mehdi and Ahsan 1999; Mehdi and Ahsan 2000b; Ahsan et al., 

2011; Ali et al., 2011a,b in maize). 

4.1.5. Shoot weight (g) 

Data in the table (4.2) showed that maximum value (14.65g) for fresh shoot weight was of 

Q67 under well water conditions while B42 gained minimum fresh shoot weight (6.75g). 

However, when drought was imposed, OH28 showed maximum shoot fresh weight while 

two (WF-9, WA3748) of 40 inbred lines showed minimum shoot dry weight proving their 

sensitivity to the drought. Dry shoot weight under the normal irrigated conditions showed 

that AES204 gained maximum value (3.75g) while two (A495 and PB7-1) of the forty inbred 

lines measured minimum dry shoot weights (0.55g). Dry shoot weight under drought 

condition represented that G.P.F-9 gained maximum value (6.70g) and A509 gained 

minimum value (0.20g). 
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Hoogenboom et al. (1987) observed that root weight increases under moisture stress 

indicating greater density and greater depth of root penetration both are important 

morphological adaptations to moisture deficit and result in greater extraction of soil water. 

The fresh and dry shoot weights showed the accumulation of organic compounds in the 

shoot, higher length of shoot, diverse type of root system and growth rate of roots under 

normal and drought conditions. The higher differences among fresh and dry weights 

suggested that the moisture contents in fresh and dry shoot were higher. The greater 

difference in fresh and dry weight of shoot also indicated the ability of root to penetrate in 

soil, retention of moisture and absorbance of water under drought condition. It was 

observable from Appendix 3 that significant differences were found for all inbred lines under 

normal and drought conditions. It was shown from table 4.1.1 that mean performance 

(10.281±0.309g, 11.331±0.477g), higher heritability (80.38%, 86.04%) and genetic advance 

(34.807%, 53.55%) were recorded for fresh root weight under normal and drought conditions 

respectively while table 4.1.1a indicated that mean performance (1.998±0.115g, 

1.765±0.099g), higher heritability (75.0%, 81.04%) and genetic advance (61.235%, 65.96%) 

were recorded for dry root weight under normal and drought conditions. Higher heritability 

and genetic advance indicated that selection may be much effective to develop drought 

resistance maize genotypes. Similar results were obtained by Eissa (1983) in cotton, and 

Fakorede and Ojo (1981); Chapman and Drolsom (1983); Akhtar (2002); Mehdi and Ahsan 

(1999); Mehdi and Ahsan (2000b); Ahsan et al. (2011); Ali et al. (2011a, b) in mazie. 
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4.1.2. Correlation Analysis  

Correlation analysis was performed to evaluate the strength of relationship among seedling 

traits of maize inbred lines. Tables 4.1.2.1, 4.1.2.1a (under normal condition) and 4.1.2.2, 

4.1.2.2a (under drought condition) presented the correlation coefficients for seedling traits of 

maize. The results of correlation were as under: 

4.1.1.2.1. Correlation between emergence percentage and other traits 

It was suggested from tables 4.1.2.1, 4.1.2.1a that emergence percentage showed a positive 

and significant genotypic correlation with dry shoot weight, dry root weight, fresh root and 

shoot weight and root and shoot length while and significant phenotypic correlation was 

found with dry shoot weight, fresh root and shoot weight and root and shoot length under 

normal conditions. While tables 4.1.2.2, 4.1.2.2a showed that positive and significant 

genotypic and phenotypic correlation of emergence percentage was found with dry shoot 

weight, dry root weight, fresh root and shoot weight and root and shoot length. It was 

concluded that positive genotypic correlation of emergence percentage with root length, fresh 

and dry root and shoot weights under normal and drought conditions may be useful for the 

selection of drought resistant genotypes. Similar results were found by Fakorede and Ojo 

(1981); Chapman and Drolsom (1983); Eissa (1983); Pozzi et al. (1985) and Akhtar (2002). 

4.1.1.2.2. Correlation between root length and other traits 

It was shown from tables 4.1.2.1, 4.1.2.1a that root length showed a positive and significant 

genotypic and phenotypic correlation with emergence percentage, dry shoot weight, fresh 

root and shoot weight and shoot length under normal conditions. The tables 4.1.2.2, 4.1.2.2a 

suggested that positive genotypic and phenotypic correlation of root length was found with 

dry root weight, emergence percentage, fresh root weight and dry shoot weight. It was 

concluded that positive genotypic correlation of emergence percentage with emergence 

percentage, fresh and dry root and shoot weights under normal and drought conditions may 

be useful for the selection of drought resistant genotypes. Similar results were found by 

Fakorede and Ojo (1981); Chapman and Drolsom (1983); Eissa (1983); Pozzi et al. (1985) 

and Akhtar (2002). 

4.1.1.2.3. Correlation between shoot length and other traits 

It was found from tables 4.1.2.1, 4.1.2.1a that shoot length showed a positive and significant 

genotypic and phenotypic correlation with fresh shoot weight, dry root weight, fresh root 



47 
 

weight, root length and dry shoot weight under normal conditions. The tables 4.1.2.2, 

4.1.2.2a suggested that positive genotypic and phenotypic correlation of shoot length was 

found with emergence percentage, fresh root weight and fresh shoot weight. It was concluded 

that positive genotypic correlation of shoot length with fresh and dry root and shoot weights 

under normal and drought conditions may be useful for the selection of drought resistant 

genotypes. Similar results were found by Fakorede and Ojo (1981); Chapman and Drolsom 

(1983); Mehdi and Ahsan (1999); Mehdi and Ahsan (2000b); Akhtar (2002); Ali et al. 

(2011); Ahsan et al. (2011) and Ali et al. (2012) in maize. 

4.1.1.2.4. Correlation between fresh root weight and other traits 

It was suggested from tables 4.1.2.1, 4.1.2.1a that fresh root weight showed a positive and 

significant genotypic correlation with fresh shoot weight, dry shoot weight, shoot length, root 

length and emergence percentage under normal conditions. The tables 4.1.2.2, 4.1.2.2a found 

that positive genotypic and phenotypic correlation of fresh root weight was found with dry 

root weight, fresh and dry shoot weight, root length and emergence percentage under drought 

condition. It was concluded that positive genotypic correlation of fresh root weight with root 

and shoot length, dry root and shoot weights under normal and drought conditions may be 

useful for the selection of drought resistant genotypes. Similar results were found by 

Fakorede and Ojo (1981); Chapman and Drolsom (1983); Eissa (1983); Pozzi et al. (1985); 

Mehdi and Ahsan (1999); Mehdi and Ahsan (2000b); Akhtar (2002); Ali et al. (2011); Ahsan 

et al. (2011) and Ali et al. (2012). 

4.1.1.2.5. Correlation between dry root weight and other traits 

It was indicated from tables 4.1.2.1, 4.1.2.1a that dry root weight showed a positive and 

significant genotypic correlation with shoot length and emergence percentage while higher 

phenotypic correlation was found with shoot length under normal conditions. The tables 

4.1.2.2, 4.1.2.2a showed that positive genotypic and phenotypic correlation of dry root 

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

emergence percentage under drought condition. It was concluded that positive genotypic 

correlation of dry root weight with root and shoot length, emergence percentage, dry root and 

shoot weights under normal and drought conditions may be useful for the selection of 

drought resistant genotypes. Similar results were found by Fakorede and Ojo (1981); 

Chapman and Drolsom (1983); Eissa (1983); Pozzi et al. (1985); Mehdi and Ahsan (1999); 
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Mehdi and Ahsan (2000b); Akhtar (2002); Ali et al. (2011); Ahsan et al. (2011) and Ali et al. 

(2012). 

4.1.1.2.6. Correlation between fresh shoot weight and other traits 

It was revealed from tables 4.1.2.1, 4.1.2.1a that fresh shoot weight showed a positive and 

significant genotypic and phenotypic correlation with dry shoot weight, fresh root weight, 

shoot length and emergence percentage under normal conditions. The tables 4.1.2.2, 4.1.2.2a 

found that positive genotypic and phenotypic correlation of fresh shoot weight was found 

with dry shoot weight, fresh root weight, shoot length and emergence percentage under 

drought condition. It was concluded that positive genotypic correlation of fresh shoot weight 

with root and shoot length, emergence percentage, dry root and shoot weights under normal 

and drought conditions may be useful for the selection of drought resistant genotypes. 

Similar results were found by Fakorede and Ojo (1981); Chapman and Drolsom (1983); 

Eissa (1983); Pozzi et al. (1985); Mehdi and Ahsan (1999); Mehdi and Ahsan (2000b); 

Akhtar (2002); Ali et al. (2011); Ahsan et al. (2011) and Ali et al. (2012). 

4.1.1.2.7. Correlation between dry shoot weight and other traits 

It was suggested from tables 4.1.2.1, 4.1.2.1a that dry shoot weight showed a positive and 

significant genotypic correlation with fresh root and shoot weight, emergence percentage, 

root length and shoot length under normal conditions. The tables 4.1.2.2, 4.1.2.2a found that 

positive genotypic and phenotypic correlation of dry shoot weight was found with emergence 

percentage, dry root weight, fresh root and shoot weight, root length and under drought 

condition. It was concluded that positive genotypic correlation of dry shoot weight with root 

and shoot length, emergence percentage, dry root and shoot weights under normal and 

drought conditions may be useful for the selection of drought resistant genotypes. Similar 

results were found by Fakorede and Ojo (1981); Eissa (1983); Pozzi et al. (1985); Mehdi and 

Ahsan (1999); Mehdi and Ahsan (2000b); Akhtar (2002); Ali et al. (2011); Ahsan et al. 

(2011) and Ali et al. (2012). 
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Table: 4.1.1. Genetic components for various seedling traits under normal condition 

Traits G.M ±SE GV GCV % PV PCV % EV ECV % h2bs% GA% 

 Emergence % 4.888±0.036 0.038 4.013 0.070 5.427 0.032 3.654 54.28 5.157 
 Root length 27.154±0.439 6.906 9.678 11.196 12.322 4.290 7.628 61.69 13.339 
 Shoot length 29.048±0.528 15.973 13.758 19.278 15.115 3.305 6.259 82.86 21.979 
 Fresh root weight 18.221±0.921 56.025 41.078 62.276 43.309 6.251 13.721 89.96 68.379 
 Fresh shoot weight 10.281±.0309 5.173 22.121 6.435 24.673 1.262 10.927 80.38 34.807 
 Dry root weight 12.761±0.696 34.021 45.707 36.613 47.416 2.592 12.616 92.92 77.325 
 Dry shoot weight 1.998±0.115 0.648 40.303 0.864 46.540 0.216 23.274 75.0 61.235 
 

 

Table: 4.1.1a. Genetic components for various seedling traits under drought condition 

Traits G.M ±SE GV GCV % PV PCV % EV ECV % h2bs% GA% 

 Germination % 3.525±0.085 0.262 14.508 0.422 18.438 0.161 11.379 62.09 20.08 
 Root length 23.708±0.506 12.603 14.974 16.619 17.195 4.016 8.453 75.83 22.89 
 Shoot length 22.244±0.528 13.538 16.542 18.044 19.097 4.506 9.543 75.03 25.15 
 Fresh root weight 5.944±0.301 4.993 37.594 6.147 41.714 1.154 18.076 81.23 59.46 
 Fresh shoot weight 4.671±0.316 6.530 54.711 7.291 57.811 0.761 18.678 89.56 90.86 
 Dry root weight 11.331±0.477 13.896 57.053 16.151 61.510 2.256 22.987 86.04 53.55 
 Dry shoot weight 1.765±0.099 0.543 55.333 0.670 61.490 0.127 26.821 81.04 65.96 
GM = Grand Mean, SE = Standard error, GV = Genotypic variance, PV = Phenotypic variance, GCV = Genotypic coefficient of 
variance, PCV = Phenotypic Genotypic coefficient of variance, EV = Environmental variance, ECV = Environmental Genotypic 
coefficient of variance, h2 bs. Broad sense heritability, GA = Genetic advance 
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Table: 4.1.2.1. Genotypic correlation coefficients among morphological traits of 
maize under normal conditions 

NS= Non-significant, * = Significant at 5% level probability of significance. 

 

 

Table: 4.1.2.1a.Phenotypic correlation coefficients among morphological traits of maize under 
normal conditions 

Traits Dry root 
weight  

Dry shoot 
weight 

Fresh 
root 
weight 

Fresh 
shoot 
weight 

Root 
length 

Shoot 
length 

Dry shoot weight  0.1721 NS      

Fresh root weight 0.1127 NS 0.7056**     

Fresh shoot weight 0.0137 NS 0.6063** 0.6398**    

Root length 0.1330 NS 0.5592** 0.5795** 0.7825**   

Shoot length  0.3315** 0.4325** 0.4435** 0.6927** 0.5864**  

Emergence % 0.1860 NS 0.6864** 0.6364** 0.5180** 0.6192** 0.5024** 
NS= Non-significant, ** = Significant at 1% probability level of significance.   

 

 

 

 

 

 

 

 

Traits 
Dry root 
weight 

Dry shoot 
weight  

Fresh root 
weight 

Fresh 
shoot 
weight 

Root 
length 

Shoot 
length 

Dry shoot weight  0.1686NS      

Fresh root weight 0.0842 NS 0.8775*     

Fresh shoot weight -0.0233 NS 0.6987* 0.6715*    

Root length 0.1527 NS 0.7475* 0.6399* 0.8517*   

Shoot length  0.4580* 0.5242* 0.4939* 0.7199* 0.6707*  

Emergence % 0.3057* 0.8756* 0.7994* 0.5852* 0.7225* 0.5597*
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Table: 4.1.2.2. Genotypic correlation among morphological traits of maize under drought 

conditions 

Traits Dry root 
weight  

Dry shoot 
weight 

Fresh 
root 
weight 

Fresh shoot 
weight 

Root 
length 

Shoot 
length 

Dry shoot weight  0.5948*      

Fresh root weight 0.4260* 0.6938*     

Fresh shoot weight -0.0114NS 0.2598* 0.3313*    

Root length 0.4072* 0.5638* 0.4935* 0.1946*   

Shoot length  0.3757* 0.0224 -0.0967 0.4315* 0.0793 NS  

Emergence % 0.3568* 0.3369* 0.5200* 0.3520* 0.8287* 0.3424* 
NS= Non-significant, * = Significant at 5% probability level of significance. 

 

 

Table: 4.1.2.2a. Phenotypic correlation among morphological traits of maize under drought 

conditions 

Traits Dry root 
weight  

Dry shoot 
weight 

Fresh root 
weight 

Fresh 
shoot 
weight 

Root length Shoot 
length 

Dry shoot weight  0.4309**      

Fresh root weight 0.2572* 0.5134**     

Fresh shoot weight 0.0208 NS 0.1698 NS 0.2226*    

Root length 0.3041** 0.4704** 0.4442** 0.1540 NS   

Shoot length  0.2704* -0.0257 NS -0.0063 NS 0.3839** 0.0856 NS  

Emergence % 0.2648* 0.3208** 0.4254** 0.3027** 0.6832** 0.2565* 
NS= Non-significant, * = Significant at 5% probability level of significance, ** = Significant at 1% 

probability level of significance.  
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Analysis of Variance 

Under normal and drought condition analysis of variance showed significant differences 

between the generations for various traits (Cell membrane thermo-stability, stomata 

conductance, stomata frequency, stomata size, leaf water potential, excised leaf water loss, 

leaf temperature, plant height, leaf area, cob length, grain row per ear, grain per ear cob, 

biomass per plant, 100-grain weight and grain yield per plant). The parameter showed that 

significant differences (p < 0.05) between generations mean for various crosses are showing 

in the table 4.1.  

Analysis of variance (Appendix) of the all 40 maize inbred lines for different growth 

parameters under well watered and drought conditions provided a clear and ease of selection 

among the genotypes. It was clear from analysis that under well watered conditions, no 

significant difference was found for emergence among any of the inbred lines under study. 

However, all inbred lines showed significant difference for rest of the growth parameters 

(Root length, shoot length, fresh root weight, fresh shoot weight, dry root weight, dry shoot 

weight) under well water conditions at P<0.01. While under water stressed conditions, all of 

the 40 inbred lines were found to be significantly different from each other for all of the 

growth parameters under study. Analysis of variance also depicted genetic diversity among 

all genotypes under study for growth parameters, hence provided wade range for specific 

selection (drought tolerant & drought sensitive) among all genotypes. 

4.2. Generation mean analysis  

The results of generation mean analysis are shown in the table 4.2. In quantitatively inherited 

traits, gene action is described as additive, dominance and epistatic effect. Additive effect is 

normally defined as the average effect of gene; dominance as the interaction of allelic genes 

and epistasis as the interaction of non-allelic genes that influence a particular traits. Gene 

action has been estimated using diallel crosses following the methods described by Hayman 

(1954) and Jinks (1954) or by using generation mean and variance of different generations 

(generally segregating and backcross generations) by the methods described by Mather and 

Jinks (1982). Generation mean and variance analysis have been used for studying gene action 

in cotton and in other crops. 
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4.2.1. Cell membrane thermo-stability 

It was found from figures 4.15 and 4.16 that there were significant difference among the 

generations and greater cell membrane thermo-stability was found for P1 generation as 

compared to P2, F1, F2, BC1 and BC2 both under normal and drought conditions. Higher cell 

membrane thermo-stability was reported for P1 (78.57%) and P2 (77.14%) generations under 

normal while P1 (50.74%) and P2 (47.27%) under drought. It was persuaded from table 4.2.1 

that higher heritability was bound for cell membrane thermo-stability under normal (80.89%) 

as compared to drought (75.79%) (Appendix 4). In the cell membrane thermo-stability, the 

model with three parameters [mhi] fit to under normal condition, two parameters [mi] under 

drought conditions (Table 4.2.1). Significant residual effects [m] (60.56±4.67) and higher [h] 

dominance effects (14.97±5.48) indicted that increase may be achieved by selecting 

genotypes on the basis of cell membrane thermo-stability under normal condition. Additive × 

additive interaction [i] (17.76±4.77 under normal condition) and (5.19±2.43 under drought 

condition) were found positive for cell membrane thermo-stability which indicated that it is 

possible to fix increase at infinity generations for cell membrane thermo-stability under 

normal and drought conditions while residual effects [m] (44.04±1.91) was found under 

drought condition. Similar results were reported by Bernardo et al. (1991) in maize; Gomaa 

et al. (1999); Azizi et al. (2006) in mazie; Ashour et al. (2006) ; Golparvar et al. (2006); 

Munir et al. (2007) in wheat and Naveed et al. (2009) in okra. The higher dominance effects 

showed that selection may be effective for the development of drought resistant maize hybrid 

while additive × additive interaction indicated that selection may be helpful for the 

development of synthetic varieties.  

4.2.2. Stomata conductance  

It was found from figures 4.17 and 4.18 that significant differences were reported for stomata 

conductance and higher stomata conductance was found for P1 as compared to P2, F1, P2, F2, 

BC1 and BC2 generations under normal conditions and also under drought condition higher 

stomata conductance was found for P1. 
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Fig. 4.15. Mean performance of different generations of maize for cell membrane 
thermo-stability under normal conditions 

 

   

Fig. 4.16. Mean performance of different generations of maize for cell membrane 
thermo-stability under drought conditions 
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Higher stomata conductance was found for P1 (43.33 mmol m-2 s-1) and P2 (42.30 mmol m-2 s-

1) generations under normal while P1 (42.47 mmol m-2 s-1) and BC2 (42.76 mmol m-2 s-1) 

under drought (Appendix 4).  

For stomata conductance, one parameter model [m] provided best fit to under normal 

condition while simple model with two parameters [mi] under drought conditions in the field 

fit to the data under drought conditions (Table 4.2.1). Significant residual effects [m] 

(42.43±0.25) while residual effects [m] (40.98±0.18) and [i] additive × additive interaction 

(1.08±0.39) were found under drought condition which indicated that it is possible to fix 

increase stomata conductance by selecting genotypes on the basis of that trait. Similar results 

were reported by Bernardo et al. (1991) in maize; Gomaa et al. (1999); Azizi et al. (2006); 

Ashour et al. (2006); Golparvar et al. (2006); Munir et al. (2007) in wheat and Naveed et al. 

(2009) in okra. The additive × additive interaction indicated that selection may be helpful for 

the development of drought resistance synthetic varieties.  

4.2.3. Stomata frequency 

It was found from figures 4.19 and 4.20 that higher stomata conductance was found 

for P1 as compared to P2, F1, F2, BC1 and BC2 generations under normal conditions and under 

drought conditions. The results showed that P1 was drought resistant. Higher stomata 

conductance was found for P1 (227.34) and P2 (215.88) generations under normal while P1 

(192.26) and P2 (190.06) under drought as compared to other generations (Appendix 4). In 

the stomata frequency, the model with three parameters [mhi] under well-watered and model 

with two parameters [mi] provided a good fit data suggesting presence of additive × additive 

variance under drought condition. This indicated the presence of additive and dominance 

along with additive × additive interaction under normal in both crosses and additive type of 

gene action along with dominance × dominance interaction under drought conditions in both 

crosses for the trait. The fact showed complex inheritance (Table 4.2.1). 
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Fig. 4.17. Mean performance of different generations of maize for stomata conductance 
under normal conditions 

 

  

Fig. 4.18. Mean performance of different generations of maize for stomata conductance 
under drought conditions 
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Significant residual effects [m] (150.64±19.69), higher [h] dominance effects (50.68±24.93) 

and highest [i] additive × additive interaction (71.55±21.04) were found for stomata 

frequency under normal condition while residual effects [m] (177.67±4.06) and [i] additive × 

additive interaction (13.95±5.59) were found under drought condition. Positive dominance 

indicated that increase in the stomata conductance under normal conditions.  Positive i 

indicated that it is possible to fix the increase by selecting genotypes on the basis of stomata 

conductance. The higher dominance effects showed that selection may be effective for the 

development of drought resistant maize hybrid while additive × additive interaction indicated 

that selection may be helpful for the development of synthetic varieties. Similar results were 

reported by Gomaa et al. (1999) in wheat; Azizi et al. (2006); Ashour et al. (2006); 

Golparvar et al. (2006); Munir et al. (2007) in wheat and Naveed et al. (2009) in okra.  

4.2.4. Stomata size 

It was found from figures 4.21 and 4.22 that higher stomata size was found for P1 as 

compared to P2, F1, F2, BC1 and BC2 generations under normal conditions and under drought 

conditions. 

Higher stomata size was recorded for P1 (1406.9 μm2) and P2 (1386.7 μm2) 

generations under normal while P1 (1354.8 μm2) and F1 (1312.7 μm2) under drought. It was 

persuaded from table 4.2.1 that higher heritability was bound for stomata size under normal 

(86.45%) and drought (60.00%) condition (Appendix 4). One parameter model [m] provided 

a good fit to normal condition, under drought conditions also provided a good fit to the 

parameter [m] (Table 4.2.1). Significant residual effects [m] (1373.05±20.14) was found for 

stomata size under normal condition while residual effects [m] (1302.83±33.58) was found 

under drought condition. No genetic effects were found for this trait which indicated that 

further progeny testing is required. The selection of drought resistant genotypes on the basis 

of stomata size may be less effective for the improvement of grain yield under limited water 

conditions. Similar results were reported by Bernardo et al. (1991) in maize; Gomaa et al. 

(1999);  Azizi et al. (2006); Ashour et al. (2006); Golparvar et al. (2006); Munir et al. (2007) 

in wheat and Naveed et al. (2009) in okra. 
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Fig. 4.19. Mean performance of different generations of maize for stomata frequency 
under normal conditions 

 

 

Fig. 4.20. Mean performance of different generations of maize for stomata frequency 
under drought conditions 
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Fig. 4.21. Mean performance of different generations of maize for stomata size under normal 
conditions 
 

 

Fig. 4.22: Mean performance of different generations of maize for stomata size under drought 
conditions. 
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4.2.5. Leaf water potential  

It was found from figure 4.23 that higher leaf water potential was found for F2  and BC1 

generations while under drought condition higher leaf water potential was found for P1 

generation while lower was for P2 (Figure 4.24). Higher leaf water potential was found for F2 

(0.67 Pa) and BC1 (0.62 Pa) generations under normal while P1 (1.86 Pa) and F2 (1.41 Pa) 

under drought (Appendix 4). Four parameters model [mdhi] under normal and one parameter 

model [m] under drought condition (Table 4.2.1). Significant residual effects [m] 

(0.26±0.01), [d] additive effects (0.06±0.01), [h] dominance effects (0.67±0.15) and negative 

[i] additive × additive interaction (-0.51±0.15) were found for leaf water potential under 

normal condition while residual effects [m] (1.3±0.04) was  found under drought condition. 

Positive dominance indicated significant increase in that trait while negative i indicated that 

is possible to fix decrease by selection genotypes on the basis of leaf water potential. Similar 

results were reported by Bernardo et al. (1991) in wheat; Azizi et al. (2006); Munir et al. 

(2007) in wheat and Naveed et al. (2009) in okra.  

4.2.6. Excised leaf water loss 

It was found from figure 4.25 that higher excised leaf water loss was found for P1 generation 

as compared to other generations under normal conditions but under drought condition higher 

excised leaf water loss was found for P1 generation while lower were for other generations 

(Figure 4.26). Higher excised leaf water loss was reported for P1 (363.15%) and P2 

(347.75%) generations under normal while P2 (225.55%) and P1 (242.60%) under drought 

(Appendix 4). In the excised leaf water loss, model with two parameters [mi]  provided a 

good fit to the data suggesting presence of additive × additive variance both normal and 

drought conditions (Table 4.2.1). Significant residual effects [m] (339.41±6.38) and [i] 

additive × additive interaction (17.35±8.52) were found for excised leaf water loss under 

normal condition while  residual effects [m] (210.12±6.97) and [i] additive × additive 

interaction (21.25±9.31) were found under drought condition. Positive additive × additive 

interaction may be exploited for this trait for the development of synthetics in future breeding 

program (Bernardo et al. (1991); Gomaa et al. (1999); Azizi et al. (2006); Ashour et al. 

(2006); Golparvar et al. (2006); Munir et al. (2009) and Naveed et al. (2009). 
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Fig. 4.23. Mean performance of different generations of maize for leaf water potential under 
normal conditions 

 

 

Fig. 4.24: Mean performance of different generations of maize for Leaf water potential under 
drought conditions 
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Fig. 4.25: Mean performance of different generations of maize for excised leaf water loss under 

normal conditions 

 

 

Fig. 4.26: Mean performance of different generations of maize for excised leaf water loss under 

drought conditions 
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4.2.7. Leaf temperature 

It was found from figure 4.27 that higher leaf temperature was found for BC2  and P1 

generations while lower were for BC1 under normal conditions but under drought condition 

higher leaf temperature was found for P2 generation while lower were for other generations 

(Figure 4.28). Higher leaf temperature was recorded for BC2 (34.44°C) and P1 (34.48°C) 

generations under normal while BC1 (33.53°C) and P2 (33.66°C) under drought (Appendix 

4). Lower leaf temperature under drought conditions indicated that P1 and BC1 generations 

were highly drought resistant as compared to other generations. The plants with lower leaf 

temperature indicated that transpiration rate is higher to maintain optimum leaf temperature 

to facilitate leaf for photosynthesis under drought conditions. In the case of leaf temperature, 

one parameter model [m] provided a very good fit to the data under normal and drought 

condition (Table 4.2.1). Significant residual effects [m] (34.13±0.09) were found for leaf 

temperature under normal condition while residual effects [m] (33.35±0.023) were found 

under drought condition. Significant residual effects recommended further progeny testing 

for the improvement of leaf temperature (Bernardo et al. (1991) in maize and Azizi et al. 

(2006); Ashour et al. (2006); Golparvar et al. (2006); Munir et al. (2009) in wheat). 

4.2.8. Plant height  

It was found from figure 4.29 that higher plant height was found for F1 and P1 generations 

while lower were for F2 under normal conditions but under drought condition higher plant 

height was found for P1 and F1 generations while lower were for BC2 (Figure 4.30). Higher 

plant height was found for F1 (149.92cm) and P1 (149.33cm) generations under normal while 

P1 (138.95cm) and P2 (138.53cm) under drought (Appendix 5). Higher plant height under 

drought conditions indicated that P1 and F1 generations were highly drought resistant as 

compared to other generations (Table 4.2.2). In plant height model with three parameters 

[mhi] was a good fit to data showing dominance along with dominance × dominance 

interaction suggesting the presence of additive and dominance along with epistatic effects for 

inheritance of this trait. Significant residual effects [m] (114.58±3.98), [h] dominance effects 

(35.4±4.27) and [i] additive × additive interaction (34.54±4.04) were found for plant height 

under normal condition while residual effects [m] (93.41±3.92), [h] dominance effects 

(45.06±4.16) and [i] additive × additive interaction (45.01±4.29) were found under drought 

condition. Positive h and i indicated that increase in plant height may fixed at infant 
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generations. It was suggested that additive × additive interaction, residual effects and 

dominance effects were found under normal and drought conditions. Higher dominance 

effects may be effective for the development of drought resistant maize hybrid while additive 

× additive interaction indicated that selection may be helpful for the development of 

synthetic varieties. The selection of drought resistant genotypes may be effective for the 

improvement of grain yield under limited water conditions. Similar results were reported by  

Azizi et al. (2006); Ashour et al. (2006); Golparvar et al. (2006) and Munir et al. (2007) in 

wheat.  

4.2.9. Leaf area  

It was found from figure 4.31 that higher leaf area was found for F1  and P1 generations while 

lower were for P2 under normal conditions but under drought condition higher leaf area was 

found for P1, F1, BC1 and BC2 generations while lower were for P2  and F2 (Figure 4.32). 

Higher leaf area was reported for F1 (382.65cm2) and P1 (392.49cm2) generations under 

normal while BC1 (304.13cm2) and BC2 (290.95cm2) under drought (Appendix 5). Higher 

leaf area under drought conditions indicated that P1 and F1 generations were highly drought 

resistant as compared to other generations. For leaf area, four parameters model [mdhi] under 

well-watered and one parameter model [m] under drought conditions was proved fit to the 

data (Table 4.2.2). Significant residual effects [m] (293.98±43.03), [d] additive effects 

(6.87±3.35), [h] dominance effects (88.97±44.05) and [i] additive × additive interaction 

(91.62±43.29) were found for leaf area under normal condition while residual effects [m] 

(283.07±4.33) was found under drought condition. Positive d, h and i indicated that increase 

in leaf area may be fixed in next generations. The higher dominance effects showed that 

selection may be effective for the development of drought resistant maize hybrid while 

additive and additive × additive interaction indicated that selection may be helpful for the 

development of synthetic varieties. Similar results were reported by Aslam et al. (2006) in 

maize; Rehman et al. (2006); Ullah et al. (2006); Jabeen et al. (2008) in maize. 

4.2.10. Cob length 

It was found from figure 4.33 that higher cob length was found for BC2  and P1 generations 

while lower were for P2 under normal conditions but under drought condition higher cob 

length was found for P1 and P2 generations while lower were for BC1 and BC2 (Figure 4.34). 

Higher cob length was found for P2 (16.44cm) and P1 (17.44cm) generations under normal 
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while P2 (14.23cm) and P1 (14.97cm) under drought (Appendix 5). Higher cob length under 

drought conditions indicated that P1 generation was highly drought resistant as compared to 

other generations. In cob length, one parameter model [m] provided a good fit to the data 

both normal and drought condition (Table 4.2.2). It was suggested from table 4.4 that 

significant residual effects [m] (16.54±0.3) was found for cob length under normal condition 

while residual effects [m] (13.83±0.31) was found under drought condition. The selection of 

drought resistant genotypes may be effective for the improvement of grain yield under 

limited water conditions. Similar results were reported by Bernardo et al. (1991) in maize; 

Gomaa et al. (1999) and Taheri et al. (2011) in rice. 

4.2.11. Cob girth  

It was found from figure 4.35 that higher cob girth was found for P1 and P2 generations while 

lower were for F2 under normal conditions but under drought condition higher cob girth was 

found for P1 and BC2 generations while lower were for other generations (Figure 4.36). 

Higher cob girth was found for P2 (6.21cm) and P1 (6.77cm) generations under normal while 

BC2 (5.41cm) and P1 (5.33cm) under drought (Appendix 5). Higher cob girth under drought 

conditions indicated that P1 and BC2 generations were highly drought resistant as compared 

to other generations. In case of cob girth, one parameter model [mi] provided a good fit to the 

data suggesting presence of only additive type of gene action under normal condition and two 

model [md] to fit under drought condition (Table 4.2.2). It was suggested from table 4.4 that 

significant residual effects [m] (5.45±0.27) and [i] additive × additive interaction (0.91±0.41) 

were found for cob girth under normal condition while residual effects [m] (4.62±0.08) and 

[d] additive effects (0.41±0.09) were found under drought condition. It was concluded that 

additive, additive × additive interaction and dominance effects were higher under normal and 

drought conditions. The selection of drought resistant genotypes may be effective for the 

improvement of grain yield under limited water conditions. The positive additive and 

additive × additive interaction indicated that it is possible to fix cob girth during next 

generations. Similar results were reported by Aslam et al. (2006) in maize; Rehman et al. 

(2006) in cotton; Ullah et al. (2006); Jabeen et al. (2008) in maize; Kamran et al. (2009) and 

Taheri et al. (2011). 
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Fig. 4.27. Mean performance of different generations of maize for leaf temperature 
under normal conditions 

 

 

Fig. 4.28. Mean performance of different generations of maize for leaf temperature 
under drought conditions 
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Fig. 4.29: Mean performance of different generations of maize for plant height under 
normal conditions 
 
 

 

Fig. 4.30. Mean performance of different generations of maize for plant height under 
drought conditions 
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Fig. 4.31: Mean performance of different generations of maize for leaf area under 
normal conditions 

 

 

Fig. 4.32: Mean performance of different generations of maize for leaf area under 
drought conditions 
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Fig. 4.33. Mean performance of different generations of maize for cob length under 
normal conditions 

 

 

Fig. 4.34. Mean performance of different generations of maize for cob length under 
drought conditions 
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Fig. 4.35: Mean performance of different generations of maize for cob girth under 
normal conditions 

 

 

Fig. 4.36. Mean performance of different generations of maize for cob girth under 
drought conditions 
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4.2.12. Grain rows per ear 

It was indicated from figure 4.37 that higher grain rows per ear was found for P1 generation 

while lower were for F1 under normal conditions but under drought condition higher grain 

rows per ear was found for F2 generation while lower were for P2 and BC1 (Figure 4.38). 

Higher grain rows per ear was found for P2 (15.57) and P1 (15.63) generations under normal 

while F2 (12.98) and BC2 (12.75) under drought (Appendix 5). Higher grain rows per ear 

under drought conditions indicated that BC2 and F2 generations were highly drought resistant 

as compared to other generations. Higher grain rows per ear indicated that cob girth, number 

of grain per cob, grain yield per plant and 100-seed weight will be higher and hence grain 

yield may be improved. For rows per ear, one parameter model [m] provided best fit to under 

normal condition and drought conditions (Table 4.2.2). Significant residual effects [m] 

(15.29±0.32) was found for grain rows per ear under normal condition while residual effects 

[m] (11.98±0.38) was found under drought condition. It was concluded that the selection of 

drought resistant genotypes may be less effective for the improvement of grain yield under 

limited water conditions. However, delayed selection in successive generations may be 

helpful for drought condition. Similar results were reported by Bernardo et al. (1991); Jabeen 

et al. (2008) in maize. 

4.2.13. Grains per ear row 

It was indicated from figure 4.39 that higher grain per ear row was found for BC1 and P1 

generations while lower were for F2 under normal conditions but under drought condition 

higher grain per ear row was found for P1 generation while lower were for BC2 (Figure 4.40). 

Higher grain per ear row was found for BC1 (37.35) and P1 (39.03) generations under normal 

while P1 (28.70) and F2 (31.97) under drought (Appendix 5). Higher grain per ear row under 

drought conditions indicated that P1 and F2 generations were highly drought resistant as 

compared to other generations. In case of genetic effects, one parameter model [m] provided 

a good fit to the data under normal condition while model with five parameters [mhijl] under 

drought conditions found best fit to the data under drought conditions (Table 4.2.2). 

Significant residual effects [m] (37.75±0.55) was found for grain per ear row under normal 

condition while residual effects [m] (43.54±5.05), [h] dominance effects (-29.38±8.45), [i] 

additive × additive interaction (-15.66±5.07), [j] additive × dominance (-6.79±2.43) and [l] 



72 
 

dominance × dominance effects (12.44±3.82) were found under drought condition. Negative 

d, h and i responsible for the decrease in grain per ear row under drought condition which 

indicated that selection may not be effective. Positive l indicated that dominance × 

dominance effects may be responsible for increase in grain per ear row under drought 

condition (Jabeen et al. (2008)). 

4.2.14. Biomass per plant 
It was indicated from figure 4.41 that higher biomass per plant was found for BC1  and P2 

generations while lower were for F2 under normal conditions but under drought condition 

higher biomass per plant was found for P1 generation while lower were for BC1 (Figure 4.42). 

Higher biomass per plant was found for BC1 (1107.0g) and P2 (1115.5g) generations under 

normal while P1 (646.07g) and F1 (653.55g) under drought (Appendix 5). Higher biomass per 

plant under drought conditions indicated that P1 and F1 generations were highly drought 

resistant as compared to other generations. In case of biomass per plant, the model two [mdl] 

provided a good fit data suggesting presence of additive × additive variance under normal 

condition and one parameter [m] a good fit under drought condition (Table 4.2.2). Significant 

residual effects [m] (1094.63±9.01), [d] additive effects (20.34±9.19) and [l] dominance × 

dominance effects (-60.81±18.6) were found for biomass per plant under normal condition 

while residual effects [m] (639.18±15.3) was found under drought condition. Positive d 

indicated increase in plant biomass while negative l indicted decrease which means that 

model is complex and further progeny testing is recommended for the improvement of this 

trait. Similar results were reported by Blum et al. (2001); Aslam et al. (2006); Rehman et al. 

(2006) in cotton; Ullah et al. (2006); Jabeen et al. (2008) and Taheri et al. (2011) in rice. 

4.2.15. 100-grain weight 

It was indicated from figure 4.43 that higher 100-grain weight was found for P1 and P2 

generations while lower were for F2 under normal conditions but under drought condition 

higher 100-grain weight was found for P1 and BC1 generations while lower were for BC2 

(Figure 4.44). Higher 100-grain weight was found for P2 (30.13g) and P1 (32.20g) 

generations under normal while P1 (22.00) and BC1 (22.60g) under drought (Appendix 5). 

Higher 100-grain weight under drought conditions indicated that P1 and BC1 generations 

were highly drought resistant as compared to other generations. Two parameters model [mi] 

under normal and one parameter model [m] under drought condition was fit in the 100-grain 
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weight (Table 4.2.2). Significant residual effects [m] (27.42±1.31) and [i] additive × additive 

interaction (3.51±1.75) were found for 100-grain weight under normal condition while 

residual effects [m] (21.44±0.34) was found under drought condition. Positive i indicated 

increase in 100-grain weight and is possible to fix during next generations. Similar results 

were reported by Tripathy et al. (2000) in rice; Aslam et al. (2006); Rehman et al. (2006); 

Ullah et al. (2006); Jabeen et al. (2008) in mazie and Taheri et al. (2011) in rice . 

4.2.16. Grain yield per plant 

It was found from figure 4.45 that higher grain yield per plant was found for P1 and P2 

generations while lower were for BC2 under normal conditions but under drought condition 

higher grain yield per plant was found for P1 generation while lower were for BC2 (Figure 

4.46). Higher grain yield per plant was found for P1 (78.03g) and P2 (74.56g) generations 

under normal while P1 (64.57g) and F1 (72.47g) under drought (Appendix 5). Higher grain 

yield per plant under drought conditions indicated that P1 and F1 generations were highly 

drought resistant as compared to other generations. Three parameters model [mhl] under 

well-watered and three parameters model [mhi] under drought conditions was proved fit to 

the data (Table 4.2.2). It was suggested from table 4.4 that significant residual effects [m] 

(75.82±0.91), [h] dominance effects (-14.59±4.78) and [l] dominance × dominance effects 

(11.04±4.69) were found for grain yield per plant under normal condition while residual 

effects [m] (46.31±8.15), [h] dominance effects (26.05±8.47) and [i] additive × additive 

interaction (17.44±8.24) were found under drought condition. Positive l under normal 

condition is responsible for increase in grain yield whereas, i indicated that it is possible to 

fix increase in grain yield under drought condition. Similar results were reported by Rehman 

et al. (2006); Ullah et al. (2006); Jabeen et al. (2008) and Taheri et al. (2011) in rice.  
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Fig. 4.37. Mean performance of different generations of maize for grain rows per ear 
under normal conditions 
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Fig. 4.38: Mean performance of different generations of maize for grain rows per ear 
under drought conditions 
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Fig. 4.39. Mean performance of different generations of maize for grain per ear row 
under Normal conditions 

 

  

Fig. 4.40. Mean performance of different generations of maize for grain per ear row 
under drought conditions 
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Fig. 4.41. Mean performance of different generations of maize for biomass per plant 
under normal conditions 

 

Fig. 4.42: Mean performance of different generations of maize for biomass per plant 
under drought conditions 
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Fig. 4.43. Mean performance of different generations of maize for 100-grain weight 
under normal conditions 
 

 

Fig. 4.44. Mean performance of different generations of maize for 100-grain weight 
under drought conditions 
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Fig. 4.45. Mean performance of different generations of maize for grain yield per plant 
under normal conditions 

 

 

 

Fig. 4.46: Mean performance of different generations of maize for grain yield per plant 
under drought conditions 
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Table 4.2.1. Generation mean analysis for various physiological traits under normal 
and drought conditions 

Trait Condition 
Genetic effects 

χ2 (df) 
m d h i j l 

CMT Normal 60.56±4.67  14.97±5.48 17.76±4.77   0.77(3)

 Drought 44.04±1.91   5.19±2.43   2.60(4)

SC Normal 42.43±0.25      5.26(5)

 Drought 40.98±0.18   1.08±0.39   1.60(4)

SF Normal 150.64±19.69  50.68±24.93 71.55±21.04   1.14(3)

 Drought 177.67±4.06   13.95±5.59   0.89(4)

SS Normal 1373.05±20.14      2.12(5

 Drought 1302.83±33.58      1.33(5)

LWP Normal 0.26±0.01 0.06±0.01 0.67±0.15 -0.51±0.15   4.15(2)

 Drought 1.3±0.04      3.51(5)

EWL Normal 339.41±6.38   17.35±8.52   3.15(4)

 Drought 210.12±6.97   21.25±9.31   4.13(4)

LT Normal 34.13±0.09      9.74(5)

 Drought 33.35±0.23      0.44(5)

CMT: Cell Membrane Thermo-stability LWP:  Leaf Water Potential 
SC: Stomata Conductance   LT:  Leaf Temperature  
SF: Stomata Frequency  SS: Stomata Size 
EWL:  Excised Leaf Water Loss 
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Table  4.2.2. Generation mean analysis for various morphological traits under normal 
and drought conditions. 

Trait Condition 
Genetic effects 

χ2 (df) 
m d h i j l 

PH Normal 114.58±3.98  35.4±4.27 34.54±4.04   1.19(3) 

 Drought 93.41±3.92  45.06±4.16 45.01±4.29   1.86(3) 

LA Normal 293.98±43.03 6.87±3.35 88.97±44.05 91.62±43.29   1.46(2) 

 Drought 283.07±4.33      8.29(5) 

CL Normal 16.54±0.3      1.86(5) 

 Drought 13.83±0.31      3.65(5) 

CG Normal 5.45±0.27   0.91±0.41   3.88(4) 

 Drought 4.62±0.08 0.41±0.09     3.24(4) 

RPE Normal 15.29±0.32      2.10(5) 

 Drought 11.98±0.38      0.85(5) 

GPER Normal 37.75±0.55      5.00(5) 

 Drought 43.54±5.05  -29.38±8.45 -15.66±5.07 -6.79±2.43 12.44±3.82 1.54(1) 

BPP Normal 1094.63±9.01 20.34±9.19    -60.81±18.6 1.74(3) 

 Drought 639.18±15.3      1.06(5) 

100G Normal 27.42±1.31   3.51±1.75   3.45(4) 

 Drought 21.44±0.34      3.87(5) 

GYP Normal 75.82±0.91  -14.59±4.78   11.04±4.69 3.63(3) 

 Drought 46.31±8.15  26.05±8.47 17.44±8.24   2.99(3) 

PH: Plant Height    RPE: Rows per Ear  
LA: Leaf Area    GYP: Grain per Ear Row 
CL:  Cob Length    100G: 100-grain Weight 
GPER:  Grain Yield per Plant   CG:  Cob Girth 
BPP:  Biomass per Plant 
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4.3. Generation variance analysis  

 It was possible to measure genetic and environmental variance from suitably designed 

experiment which includes some non segregating material (such as parental inbred lines and 

F1 etc.). The estimates of variance may also be utilized to estimate the heritability which 

reflects the amount of genetic variability relative to environmental components was sufficient 

to explain the variation in all the crosses (Table 4.1). Additive genetic variance of various 

cotton plant traits has been reported by Khan (2001). 

 Generation mean analysis revealed different gene action for various traits in different 

crosses, however, in generation variance analysis a mode incorporating D, H, E and F in the 

cross. The dominance and interaction components of variance were also detectable in the 

generation variance analysis. Generation mean analysis is relatively more reliable compared 

to generation variance analysis (Malik et al., 1999). The results of generation variance 

analysis are given in tables 4.23 and 4.2.4. It was evident from these tables that DE (Additive 

and Environment) parameters were found to be best fitted for almost all traits except stomata 

conductance and frequency, plant height, leaf area, grain rows per ear, grains per ear row 

under drought condition and grain per ear row and biomass per plant under normal condition 

where F (epistatic effects) was also found.   

4.4. Heritability 

The success or failure of any crop breeding program depends largely on the quantum of 

genetic variability present in the breeding materials in hand. Heritability is a tool used by 

plant breeders for effectively isolating the amount of genetic variation from the total 

phenotypic variation. The traits studied showed moderate to high narrow sense heritability 

estimates. Heritability estimates for the traits were almost consistent among the cross. 

Infinity generation heritability was consistently higher than the narrow sense heritability for 

all the traits. High heritability estimates for the traits show that large proportion of the genetic 

variance was compared of additive genetic component. The proportion of total phenotypic 

variability of a character that arises from genetic differences is attributed as heritability for 

that character. The information about heritability of trait helps to predict response to selection 

in genetically segregation. The results of heritability (ns and F∞) are given in tables 4.2.3 and 

4.2.4. In case of physiological traits under normal and drought conditions narrow sense 

heritability was found from 46-88% while in case of morphological traits was from 65-92%. 
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Higher narrow sense heritability range indicated that selection may be effective for the 

improvement of all indicated traits in this study. Similar findings were reported by 

Khodambashi et al. (2012); Tchiagam et al. (2011) in cowpea. 
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Table 4.2.3. Variance components of physiological traits under normal and drought 
conditions. 

Trait 
Conditio

n 

Variance components 
χ2 (df) 

Heritability 
% 

D H E F Ns F∞ 

CMT Normal 12.87±1.54  1.52±0.22  1.10(4) 81 89 

 Drought 33.05±4.47  5.28±0.77  1.46(4) 76 86

SC Normal 1.11±0.2  0.31±0.04  1.58(4) 64 78

 Drought 5.38±1.16  0.35±0.08 4.77±1.09 2.30(3) 88 94

SF Normal 96.51±28.35  55.34±7.73  6.34(4) 46 64

 Drought 312.16±34.53  25.81±3.82 94.81±21.34 0.18(3) 86 92

SS Normal 23907.1±2961.8  1873±204.5  2.34(4) 86 93

 Drought 15872.5±3204.4  5291.9±756.1  4.52(4) 60 75

LWP Normal 0.047±0.004  0.004±0.001  5.54(4) 85 92

 Drought 0.056±0.006  0.005±0.001  1.86(4) 85 92

EWL Normal 1014±118.8  65.433±8.54  6.71(4) 88 94

 Drought 375.73±57.31  81.46±11.79  3.30(4) 70 82

LT Normal 0.17±0.05 -0.03±0.08 0.08±0.01  2.63(3) 54 68

 Drought 0.97±0.18  0.27±0.04  2.89(4) 64 78

Additive (D), dominance (H), environmental (E) and interaction (F) 

CMT: Cell Membrane Thermo-stability LWP:  Leaf Water Potential 
SC: Stomata Conductance   LT:  Leaf Temperature  
SF: Stomata Frequency  SS: Stomata Size 
EWL:  Excised Leaf Water Loss 
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Table 4.2.4. Variance components of agronomic traits under normal and drought 
conditions 

Trait 
Conditio

n 
Variance components χ2 (df) Heritability %

D E F  Ns % F∞ 
PH Normal 15.41±1.44 

0.66±0.1  
4.12(4) 92 96 

 Drought 8.3±1.47 
2.21±0.32 2.08±0.95 

1.92(30 65 79 

LA Normal 1206.5±152.5 
58.48±3.35  

5.13(4) 91 95 

 Drought 1110.8±195.8 
68.68±10.22 -401.09±129.79 

3.48(3) 89 94 

CL Normal 3.16±0.38 
0.38±0.06  

5.52(4) 81 89 

 Drought 5.45±0.59 
0.46±0.07  

8.25(4) 86 92 

CG Normal 1.32±0.16 0.15±0.02   4.39(4) 81 90 

 Drought 1.44±0.15 0.084±0.01   5.62(4) 90  94 

RPE Normal 6.54±0.67 
0.44±0.07  

0.08(4) 88 94 

 Drought 4.31±0.58 
0.65±0.09 1.51±0.35 

3.89(3) 77 87 

GPER Normal 9.91±1.6 
2.21±0.32 -4.08±0.95 

1.70(3) 69 82 

 Drought 4.53±0.75 
1.05±0.15 1.6±0.46 

0.19(3) 68 81 

BPP Normal 11235.76±1266.6 
632.92±84.71 -1892.24±586.36 

1.38(3) 90 95 

 Drought 10450.8±1132.5 
900.57±133.22  

1.08(4) 85 92 

100G Normal 19.13±2.4 
2.55±0.37  

1.08(4) 79 88 

 Drought 7.36±0.78 
0.48±0.07 -2.61±0.46 

0.3393) 88 94 

GYP Normal 30.45±4.19 
2.04±0.29  

3.68(4) 88 94 

 Drought 38.87±5.22 
2.1±0.22  

4.87(4) 90 95 

Additive (D), environmental (E) and interaction (F) 

PH: Plant Height    RPE: Rows per Ear  
LA: Leaf Area    GYP: Grain per Ear Row 
CL:  Cob Length    100G: 100-grain Weight  
GPER:  Grain Yield per Plant   CG:  Cob Girth 
BPP:  Biomass per Plant 
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4.5. Correlation studies 

 The estimates of correlation among traits are useful for planning a breeding 

programme to synthesize a genotype with desirable traits. Correlation was determined among 

agronomic and the traits related to normal and drought condition. One very large F2 

segregating population (150 plants from population) involving parents with contrasting traits 

were used in correlation studies. In F2 generation, alleles of parental traits are recombined so, 

the correlation among the traits reflects linkage relationship. Generally the correlation from 

the pair of traits among the generations was consistent. However, in a few cases correlation 

was significant for a traits in cross but was non-significant in the other. This may be due to 

difference in allele combinations of the parents involved in the generations. Correlation 

matrix among the traits in various crosses is given in tables 4.4 and 4.5. Correlation matrix is 

show only for the traits showing significant differences among the generations in a cross.  

4.5.1. Cell membrane thermo-stability 

 Cell membrane thermo-stability was positively correlated with stomata conductance, 

leaf water potential, excised leaf water loss, plant height, leaf area, cob length, cob girth, 

rows per ear, grain per ear row, biomass per plant, 100-grain weight and grain yield and it 

had negatively correlated with stomata size under normal condition at genotypic and 

phenotypic level (Tables 4.5 and 4.6). Under drought condition it had positively correlated 

with stomata conductance, leaf water potential, Excised leaf water loss, leaf temperature, 

plant height, leaf area, cob length, cob girth, rows per ear, grain per ear row, biomass per 

plant, 100-grain weight and grain yield and it was negatively correlated with stomata 

frequency and stomata size at genotypic and phenotypic level (Tables 4.7 and 4.8). Similar 

results were found by Ashraf et al. (1999); Winter et al. (1988); Blum et al. (2001); Tripathy 

et al. (2000); Aslam et al. (2006); Rehman et al. (2006); Ullah et al. (2006); Jabeen et al. 

(2008); Kamran et al. (2009); Taheri et al. (2011) and . These results are in the line with 

those of Taheri et al. (2011) who found a positive correlation between cell membrane 

thermo-stability and other stress tolerance indicators like leaf water potential and osmotic 

adjustment. More precisely speaking, leaf water potential and osmotic adjustment can alter 

the cell membrane thermo-stability under water stressed environment thus preparing the plant 
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for stressful environment which ultimately increases the chance of survival of the plant under 

stress. 

4.5.2. Stomata conductance 

 Stomata conductance had positive correlation with leaf temperature, plant height, leaf 

area, cob length, cob girth, rows per ear, grain per ear row, biomass per plant, 100-grain 

weight and grain yield while negatively correlated with stomata frequency and stomata 

conductance under normal condition at genotypic and phenotypic level (Tables 4.5 and 4.6). 

Under drought condition showed positively correlated with leaf water potential, Excised leaf 

water loss, leaf temperature, plant height, leaf area, cob length, cob girth, rows per ear, 

biomass per plant, 100-grain weight and grain yield per plant and it had negatively 

correlation with stomata frequency and stomata size at genotypic and phenotypic level 

(Tables 4.7 and 4.8). Similar results were found by Ashraf et al. (1999); Winter et al. (1988); 

Aslam et al. (2006); Jabeen et al. (2008) and Kamran et al. (2009). The control of leaf 

stomata conductance is a crucial mechanism for plants, since it was essential for both CO2 

acquisition and desiccation prevention (Dodd, 2003). Studies with maize have shown that 

some drought tolerant genotypes reduce stomata conductance more on the onset of drought 

(Paterniani, 1990; Ray and Sinclair, 1997). 

4.5.3. Stomata frequency  

Stomata frequency had positively correlated with stomata size and negatively correlation 

with Excised leaf water loss, plant height, leaf area, cob length, cob girth, rows per ear, grain 

per ear row, biomass per plant, 100-grain weight and grain yield per plant under normal 

condition at genotypic and phenotypic level (Tables 4.5 and 4.6). Under drought condition it 

was positively correlated with stomata size but negatively correlated with leaf water content, 

excised leaf water loss, leaf temperature, plant height, leaf area, cob length, cob girth, rows 

per ear, grain grain rows per ear and 100-grian weight at genotypic and phenotypic level 

(Tables 4.7 and 4.8). Similar results were found by Aslam et al. (1999); Winter et al. (1988); 

Singh et al. (1996); Blum et al. (2001); Subhani and Chowdhry (2000); Tripathy et al. 

(2000); Mujeeb et al. (2001); Aslam et al. (2006); Rehman et al. (2006); Ullah et al. (2006); 

Malik et al. (2006); Jabeen et al. (2008); Kamran et al. (2009); Taheri et al. (2011) and 

Aslam et al. (1999) studied ten elite maize inbred lines to estimate genotypic and phenotypic 
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correlation coefficients and concluded that stomata frequency showed significant and 

positive genotypic correlation with grain yield while it had non significant and positive 

phenotypic correlation with grain yield. 

4.5.4. Stomata size 

 Stomata size showed negatively correlation with leaf area, cob length, cob girth, rows 

per ear, grain rows per ear, biomass per plant and 100-grian weight under normal condition at 

genotypic and phenotypic level (Tables 4.5 and 4.6). It had negatively correlation with 

excised leaf water loss, leaf temperature, plant height, leaf area, cob length, cob girth, rows 

per ear, grain rows per ear and 1000-grian weight under drought condition at genotypic and 

phenotypic level (Tables 4.7 and 4.8). The negative genotypic and phenotypic correlations 

indicated that the overall effects of stomata size on grain yield were adversely harsh to 

reduce grain yield per plant. Similar results were obtained by Ashraf et al. (1999); Winter et 

al. (1988); Aslam et al. (2006); Jabeen et al. (2008) and Kamran et al. (2009).      

4.5.5. Leaf water potential 

Leaf water potential was found to be positively correlated with cell membrane thermo-

stability, excised leaf water loss, leaf area, plant height, cob length, cob girth, rows per ear, 

grains per ear row, leaf temperature, biomass per plant, 100-grian weight and grain yield per 

plant at genotypic and phenotypic level under normal (Tables 4.5 and 4.6). Leaf water 

potential had positive correlation with cell membrane thermo-stability, excised leaf water 

loss, stomata conductance, plant height, cob length, cob girth, rows per ear, leaf temperature, 

grain per ear row, biomass per plant, 100-grain yield and yield per plant at genotypic and 

phenotypic level under drought conditions (Tables 4.7 and 4.8). Similar results were reported 

by Malik and Wright (1995); Araghi and Assad (1998); Kumar and Singh (1998); Winter et 

al. (1988); Ahmad et al. (2000); Dhanda and Sethi (2002); Munjal and Dhanad (2005) and 

Malik et al. (2006). Higher leaf water potential indicated effect of drought on plant that 

caused cell plant to manage to be turgid under drought at earlier stages. Selection on the basis 

of leaf water potential may be helpful for the improvement of grain yield under drought 

conditions.  
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4.5.6. Excised leaf water loss 

Excised leaf water loss was positively correlated with cell membrane thermo-stability, plant 

height, cob length, cob girth, rows per ear, grains per ear row, biomass per plant, 100-grian 

weight and grain yield per plant at genotypic and phenotypic level under normal (Tables 4.5 

and 4.6). Excised leaf water loss had positive correlation with plant height, cob length, cob 

girth, rows per ear, grain per ear row, biomass per plant, 100 grain yield and yield per plant at 

genotypic and phenotypic level under drought conditions (Tables 4.7 and 4.8). Similar results 

were reported by Malik and Wright (1995); Araghi and Assad (1998); Kumar and Singh 

(1998); Winter et al. (1988); Ahmad et al. (2000); Dhanda and Sethi (2002); Munjal and 

Dhanad (2005) and Malik et al. (2006). Higher excised leaf water loss indicated effect of 

drought on plant that caused cell damage and death of plant under drought at earlier stages. 

Ahmed et al. (2001) analyzed the parents, F2 and backcross generations from two wheat 

crosses to determine correlation of physiomorphic traits (excised leaf water loss, relative 

water content, plant height and 100 grain weight) under drought conditions and estimated 

positive correlation for traits excised leaf water loss and plant height which indicated that 

selection should lead to a fast genetic improvement  

4.5.7. Leaf temperature 

 Leaf temperature had negative correlation with plant height, cob length, cob girth, 

rows per ear, grain per ear row, biomass per plant and yield per plant under normal condition. 

Here, a contradiction of results were found between the findings of Araghi and Assad (1998) 

who found a positive relation of leaf temperature with yield parameters under normal water 

supply conditions. Results of the study in drought conditions presented positive correlation of 

leaf temperature with plant height, leaf area, cob length, cob girth, rows per ear, grain per ear 

row, biomass per plant, 100-grian weight and grain yield per plant. Similar results were 

reported by Araghi and Assad (1998) during their correlation studies between leaf 

temperature and yield parameters. They found that leaf temperature was significantly and 

linearly related to yield reduction ratio under stress conditions. Liu et al. (2011) evaluated 

maize inbred lines using infrared thermography and exhibited notable differences in leaf 

temperature response to water stress. Correlation analysis indicated that leaf temperature 

response to water stress played an integral role in maize biomass accumulation. 
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4.5.8. Plant height 

Plant height showed positive genotypic and phenotypic correlations with cell membrane 

thermo-stability, stomata conductance, leaf water potential, excised water loss, rows per ear, 

biomass per plant, cob girth, grain rows per ear, 100-grain weight, cob length, leaf area and 

grain yield per plant under normal condition (Tables 4.5 and 4.6). A positive genotypic and 

phenotypic correlation was found for plant height with grain yield per plant, leaf water 

potential, leaf temperature, rows per ear, cob length, biomass per plant, grain rows per ear, 

cob girth, leaf temperature, leaf area and 100-grain weight under drought condition (Tables 

4.7 and 4.8). Similar results were reported by Giunta et al. (1993); Saeed et al. (1997); Gupta 

et al. (2000); Subhani and Chowdhary et al. (2000); Singh et al. (2000); Bruce et al. (2002); 

Li et al. (2004); Afarinesh et al. (2006); Seif et al. (2005); Ahmad et al. (2006); Ganesan 

(2006); Murugan and Ganesan (2006); Patra et al. (2006); Kumar et al. (2006); Zaidi et al. 

(2008) and Hussain et al. (2009). Higher genotypic and phenotypic correlation of plant 

height with its contributing traits indicated that grain rows per ear, grain size, cob weight, cob 

length, 100-grain yield, grain yield per plant, cob girth, photosynthetic rate, stomata 

conductance, leaf temperature and leaf water potential increased that caused to increase grain 

yield per plant. Selection of higher gain yielding genotypes may be helpful on the basis of 

grain yield per plant under normal and drought conditions (Gupta et al. 2000; Subhani et al. 

2000; Setter et al. 2001; Bruce et al. 2002; Li et al. 2004; Afarinesh et al. 2006; Ahmad et al. 

2006; Ganesan 2006; Monneveux et al. 2006 and Hussain et al. 2009). Ahmed et al. (2001) 

analyzed the parents, F2 and backcross generations from two wheat crosses and estimated that 

plant height positively correlated with 100 grain weight, which revealed that height of plant 

contributed to higher yield under drought conditions. 

4.5.9. Leaf area 

 Leaf area was found to be positively correlated with cell membrane thermo-stability, 

plant height, cob length, cob girth, rows per ear, grains per ear row, biomass per plant, 100-

grian weight and grain yield per plant at genotypic and phenotypic level under normal 

(Tables 4.5 and 4.6). Higher correlation of leaf area with plant height, cob length, biomass 

per plant, and grain yield per plant indicated the higher rate of photosynthesis and 

accumulation of organic compounds in plant body to enhance grain yield. Similar results 

were found by Tabassum et al. (2005) and Rezaeieh and Eivazi (2011). A positive genotypic 
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and phenotypic correlation of leaf area was found with cell membrane thermo-stability, plant 

height, cob length, cob girth, rows per ear, leaf temperature, grains per ear row, biomass per 

plant, 1000-grian weight and grain yield per plant under drought conditions (Tables 4.7 and 

4.8). The higher positive correlations of leaf area with various traits under normal and 

drought conditions indicated that leaf area is a potential trait for the improvement of grain 

yield in maize. Results for leaf area are in contradiction with those of Khan et al. (2001) who 

reported that leaf area was negatively related with biomass accumulation and yield under 

normal water supply.  

4.5.10. Cob length 

Cob length showed a positive genotypic and phenotypic correlation with cell membrane 

thermo-stability, stomata conductance, leaf water potential, plant height, leaf area, cob girth, 

rows per ear, grains per ear row, excised water loss, biomass per plant, 100-grian weight and 

grain yield per plant under normal conditions (Table 4.5 and 4.6). Similar results were found 

by Setter et al. (2001); Li et al. (2004) and Seif et al. (2005). A positive genotypic and 

phenotypic correlation of cob length with cell membrane thermo-stability, stomata 

conductance, leaf temperature, leaf water potential, plant height, leaf area, cob girth, rows per 

ear, grains per ear row, excised water loss, biomass per plant, 100-grian weight and grain 

yield per plant under drought conditions (Table 4.7 and 4.8). The higher correlation of cob 

length with morphological and physiological traits indicated the great influence of 

contributing traits on grain yield per plant. Higher cob length indicated the large number of 

grain rows per cob, higher cob weight and higher grain yield per plant. The selection of 

higher yielding maize genotypes on the basis of cob length may be helpful to improve yield. 

Similar results were reported by Giunta et al. (1993); Setter et al. (2001); Li et al. (2004) and 

Seif et al. (2005).     

4.5.11. Cob girth 

Cob girth was positively correlated with cell membrane thermo-stability, stomata 

conductance, leaf water potential, excised water loss, plant height, grain per ear row, biomass 

per plant, cob length, leaf area, 100-grain weight and grain yield per plant under normal 

condition at genotypic and phenotypic levels (Tables 4.5 and 4.6). Similar results were 

reported by Giunta et al. (1993); Saeed et al. (1997); Setter et al. (2001); Li et al. (2004); 

Seif et al. (2005); Ahmad et al. (2006) and Monneveux et al. (2006). A higher positive 
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genotypic and phenotypic correlation of cob girth was found with cell membrane thermo-

stability, stomata conductance, leaf water potential, plant height, grain per ear row, biomass 

per plant, cob length, leaf area, 100-grain weight and grain yield per plant (Tables 4.7 and 

4.8). Higher genotypic and phenotypic correlation of cob girth with its contributing traits 

indicated that number of grain rows per cob were increased, higher cob weight and number 

of grains per cob were also higher that caused to increase grain yield per plant. Selection of 

higher gain yielding genotypes may be helpful on the basis of cob girth under normal and 

drought conditions. Similar results were obtained by Giunta et al. (1993); Saeed et al. (1997); 

Setter et al. (2001); Li et al. (2004); Seif et al. (2005); Ahmad et al. (2006) and Monneveux 

et al. (2006).    

4.5.12. Rows per ear 

Grain rows per ear showed positive genotypic and phenotypic correlations with cell 

membrane thermo-stability, stomata conductance, leaf water potential, excised water loss, 

plant height, grain per ear row, biomass per plant, cob length, leaf area, 100-grain weight and 

grain yield per plant under normal condition (Tables 4.5 and 4.6). A positive genotypic and 

phenotypic correlation was found for grain rows per ear with cell membrane thermo-stability, 

stomata conductance, leaf water potential, excised water loss, leaf temperature, plant height, 

grain per ear row, biomass per plant, cob length, leaf area, 100-grain weight and grain yield 

per plant under drought condition (Tables 4.7 and 4.8). Similar results were reported by 

Giunta et al. (1993); Saeed et al. (1997); Setter et al. (2001); Li et al. (2004); Seif et al. 

(2005); Ahmad et al. (2006); Monneveux et al. (2006) and Hussain et al. (2009). Higher 

genotypic and phenotypic correlation of grain grain rows per ear with its contributing traits 

indicated that number of grain rows per cob was increased, higher cob weight that caused to 

increase grain yield per plant. Higher garin yielding genotyeps may be developed on the 

basis of grain rows per ear under normal and drought conditions. Leaf temperature was also 

significantly and linearly related to yield reduction ratio under stress and non-stress 

conditions at the ear emergence stage (Araghi and Assad, 1998). 

4.5.13. Grain per ear row 

Grain per ear row showed positive genotypic and phenotypic correlations with cell 

membrane thermo-stability, stomata conductance, leaf water potential, excised water loss, 

plant height, rows per ear, biomass per plant, cob length, leaf area, 100-grain weight and 
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grain yield per plant under normal condition (Tables 4.5 and 4.6). A positive genotypic and 

phenotypic correlation was found for grain rows per row with cell membrane thermo-

stability, stomata conductance, leaf water potential, excised water loss, leaf temperature, 

plant height, rows per ear, biomass per plant, cob length, leaf area, 100-grain weight and 

grain yield per plant under drought condition (Tables 4.7 and 4.8). Similar results were 

reported by Giunta et al. (1993); Saeed et al. (1997); Singh et al. (2000); Setter et al. (2001); 

Li et al. (2004); Seif et al. (2005); Ahmad et al. (2006); Monneveux et al. (2006) and 

Hussain et al. (2009). Higher genotypic and phenotypic correlation of grain per ear row with 

its contributing traits indicated that grain weight per cob was increased, higher cob girth that 

caused to increase grain yield per plant. Selection of higher gain yielding genotypes may be 

helpful on the basis of grain rows per ear under normal and drought conditions (Ahmad et al. 

(2006); Monneveux et al. (2006) and Hussain et al. (2009)).   

4.5.14. Biomass per plant 

Biomass per plant showed positive genotypic and phenotypic correlations with cell 

membrane thermo-stability, stomata conductance, leaf water potential, excised water loss, 

plant height, rows per ear, cob length, leaf area, 100-grain weight and grain yield per plant 

under normal condition (Tables 4.5 and 4.6). A positive genotypic and phenotypic correlation 

was found for biomass per plant with grain rows per row cell membrane thermo-stability, 

stomata conductance, leaf water potential, leaf temperature, plant height, rows per ear, cob 

length, leaf area, 100-grain weight and grain yield per plant under drought condition (Tables 

4.7 and 4.8). Similar results were reported by Giunta et al. (1993); Saeed et al. (1997); Singh 

et al. (2000); Setter et al. (2001); Bruce et al. (2002); Li et al. (2004); Seif et al. (2005); 

Ahmad et al. (2006); Monneveux et al. (2006) and Hussain et al. (2009). Higher genotypic 

and phenotypic correlation of biomass per plant with its contributing traits indicated that 

photosynthetic rate, stomata conductance, leaf temperature and leaf water potential increased 

that caused to increase green fodder and grain yield per plant. Selection of higher gain 

yielding genotypes may be helpful on the basis of biomass per plant under normal and 

drought conditions (Bruce et al. (2002); Ahmad et al. (2006); Monneveux et al. (2006) and 

Hussain et al. (2009)). 
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4.5.15. 100-grain Yield 

100-grain yield showed positive genotypic and phenotypic correlations with cell membrane 

thermo-stability, stomata conductance, leaf water potential, excised water loss, plant height, 

rows per ear, biomass per plant, cob length, leaf area and grain yield per plant under normal 

condition (Tables 4.5 and 4.6). A positive genotypic and phenotypic correlation was found 

for 100-grain yield with cell membrane thermo-stability, stomata conductance, leaf water 

potential, leaf temperature, plant height, rows per ear, biomass per plant, cob length, leaf area 

and grain yield per plant under drought condition (Tables 4.7 and 4.8). Similar results were 

reported by Giunta et al. (1993) in wheat; Gupta et al. (2000) in wheat; Subhani and 

Chowdhary et al. (2000) in wheat; Setter et al. (2001) in maize; Bruce et al. (2002) in maize; 

Li et al. (2004) in maize; Afarinesh et al. (2006) maize; Seif et al. (2005) in maize; Ahmad et 

al. (2006) in wheat; Murugan and Ganesan (2006) in rice; Patra et al. (2006); Kumar et al. 

(2006) in wheat and Hussain et al. (2009) in rice. Higher genotypic and phenotypic 

correlation of 100-grain yield with its contributing traits indicated that grain rows per ear, 

grain size, cob weight, cob length, cob girth, photosynthetic rate, stomata conductance, leaf 

temperature and leaf water potential increased that caused to increase grain yield per plant. 

Selection of higher gain yielding genotypes may be helpful on the basis of 100-grain yield 

under normal and drought conditions (Gupta et al. (2000); Subhani and Chowdhary et al. 

(2000); Setter et al. (2001); Bruce et al. (2002); Li et al. (2004); Afarinesh et al. (2006); 

Ahmad et al. (2006); Monneveux et al. (2006) and Hussain et al. (2009)). 

4.5.16. Grain yield per plant 

Grain yield per plant showed positive genotypic and phenotypic correlations with cell 

membrane thermo-stability, stomata conductance, leaf water potential, excised water loss, 

plant height, rows per ear, biomass per plant, 100-grain weight, cob length and leaf area 

under normal condition (Tables 4.5 and 4.6). A positive genotypic and phenotypic correlation 

was found for grain yield per plant with cell membrane thermo-stability, stomata 

conductance, leaf water potential, leaf temperature, plant height, rows per ear, biomass per 

plant, cob length, leaf area and 100-grain weight under drought condition (Tables 4.7 and 

4.8). Similar results were reported by Giunta et al. (1993); Saeed et al. (1997); Gupta et al. 

(2000); Subhani and Chowdhary et al. (2000); Singh et al. (2000); Bruce et al. (2002); Li et 

al. (2004); Afarinesh et al. (2006); Seif et al. (2005); Ahmad et al. (2006); Ganesan (2006); 
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Murugan and Ganesan (2006); Patra et al. (2006); Kumar et al. (2006); Zaidi et al. (2008) 

and Hussain et al. (2009). Higher genotypic and phenotypic correlation of grain yield per 

plant with its contributing traits indicated that grain rows per ear, grain size, cob weight, cob 

length, 100-grain yield, cob girth, photosynthetic rate, stomata conductance, leaf temperature 

and leaf water potential increased that caused to increase grain yield per plant. Improvement 

in grain yield may be achieved by selecting genotypes on the basis of grain yield per plant 

under normal and drought conditions (Gupta et al. (2000); Subhani and Chowdhary et al. 

(2000); Setter et al. (2001); Bruce et al. (2002); Li et al. (2004); Afarinesh et al. (2006); 

Ahmad et al. (2006); Ganesan (2006); Monneveux et al. (2006) and Hussain et al. (2009)). 
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Table  4.5. Correlation coefficients (rP= phenotypic) under normal condition. 

 Trait   r SC SF SS LWP EWL LT PH LA CL CG RPE GPER BPP 100G GYP 

CMT rp 0.3911** -0.41624** -0.36685** 0.155834 0.15213 0.0735 0.313282** 0.450522** 0.430971** 0.436727** 0.48832** 0.399275** 0.50656** 0.291235** 0.51048** 

SC rp   -0.21725** -0.34356** -0.03509 0.08638 0.1549 0.246568** 0.219666** 0.170266 0.208539** 0.21619** 0.197881* 0.22219** 0.249885** 0.232665** 

SF rp     0.31308** 0.000735 -0.1226 0.0315 -0.19379* -0.26654** -0.28873** -0.30315** -0.32782** -0.30033** -0.33482** -0.17937* -0.31069** 

SS rp       -0.07032 -0.02396 -0.07303 -0.01642 -0.19768* -0.16923 -0.19831* -0.15631 -0.15706 -0.19359* -0.10566 -0.20408** 

LWP rp         0.05181 -0.04974 0.27232** 0.05863 0.214831** 0.196061* 0.17534* 0.10558 0.16164 0.149517 0.283769** 

EWL rp           -0.00774 0.036614 -0.00243 0.014123 0.013749 0.00654 0.001495 0.02412 0.017192 0.026283 

LT rp             -0.14301 -0.02573 -0.19398* -0.16883 -0.16872 -0.24325** -0.12064 -0.07507 -0.18026* 

PH rp               0.358152** 0.394271** 0.550493** 0.42794** 0.488193** 0.57257** 0.447522 0.671687** 

LA rp                 0.493082** 0.524661** 0.5785** 0.526965** 0.66056** 0.42437** 0.633478** 

CL rp                   0.726498** 0.60724** 0.525436** 0.56059** 0.474824** 0.75351** 

CG rp                     0.61057** 0.586221** 0.61048** 0.600833** 0.837234** 

RPE rp                       0.556689** 0.62526** 0.504676** 0.702373** 

GPER rp                         0.6399** 0.425323** 0.706513** 

BPP rp                           0.509582** 0.779256** 

100G rp                             0.645495** 

* = Significant at 5% probability level of significance, ** = Significant at 1% probability level of significance. 
 
CMT: Cell Membrane Thermo-stability PH: Plant Height  LWP:  Leaf Water Potential RPE: Rows per Ear  
SC: Stomatal Conductance  LA: Leaf Area  LT:  Leaf Temperature  GYP: Grain per Ear Row 
SF: Stomatal Frequency  CL:  Cob Length  100G: 100-grain Weight  GPER:  Grain Yield per Plant 
SS: Stomatal Size   CG:  Cob Girth  BPP:  Biomass per Plant EWL:  Excised Leaf Water Loss 
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Table 4.6. Correlation coefficients (rG= genotypic) under normal condition. 

 Trait  r  SC SF SS LWP EWL LT PH LA CL CG RPE GPER BPP 100G GYP 

CMT rg 0.4939 -0.69867 -0.42609 0.170729 0.17966 0.29524 0.359209 0.492345 0.507336 0.497892 0.58723 0.519433 0.55252 0.390923 0.581017 

SC rg   -0.52283 -0.42555 -0.04029 0.14245 0.56412 0.326283 0.291189 0.193877 0.374955 0.25195 0.286835 0.3056 0.336399 0.290842 

SF rg     0.52497 0.005065 -0.13849 0.15966 -0.2468 -0.37447 -0.52411 -0.46492 -0.47631 -0.73683 -0.49549 -0.42443 -0.44569 

SS rg       -0.07342 -0.06121 -0.0601 -0.02022 -0.20282 -0.19195 -0.23693 -0.1904 -0.20898 -0.21137 -0.13071 -0.23328 

LWP rg         0.04753 -0.09193 0.3058 0.05951 0.249791 0.218295 0.19768 0.138242 0.1628 0.17295 0.294115 

EWL rg           -0.05813 0.245445 -0.0201 0.08374 0.105345 0.02719 0.036806 0.13708 0.134468 0.150112 

LT rg             -0.36562 -0.09914 -0.38806 -0.41326 -0.47 -0.5413 -0.24539 -0.13546 -0.51992 

PH rg               0.377349 0.443547 0.658794 0.4794 0.574622 0.61775 0.53612 0.753161 

LA rg                 0.549171 0.58324 0.62674 0.661115 0.6746 0.499405 0.676805 

CL rg                   0.951986 0.74643 0.700809 0.6316 0.60217 0.873802 

CG rg                     0.69499 0.763756 0.66623 0.759085 0.97808 

RPE rg                       0.709975 0.67988 0.619249 0.749987 

GPER rg                         0.75728 0.420813 0.926913 

BPP rg                           0.586471 0.835415 

100G rg                             0.779463 

 
CMT: Cell Membrane Thermo-stability PH: Plant Height  LWP:  Leaf Water Potential  RPE: Rows per Ear  
SC: Stomatal Conductance  LA: Leaf Area  LT:  Leaf Temperature   GYP: Grain per Ear Row 
SF: Stomatal Frequency  CL:  Cob Length  100G: 100-grain Weight              GPER:  Grain Yield per Plant 
SS: Stomatal Size   CG:  Cob Girth  BPP:  Biomass per Plant  EWL:  Excised Leaf Water 
Loss 
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Table  4.7. Correlation coefficients (rP= phenotypic) under drought condition. 

 Trait   r  SC SF SS LWP EWL LT PH LA CL CG RPE GPER BPP 100G GYP 

CMT rp 0.4364** -0.4315** -0.46093** 0.196872* 0.21273** 0.38848** 0.563471** 0.5619** 0.582306** 0.375049** 0.48995** 0.545732** 0.39978** 0.379507** 0.586327** 

SC rp   
-

0.27415** -0.27984** 0.197824* 0.13209 0.37066** 0.230263** 0.243257** 0.174201* 0.239906** 0.21327** 0.25875** 0.25997** 0.20329* 0.240699** 

SF rp     0.41313** 
-

0.23569** 
-

0.21685** -0.20203* -0.19308* -0.1765* -0.14754 -0.16777 -0.13429 -0.28717** -0.05726 -0.15914 -0.09601 

SS rp       -0.01888 
-

0.22979** 
-

0.29205** -0.27069** -0.22089** -0.21129* -0.15411 -0.19737* -0.20945** -0.18825* -0.2034* -0.24322** 

LWP rp         0.23876** 0.13345 0.115478 0.083737 0.095726 0.147577 0.18666* 0.15256 0.13969 0.238819** 0.083661 

EWL rp           0.02893 0.019542 0.004299 0.016172 0.005966 0.02854 0.024338 -0.00497 0.019653 0.023533 

LT rp             0.235018** 0.188659 0.159359* 0.132592 0.09925 0.276429** 0.11212 0.283495** 0.211653** 

PH rp               0.583325** 0.589784** 0.455373** 0.5634** 0.606505** 0.50567** 0.411165** 0.676928** 

LA rp                 0.774503** 0.545473** 0.64564** 0.694611** 0.45745** 0.480705** 0.791284** 

CL rp                   0.601165** 0.67533** 0.673603** 0.4327** 0.520039** 0.868536** 

CG rp                     0.51501** 0.492968** 0.34022** 0.367839** 0.539198** 

RPE rp                       0.657123** 0.4264** 0.392145** 0.715046** 

GPER rp                         0.45945** 0.519986** 0.70764** 

BPP rp                           0.301556** 0.492402** 

100G rp                             0.556063** 

* = Significant at 5% probability level of significance, ** = Significant at 1% probability level of significance. 
 
CMT: Cell Membrane Thermo-stability PH: Plant Height  LWP:  Leaf Water Potential RPE: Rows per Ear  
SC: Stomatal Conductance  LA: Leaf Area  LT:  Leaf Temperature  GYP: Grain per Ear Row 
SF: Stomatal Frequency  CL:  Cob Length  100G: 100-grain Weight  GPER:  Grain Yield per Plant 
SS: Stomatal Size   CG:  Cob Girth  BPP:  Biomass per Plant EWL:  Excised Leaf Water Loss 
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Table  4.8. Correlation coefficients (rG= genotypic) under drought condition. 

 Trait   r  SC SF SS LWP EWL LT PH LA CL CG RPE GPER BPP 100G GYP 

CMT rg 0.4939 -0.56921 -0.79168 0.250699 0.29315 0.54787 0.802667 0.640335 0.703032 0.442515 0.64104 0.734233 0.48898 0.448585 0.712092 

SC rg   -0.29827 -0.35559 0.217973 0.1666 0.45338 0.284303 0.259003 0.194884 0.244481 0.25676 0.315667 0.28008 0.218803 0.246975 

SF rg     0.58561 -0.27702 -0.29042 -0.26363 -0.20058 -0.24009 -0.21955 -0.18676 -0.19833 -0.35244 -0.00635 -0.16699 -0.1025 

SS rg       -0.02508 -0.3283 -0.5707 -0.48822 -0.32537 -0.33291 -0.19592 -0.24796 -0.25422 -0.28494 -0.26432 -0.27983 

LWP rg         0.36615 0.18585 0.150817 0.07209 0.125255 0.16879 0.18727 0.203944 0.1781 0.265652 0.114613 

EWL rg           0.30816 0.143996 0.057297 0.172692 0.073015 0.24698 0.258983 -0.0052 0.216668 0.258023 

LT rg             0.370195 0.240158 0.193518 0.153814 0.13146 0.431538 0.12189 0.37583 0.247421 

PH rg               0.766689 0.896731 0.563297 0.86599 0.984025 0.65099 0.556256 0.906289 

LA rg                 0.851023 0.576124 0.74187 0.896163 0.53704 0.530312 0.846242 

CL rg                   0.678247 0.85421 0.83128 0.48479 0.581972 0.960781 

CG rg                     0.60463 0.627219 0.3672 0.389705 0.56001 

RPE rg                       0.952525 0.59808 0.475099 0.853949 

GPER rg                         0.58487 0.650321 0.87063 

BPP rg                           0.336087 0.531814 

100G rg                             0.615122 

 
CMT: Cell Membrane Thermo-stability PH: Plant Height  LWP:  Leaf Water Potential RPE: Rows per Ear  
SC: Stomatal Conductance  LA: Leaf Area  LT:  Leaf Temperature  GYP: Grain per Ear Row 
SF: Stomatal Frequency  CL:  Cob Length  ooG: 100-grain Weight  GPER:  Grain Yield per Plant 
SS: Stomatal Size   CG:  Cob Girth  BPP:  Biomass per Plant EWL:  Excised Leaf Water Loss 
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Chapter 5         

SUMMARY 

The present study was carried out to generate genetic information which can help to breed 

maize inbred lines with improved drought tolerance. Phenotype is interaction of genotype 

and environment. To breed a cultivar which may produce better yield under drought stress 

conditions, breeder needs the information about the gene action of the traits related to yield 

and quality under drought stress environment. The information about linkage relationships of 

the traits related to yield and quality as well as the traits which help plant to tolerate drought 

are also needed. 

Maize inbred lines were selected collected from different research organizations of 

Pakistan. The genotypes were screened against drought at two levels of moisture using the 

completely randomized design in the greenhouse of Department of Plant Breeding and 

Genetics in University of Agriculture, Faisalabad at (a) 100% of the field capacity (b) 50% of 

the field capacity for their drought response through measurements of fresh root length, Fresh 

shoot length and fresh root shoot ratio in pots to select contrasting parents for drought 

tolerance. Highly drought tolerant and highly drought sensitive lines were select to determine 

the inheritance pattern and genetic effects for various traits. Heritability, genetic advance and 

genotypic correlations were found higher for root length, shoot length, fresh root weight, 

fresh shoot weight, dry root weight and dry shoot weight. On the basis of fresh root and shoot 

length two inbred lines P1 (WFTMS) and P2 (Q66) were selected as drought resistant and 

sensitive parents respectively. Six basic generations (P1, P2, F1, F2 and back crosses) were 

studied in the field under drought and normal conditions to find gene action of agronomic 

(plant height, leaf area, cob length, cob girth, grain row per ear, grain per ear cob, biomass 

per plant, 100-grain weight and grain yield per plant) and physiological (cell membrane 

thermo-stability, stomata conductance, stomata frequency and size, leaf water potential, 

excised leaf water loss and leaf temperature) traits. Ten plants from P1, P2 and F1 and twenty 

five plants from BC1 and BC2 and fifty plants from F2 population were selected at maturity 

from each of the generations to find correlation of the traits. 

Generation mean analysis revealed that all three kinds of gene effects (additive, 

dominance and interactions) contributed in the inheritance of traits. However, the generation 

variance analysis indicated additive, dominance and environmental variance in the 
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inheritance of traits. Narrow sense heritability of the traits was almost consistent among the 

generations and was generally moderate to high which indicates that considerable portion of 

the genetic variance was composed of additive component.  

Generally the correlations for the pair of traits among the generations were consistent. 

Leaf water potential was found to be positively correlated with plant height, leaf area, cob 

length, cob girth, rows per ear, grain per ear row, biomass per plant, 100-grian weight and 

yield per plant showed that maintenance of leaf water potential in maize plant helps 

improving these agronomic traits.  

Cell membrane thermo-stability was positively correlated with stomata conductance, 

leaf water potential, Excised leaf water loss, leaf temperature, plant height, leaf area, cob 

length, cob girth, rows per ear, grain per ear row, biomass per plant, 100-grain weight and 

grain yield under drought condition. More precisely speaking, these parameters can alter the 

cell water thermo-stability under water stressed environment thus preparing the plant for 

stressful environment which ultimately increases the chance of survival of the plant under 

stress. 

Leaf temperature presented positive correlation of leaf temperature with plant height, 

leaf area, cob length, cob girth, rows per ear, grain per ear row, biomass per plant, 100-grian 

weight and grain yield per plant which indicated that leaf temperature was significantly and 

linearly related to yield reduction ratio under stress conditions. 

Stomata conductance had positive correlation with leaf temperature, plant height, leaf 

area, cob length, cob girth, rows per ear, grain per ear row, biomass per plant, 100-grain 

weight and grain yield while negatively correlated with stomata frequency and stomata 

conductance under normal condition. Under drought condition it showed positively 

correlated with leaf water potential, excised leaf water loss, leaf temperature, plant height, 

leaf area, cob length, cob girth, rows per ear, biomass per plant, 100-grain weight and grain 

yield per plant and it had negatively correlation with stomata frequency and stomata size. 

Leaf water potential was found to be positively correlated with plant height, leaf area, 

cob length, cob girth, rows per ear, grain per ear row, biomass per plant, 1000-grian weight 

and yield per plant under normal condition. Under drought condition it also showed positive 

relationship with excised leaf water loss, leaf temperature, plant height, leaf area, cob girth, 

rows per ear, grains per ear row, biomass per plant and 1000-grian weight. Plant height 
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showed positively correlated with leaf area, cob length, cob girth, rows per ear, grains per ear 

row, biomass per plant, 1000-grian weight and grain yield per plant under normal and 

drought condition. Excised leaf water loss had positively correlated with plant height, cob 

length, cob girth, rows per ear, grain per ear row, biomass per plant, 1000 grain yield and 

yield per plant under normal condition as well as under drought conditions. Narrow sense 

heritability of generations was found higher for leaf water potential, cell membrane thermo-

stability, stomata size, excised leaf water loss, plant height, leaf area, cob length, cob girth, 

grain rows per cob, biomass per plant, grain yield per plant under normal condition while 

under drought condition for cell membrane thermo-stability, stomata conductance, leaf water 

potential, leaf area, cob length, cob girth, biomass per plant, 100-grain weight, grain yield per 

plant.  

Additive effects were found higher for biomass per plant, leaf area and leaf water 

potential under normal condition while under drought condition for cob girth. Higher 

additive effects indicated that selection may be helpful for the development of synthetics. 

Dominance effects were reported for cell membrane thermo-stability, leaf water potential, 

stomata frequency, plant height, leaf area, grain yield per plant under normal condition while 

plant height and grain yield per plant under drought condition. Selection on the basis of 

dominance indicated that hybrid seed production program may be helpful to improve grain 

yield in maize. Additive × additive interaction were found higher for cell membrane thermo-

stability, stomata frequency, excised leaf water loss, cob girth, plant height, leaf area and 

100-grain weight under normal condition while stomata frequency, stomata conductance, cell 

membrane thermo-stability, excised leaf water loss, plant height, grain per ear row, 100-grain 

weight and grain yield per plant under drought condition which indicated that it is possible to 

fix increase for these traits under drought conditions. Higher additive× additive interaction 

effects indicated that selection may be useful for the development of synthetics. Additive × 

dominance interaction was found higher for grain per ear row under drought condition which 

is responsible for complex inheritance mode and selection may be useful during later 

generations. Dominance × dominance interaction were found higher for biomass per plant 

and grain yield per plant under normal condition while grain per ear row under drought 

condition. Selection on the basis of dominance × dominance interaction indicated that hybrid 

seed production program may be helpful to improve grain yield in maize.  
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On the basis of heritability, genetic advance, correlation and genetic effects it is 

concluded that fresh shoot weight, dry shoot weight, root length, shoot length and emergence 

percentage at seedling stage, stomata frequency, stomata size, cell membrane thermo-

stability, leaf temperature, excised leaf water loss, plant height, leaf area, biomass per plant, 

cob girth, 100-grain weight, grain yield per plant at maturity stage may be useful for the 

development of higher grain yield maize genotypes under drought conditions.  
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APPENDICES 

Appendix 1. Comparison of mean for emergence, root length and shoot length 
under normal and water stress conditions 

Sr. 
No. 

Variety Emergence Root length Shoot length 

  Normal Drought Normal Drought Normal Drought 
1 M14 5.00 A 3.50 BCD 24.90 DEF 26.23 B-H 20.05 IJ 17.45 G-L 
2 A50-2 5.00 A 4.00 ABC 33.60 ABC 26.64 B-G 28.40 C-G 21.40 C-J 
3 A239 5.00 A 3.50 BCD 29.60 A-D 25.08 B-J 29.60 B-G 22.40 B-J 
4 A427-2 5.00 A 3.00 CDE 22.70 DEF 19.58 H-M 20.25 IJ 19.10 E-L 
5 A495 5.00 A 4.00 ABC 24.10 DEF 27.25 B-F 24.20 G-J 23.00 A-I 
6 A509 5.00 A 3.50 BCD 24.80 DEF 24.65 B-J 27.55 D-G 24.50 A-H 
7 A521-1 5.00 A 4.50 AB 27.60 CDE 22.40 D-M 30.20 B-G 24.80 A-G 
8 A545 4.00 B 2.50 DE 20.83 EF 21.35 E-M 19.75 J 12.90 KL 
9 A556 5.00 A 3.00 CDE 26.20 DEF 25.83 B-I 25.70 F-I 25.40 A-F 
10 A638 5.00 A 3.50 BCD 27.30 CDE 25.30 B-J 28.15 C-G 25.30 A-F 
11 AES204 5.00 A 3.50 BCD 27.27 CDE 22.25 D-M 27.25 D-H 23.90 A-H 
12 Antigua1 5.00 A 4.00 ABC 26.88 CDE 29.83 ABC 26.10 E-H 22.40 B-J 
13 OH8 5.00 A 3.00 CDE 28.10 BCD 21.77 E-M 28.85 C-G 26.10 A-E 
14 OH28 4.50 AB 3.50 BCD 28.90 A-D 26.60 B-G 30.80 B-F 23.25 A-H 
15 OH33-1 5.00 A 3.00 CDE 26.60 CDE 22.77 D-L 30.70 B-F 21.55 C-J 
16 OH41 4.50 AB 4.50 AB 28.00 B-E 26.76 B-F 28.10 C-G 26.85 A-D 
17 OH54-3A 4.50 AB 3.50 BCD 23.67 DEF 22.19 E-M 30.50 B-G 23.33 A-H 
18 W64SP 5.00 A 5.00 A 26.20 DEF 24.77 B-J 28.60 C-G 24.35 A-H 
19 W64TMS 4.50 AB 3.00 CDE 24.90 DEF 24.76 B-J 30.50 B-G 24.13 A-H 
20 WM13RA 5.00 A 5.00 A 35.53 A 33.98 A 40.90 A 30.10 A 
21 WF-9 5.00 A 2.00 E 23.35 DEF 15.94 LM 33.40 BCD 25.60 A-E 
22 WFTMS 5.00 A 4.00 ABC 24.80 DEF 29.20 A-D 30.50 B-G 29.00 AB 
23 W187R 5.00 A 4.00 ABC 35.05 AB 29.77 ABC 34.10 BC 26.60 A-D 
24 W10 5.00 A 3.50 BCD 24.60 DEF 24.26 B-K 30.50 B-G 18.00 F-L 
25 WA3748 5.00 A 3.50 BCD 27.15 CDE 22.33 D-M 31.10 B-F 20.80 C-J 
26 W82-3 5.00 A 4.00 ABC 19.39 F 19.65 G-M 19.00 J 12.75 L 
27 K55TMS 5.00 A 2.50 DE 28.20 BCD 31.08 AB 31.60 B-F 22.00 B-J 
28 G.P.F-9 5.00 A 4.00 ABC 28.52 BCD 21.88 E-M 30.10 B-G 20.00 D-K 
29 USSR40 5.00 A 3.50 BCD 24.30 DEF 24.27 B-K 21.60 HIJ 17.20 H-L 
30 USSR150 5.00 A 4.00 ABC 27.30 CDE 20.73 F-M 30.50 B-G 17.10 H-L 
31 B34 5.00 A 4.00 ABC 33.70 ABC 28.05 A-E 35.30 B 28.95 AB 
32 B34-2B 5.00 A 3.50 BCD 28.00 B-E 19.27 H-M 29.10 B-G 19.85 D-L 
33 B42 5.00 A 3.50 BCD 26.80 CDE 21.90 E-M 30.00 B-G 18.90 E-L 
34 Q66 5.00 A 3.50 BCD 28.10 BCD 15.52 M 31.00 B-F 15.70 I-L 
35 Q67 4.50 AB 3.50 BCD 29.30 A-D 21.70 E-M 31.40 B-F 28.08 ABC 
36 Q97 4.00 B 3.50 BCD 28.02 B-E 23.17 C-K 30.20 B-G 23.10 A-H 
37 N18 5.00 A 3.00 CDE 28.10 BCD 17.65 KLM 32.13 B-E 15.10 JKL 
38 N48-94 5.00 A 2.50 DE 26.80 CDE 18.40 J-M 33.15 BCD 21.10 C-J 
39 PB77 5.00 A 2.50 DE 28.50 BCD 24.65 B-J 31.80 B-F 23.90 A-H 
40 PB7-1 5.00 A 3.50 BCD 28.50 BCD 18.92 I-M 29.30 B-G 23.81 A-H 

Note: Means sharing the same letters are non-significant at 5% level of significance 
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Appendix 2.  Comparison of mean for fresh root weight and fresh shoot weight 
under normal and water stress conditions  

Sr. No Variety Fresh root weight Fresh shoot weight 
Normal Drought Normal Drought 

1 M14 9.30 N-Q 3.10 I-M 6.95 IJK 2.00 H-K 
2 A50-2 14.95 J-Q 7.25 C-G 8.10 G-K 2.90 E-K 
3 A239 18.20 H-M 10.15 ABC 9.30 E-K 3.50 C-K 
4 A427-2 13.25 J-Q 12.55 AB 11.65 C-G 6.35 BC 
5 A495 14.00 J-Q 5.90 E-L 9.50 E-K 3.20 D-K 
6 A509 28.30 CDE 7.15 C-G 14.10 A-D 2.55 F-K 
7 A521-1 17.25 I-O 7.45 C-F 8.45 F-K 4.00 C-K 
8 A545 10.50 M-Q 2.70 KLM 6.35 K 1.15 K 
9 A556 14.05 J-Q 5.60 E-M 10.75 D-I 4.25 C-J 
10 A638 18.70 G-M 6.35 D-K 9.45 E-K 4.25 C-J 
11 AES204 15.60 J-Q 6.20 D-K 10.10 E-K 4.25 C-J 
12 Antigua1 18.60 G-M 4.45 E-M 11.15 C-H 8.15 B 
13 OH8 8.05 PQ 4.05 F-M 8.70 F-K 3.50 C-K 
14 OH28 7.45 PQ 7.00 C-H 9.55 E-K 10.65 A 
15 OH33-1 17.20 I-O 8.00 CDE 8.65 F-K 2.38 G-K 
16 OH41 16.00 I-P 7.15 C-G 8.70 F-K 1.60 IJK 
17 OH54-3A 18.80 G-M 8.10 CDE 9.85 E-K 6.15 BCD 
18 W64SP 11.65 L-Q 5.75 E-L 9.50 E-K 4.45 C-I 
19 W64TMS 12.30 K-Q 5.60 E-M 10.10 E-K 3.15 D-K 
20 WM13RA 38.65 A 13.20 A 16.80 A 11.80 A 
21 WF-9 11.35 L-Q 6.80 C-I 9.95 E-K 1.95 IJK 
22 WFTMS 20.95 E-K 3.25 H-M 11.25 C-G 3.95 C-K 
23 W187R 36.65 AB 2.45 LM 15.75 AB 11.40 A 
24 W10 17.90 I-N 6.80 C-I 7.15 IJK 2.90 E-K 
25 WA3748 21.30 E-J 6.55 C-J 12.05 C-F 5.90 B-E 
26 W82-3 7.20 Q 3.00 J-M 6.80 JK 1.30 JK 
27 K55TMS 19.55 F-L 9.65 BCD 9.15 E-K 5.70 B-E 
28 G.P.F-9 17.25 I-O 4.95 E-M 7.25 H-K 2.40 G-K 
29 USSR40 12.70 J-Q 4.60 E-M 9.10 E-K 3.80 C-K 
30 USSR150 15.20 J-Q 4.35 E-M 10.35 D-J 5.30 B-G 
31 B34 35.80 ABC 2.00 M 16.90 A 10.85 A 
32 B34-2B 14.50 J-Q 3.85 F-M 7.85 G-K 2.90 E-K 
33 B42 16.75 I-O 3.60 G-M 9.75 E-K 6.00 BCD 
34 Q66 27.65 DEF 6.25 D-K 10.60 D-J 5.30 B-G 
35 Q67 26.90 D-G 7.00 C-H 14.65 ABC 5.90 B-E 
36 Q97 29.65 BCD 4.50 E-M 10.00 E-K 5.50 B-F 
37 N18 24.40 D-I 4.75 E-M 12.65 B-E 1.85 IJK 
38 N48-94 26.35 D-H 5.25 E-M 10.80 D-I 4.50 C-I 
39 PB77 15.05 J-Q 6.50 C-J 11.65 C-G 4.20 C-J 
40 PB7-1 8.95 OPQ 3.95 F-M 9.90 E-K 5.00 C-H 

Note: Means sharing the same letters are non-significant at 5% level of significance 
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Appendix 3.  Comparison of means for dry root weight and dry shoot weight 
under normal and water stress conditions  

Sr. No Variety Dry root weight Dry shoot weight 
Normal Drought Normal Drought 

1 M14 7.10 KLM 3.00 J-N 1.45 D-I 0.35 I 
2 A50-2 8.60 I-M 13.65 ABC 1.80 C-I 0.40 I 
3 A239 8.15 I-M 7.15 D-K 1.60 C-I 1.95 B-F 
4 A427-2 14.15 D-H 9.70 C-G 1.55 C-I 2.35 A-D 
5 A495 7.10 KLM 3.55 I-N 0.75 GHI 1.15 D-I 
6 A509 17.70 CDE 4.40 H-N 1.60 C-I 0.65 GHI 
7 A521-1 9.30 G-M 13.55 ABC 2.35 B-G 1.95 B-F 
8 A545 4.90 M 1.05 MN 0.70 HI 0.40 I 
9 A556 8.45 I-M 4.35 H-N 1.60 C-I 1.15 D-I 
10 A638 11.50 F-K 2.70 J-N 1.15 E-I 0.70 GHI 
11 AES204 9.60 G-M 2.45 K-N 3.75 AB 2.75 ABC 
12 Antigua1 11.25 F-L 3.25 J-N 2.45 B-F 2.10 B-E 
13 OH8 4.65 M 1.90 LMN 2.65 A-E 1.15 D-I 
14 OH28 5.95 LM 7.05 D-L 2.35 B-G 1.45 D-I 
15 OH33-1 13.00 D-J 4.75 G-N 1.10 E-I 0.65 GHI 
16 OH41 5.85 LM 9.75 C-G 1.70 C-I 1.05 E-I 
17 OH54-3A 12.35 E-K 5.05 F-N 1.45 D-I 1.35 D-I 
18 W64SP 23.15 AB 4.25 H-N 1.80 C-I 1.40 D-I 
19 W64TMS 9.40 G-M 5.35 F-N 3.05 A-D 0.30 I 
20 WM13RA 27.30 A 15.15 AB 4.10 A 3.40 A 
21 WF-9 5.50 M 9.20 C-H 1.75 C-I 1.15 D-I 
22 WFTMS 8.85 H-M 2.30 K-N 1.30 E-I 0.80 F-I 
23 W187R 27.40 A 0.40 N 4.15 A 3.05 AB 
24 W10 16.60 C-F 10.70 B-E 1.45 D-I 1.00 E-I 
25 WA3748 12.75 E-J 8.70 C-I 1.40 E-I 0.70 GHI 
26 W82-3 13.30 D-I 15.90 A 0.45 I 0.60 HI 
27 K55TMS 17.35 CDE 6.05 E-M 2.50 B-F 1.85 C-G 
28 G.P.F-9 15.40 DEF 7.70 D-J 2.20 B-H 1.70 C-H 
29 USSR40 15.45 DEF 5.80 E-M 1.00 F-I 0.65 GHI 
30 USSR150 7.75 I-M 4.95 F-N 2.70 A-E 1.70 C-H 
31 B34 25.90 A 13.25 ABC 4.05 A 3.25 A 
32 B34-2B 15.90 C-F 3.00 J-N 1.85 C-I 0.80 F-I 
33 B42 15.10 DEF 5.60 E-N 1.60 C-I 0.70 GHI 
34 Q66 18.45 BCD 6.55 D-L 2.15 C-H 1.00 E-I 
35 Q67 14.70 D-G 11.30 A-D 2.65 A-E 2.05 B-E 
36 Q97 7.65 J-M 3.10 J-N 0.90 F-I 0.40 I 
37 N18 12.75 E-J 9.95 C-F 1.90 C-I 1.25 D-I 
38 N48-94 21.00 BC 7.20 D-K 3.15 ABC 2.00 B-F 
39 PB77 11.35 F-L 4.70 G-N 2.45 B-F 1.35 D-I 
40 PB7-1 7.85 I-M 2.95 J-N 1.35 E-I 0.60 HI 

Note: Means sharing the same letters are non-significant at 5% level of significance 
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Appendix 4. Mean squares of 40 maize inbred lines under normal and drought 

conditions 

SR NO TRAITS MEAN SQUARE (df =39) 

  NORMAL DROUGHT 

1 Germination 
0.141** 0.322** 

2 Root Length 
22.391** 33.238** 

3 Shoot Length 
38.556** 36.088** 

4 Fresh root weight 
12.502** 2.309** 

5 Fresh shoot weight 
12.869**   14.582** 

6 Dry root weight 
73.226** 32.303** 

7 Dry shoot weight 
1.728** 1.340** 

** = Highly significant (P<0.01) 
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Appendix 5. Generation mean for physiological traits in maize under normal 
(N) and drought (D) conditions in the field. 

Traits Cross# Generations Pop. 

Effects 

LSD 

(0.05) P1 P2 F1 F2 BC1 BC2 

Cell membrane 

thermo-stability 

Normal 78.57 77.14 75.70 69.382 72.43 71.02  ** 0.67 

Drought  50.74 47.27 45.86 41.75 44.61 43.42 ** 1.03 

Stomata 

conductance 

Normal 43.33 42.30 41.97 42.30 41.77 41.945 ** 0.34 

Drought  42.47 41.67 40.97 41.59 41.36 42.76 ** 0.62 

Stomata 

frequency 

Normal 227.34 215.88 201.60 177.13 194.87 191.48 ** 2.88 

Drought  192.26 190.06 179.40 165.85 180.75 179.62 ** 2.08 

Stomata size 
Normal 1406.9 1386.7 1336.6 1382.1 1347.7 1332.5 ** 18.31 

Drought  1354.8 1306.1 1312.7 1202.4 1282.3 1282.7 ** 31.512 

Leaf water 

potential 

Normal 0.20 0.31 0.41 0.67 0.62 0.59 ** 0.02 

Drought  1.86 1.22 1.36 1.41 1.39 1.40 ** 0.51 

Excised leaf 

water loss 

Normal 363.15 347.75 341.87 315.27 343.45 341.52 ** 4.13 

Drought  242.60 225.57 220.07 197.75 213.00 207.11 ** 5.33 

Leaf 

temperature 

Normal 34.48 33.86 33.49 33.83 34.23 34.44 ** 0.15 

Drought  33.27 33.66 33.43 32.84 33.54 33.38 ** 0.35 

*, P < (0.05); **, P < (0.01),  ns = non-significant   
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Appendix 6.  Generation means for agronomic traits in maize under normal (N) 
and drought (D) conditions in the field. 

 
Traits Cross# Generations Pop. 

Effects 

LSD 

(0.05) P1 P2 F1 F2 BC1 BC2 

Plant height 
Normal 149.33 148.68 149.92 131.17 143.20 141.26 ** 0.78 

Drought  138.95 138.53 138.49 116.39 128.36 124.22 ** 0.36 

Leaf area 
Normal 392.49 378.39 382.65 313.35 371.74 373.47 ** 9.19 

Drought  283.88 260.71 289.20 202.33 304.13 290.95 ** 20.37 

Cob length 
Normal 17.44 16.62 16.33 15.63 16.35 16.61 ** 0.23 

Drought  14.97 14.23 13.47 12.83 12.93 12.85 ** 0.33 

Cob girth 
Normal 6.21 6.77 5.73 4.36 5.16 5.13 ** 0.20 

Drought  5.33 5.07 4.43 4.34 5.22 5.41 ** 0.13 

Grain rows 

per ear 

Normal 15.63 15.57 14.53 14.63 14.89 14.53 ** 0.48 

Drought  11.97 11.70 12.10 12.98 11.59 12.75 ** 0.25 

Grain per 

ear row 

Normal 39.03 37.23 36.30 34.82 37.35 36.41 ** 0.44 

Drought  28.70 27.00 26.60 31.97 24.65 25.22 ** 0.53 

Biomass per 

plant 

Normal 1082.3 11115.5 1032.1 1023.4 1107.0 1055.7 ** 5.95 

Drought  646.07 630.27 653.55 591.16 602.13 632.97 ** 13.20 

1000-seed 

weight 

Normal 32.20 30.13 29.07 26.13 26.95 25.47 ** 0.49 

Drought  22.00 20.07 21.63 20.53 22.60 20.80 ** 0.47 

Grain yield 

per plant 

Normal 78.03 74.56 72.30 73.17 69.80 65.93 ** 0.70 

Drought  64.57 61.03 72.47 64.03 63.37 58.46 ** 1.32 

*, P < (0.05); **, P < (0.01), ns = non-significant   
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Appendix 7.   Analysis of variance for cell membrane thermo-stability under normal 
conditions.   

Source DF SS MS 

Replications 2 0.467 0.2435NS 

Generations  5 220.103 44.0207** 

Error 10 1.351 0.1351 

Total  17 221.941  

Grand Mean 74.209 Coefficient of variance  0.50 

** = Significant at 1% probability level, NS = Non-significant 
 

   Appendix 8. Analysis of variance for stomata conductance under normal conditions   
 

Source DF SS MS 

Replications 2 0.07057    0.03529 NS 

Generations  5 4.72623    0.94525**    

Error 10 0.34514    0.03451  

Total  17 5.14194  

Grand Mean 42.269 Coefficient of variance 0.44 

** = Significant at 1% probability level, NS = Non-significant 
 

  Appendix 9. Analysis of variance for stomata frequency under normal conditions 
    

Source DF SS MS 

Replications 2 3.22      1.610 NS 

Generations  5 4837.75    967.550**    

Error 10 25.05      2.505 

Total  17 4866.02  

Grand Mean 201.38 Coefficient of variance 0.79 

** = Significant at 1% probability level, NS = Non-significant 
  
   Appendix 10. Analysis of variance for stomata size under normal conditions 
 

Source DF SS MS 

Replications 2 0.8       0.38 NS 

Generations  5 14053.3          2810.65** 

Error 10 1012.5     101.25 

Total  17 15066.6  

Grand Mean 1365.4     Coefficient of variance 0.74 

 
** = Significant at 1% probability level, NS = Non-significant 
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Appendix 11. Analysis of variance for leaf water potential under normal conditions 
 

Source DF SS MS 

Replications 2 0.00010    0.00005 NS 

Generations  5 0.52974    0.10595**    

Error 10 0.00095    0.00010 

Total  17 0.53079  

Grand Mean 0.4659     Coefficient of variance 2.09 

** = Significant at 1% probability level, NS = Non-significant 
 

Appendix 12. Analysis of variance for excised leaf water loss under normal conditions  
 

Source DF SS MS 

Replications 2 1.54      0.769 NS 

Generations  5 3591.86    718.373**    

Error 10 51.60      5.160 

Total  17 3645.01  

Grand Mean 342.17     Coefficient of variance 0.66 

** = Significant at 1% probability level, NS = Non-significant 
 

Appendix 13. Analysis of variance for leaf temperature under normal conditions 
 

Source DF SS MS 

Replications 2 0.00989    0.00494 NS 

Generations  5 2.31972    0.46394**    

Error 10 0.06835    0.00684 

Total  17 2.39796  

Grand Mean 34.054     Coefficient of variance 0.24 

** = Significant at 1% probability level, NS = Non-significant 
 

Appendix 14. Analysis of variance for plant height under normal conditions 
   

Source DF SS MS 

Replications 2 0.401      0.201 NS 

Generations  5 774.234    154.847**    

Error 10 1.840      0.184 

Total  17 776.475  

Grand Mean 143.93    Coefficient of variance 0.30 

 
** = Significant at 1% probability level, NS = Non-significant 
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    Appendix 15. Analysis of variance for leaf area under normal conditions 
 

Source DF SS MS 

Replications 2 55.1      27.53 NS 

Generations  5 11852.4    2370.47**    

Error 10 254.9      25.49 

Total  17 12162.3  

Grand Mean 368.68     Coefficient of variance 1.37 

** = Significant at 1% probability level, NS = Non-significant 
 

Appendix 16. Analysis of variance for cob length under normal conditions 
 

Source DF SS MS 

Replications 2 0.16181    0.08091 NS 

Generations  5 5.17189    1.03438**    

Error 10 0.16292    0.01629 

Total  17 5.49663  

Grand Mean 16.496    Coefficient of variance 0.77 

** = Significant at 1% probability level, NS = Non-significant 
 

Appendix 17. Analysis of variance for cob girth under normal conditions 
 

Source DF SS MS 

Replications 2 0.0233    0.01166 NS 

Generations  5 10.7555    2.15111**    

Error 10 0.1158    0.01158 

Total  17 10.8947  

Grand Mean 5.5911    Coefficient of variance 1.93 

** = Significant at 1% probability level, NS = Non-significant 
 

Appendix 18. Analysis of variance for grain rows per ear under normal conditions 
 

Source DF SS MS 

Replications 2 0.00764    0.00382 NS 

Generations  5 3.88944    0.77789**    

Error 10 0.70756    0.07076 

Total  17 4.60464  

Grand Mean 14.966    Coefficient of variance 1.78 

** = Significant at 1% probability level, NS = Non-significant 
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Appendix 19. Analysis of variance for grains per ear row under normal conditions 
 

 Source DF SS MS 

Replications 2 0.2000    0.10002 NS 

Generations  5 29.2414    5.84829**    

Error 10 0.5981    0.05981 

Total  17 30.0396  

Grand Mean 36.859    Coefficient of variance 0.66 

** = Significant at 1% probability level, NS = Non-significant 
 

  Appendix 20. Analysis of variance for biomass per plant under normal conditions 
 

Source DF SS MS 

Replications 2 44.9      22.47 NS 

Generations  5 22163.7    4432.74**    

Error 10 107.1      10.71 

Total  17 22315.8  

Grand Mean 1069.3    Coefficient of variance 0.31 

** = Significant at 1% probability level, NS = Non-significant 
 

  Appendix 21. Analysis of variance for 100- grain weight under normal conditions 
 

Source DF SS MS 

Replications 2 0.001     0.0005 NS 

Generations  5 101.215    20.2430**    

Error 10 0.745     0.0745 

Total  17 101.961  

Grand Mean 28.323    Coefficient of variance 0.96 

** = Significant at 1% probability level, NS = Non-significant 
 

   Appendix 22. Analysis of variance for grain yield per plant under normal conditions 
 

Source DF SS MS 

Replications 2 0.105    0.0523 0.0523 NS 

Generations  5 256.668    51.3336**    

Error 10 1.490     0.1490 

Total  17 258.263  

Grand Mean 72.301    Coefficient of variance 0.53 

** = Significant at 1% probability level, NS = Non-significant 
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      Appendix 23. Analysis of variance for cell membrane thermo-stability under 
drought   

   
Source DF SS MS 

Replications 2 1.157     0.5787 NS 

Generations  5 149.526    29.9052**    

Error 10 3.261     0.3261 

Total  17 153.944  

Grand Mean 45.607    Coefficient of variance 1.25 

** = Significant at 1% probability level, NS = Non-significant 
 

    Appendix 24. Analysis of variance for stomata conductance under drought 
 

Source DF SS MS 

Replications 2 0.01684    0.00842 NS 

Generations  5 6.94364    1.38873**    

Error 10 1.15142    0.11514 

Total  17 8.11191  

Grand Mean 41.802    Coefficient of variance 0.81 

** = Significant at 1% probability level, NS = Non-significant 
 

     Appendix 25. Analysis of variance for stomata frequency under drought 
   

Source DF SS MS 

Replications 2 2.92      1.459 NS 

Generations  5 1358.56    271.713**    

Error 10 13.12      1.312 

Total  17 1374.61  

Grand Mean 181.42    Coefficient of variance 0.63 

** = Significant at 1% probability level, NS = Non-significant 
 

     Appendix 26. Analysis of variance for stomata size under drought 
 

Source DF SS MS 

Replications 2 334.6     167.28 NS 

Generations  5 38263.9    7652.77**    

Error 10 3000.2     300.02 

Total  17 41598.6  

Grand Mean 1290.2    Coefficient of variance 1.34 

** = Significant at 1% probability level, NS = Non-significant 
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   Appendix 27. Analysis of variance for leaf water potential under drought 

 
Source DF SS MS 

Replications 2 0.00058    0.00029 NS 

Generations  5 0.09322    0.01864**    

Error 10 0.00800    0.00080 

Total  17 0.10180  

Grand Mean 1.3404    Coefficient of variance 2.11 

** = Significant at 1% probability level, NS = Non-significant 
 

  Appendix 28. Analysis of variance for excised leaf water loss under drought 
 

Source DF SS MS 

Replications 2 6.52      3.259 NS 

Generations  5 3659.02    731.803**    

Error 10 85.98      8.598 

Total  17 3751.51  

Grand Mean 217.68    Coefficient of variance 1.35 

** = Significant at 1% probability level, NS = Non-significant 
 

  Appendix 29. Analysis of variance for leaf temperature under drought 
 

Source DF SS MS 

Replications 2 0.02216    0.01108 NS 

Generations  5 0.91417    0.18283**    

Error 10 0.36164    0.03616 

Total  17 1.29797  

Grand Mean 33.309    Coefficient of variance 0.57 

** = Significant at 1% probability level, NS = Non-significant 
 

  Appendix 30. Analysis of variance for plant height under drought 
 

Source DF SS MS 

Replications 2 0.07     0.035 0.035 NS 

Generations  5 1302.88    260.575**    

Error 10 0.40      0.040 

Total  17 1303.34  

Grand Mean 130.74    Coefficient of variance 0.15 

** = Significant at 1% probability level, NS = Non-significant 
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    Appendix 31. Analysis of variance for leaf area under drought   

 
Source DF SS MS 

Replications 2 301.9     150.96 NS 

Generations  5 19985.5    3997.10**    

Error 10 1254.0     125.40 

Total  17 21541.4  

Grand Mean 274.37    Coefficient of variance 4.08 

** = Significant at 1% probability level, NS = Non-significant 
 

 Appendix 32. Analysis of variance for cob length under drought 
   

Source DF SS MS 

Replications 2 0.0246    0.01229 NS 

Generations  5 11.5801    2.31602**    

Error 10 0.3242    0.03242 

Total  17 11.9289  

Grand Mean 13.548    Coefficient of variance 1.33 

** = Significant at 1% probability level, NS = Non-significant 
 

  Appendix 33. Analysis of variance for cob girth under drought 
 

Source DF SS MS 

Replications 2 0.02444    0.01222 NS 

Generations  5 3.86798    0.77360**    

Error 10 0.04949    0.00495 

Total  17 3.94191  

Grand Mean 4.7835    Coefficient of variance 1.47 

** = Significant at 1% probability level, NS = Non-significant 
 

   Appendix 34. Analysis of variance for grain rows per ear under drought   
 

Source DF SS MS 

Replications 2 0.02922    0.01461 NS 

Generations  5 4.57987    0.91597**    

Error 10 0.19600    0.01960 

Total  17 4.80509  

Grand Mean 12.190    Coefficient of variance 1.15 

** = Significant at 1% probability level, NS = Non-significant 
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 Appendix 35. Analysis of variance for grains per ear row under drought 

   
Source DF SS MS 

Replications 2 0.317     0.1584 NS 

Generations  5 106.854    21.3707**    

Error 10 0.849     0.0849 

Total  17 108.020  

Grand Mean 27.356    Coefficient of variance 1.07 

** = Significant at 1% probability level, NS = Non-significant 
  

Appendix 36. Analysis of variance for biomass per plant under drought 
 

Source DF SS MS 

Replications 2 100.44      50.22 NS 

Generations  5 9280.01    1856.00 **   

Error 10 526.12      52.61 

Total  17 9906.57  

Grand Mean 627.02     Coefficient of variance 1.16 

** = Significant at 1% probability level, NS = Non-significant 
 

Appendix 37. Analysis of variance for 100-grain weight under drought   
 

Source DF SS MS 

Replications 2 0.0432    0.02162 NS 

Generations  5 13.9361    2.78722**    

Error 10 0.6672    0.06672 

Total  17 14.6465  

Grand Mean 21.272    Coefficient of variance 1.21 

** = Significant at 1% probability level, NS = Non-significant 
 

 Appendix 38. Analysis of variance for grain yield per plant under drought 
  

Source DF SS MS 

Replications 2 0.285     0.1425 NS 

Generations  5 299.880    59.9761**    

Error 10 5.268     0.5268 

Total  17 305.434  

Grand Mean 64.372  Coefficient of variance 1.13 

** = Significant at 1% probability level, NS = Non-significant 
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