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AAcckknnoowwlleeddggeemmeennttss  
  IInn  tthhee  nnaammee  ooff  AALLLLAAHH,,  wwhhoo  iiss  tthhee  ssoouurrccee  ooff  eennttiirree  kknnoowwlleeddggee  aanndd  wwiissddoomm  

eennddoowweedd  ttoo  mmaannkkiinndd  aanndd  HHiiss  HHoollyy  PPrroopphheett  MMUUHHAAMMMMAADD  ((PPeeaaccee  BBee  uuppoonn  HHiimm)),,  

wwhhoo  iiss  ffoorr  eevveerr  aa  ttoorrcchh  ooff  gguuiiddaannccee  aanndd  kknnoowwlleeddggee  ffoorr  hhuummaanniittyy  aass  aa  wwhhoollee..    

  II  ooffffeerr  mmyy  ddeeeeppeesstt  ggrraattiittuuddee  aanndd  tthhaannkkss  ttoo  mmyy  ssuuppeerrvviissoorr,,  DDrr..  MMuuhhaammmmaadd  

AAhhssaann,,  AAssssiissttaanntt  PPrrooffeessssoorr,,  DDeeppaarrttmmeenntt  ooff  PPllaanntt  BBrreeeeddiinngg  aanndd  GGeenneettiiccss..  HHiiss  

ppaattrroonniizziinngg  aattttiittuuddee,,  iinnssppiirriinngg  gguuiiddaannccee  aanndd  aaffffeeccttiioonnaattee  ssuuppeerrvviissiioonn  wwaass  vveerryy  

hheellppffuull  ffoorr  mmee  ttoo  aaccccoommpplliisshh  tthhiiss  ttaasskk  ssuucccceessssffuullllyy..    

  AA  ddeepptthh  ooff  ggrraattiittuuddee  iiss  aallssoo  oowweedd  ttoo  DDrr..  MMoohhaammmmaadd  SSaalleeeemm,,  PPrrooffeessssoorr,,  

DDeeppaarrttmmeenntt  ooff  PPllaanntt  BBrreeeeddiinngg  aanndd  GGeenneettiiccss  aanndd  DDrr..  AAsshhffaaqq  AAhhmmeedd,,  AAssssoocciiaattee  

PPrrooffeessssoorr,,  DDeeppaarrttmmeenntt  ooff  AAggrroonnoommyy,,  UUnniivveerrssiittyy  ooff  AAggrriiccuullttuurree,,  FFaaiissaallaabbaadd  iiss  

ggrraatteeffuullllyy  aacckknnoowwlleeddggeedd..    

II  aamm  ggrraatteeffuull  ttoo  eexxpprreessss  mmyy  hheeaarrttffuull  tthhaannkkss  ttoo  mmyy  ppaarreennttss,,  bbrrootthheerrss,,  MMrr..  

IIffttiikkhhaarr  HHuussssaaiinn,,  MMrr..  IIqqbbaall  HHuussssaaiinn  aanndd  SSiisstteerr  wwhhoo  pprraayyeedd  ffoorr  mmyy  ssuucccceessss  aalloonngg  

wwiitthh  eeccoonnoommiicc  ssuuppppoorrtt  aanndd  iinnssppiirreedd  ffrroomm  ttiimmee  ttoo  ttiimmee..  

  II  aapppprreecciiaattee  ttoo  aallll  mmyy  FFrriieennddss,,  CCoolllleeaagguueess  aanndd  NNeepphheewwss  MMuuhhaammmmaadd  

SShheehhzzaadd  aanndd  FFaaiissaall  IIqqbbaall  wwhhoo  pprroovviiddeedd  mmee  pprreecciioouuss  ssuuggggeessttiioonnss  aanndd  mmoorraall  

ssuuppppoorrtt  dduurriinngg  tthhee  ccoommpplleettiioonn  ooff  pprreesseenntt  ssttuuddiieess..    

  II  aamm  tthhaannkkffuull  ttoo  mmyy  WWiiffee  aanndd  mmyy  KKiiddss  wwhhoo  bblleesssseedd  mmee  dduurriinngg  ffiinnaalliizziinngg  

tthhiiss  ddiisssseerrttaattiioonn..    
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ABSTRACT  
 

Fifty maize inbred lines were screened at seedling stage under drought and normal 

conditions for various seedlings parameters under controlled conditions in growth 

chamber, three drought tolerant and three susceptible inbred lines were selected. 

These six genotypes were crossed in full diallel fashion. F1 seed was planted in the 

field using randomized complete block design in three replications under drought 

and irrigated conditions. All the cultural and other practices were kept uniform to 

both plantings except irrigation. Various agronomic and physiological parameters 

were recorded. There was 20 to 40% reduction in almost all parameters was 

observed. Co-efficient of variability was more under water stress than normal for 

most of the seedling traits. In field experiment, additive gene action with partial 

dominance was revealed for plant height, leaf area,  leaf number, biological yield, 

harvest index, stomatal frequency and stomata size under both conditions. Over-

dominance type of gene action was found for kernels per ear row, 100-grain 

weight, leaf temperature and cell membrane thermostability. Additive gene action 

for relative water content under normal condition was changed to over-dominance 

under water stress condition. The best combinations on the basis of mean 

performance under normal condition were Y-74×F-141, Y-74×F-128, Y-74×Y158 

F-128×Y-158. Under water stress condition best performing crosses were, Y-

74×F-141, Y-158×Y-74, F-128×Y-74 and F-141×B-34. These crosses might be 

useful as transgressive segregants in subsequent generations. Inbred lines Y-74 

and F-141 were found best parents. These inbred lines may be exploited in future 

breeding programme for drought conditions. On the basis of different inheritance 

pattern of each parameter, it was suggested that overall performance of the inbred 

lines and their all possible combinations might be more useful while selecting for 

water stress condition.  

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 

            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            

         
 
 
 
 



ChapterI 

1. INTRODUCTION 

Maize (Zea mays L.) is the third most important cereal after wheat and rice all 

over the world as well as in Pakistan.  Maize grain is extensively used for the 

preparation of corn starch, corn syrup, corn oil dextrose, corn flakes, gluten, grain 

cake, lactic acid and acetone which are used by various industries such as textile, 

foundry, fermentation and food industries. With the development of poultry and 

livestock industry, its consumption in the feeds has also increased tremendously. 

Maize is one of the earning grain crops and in the world it is perhaps the most 

versatile. It is used in the human diet in both fresh and processed forms. The 

value added has been an economic driver in the specialty corn markets (Hallauer 

and Miranda, 1988). Global demand for maize will increase from 526 million 

tons to 784 million tons from 1993 to 2020, with most of the increased demand 

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

 The average yield of maize in Pakistan is very low as compared to developed 

countries and even to the world average (Anonymous,2000). World area under 

maize crop was 147.6 million hectare with a grain production of 701.3 million 

metric tones and overall yield of 4752 kg per hectare during 2006-07. In Pakistan 

maize was grown on 1051.7 thousand hectares with annual production of 3604.4 

thousand tones and average yield of 3427 kg per hectare. This is 1.38 times less 

as compared to the world grain yield per unit area in Pakistan (Anonymous, 

2008). Maize crop is extensively grown as grain for humans and fodder for 

livestock consumption. 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 is a C4 species and is high yielding cereal crop for total dry matter 

production. Maize use moisture efficiently. Water requirement of any crop is very 

much depended on that prevailing environment (temperature and humidity) in 



which it is grown. Maize requires 500-800 mm of water during life cycle of 80 to 

110 days (Critchley and Klaus, 1991). Pakistan faces a serious problem of water 

shortage for crop production.The water resources are becoming limiting and it 

has been estimated  that water for irrigation purposes may be reduced up to 50% 

(Anonymous,2001).  According to Jamieson et al. (1995) water requirement of 

maize at the time of tesseling is 135 mm/month (4.5 mm/day) and this 

requirement may increase up to 195 mm/month (6.5 mm/day) during hot windy 

conditions. Rather cropping patterns are being changed due to water scarcity. 

Under such circumstances evolution of high yielding, drought tolerant maize 

varieties are reliable option to cope with the menace of water shortage. 

Physiological parameters may be used as selection criteria that must be simple 

and rapidly measurable, heritable, responsive to selection and related to crop 

growth and yield to attain the desired (Richads, 1978). 

Drought stress or water deficit is an inevitable and recurring feature of global 

agriculture. Kramer (1980) reported that about one-third of the world’s 

potentially arable land suffers due to water shortage, and most of the crops 

production is often reduced by drought. Water being integral part of plants plays 

a pivotal role in the initiation of growth, subsequent maintenance of 

developmental process throughout the plant’s life and ultimately economy of a 

country. The maize crops may experience reductions of grain yields when 

subjected to water deficit during the critical period of crop cycle from tasseling 

stage to initiation of grain filling. During 1998/99 a long drought period, 48.8 mm 

rain only allowed grain yield of 4.8 t/ha. While during the year 2002/03 a short 

duration drought at critical period reduced grain yield less than 2 t/ha, affecting 

the ear per plant and kernel per ear (Bergamaschi et al., 2004). 

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

therefore, that effective maize breeding program would be launched to evolve 

high yielding and well adapted hybrids/varieties for water deficit conditions. 

However breeding 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. Hayman’s graphical approach is a powerful statistical technique, 

which provides six genetic components of variance and ratios of dominant and 

recessive genes in the parents to quantify their dominance order. Such 

information will be of tremendous help to accurately ascertain the merits of 

individual characters as yield promoting traits.  Previous research show that 

variations for drought tolerance exist in various crop species like wheat (Guttieri 

et al., 2001) and in maize (Frova et al., 1999). Because of this rich genetic 

diversity for drought, new methodologies can help to evolve drought tolerant 

varieties. Hybrids of the parents having more diversity yield more than of similar 

parents (Troyer et al., 1998). The study of diallel analysis of the genetic traits 

would certainly be a valuable aid in selection and breeding for better maize 

hybrids and synthetics under drought conditions. The use of genetics to improve 

drought tolerance and provide yield stability is an important part of the solution 

to this problem. Agronomical interventions have also their importance, since 

genetic solutions are unlikely to close more than 30% of the gap between 

potential and realized yield under water stress (Edmeades et al., 2004). However 

improved genetics can be packed in a seed and easily be adapted than improved 

agricultural practices that depend more heavily on input availability, 

infrastructure, and access to markets and skill in crop and soil management 

(Campos et al., 2004). Combining ability studied provide information on the 

genetic mechanisms controlling quantitative traits and enable us to select suitable 

parents for further improvement or use in hybrid combinations for commercial 

purpose. General combining ability is a good estimate of additive gene action, 

whereas specific combining ability is a measure of non additive gene action 

(Sprague and Tatum, 1942; Rajos and Sprague, 1952). The performance, 

combining abilities, genetic control, modes of gene action and stability of a group 



of tropical white inbred lines under two different conditions (drought and optimal 

soil nitrogen and drought and low nitrogen) was studied and reported different 

type of gene action under each 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. ` 

Keeping  in  view  the need of the above said information, the present study was 

conducted to observe the facts as given below: 

1. Evaluation of maize inbred lines for various physio-genetic traits 

under water stress condition. 

2. Selection of most promising inbred lines to develop all possible 

combinations in complete diallel fashion. 

3. Estimation of variability for various physio-genetic traits of crosses 

as well as parents under normal and water stress conditions. 

4. Inheritance pattern and mode of gene action for various physio-

genetic traits and positions of parents along the regression line. 

The information so derived may be helpful in developing selection criterion and 

for further future breeding programs to develop maize drought tolerant genotypes. 

.  

 



Chapter-II 

 

2. REVIEW OF LITERATURE 

2.1. Drought 

There are many biotic and abiotic stresses responsible for losses in crop yield 

worldwide. Abiotic stresses like drought, heat, excessive rain, water logging 

soil, wind and extensive cold etc.  Drought is one of the major challenges in 

plant production in present sanario for agricultural scientists, which affects 26% 

of arable area (Blum, 1988). Among them drought strongly affects the crop 

yield especially that of cereals and possesses a serious threat to the food 

security of entire subcontinents. In water deficit conditions plant water potential 

and turgor are reduced enough to interfere with normal functions (Hsiao, 1973). 

Alam (1985) pointed out that shoot elongation was reduced by water stress 

during vegetative period in maize.Gharzi(1985) and Nizamuddin (1985) found 

grain protein content and grain yield to be negatively associated in wheat. 

Water balance parameters in drought resistant line 1304 and susceptible line 

389 in maize exposed to 4 to 7 days of drought at the 5-leaf stage was studied. 

When influence of drought on water regime was checked, total osmotic 

potential values were lower in both lines, (Jovnovic et al. (1985). There was 

variation in effects of moisture stress on seed germination in sorghum. 

Germination decreased with increase in level of water stress. In general, mean 

germination was higher at moderate moisture than at low soil moisture 

conditions (Bijagare et al., 1994; Maiti et al., 1996). When plants were re- 

watered after a short period of water stress, leaf elongation rate was very rapid 

for a short time, but rate of growth after re-watering did not return to normal in 

severely stressed plants. (Jing and Hsiao,1987). Ouattar et al.(1987) reported 

that water deficits in maize plants decreased photosynthesis as judged by total 



plant dry weight, and concluded that grain growth was more sensitive to water 

deficits during endosperm cell division than during the period of starch 

deposition. Rahman and Hassaneinn (1987) reported that fresh and dry weight 

was decreased in maize with decreasing soil moisture. Westgate and Grant 

(1989) reported that the response of productive tissues to plant water deficits 

varies with stage of grain development. The high sensitivity to plant water 

deficits is higher in early reproductive development while it decreases as 

reproduction progresses. Various mechanisms involved in drought resistance 

like escape, avoidance, and tolerance etc were pointed out by many scientists 

(Arnon, 1972, Osmanzai et al.1987, Acevedo et al., 1991, and Acevedo et al., 

1993). Physiological characters were proposed for the assessment of drought 

tolerance (Matin et al.1989, Ritchie et al. 1990 and Castonguay and Markhart 

1992). Studies on seed germination and seedling vigor for measuring drought 

tolerance of some maize genotypes indicated that germination stress, 

germination rate stress and seedling dry matter stress indices were influenced 

by both genotype and moisture stress level (Elemery et al. 1995; Lemcoff et al . 

1998). Nagy et al. (1995) studied the response of maize and sorghum seedlings 

under water stress and reported that leaf water content declined more in maize 

than in sorghum.  

Matsuura et al. (1996) also studied the drought tolerance in four crops 

(barnyard millet, maize, pearl millet and sorghum). The irrigation was stopped 

in some plots 16 days after sowing and was continued in others. Pearl millet 

and sorghum, which were identified as drought tolerant, displayed the lowest 

reductions in relative growth rate. The stomatal conductance correlated with 

leaf xylem water potential significantly. Pearl millet and sorghum showed the 

highest leaf water status. Under water stress, total root length was significantly 

reduced in maize, was not affected in barnyard millet, and was significantly 

increased in sorghum and pearl millet. Drought tolerance in sorghum and pearl 

millet was associated with sustained water uptake ability by increasing total 



root length and maintenance of high leaf water status under soil drying 

conditions at the vegetative growth stage. Grzesiak (2001) studied effects of 

soil drought on growth in a glasshouse experiment and reported that in maize 

the genetic variation in the degree of drought tolerance is better manifested 

under severe conditions of water deficit in the soil. Therefore global food 

security depends on the development of crop plant with increased resistance to 

abiotic stresses such as drought and salinity. Development of drought tolerant 

varieties is the cheapest method to overcome the problem. Sasidharan (2005) 

conducted genetic analysis for yield and quality attributes in castor under 

irrigated (E1) and un-irrigated (E2) conditions and concluded yield and yield  

components  excelled under normal condition, while  quality traits such as oil 

and fatty acids displayed  marginal increase under drought conditions.   

2.2. Physiological Attributes 

Cellular growth is most sensitive to water stress. Kazemi et al. (1978) reported 

genotype differences in stomata number in wheat suggested that 

genotype×environment interactions would make difficult to select for stomata 

number. Sharma and Bhalla (1990) made diallel cross of 6 drought tolerant 

lines of maize with one drought susceptible variety under rain fed condition in 

which dominance gene action was important for stomata number and leaf 

number. Nour and Weibal (1978) evaluated ten sorghum cultivars varying in 

their ability to drought tolerance in laboratory experiment using river sand. 

Root characteristics such as root length, fresh root weight and root shoot ratio 

was studied. Significant varietal differences in all traits were observed. The 

most drought resistant cultivars had greater fresh root weight, which is the best 

indicator and characteristics for the determination of drought resistance. They 

also observed that the resistant varieties DE Kalb C42y and M351 had greater 

root weight and volume as well as longer roots than less drought resistant ones. 

While Robert et al. (1980) explored the lower profile of soil in a growing 

medium to a greater extent under stress condition. In the maize the root weight 



increased whereas shoot weight decreased with water stress (Aggarwal and 

Sinha, 1983; Morizet et al., 1983). In sorghum drought resistant varieties 

exhibited deeper root penetration and produced heavier and numerous primary 

and secondary roots than susceptible varieties. (Bhan et al.,1974). 

Shiralipour and West (1984) studied the response of maize seedlings under 

drought condition. Drought reduced fresh and dry root and shoot weight by 58 

and 40 percent, respectively. Stress decreased the length and fresh weight of 

shoot and shorts in maize (Thakur and Rai, 1984).  Shoot elongation was 

reduced by water stress during vegetative period in maize. In the green house 

experiment to study the effect of water stress on the vegetative and root growth 

of maize plants, found water stress reduced the shoot and root growth 

(Ramadan et al., 1985) while 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. Drought tolerant 

cultivars produced more dry and fresh weights of shoots compared to 

susceptible one (Ashraf, 1989). Wu and Cosgrove (2000) found the root/shoot 

ratio of plants increased when water availability is limiting. This ratio increases 

because roots are less sensitive than shoots to growth inhibition by low water 

potentials. The physiological and molecular mechanisms that assist root growth 

under drought conditions are reviewed, with a focus on changes in cell walls. 

Maize seedlings adapt to low water potential by making the walls in the apical 

part of the root more extensible. In part, this is accomplished by increases in 

expansion activity and in part by other, more complex changes in the wall. The 

role of xyloglucan endotransglycosylase, peroxidase and other wall enzymes in 

root adaptation to low water potential is evaluated. 

Drought stress delayed the silking and anthesis dates and reduced the grain 

filling period of each hybrid, but had little effect on the date of physiological 

maturity in maize (Fiedrick et al., 1989). In a diallel cross of  6  drought 



tolerant lines of maize with drought susceptible variety under rainfed condition 

and calculated genetic components. Dominance gene action was important for 

stomata number and leaf area (Sharma and Bhala.,1990).  Subhani. (1997) 

analyzed to determine the nature of genetic mechanisms controlling some 

morpho-physiological traits, like stomatal frequency, leaf venation, flag leaf 

area, specific flag leaf weight, days to heading, tillers per plant, plant height, 

spike length, grains per spike, 1000-grain weight, biomass per plant and grain 

yield per plant under irrigated and drought stress conditions. They reported that 

additive gene action was more important than non-additive. Yield components 

like grains per spike, 1000-grain weight, tillers per plant were found 

significantly influenced by additive gene action. 

  According to Dai et al. (1990), on yield of maize at different growth stages,  

moderate water stress inhibited the growth and development of all the cultivars 

and hybrids at different growth stages. The leaf area of resistant cultivars 

remained larger under drought condition. Drought at seedling stage enhanced 

root growth and adaptability of all cultivars. Water stressed sorghum showed 

larger root/shoot ratio (Xu and Bland., 1993). Sacks et al. (1997) characterized 

the effect of water stress on cell division rates within the meristem of the 

primary root of maize (Zea mays L.) seedlings and found that water stress 

caused meristematic cells to be longer and reduced the rates of cell division, per 

unit length of tissue and per cell, throughout most of the meristem. Peak cell 

division rate was 8.2 cells per mm per hour at 0.8 mm from the apex for cells 

under water stress, compared with 13 cells per mm per hour at 1.0 mm for 

controls. Terbea and Ciocazanu. (1999) studied response of some maize inbred 

lines seedlings to limited water supply. They conducted a study to establish the 

influence of limited water supply on some physiological traits on four maize 

inbred lines differing in drought tolerance. The experiments were conducted in 

a growth chamber. Limited water supply in tolerant inbred lines produced a 

significant increase in photosynthetic rates, root length and lateral root area. 



Significant decrease in photosynthetic rate, root length, lateral root area and 

chlorophyll contents were observed in highly drought sensitive line. These 

results showed that under normal soil moisture, the genetic variability of maize 

for these parameters was less pronounced than under decreased soil water 

contents. The genotypic responses to soil water contents were different 

influenced by additive gene action. 

Ibrahim and James (2001) hybridized six wheat genotypes in a complete diallel 

and MTS was measured on 12 days old F1 seedlings. Progeny resulting from 

crossing parents with positive GCA effects should have high MTS (membrane 

thermo-stability) levels. By contrast, progeny resulting from crossing parents 

with negative GCA effects should have low MTS level. They evaluated heat 

tolerance based on MTS measurements can be enhanced by utilizing the genetic 

variability existing with in the wheat germplasm. Renu-Munjal et al. (2004) 

evaluated heat tolerance of twenty wheat cultivars at seedling and maturity 

stage under field and laboratory conditions, and concluded that genotypes 

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

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

membrane, low reduction in grain yield and high heat resistance index (HRI, 

0.780) based on heat tolerance parameters. Singh et al. (2005) studied the 

physiological traits associated with terminal temperature tolerance under late 

sowing in irrigated wheat and found a significant differential variation for 

physiological traits with respect to grain yield  under high post anthesis 

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

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

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

index (RCI%), greater seed size (1000 grain weight), longer grain growth 

duration and higher grain yield, thereby showed a greater degree of high 

temperature tolerance as compared to long duration wheat genotypes. Sunita 

and Gupta . (2005) exposed leaf discs of 15-day-old seedlings of wheat 



genotypes. C-306 (temperature tolerant) and HD2329 (Widely adapted) at 25, 

35 and 45°C to analyse the extent of membrane injury and antioxidative defense 

mechanisms and concluded that higher water retention capacity and lower 

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

HD2329. Hirayama et al. (2006) evaluated drought tolerance based on leaf 

temperature in upland rice breeding, the leaf temperature of the upland rice 

varieties increased slower than that of the low land rice varieties. Their 

temperature and photosynthetic rates was highly correlated with leaf 

temperature measured using infrared radiation thermometer during three years. 

Rice varieties with lower leaf temperature can maintain high transpiration 

photosynthetic rates as well as produce high yield under upland conditions. 

Varieties with high temperature were found drought susceptible. Leaf 

temperature is therefore considered an  useful indicator to estimate the drought 

tolerance for line selection in upland rice breeding. Hu et al., (2007) studied 

drought and salinity reduced the fresh weight content regardless of leaf number 

and caused a similar reduction in maize. However, they affected the dry weight 

content differently and showed that the change in ion concentration along the 

growing leaf axis for most ions is independent of treatments and except for 

Na+, there was no difference in the concentrations of most ions at any given 

location between plants in the control and either of the drought or saline 

treatments. Thus, reduction in leaf growth under drought and saline conditions 

may be due to other causes rather than the limitation of nutrients in a short-term 

period of drought and salt stresses. 

Kumar and Sharma (2007) analyzed the gene effects using mean stomatal number 

and specific leaf weight of twelve populations of Triticum aestivum L. Additive 

gene effects were predominant for specific leaf weight while for stomatal number 

both additive and dominance components of variance were important. Epistatic 

effects, particularly the additive × dominance type of interaction, were present for 

both the characters. Significant heterosis was observed for the crosses 



Hindi62×HS240 and VL421×HS240 over the standard check (SC) in the moisture 

stress environment for both the characters. 

2.3. Agronomic Attributes 

Any change in environment conditions, such as drought reduces or adversely 

changes a plant’s growth or development and is called biological stress (Levitt, 

1972, 1980).Stress decreased number of grain per plant in maize. Lack of 

pollen increased with increasing drought,(Hall et al. 1981). Water stress, one 

week prior to silking , and tow week after silking reduced grain yield, (53% of 

the non-stressed), (Denmead and Shaw 1960,Claassen and Shaw 1970). The 

adaptation of morphological, structural, anatomical, and ecological 

characteristics of plants have been proposed for the genetic improvement of 

crop plant for drought resistance in maize (Cultere et al.,1977). Martiniello 

(1983) reported that morphological characters which are less sensitive to 

environment should be utilized for breeding for drought tolerance. Benett and 

Hammond (1983) reported that only minimal savings of irrigation are achieved 

by imposing mild water stress during vegetative growth of maize. Betran et al. 

(2003) reported in maize that the differences in grain yield between hybrids and 

inbred lines increased with the intensity of drought stress, thus providing a 

physiological basis of heterosis for grain yield was studied in maize by 

examining maize hybrids and their parental inbred lines in term of grain yield 

and its components processes. The genetic material consisted of 12 maize 

hybrids and 7 parental inbred lines. Data were recorded on grain yield, harvest 

index, kernel number and weight. Mean heterosis across the 3 year was 167% 

for grain yield and 53% for harvest index. Results showed the heterosis for 

grain yield in maize can be attributed to heterorsis for harvest index (Tollenaar 

et al., 2004).  

Dass et al. (2001) evaluated 166 genetically diverse lines of maize under 

different artificially given stress conditions; viz. Control, mild stress, 

intermediate stress and severe stress and confirmed that plant height was 



affected severely when irrigation was restricted at knee height stage and 

majority of the genotypes screened. Anthesis-silking hybrids were more tolerant 

as compared to inbred lines. A diallel analysis of five elite maize inbred lines 

was performed by Bukhari (1986) and reported that plant height was controlled 

by additive type of gene action, while 100-grain weight and grain yield per 

plant were conditioned by over-dominance. Siddiqui (1988) in a 6×6 diallel in 

maize reported that plant height, grain yield and 100-grain weight to be 

controlled by overdominance type of gene action. Naveed (1989) studied six 

maize inbred lines in a diallel fashion and reported that 100-grain weight and 

grain yield per plant were conditioned by over dominance type of gene action. 

Tabassum (1989) found from a 6×6 diallel cross in which plant height, 100-

grain weight and yield per plant were conditioned by additive type of gene 

action. While Arif (1990) studied 6×6 diallel cross in maize and reported that 

100-grain weight and grain yield per plant were controlled by over-dominance 

type of gene action. Flower et el. (1990) reported genotypic variability in 

sorghum is closely linked with drought tolerance and have a potential to 

improve crop yield. Eight genetically divers inbred lines were crossed by 

Mahajan and Khera (1991)  in  diallel fashion, excluding reciprocals and the 

resulting 28 F1 hybrids were evaluated at eight environments. Data were 

recorded for plant height and some other yield characters. They reported that 

additive type of gene action was involved for plant height. Pfarr and Lamkey 

(1992) conducted 4×4 maize diallel cross and reported the presence of dominant 

alleles for grain yield.  

A diallel cross 6×6  in maize was conducted by Shakil (1992)  and reported that 

all the characters under observation were conditioned by over-dominance type 

of gene action except grain yield which showed complete dominance type of 

gene action. Yousaf (1992) studied 6×6 diallel cross in maize and found that 

plant height, leaf area, 100-grain weight and grain yield per plant were under 



the control of over-dominance type of gene action. Damborsky et al. (1994) 

studied 7 inbred lines and their hybrids from a complete set of crosses and 

reported that grain yield was mainly conditioned by additive type of gene 

action. Perez et al. (1996) performed diallel analysis of five elite maize inbred 

lines and reported that plant height was controlled by additive type of gene 

action, while 100-kernel weight and kernel yield per plant were conditioned by 

over-dominance. Gul et al. (1998) reported non significant mean square for 

grain yield in maize. Edmeades et al. (1999) postulated that drought was 

common in tropical environments, and selection for drought tolerance was one 

way of reducing the impacts of water deficit on crop yield. 

Information was derived by Dutu (1999) on phenotypic and genetic variance on 

grain yield in 56 simple hybrids from a diallel cross among 8 inbred lines. 

Analysis of the data indicated that additive gene action was predominant in the 

inheritance of grain yield. Pandey et al. (2000) reported in maize that increasing 

moisture stress resulted in progressively less leaf area, crop growth rate, plant 

height, shoot dry matter and harvest index. Khan et al. (2001) investigated the 

effects of water stress on growth and grain yield of maize cultivar YHS-202. 

The study was comprised on six treatments one control (six irrigations), five, 

four, three, two and one irrigation only. The data revealed that stem height, 

stem diameter, leaf area and days to complete flowering decrease significantly 

with increased water stress. Yield components i.e. number of grains per cob, 

1000-grain weight and yield also decreased by increased water stress. 

Maximum grain yield obtained from control (six irrigations) was 3.5 tons ha-1 

and minimum yield was 0.4 tons ha-1 obtained from one irrigation. Farshadfar et 

al. (2002) investigated the genetic properties of some physiological and 

agronomical characters in maize, a six-parent diallel cross, excluding 

reciprocals, was grown under two different environments (irrigated and rainfed) 

in the research station of Dezful, Iran. High narrow sense heritability and 



additive gene action were found to be predominant for relative water loss, 

excised leaf water retention, seed weight and number of ear per plant.  

 Shabir and Saleem (2002) performed diallel analysis of six elite lines of maize 

and reported that all the characters being studied were under the control of 

over-dominance type of gene action, except protein percentage which showed 

additive type of gene action. Chapman et al. (2003) generated complex epistatic 

and gene×environment effects for yield even gene action at the trait level had 

been defined as simple additive effects. Given alternative breeding strategies 

that restricted, either the cultivar maturity type or the drought environment type, 

the positive (+) alleles for 15 genes associated with the four adoptive traits were 

accumulated at different rates over cycles of selection. While early maturing 

genotypes were favored in the severe-terminal drought environment type, late 

genotypes were favored in the Mild-Terminal and Midseason drought 

environment types. In the Severe-Terminal environment, there was an 

interaction of the stay-green (SG) trait with other traits: selection for positive 

alleles of the SG genes was delayed until positive alleles for genes associated 

with osmotic adjustment traits had been fixed. Given limitations in our current 

understanding of trait interaction and genetic control, the results are not 

conclusive. However they demonstrate how the complexity of 

gene×gene×environment interactions will challenge the application of genomics 

selection in crop improvement for dry land adaptation.  

Yadav et al. (2003) carried out the genetic analysis according to variety cross 

diallel model involving eight diverse maize composites possessing various levels 

of tolerance to moisture stress under optimum moisture and rainfed conditions. 

The variance due to dominance effect was significant for days to 50% silking and 

tasseling, leaf area, plant height, cob width under both moisture situations. 

Variance due to additive effect, dominance effect, general and specific combining 

abilities were significant for grain yield under both irrigated and rainfed 

conditions.  



Ti-da et al. (2006) conducted an experiment to determine the effects of drought on 

the grain yield and yield components of maize. They reported that cob 

characteristics deteriorated and the economic yield of maize decreased 

significantly under drought conditions. The main factors that caused the reduction 

of yield were the decrease of kernels per ear and 100-kernel weight. Xu et al. 

(2007) investigated the drought resistance from regenerative plants of hairy root 

cultures, which included plant height stress index, dry matter stress index, number, 

length, volume, dry weight, total absorbing area, active absorbing area, and 

root/shoot ratio and showed that there is close relationships among dry weight, dry 

matter stress index, leaf area of single plant, root/shoot ratio, volume and drought 

resistant index. Because of high lines of the regenerative plants from hairy root 

cultures in maize, it has close relationship with drought resistance and keeps 

strong hydraulic root signal under water stress. 

Sayar et al. (2007) studied the general combining ability and specific combining 

ability effects in wheat and found to be significant for both traits (deeper root 

length and grain yield) however, additive gene effects were predominant over non-

additive effects. Broad-sense and narrow-sense heritability were high for deeper 

root length, confirming the importance of additive gene effects, whereas strict-

sense heritability for grain yield was average, indicating the importance of 

interaction effects as compared with the additive effects. While Srdic et al. (2007) 

found the inheritance of maize grain yield and grain yield components, such as 

number of kernel rows, 1000-kernel weight and number of kernels per row. 

General and specific combining abilities were highly significant for all observed 

parameters. Dominant gene effects were more significant in maize grain yield and 

number of kernels per rows, while additive gene effects were more important for 

number of kernel row and 1000-kernel weight. Ojo et al. (2007) studied the seven 

parents diallel of white maize planted in randomized complete block design. The 

collected data was evaluated for combining ability and heterosis of yield and yield 

components (ear length, ear diameter and shelling percentage). GCA mean squares 



were highly significant for grain yield. The cross tropical×temperature produced 

hybrids with highest heterosis for all the parameters. Additive gene action was 

more important than non-additive gene action for grain yield.  

Asefa et al. (2008) conducted an experiment to determine the combining ability of 

highland maize inbred lines for ear length, 1000-kernel weight, ear height, shelling 

percentage and grain yield. The crosses were made from five lines and three 

testers using line by tester. The analysis of variance showed that the mean squares 

due to genotypes were significant for all traits, except for 1000-kernel weight and 

shelling percentage. Generally, the magnitude of mean squares due to general 

combining ability of lines was higher than that of the specific combining ability in 

most of the cases, indicating that additive gene actions were more important than 

non-additive with regard to inheritance of the traits studied. 

Worku and Zelleke (2008) evaluated the twenty maize cultivars at nine locations 

in Ethiopia in randomized complete block design with three replications for two 

years in variable environmental conditions. Most of the cultivars had significant 

deviation mean square, implying that these cultivars had unstable performance 

across the testing environments. However, additive main effect and multiplicative 

interaction analysis showed Gibe-1 (mean yield, 7.40 t ha-1) had relatively stable 

performance across the environments. BH-660 (mean grain yield, 8.14 t ha-1) had 

a relatively good performance in the mid to high altitude. 

2.4. Selection Criterion 

Many plant scientists conducted research on different crops under drought 

conditions to develop selection criterion, such as  Bhan et al.(1974) reported 

resistant varieties showed deeper root penetration producing heavier and more 

numerous primary and secondary roots than the susceptible varieties. Begg and 

Turner (1976) reported that part of the reduction in osmotic pressure as a result 

of drought stress was due to a net increase in cell solute concentration and not 

just due to the cell loss of water from the cell.  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 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 in pots in a soil: sand 

ratio of 3 : 1 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 stomatal frequency 

may be an useful selection criterion for increasing grain yield of wheat. Mehdi 

and Ahsan (2000 a) evaluated 500 S1 maize families for seedling traits in C1 

recurrent selection cycle. High values of GCV were found for fresh shoot and 

dry root weight. Moderate broad sense heritability estimates were found for 

fresh shoot weight, dry root weight and fresh shoot length. Relative expected 

genetic advance was greater for fresh shoot weight and dry root weight that 

could be used as selection criteria while comparing S1 families at seedling stage 

in maize. 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.  

 Edmeades et al.  ( 2004)  studied diallel analysis of the genetic traits and found 

valuable aid in selection and breeding for better maize hybrids and synthetics 

under drought conditions. Genetics improved drought tolerance and provided 

yield stability. Agronomical interventions had also their importance, since 

genetic solutions were unlikely to close more than 30% of the gap between 



potential and realized yield under water stress. Campos et al. (2004) addressed 

the improvements in drought tolerance over a 50 year period of hybrid breeding 

by evaluating, under targeted stress conditions, a set of 18 pioneer brand 

hybrids that had been released during the 1953-2001 period. Stress treatments 

were designed as overlapping windows of water deficit covering the pre-

flowering to late grain filling development stages. Significant, positive genetic 

gains for grain yield were found in all windows of stress evaluated. The largest 

genetic gains for grain yield were observed under conditions of full irrigation 

and severe flowering stress. Anthesis-to-silking interval and barrenness, 

especially under stress at flowering, were significantly reduced by selection, 

though flowering remains the most susceptible stage to drought in maize. 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 seven maize lines, KSTP001, KSTP003, KSTP004, KSTP005, 

KSTP008, E2 and E3 was used 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. This study suggested existence of 

both additive and non-additive gene effects for all parameters. The cob diameter 

and 100 seed weight indicating preponderance of additive gene effects for 

inheritance of these traits. 

Aslam et al. (2006) conducted two experiments to screen 60 maize accessions for 

stress tolerance at four moisture levels (100%, 80%, and 60% and 40% of field 

capacity) evaluated for relative cell membrane injury (RCI% age) and stomatal 

conductance. Broad sense heritability for these traits was also estimated and it 

was found that RCI% could be used as main selection criterion for drought 

tolerance in maize. Furthermore, on the basis of this selection criterion, NC-9 was 

found as highly water stress tolerant, while T-7 recognized as drought susceptible. 

Balota et al. (2008) concluded that wheat cultivars with high canopy temperature 



depression tend to have higher grain yield under dry, hot conditions and therefore, 

CTD has been used as a selection criterion to improve adaptation to drought and 

heat.  

2.5. Combining Ability  

Combining ability studies provide the information on the genetic mechanism 

controlling quantitative traits and enable us to select suitable parents for further 

improvement or used in hybrid combinations for commercial purpose. General 

combining ability is a good estimate of additive gene action, where as specific 

combining ability is a measure of non-additive gene action.  

Belousov and Mamatov (1980) reported that lines and crosses with best general  

and specific combining ability for protein content had low general combining 

ability for grain yield in a diallel analysis of eight high lysine hybrids. While in 

diallel crosses with eight parents between maize inbred lines, general combining 

ability was observed from the data indicated that additive gene effects were 

relatively more important for grain yield. (Hassabala et al. 1980).  

Geneva (1984) studied eight maize inbred lines in diallel cross and detected the 

effects of combining ability on yield. He recorded line B-73 and MO-17 showed 

highest general combining ability and line C103 showed high specific combining 

ability. Whereas the lines 23-B, 57-B and XM532 had the highest number of 

dominant genes for grain yield and were the highest yielding. While diallel cross 

(10×10) in maize was studied and observed differences among the hybrids for 

grain yield which were significant and were attributed to both general and specific 

combining ability effects. Owing to marked changes in general combining ability 

effects, interaction for grain yield was significant. (Camussi et al. (1985). 

Petrenko (1985) crossed nine inbred lines and one modified single hybrid in a 

diallel scheme and obtained 45 hybrids that were studied under irrigation 

condition with high general combining ability effects and high specific combining 



ability variances for F522, Od214 and Gk26. Lines with low or moderate GCA 

values and low SCA variance (Sd 15, Rf 7 and A 629) were thought suitable for 

use in synthesizing complex hybrid and synthetics. While Sheherbak 1985 tested 

11 lines of maize of different maturity group for yield in daillel fashion under 

irrigated and rain fed conditions, highly significant differences between hybrids in 

grain yield were found. Differences were significant in specific combining ability 

and in GCA × Site and SCA × Site interactions, but non-significant in case of 

general combining ability. When GCA was determined individually at the 

separate sites, significant differences were found. The highest GCA effects 

without irrigation were shown by the early lines A344, A286 and A385, while 

under irrigation the late lines B14, Oh43, and A545 had the highest GCA effects. 

Muthiah et al. (1989) studied combining ability analysis for yield in maize and 

observed that grain yield was influenced by both additive and non-additive gene 

action. Sotchenko et al. (1989) studied a diallel set of crosses involving six maize 

lines under drought stress condition and reported that environmental condition 

had a greater effect on SCA than GCA for the character. The best lines in terms of 

combining ability were KOSL 24, P343 and DVe 42. Vozda and Kubecuva 

(1989) studied a diallel cross with a 45 parental genotypes for general and specific 

combining ability and reported that GCA and SCA varied considerably depending 

on environmental factors.  

Beck et al. (1990) evaluated ten parents and their crosses for grain yield and plant 

high at six locations in Mexico, General combining ability was significant for all 

traits while specific combining ability was not significant for any. Combining 

ability analysis in a 6×6 diallel for harvest index in sorghum was studied by 

Reddy and Joshi (1990) and reported that significant GCA and SCA variances 

were important of both additive and non additive components of variance in the 

inheritance of this trait. Brenner et al.(1991) studied eight maize population and 

their 56 hybrids obtained by diallel crossing at Rio Pardo, Brazil in an 8×8 

duplicated simple lattice design. Combining ability was estimated by method 1, 



model 1, of Griffing. Results showed that additive (GCA) effects were more 

important, while reciprocal and specific combining ability (SCA) effects 

important only in specific crosses. Combining ability analysis for grain yield and 

quality characters in a 6 ×6 diallel cross of maize inbred lines was studied by 

Iqbal (1991) and found both GCA and SCA mean squares were highly significant 

for all the characters. Specific combining ability variances were greater in 

magnitude and relatively were more important for all the characters, which 

indicated the presence of non-additive type of gene action for the characters under 

study.  

Ali (1993) used 6×6 diallel crossing system and found that GCA mean squares 

were highly significant for all the yield components. Furthermore, SCA mean 

squares were highly significant possessing more important in five yield 

components, thereby manifesting non-additive action, and in other four character 

additive gene action. El-Hosary et al. (1994) studied GCA and SCA and their 

interaction in 28 F1 hybrids of crosses among eight maize inbred lines. Both GCA 

and SCA were detected as significant for all traits. Sedhom (1994) evaluated nine 

newly developed maize inbred lines crossed in a diallel fashion to estimate 

combining ability for nine yield components under two planting dates. Significant 

interactions were observed between GCA and SCA for grain yield per plant. M24 

was the best combiner for plant height and M13 was the best for grain yield per 

plant. The most desirable SCA effects were observed in the crosses M32 × M99 

for plant height, M13 × M24 for grain yield per plant and M12 × M32 for 100-

grain weight. Singh and Mishra (1996) observed general combining ability and 

specific combining ability using diallel analysis of eight inbred lines of maize for 

yield per plant. Highly significant differences among the lines were recorded and 

general combiners were identified.  

Altinbas and Tosun (1998) reported combining ability effects for 100-grain 

weight should be more useful in maize for selecting parental lines. Mathur et al. 

(1998) studied seventy eight single cross maize hybrids in normal and water 



stress conditions. Combining ability analysis showed significant GCA variance 

for grain yield per plant in both environments, SCA variance was significant for 

grain yield per plant in the moisture stress environment. A preponderance of 

additive gene effects were observed in the expression of all the characters 

studied. Inbred lines that were good combiners for various traits under normal 

and stress irrigations were earmarked. Joshi et al. (1998) conducted combining 

ability analysis in maize inbred lines for quality and yield components 

andreported both additive and non-additive genetic effects. Revila et al. (1999) 

studied ten maize inbred lines in diallel fashion including reciprocals for plant 

height. Significant general combining ability and specific combining ability 

effects were observed for plant height. Ajmal et al. (2000) crossed four wheat 

varieties viz. Blue-Silver, Pak-81, Inqalab-91 and Kohistan-97 in a complete 

diallel fashion and reported preponderance of additive gene action for most of 

the parameters. Crosses Blue- Silver×Kohistan-97 and Kohistan-97×Pak-81 

gave markedly higher specific combining ability values for grain yield.  

Desai and Singh (2001) conducted 7×7 half diallel croses of maize inbred lines. 

Analysis of variance showed significant differences in general combining ability 

and specific combining ability for plant height .Dubey et al. (2001) reported 

significant mean squares for 100-grain weight. Specific combining ability 

variance was greater than general combining ability variance indicating 

preponderance of non-additive gene action in the expression of  this  trait. 

 Shreenivasa and Singh. (2001) studied 7×7 half diallel cross involving relatively 

drought tolerant inbred lines of maize under water strees envoirment during the 

crop season, water stress occurred at the time of anthesis, silking, pollination and 

grain filling stage of the crop growth, significant differences for general 

combining ability and specific combining ability effects were observed. Among 

the parents, 1b 1073, 1b 1143 and 1b 1155 were found to have positive GCA 

effects for plant height and grain yield. 1b 1073×1b 1143 and 1b 1073× 1b 1155 

crosses also showed positive specific combining ability effects for plant height 



and grain yield. Vacaro et al. (2002) evaluated twelve maize inbred lines and their 

crosses to estimate combining ability as source populations in breeding programs 

in Brazil. Plant height and grain yield per plant were recorded in the field 

experiments. The results indicated that the mean squares for general combining 

ability were greater than specific combining ability for all traits under study.  

Patil,(2006).studied drought in pearl millet and conducted combining ability 

analysis that revealed significant GCA as well as SCA variances for different 

traits in both the environments indicating the preponderance of both additive and 

non-additive gene action in inheritance of harvest index and grain yield. 

Tabassum et al. (2005) evaluated 8 × 8 diallel for combining ability under normal 

and stress conditions and recorded all traits under study were under the control of 

non additive type of genes except plant height that was under the control of both 

additive and non-additive type of genes.  

Parmar, (2007) studied genetic analysis in  ten maize inbred lines and their all 

possible cross combinations excluding reciprocals in a diallel fashion and also  

reported significsant GCA and SCA variances on pooled basis revealing the 

importance of both additive and non-additive gene action for all the traits. Akbar 

et al. (2008) evaluated combining ability and recorded  GCA/SCA variance ratio 

exhibiting preponderance of non additive genes for all the traits under study and 

found under  grand mean reduction in various traits.        

                                                                              Chapter-III 

3. MATERIALS AND METHODS 

3.1. Experiment 1 

  Initially the experiment 1 was conducted in the Department of Plant Breeding 

and Genetics, University of Agriculture, Faisalabad during the summer season 

2005. Fifty inbred lines with diverse origin were collected from various national 



and international research organizations. These were tested against three water 

levels 50, 75 and 100 % of field capacity for their survival rate. Selected twenty 

five genotypes were planted in the field to ensure their identity to increase seed. 

Thereafter these inbred lines were sown in plastic pots measuring 35×50 cm 

size containing hundred percent sand during August 2006 by using completely 

randomized design with three replications under normal and water stress 

conditions in the growth chamber of Institute of Horticultural Science, 

University of Agriculture, Faisalabad, Pakistan. First irrigation was applied to 

both normal and under stress experiments after seven days. Second irrigation 

was applied after 15 days of sowing only to entries under normal condition. The 

plants were allowed to grow for further seven days under both conditions. 

Before harvesting, water was applied to both types of plants for uprooting and 

evaluated for the following seedling traits.  

3.1.1. Fresh root weight (g) 

The seedlings of each inbred lines were washed carefully and blotted dry, fresh 
root were weighted in grams by using an electronic balance (Chyo Japan JL-
80). 

3.1.2. Fresh shoot weight (g) 

Fresh shoot separated from the seedlings were weighed in grams by using an 
electronic balance (Chyo Japan JL-80). 

3.1.3. Fresh root length (cm) 

The fresh roots of seedlings were measured in centimeters by using a measuring 
tape. 

.3.1.4. Fresh shoot length (cm) 

Fresh shoots obtained from seedlings were measured in centimeter by using 

measuring tape.  

3.1.5.  Dry root weight (g) 



Dry roots of seedlings were put in a Kraft paper bag and dried in an electric 

oven at 65±5°C for 72 hours. After drying, roots dry weight per seedling was 

recorded in gram by using an electronic balance. 

3.1.6. Dry shoot weight (g) 

The shoots were also dried as described above and their weight was recorded in 

gram.  

3.2. Experiment 2 

The selected inbred lines (Table 1a) were planted during Feb/Mar. 2007 in the 

field, department of Plant Breeding and Genetics, University of Agriculture, 

Faisalabad, Pakistan. The land of selected site was loamy with pH 7.70. The 

selected inbred lines were crossed in all possible combinations in diallel fashion 

during April 2007. To avoid the contamination of the genetic material, the 

hybridization was proceeded carefully. The female plants were hand 

emasculated and pollinated. The female parents were taken with good quality 

and enough seed production.  

During February/March, 2008, six parents with their reciprocals were planted in 

the field using randomized complete block design with three replication. Seeds 

were sown by dibble, keeping plant-to-plant and row-to-row distances of 20 and 

75 cm respectively. Two seeds were planted per site to keep good stand. 

Thinning was done after germination to have a single healthy seedling per site. 

At the beginning and ends of each replication, non-experimental lines were 

raised to minimize the edge border effects. Under water stress conditions, the 

same experiment was also repeated, except irrigation (50% of the normal 

irrigation was applied to drought block) all other cultural practices were kept 

uniform to both normal and drought conditions. At maturity, crop was 

harvested and data was recorded for the following agronomic traits. 

Physiological traits were measured at different suitable growth stages of the 

crop. 



 
3.2.1. AGRONOMIC TRAITS 
3.2.1.1. Plant height (cm) 
Ten guarded plants from each entry were selected at maturity and plant height 
was measured with a meter rod in centimeters from the ground level to the base 
of the tassel and the average height was calculated. 
3.2.1.2. Number of leaves per plant 
Number of leaves of ten guarded plants was counted from each entry and the 
average number of leaves for plants was calculated by dividing the total 
number of leaves obtained from each plant by the number of plant harvested. 
3.2.1.3. Leaf area per plant (cm2) 
Leaf area was measured as the product of the length and maximum width. 
Leaves obtained from ten randomly selected competitive plants from each 
treatment were collected and area of each was measured using the formula 
suggested by Mckee, (1964). 

  Leaf area = Leaf length (cm) × leaf width (cm) ×0.74 
3.2.1.4. Number of kernels per ear  
Number of kernels per ear row was obtained by converting the number of 
kernels per row with the average number of kernel rows per ear of the ten 
guarded plants.  
3.2.1.5. 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.  
3.2.1.6. Biological yield (g) 
Ten randomly selected whole plants from each treatment were oven-dried at 
65°±5°C for 48 hours and weighed. Average weight of whole plant including 
cob as well as grains for each treatment was recorded. 
 
3.2.1.7. Grain yield per plant (g) 
The grains produced by the ten plants used for biological yield were weighed in 
grams and for each treatment, average grain yield per plant was recoded. 



3.2.1.8. Harvest index 
Harvest index for each treatment was calculated in percentage by using the 
following formula:                                             
                                                          Grain yield per plant  

  Harvest index (%) =  -------------------------------- × 100 
                             Biological yield per plant 
3.3. PHYSIOLOGICAL TRAITS 

3.3.1.1. Leaf temperature  

Leaf temperature for ten selected plants per replication at 13.00-15.00 pm from 

fully exposed leaves to sun light. Data was recorded from three leaves of each 

selected plants with infrared thermometer (RAYPRM30CFRG, RAYTEK 

USA) 

3.3.1.2.Relative water content (RWC) 

When drought appeared, the leaf samples were obtained from the selected 

plants samples were covered with polythene bag after excision. Fresh weight 

was recoded by using electronic balance in the laboratory. Turgid leaf weight 

was recoded after keeping the leaf samples in water for over night. The dry leaf 

weight was calculated after oven drying the samples at 70°C. By using the 

formula given below the relative water content was estimated. 

Relative water content =Fresh weight–dry weight/turgid weight–dry weight. 

3.3.1.3. Cell membrane-thermo stability   

Cell membrane thermo-stability was estimated following the method purposed 

by Ibrahim and Quick (2001).  The leaf samples were cut from five selected 

plant per each replication the leaves samples were washed with de-ionized 

water to remove any adherent or all ready released electrolytes. Then ten discs 

of 10mm of each side of midrib were cut from each leaf sample and washed 

twice with de-ionized water. The leaf discs were placed in (16×150mm) test 

tubes with 10ml di-ionized water. The test tubes were put in water bath at 50C 

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

temperature. Electrical conductivity of test tubes were measured with electrical 



conductivity 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  

          T2 is the conductivity reading after autoclaving. 

3.3.1.4. Stomatal frequency 

 The stomatal frequency was converted 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 

stomatal 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 stomatal frequency. For 

stomatal frequency the samples were counted in each strip.  

3.3.1.5. Stomata size (µm2) 

 The same leaf strips used for observation of stomatal frequency was 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 five stomata from each strip were measured at 

random.  

3.4. STATISTICAL ANALYSIS 

3.4.1. Analysis of Variance 

Analysis of variances was computed to compare the genotypes for each trait in 

experiment. ( Steel and Torrie, 1984, Steel et al., 1997). 

3.4.2. Diallel Analysis 

For diallel analysis the data were subjected according to Hayman (1954a,b) and 

sMather and Jinks (1982). Variations occurred in diallel cross due to the 



differences among parental or maternal genotypes or due to interaction between 

them.  

There are two phases of the analysis of diallel (Mather and Jinks, 1982). Formal 

analysis of variance of the data is calculated which indicated whether 

significant additive or non-additive genetic variation is present. In the absence 

of maternal effects, the main items for the differences among the same set of 

genotypes should yield the estimates of the same components of variation, the 

additive variation. Where the additive-dominance model is adequate and there 

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

analysis of the variance can be represented in simple terms. Thus, the a and b 

item tests the significance of the additive effects of the genes significance of the 

dominance effects. The item a is a test of the additive genetic component if b 

was non significant. The b1 item tests the mean deviation of the F1s from their 

mid parental value. It is significant only if the dominance deviations of the 

genes are in one direction predominantly there is directional dominance effect. 

The b2 item tests whether the mean dominance deviation of the F1 from their 

mid-parental values within each array differs over arrays. It will differ, if some 

parents have considerably more dominant alleles than other. The b3 items test 

the important effects of specific genes ability for a mixed model where the 

inbred lines are omitted from the analysis (Griffing, 1956). 

On the assumption of no genotype×environment interaction and absence of 

differences between reciprocal crosses the mean squares for c, d and block 

interactions are all estimates of the environmental component of variation. If 

reciprocal crosses differ, c detects the average maternal effects of each parental 

line and d the reciprocal differences not ascribed to c,  if genotype × 

environment interactions are present they will be detected as a difference 

between the block interaction for the a and b items if the additive and 

dominance variation are influenced to different extent by the environment.  

3.4.3. Gene action 



Gene action was determined following Hayman (1954a, b), Jinks (1954) and 

Whitehouse et al. (1958).  There are certain conditions prior to the application 

of diallel analysis.  

The main assumptions were as follow: 

Homozygous parents 

Normal diploid segregation 

No reciprocal difference (No maternal effect) 

Independent distribution of genes among the parents 

Absence of multiple  allelism 

Independent action of non-allelic genes 

In the present study most of conditions were assumed to be fulfilled and 

reciprocal differences avoided by taking the means to both arrays reciprocal 

differences we avoided to fulfill these crosses were arranged in array and the F1 

values were set out in the diallel table from each diallel table. The statistics like 

variance (Vr) of the family means with an array and co-variance (Wr) of these 

means with non-recurrent parents were calculated.  

The regression line was calculated from the mean variance (Vr) and mean co-

variance (Wr).  The slope and position of the regression line was fitted to the 

array points. If the line of a unit slope (b=1) passes through the origin, complete 

dominance is revealed. The movement of line upward and downward in graphs 

indicated decreasing and increasing dominance, respectively. If it intercepts the 

axis below the origin, it discloses over-dominance and if it is almost tangent to 

the parabola, additive type of gene action is shown. The position of the array 

points on the regression lines shows the distribution of the dominant and 

recessive genes among the common parents of the array. 

3.4.4. Limiting parabola 

The limiting parabola was out lined on the basis of the formula  

  Wr2 = Vr.Vp, i.e., by plotting Vr, (Wr x Vp) points.  



The corresponding values for Wr for all obtained values were calculated as 

Vr.Vp 

Where:   

                      Vp = parental variance 

  Vr = Genotypic variance 

As their limiting points different arrays were fitted within the limits of parabola 

using the gingival variance and co-variance. Array nearest to the point of origin 

told most dominant genes, while the array far from the point of origin indicated 

most recessive genes, while the intermediate position reveals the presence of 

both dominant and recessive genes in the array.  

 

3.4.5. Test for the validity of diallel assumption  

Hayman (1954b) suggested assumption of diall analysis were assured while 

conducting these studies. Tow scaling tests were employed to fulfill the 

assumptions of absence of epistasis, absence of multiple allelism and 

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

coefficient. Variance (of each array) and covariance (arrays with its parental 

values) were calculated from the mean diallel table. Then the regression of 

covariance on the variance was estimated. The expected regression coefficient 

is to be significantly different from zero but not from unity. Failure of this test 

indicates that non-allelic interaction (epistasis) is present or genes are not 

independent in their action, or show non random association among parents. 

Analysis of variance of Wr+Vr and Wr-Vr was done as a second test for the 

adequacy of the additive dominance model. If dominance (or certain types of 

non-allelic interaction) is present Wr+Vr must vary from array to array. 

Similarly, if there exists epistasis, Wr-Vr will change between arrays.  

Failure of these tests completely invalidates the additive dominance model. 

However, the additive-dominance model was considered partially adequate and 



analyzed further if one of them fulfils the assumptions. Components of variance 

models were used by various scientists for such type partially adequate models 

Aksel and Johnson (1963), Wilson et al. 1978; Azhar and McNeilly, 1988 and 

Mahmood, 1998). 

3.4.6. Genetic components of variation  

The methods for calculating genetic components of variance following a diallel 

analysis (Hayman (1954b) and Mather and Jinks (1982)) are outlined below. 

These gentic parameters were calculated by using the formula as given by 

Singh and Chaudhry (1985). 

3.4.6.1. Additive variation (D) 

   D = Vp-E 

 Where: Vp = variance of the parents and E = Environmental component 

of variation. 

 

3.4.6.2. Variation due to dominant effect of genes (H1) 
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  Where, Vr = mean of the array variance 

      Wr = mean of the covarainces between parents and 

arrays and  

   N = number of the parents 

3.4.6.3. Variation due to dominant effect of genes correlated for gene 

distribution   (H2)   EVmVrH 2442 −−=   

  Where, Vm = variance of the mean of arrays 

3.4.6.4. Relative frequency of dominant and recessive alleles  

 In the presence of gene frequencies, the sign and magnitude of F 

determines the relative frequency of dominant and recessive alleles in the 

parental population and the variation in the dominance level over loci. F is 

positive whenever the dominant alleles are more than the recessive ones, 



irrespective of whether these are increasing or decreasing in their effect. It was 

calculated as under:  
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3.4.6.5. Overall dominance effect of heterozygous loci  

Where, 

   
E

n
nMMh LL 2

2
01

2 )1(4)(4 −
−−=

 
Where, 
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  G.T. = Grand total of all the observations 

3.4.6.6. Environmental variation  
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Where, Error SS = error sum of square and  

 Rep. SS = replication sum of square in the analysis of variance 

 

3.4.6.7.     Average degree of dominance 
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3.4.6.8. Heritability narrow sense 
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Where D = variation due to additive effects, H = component of variance due to 

dominance effect and F = the mean of Fr over the arrays. 

 

3.5. COMBINING ABILITY ANALYSIS 

Using method I Model II (Griffing, 1956), combining ability studies were 
conducted. The genetic variability in the material was partitioned into components 



or general and specific combining ability, reciprocal effects and error. Sums of 
squares for these components were calculated as under:  

SS due to GCA = 
222 )/2()()2/1( YnYYn ji ×−+Σ×  

SS due to SCA = 
222 )/1()()2/1)()2/1( xYnYiYjnYjiYijYijxx ++Σ−+ΣΣ  

SS due to reciprocals = 
2))2/1( YjiYij +ΣΣ  

Where, 

Yi. & Y.j = total of the ith and jth arrays in the mean table 

Y..  = grand total of the mean table  

Yij  = mean value of the cross of ith parent with jth parent 

 Yji  = mean values of the cross of jth parent with ith parent  

(reciprocal cross)  

N   = number of parents 

3.5.1. SS due to error 

 The mean sum of squares obtained in the ANOVA due to error was used 

after dividing with number of replications because mean values are used there, 

Thus, SS due to error =SS (error) in ANOVA/r 

  While, r =number of replications  

Using the values ANOVA for combining ability in method I model II was 

prepared as under 

SOV df  SS MS F-value Expected (MS) 
GCA (p-1) Sg Mg Ng/Ms gnsnne 222 )/2)1(2 σσσ +−+
SCA P(p-1)/2 Ss Ms Ms/Me’ snnne 2222 )/)1(2 σσ +−+
Reciprocal P(p-1)/2 Sr Mr Mr/Me’ re 22 2σσ +
Error  (r-1)(p2-1) Se Me’  e2σ
 
The component estimation of variation was carried out as under: 
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Where σ2g, are the estimates of variance due to general combining ability, σ2s 

specific combining ability, σ2r  reciprocal effects and σ2e environment, 

respectively.  

General combing ability effects were calculated using the expression  
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Specific combining ability effects were calculated using the expression: 
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By using the expression reciprocal effects were calculated  
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Variances were calculated as under: 
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By taking the square root of the respective variance standard errors were 

calculated as under: 
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                                                                               Chapter-IV 

4. RESULTS AND DISCUSSION 

Crop plant responses to drought stress including aspects of growth, physiology 

and selection criterion have been well documented as described in chapter 2. 

However for successful increase in plant stress tolerance, breeding and 

selection techniques can be used (Epstein et al., 1980). For this to be achieved 

the traits associated with drought tolerance should be genetically controlled and 

potentially heritable (Shannon, 1984). It is therefore necessary to know the 

patterns of inheritance, the number of genes controlling drought  tolerance and 

the nature of genes. 

4.1. EXPERIMENT 1 

Analysis of variance for survival rate of 50 maize accessions is presented in 

Table 1a. Three irrigation regime for maize genotypes were significantly 

different for survival rate. Mean survival rate of 50 maize inbred lines are given 

in table. The 50 maize inbred line each comprising 5 plants per replication, 



were managed from lowest to highest survival rate. The inbred line Y-74 

revealed highest survival rate (82% and 94%) under the moisture level 50 and 

75% field capacity (FC) while 8-S showed 7 and 16% under 50 and 75% field 

capacity. All other genotypes were between these two extremes. Twelve inbred 

lines with highest survival rate under lowest moisture level and a set of thirteen 

maize inbred lines with lowest survival rate were selected for further 

evaluation.  

Analysis of variance for seedling traits under normal and water stress 

conditions in the growth chamber is presented in Table 1. Variability was found 

in the material which was indicated by the presence of highly significant 

genotypic differences for all the characters viz., fresh root weight, fresh shoot 

weight dry root weight, fresh root length dry shoot weight. 

Mean performance of inbred lines (Tables 2 and 3) revealed that inbred line Y-

74 had maximum fresh root weight (15.30g) and inbred line 8-S had minimum 

fresh root weight which was 2.88g under water stress conditions. While 

maximum fresh shoot  

Table 1a.  MEAN SURVIVAL RATE (%) OF 50 MAIZE ACCESSIONS GROWN IN 
THREE MOISTURE LEVELS 

SR. NO  GENOTYPES  50% OF FC* 75% OF FC 100% OF FC
1 8S 7 16 100
2 Y158 14 24 100
3 B34 16 24 100
4 F149 20 27 100
5 Y330 19 29 100
6 Y318 20 29 100
7 40S 19 37 100
8 32S 20 40 100
9 Y322 22 42 100

10 33S 22 42 100
11 1S 26 43 100
12 17S 26 43 100
13 21S 27 46 100
14 43S 29 46 100
15 Y58 29 46 100
16 Y95 29 48 100
17 41S 29 48 100
18 10S 32 50 100
19 Y100 32 50 100
20 Y128 32 52 100
21 Y181 35 56 100



22 Y287 35 56 100
23 Y319 40 58 100
24 Y323 40 62 100
25 Y325 40 62 100
26 Y324 42 62 100
27 Y328 42 62 100
28 Y326 44 64 100
29 Y333 44 64 100
30 Y335 45 64 100
31 Y336 45 64 100
32 Y334 47 68 100
33 A556 48 68 100
34 49S 50 68 100
35 F131 50 68 100
36 F132 54 70 100
37 F135 54 72 100
38 A521-1 54 72 100
39 34S 58 73 100
40 Y327 58 74 100
41 Y331 58 74 100
42 Y320 60 76 100
43 20S 63 77 100
44 USSR-150 68 80 100
45 42S 68 80 100
46 Y180 74 84 100
47 Y321 74 88 100
48 F141 78 88 100
49 F128 81 91 100
50 Y74 82 94 100

*The content of water remaining in soil after free drainage from root zone. 



Table 1.  Mean squares and coefficient of variation (CV %)  for various 
seedling traits in growth chamber under normal and drought 
conditions. 

 

 

 

Trait Level Mean 
Squares 

Error C.V% 

Fresh root weight Normal 31.83** 0.029 3.01 

Water stress 27.72** 0.069 5.85 
Fresh shoot weight Normal 

47.48** 0.12 4.33 
Water stress 

39.17** 0.10 5.30 
Dry root weight Normal 

4.97** 0.015 3.52 
Water stress 

4.47** 0.01 4.11 
Dry shoot weight Normal 4.42** 0.01 3.10 

Water stress 
3.81** 0.01 4.10 

Fresh root length Normal 

56.10** 0.43 2.73 
Water stress 

55.44** 1.28 5.79 
Fresh shoot length Normal 

99.54** 0.50 2.15 
Water stress 72.32** 0.75 4.41 



 

weight was noted for Y-74 and the minimum fresh shoot weight was for 32-S 

inbred line under the normal plantings. Under stress, inbred line Y-74 had 

maximum fresh shoot weight and minimum fresh shoot weight was recorded 

for 1-S. 

 Regarding dry root weight F-141 had maximum weight 6.54 g and 8-S had 

minimum dry root weight (2.45g) under normal condition. Under stress Y-74 

had maximum dry root weight (6.35g) and 8-S had minimum dry root weight 

(1.43g).  For fresh shoot length, the highest value 41.44cm  was noted for 

inbred line Y-327 and the lowest value  22.56 was recorded for inbred line 8-S 

under normal plantings while inbred line Y-180 showed maximum fresh shoot 

length 33.37 cm and F-128 had minimum fresh shoot length 16.60cm under 

water stress condition. 

As revealed from data for fresh root length (Table 3). The inbred line Y-74 had 

maximum value of 30.53 cm and 34-S had lowest value 12.71cm` under normal 

conditions, where as under water stress conditions highest value 27.61cm was 

revealed by inbred line F-141, while lowest value 11.08g was recorded for 34-S 

inbred line under water stress condition.  

Under normal conditions the inbred line Y-74 had maximum dry shoot weight 

6.91g and 5.40g under normal and water stress conditions respectively, and 

inbred line 42-S had 2.52g and 1.59cm was recorded under normal and stress 

conditions respectively. 

 Sufficient genetic variability was revealed by the data evaluated for seedling 

trait under both normal and stress conditions. These results are in accordance 

with Hussain, (1989), Weerathworn et al. (1992), Maiti et al., (1996), Mehdi 

and Ahsan (1999b), Mehdi and Ahsan (2000a and b) who reported variability 

among maize genotypes for various seedling traits under water stress 



conditions. For tolerance and susceptibility to water stress, the performance of 

inbred liens in terms of seedling traits was studied.  

Fresh root weight is best and easiest characteristic for determination reported by 

Nour and Weibal, (1978) in C4 plants like sorghum. They also pointed out that 

most drought resistant cultivars have greater fresh root weight.  

Aggarwal and Sinha (1983), Horgenboom et al. (1987), Dai et al. (1990), Xu 

and Bland (1993) and Tabassum (2004) who reported increase in root weight of 

maize under water stress conditions. Mehdi et al. (2001) reported importance of 

dry root weight as the selection criteria of maize for water stress condition. 

Significant and positive correlation for dry root weight fresh shoot weight, fresh 

root weight and fresh root length and fresh shoot length was observed by them.  

Under water stress condition inbred lines from the current evaluation showing  

maximum and minimum fresh root weight were marked on the basis of their 

mean values and listed the diallel crossing studies were performed on these six 

lines in Table 1a. 
 

Table 1a. Inbred lines with their drought stress status. 

 
Sr.No. Inbred lines Fresh root weight 

(g) 

Status  

1 Y-74 12.77      Drought  tolerant 

2 F-141 10.49 Drought Tolerant  

3 F-128 9.83 Drought Tolerant  

4 8-S 1.89 Drought susceptible  



5 Y-158 2.08 Drought susceptible  

6 B-34 2.35 Drought susceptible  

 
 
 
 
 
 
 
 
 
Table 2.  Mean and statistical significance of seedling traits of maize inbred 

lines under normal and water stress conditions in growth chambers. 
  Fresh root weight(g)   Fresh shoot weight(g)      Dry root weight(g)  
Inbred lines    Normal    Water stress     Normal   Water stress   Normal     Water 
stress 
Y‐318  3.30n 2.49nopq 4.47l 3.38q 2.53jk 1.47o 

F‐128 10.08c 9.83c 13.54c 10.13c 5.84b 4.60c 

8-S 2.88o 1.89r 6.17ij 3.73o 2.45k 1.43o 

A521-1 3.54lmn 2.61no 4.22lm 2.99t 2.59ijk 1.82n 

42S 3.72kl 2.38pq 4.59l 3.94m 2.74hijk 2.07jk 

Y-74 15.30a 12.77a 18.62a 17.23a 6.52a 6.35a 

Y-330 3.58lmn 2.43Pq 11.36d 6.93h 2.64ijk 1.75n 

34-S 3.91k 3.00l 10.27f 6.13i 2.56ijk 2.01klm 

F-141 12.61b 10.49b 16.05b 14.05b 6.54a 5.52b 

Y-321 9.31d 8.17d 10.88de 10.06d 4.35d 3.54d 

Y-331 3.34mn 4.18j 7.13h 3.23r 5.10c 4.48c 

17-S 3.62lm 2.86lm 8.87g 4.24l 2.60ijk 1.82n 

Y-158 3.32n 2.08r 5.87jk 4.69k 3.11fg 2.22hij 

Y-180 8.41e 7.44e 10.26f 7.60f 3.97e 2.82f 

40-S 3.44lmn 2.46pq 4.21lm 3.54p 3.27f 2.14ijk 

Y-327 4.34j 3.25k 5.41k 4.66k 2.90ghi 1.88lmn 



1-S 3.52lmn 2.70mn 4.27lm 2.75u 2.58ijk 1.58o 

Y-320 5.65h 5.01i 8.79g 8.11e 3.15fg 2.25hi 

20-S 6.80g 5.26h 8.54g 7.10g 3.25f 2.50g 
USSR150 7.38f 6.64f 8.31g 7.09g 3.06fgh 2.31h 

B-34 3.73kl 2.35q 3.72mn 3.80n 3.27f 2.63g 

21-S 7.35f 5.52g 10.52ef 7.09g 3.93e 3.08e 

32-S 3.56lmn 2.52pq 3.49n 3.04s 2.90ghi 2.07ijk 

Y-322 4.34j 2.58op 6.60hl 5.44j 2.86hij 2.04kl 

F-149 4.76i 2.41pq 4.74l 3.69o 2.84hij 1.86mn 

LSD  .280 .218 .570 .046 .344 .175 
 

Table 3.  Mean and statistical significant of seedling traits of maize inbred lines 
under normal and water stress conditions in growth chambers.  

                        Fresh shoot length(cm)  Fresh root length(cm)     Dry shoot weight(g)  
Inbred lines  Normal        Water stress  Normal   Water stress     Normal     Water 
stress 
Y‐318  30.10jkl 23.62jk 21.90j 18.58h 2.59klm 1.75m 

F‐128 26.90n 16.60o 20.66k 16.71j 5.91c 4.17d 

8-S 22.56o 19.01n 16.66l 14.75l 2.63klm 1.97l 

A521-1 34.83fgh 30.50d 26.90ef 26.20b 2.55lm 1.99kl 

42S 37.97cd 30.50d 21.81j 15.12l 2.52lm 1.59n 

Y-74 33.87ghi 28.66e 30.53a 25.40c 6.91a 5.40b 

Y-330 32.65hi 27.00gh 21.86j 17.63i 2.69kl 2.08ij 

34-S 23.27o 18.76m 12.71m 11.08n 2.47m 1.98kl 

F-141 28.69lmn 20.78m 29.57ab 27.61a 6.09b 5.68a 

Y-321 27.61mn 24.58ij 16.85l 12.15m 3.90e 2.07ijk 

Y-331 32.31ij 31.20cd 28.40c 24.56d 4.96d 4.53c 

17-S 29.66klm 23.41kl 25.89fg 19.83g 2.89ij 1.97l 

Y-158 35.15efg 28.85e 24.49h 19.94g 3.21f 2.72f 

Y-180 41.16b 33.37b 28.00cd 23.23e 3.00hi 1.98kl 

40-S 39.26bc 29.08e 22.75ij 21.50f 3.12fgh 1.81m 

Y-327 41.44b 27.08gh 23.66hi 18.07i 3.19fg 1.82m 



1-S 36.17cde 26.16h 27.79cde 23.16e 2.88ij 2.13i 

Y-320 45.56a 37.91a 23.06i 19.95g 2.74jk 2.01jkl 

20-S 35.54def 31.78c 25.64g 19.83g 3.21f 2.48h 

USSR150 24.31o 22.48l 27.25de 17.97i 3.03ghi 3.05e 

B-34 28.76lmn 23.50k 22.77ig 16.17k 2.95hi 2.98e 

21-S 32.88ghi 28.31ef 28.51dc 22.85e 3.10fgh 2.59g 

32-S 31.68ijk 31.88c 28.22cd 25.95b 2.75jk 2.49h 

Y-322 38.40c 27.55fg 23.41hi 18.74h 2.75jk 2.12i 

F-149 29.94jklm 24.93i 23.41i 15.68k 3.19fg 2.71f 

LSD 2.45 0.969 1.07 0.498 0.177 0.089 
 

 

4.2 FIELD STUDY  

Analysis of variance of all characters under both normal and drought 
conditions were presented in Table 4. Genotypic differences were highly 
significant for all the traits under normal and water stress conditions were 
present in the material grown under both the conditions. Parental mean 
performance and their possible crosses are given in appendices. 

The maximum plant height was (225.05cm) under normal irrigation 
(Appendix 1) for parental line Y-74 while 8-S showed minimum plant height 
(132.17cm). The parental line Y-74 was the latest hiring height (161.81cm) 
while least plant height displayed by the parental line 8-S, that was 98.41cm 
under stress condition.  Among the crosses, plant height under normal 
condition F-141×Y-74 showed maximum plant height (233.86cm) followed 
by Y-74×F.128, (201.85cm) and 8-S×Y-158 had minimum plant height 
(139.96cm). Same crosses displayed maximum and minimum plant height 
under stress.  Cross 8-S×Y-158   showed minimum plant height (101.63cm) 
while cross F-141×Y-74 was the tallest (161.81) under water stress condition 
followed by Y-74×F-158. Gu et al. (1989) Gu et al. (1990) Yang and Hsiang 
(1992) Vicente et al. (1999), Dass et al. (2001) and Tabassum (2004) 



reported reduction in plant height under water stress condition. The highest 
value (485.8 cm2) and 412.63 cm2) for leaf area (Appendix 1) was observed 
by the parents Y-74 followed by F-128 and the parental line 8-S had lowest 
value (354.8cm2) under normal condition, whereas under water stress 
condition the parent Y-74 showed maximum leaf area (432.8 cm2), while 8-S 
showed minimum leaf area (22o.33 cm2). In crosses, maximum leaf area 
(435.33) was displayed by F-128×Y-74 and cross Y-158×B-34 showed 
minimum leaf area (251.13cm2) under water stress condition, while under 
normal condition Y-74×F-141 had maximum leaf area (488.43cm2) and 
minimum leaf area (373.53cm2) was observed by cross 8-S×Y-158. 

Kernels per ear row (Appendix 1) ranged from 22.53 for Y-74 to 34.37 for 
Y-158 in the parents under normal irrigation, whereas under water stress 
condition kernel per ear row ranged from 14.4 (F-141) to 27.43 (8-S).  

In crosses, kernels per ear row ranged from 10.70 for F-128×Y-74 to 
39.03 for 8-S×Y-158 under normal planting whereas while cross 8-S × Y-
158 had maximum value (28.43) and cross Y-158 × Y-74 had minimum value 
(9.17) under water stress. Regarding 100-grain weight, parental line 8-S showed 
minimum value (27.67 g) and parent F-141displayed maximum 100-grain 
weight (32.67g) under normal condition. While under stress 100-grain weight 
ranged from 20.67g (8-S) to 29.3 (Y-74).    Cross F-128×Y-74 had maximum 
value 37.33g and minimum 100-grain weight 25.67g was recorded for cross 8-S 
×Y-158 under normal condition. Whereas under water stress, cross Y-158 ×Y-
74 showed the highest value (33.33g) and the lowest value (20g) was recorded 
for cross 8-S × Y-158.  

As it was obvious from (Appendix II) that parent inbred line F-141 indicated 
highest value of leaf number that was 15.27 and the lowest value10.63 
displayed by the parental line 8-S, under normal irrigation and under water 
stress condition values 14.2 and 10.07 were shown by inbred lines F-141 and 8-
S respectively. 
In crosses the values were 18.23 and 11.57 highest and lowest respectively by 
cross F-128×Y-74 under normal condition and under water stress condition 



cross Y-74×F-141 had highest value 17.23 and cross 8-S × Y-158 showed the 
lowest value of 10.77. 
The lowest values 101.4g for biological yield and highest value 273.93g were 
displayed by the parent line 8-S and Y-74 respectively under normal condition 
and inbred line 8-S showed minimum value (84g) and maximum value 
(226.33g) was displayed by the Y-74 for the biological yield under water stress 
condition. Among the crosses the cross F-128×Y-74 showed maximum value 
for biological yield, that was 228.07g and the lowest value 104.93 was recorded 
for cross Y-58×8-S under normal irrigation. Under water stress condition, cross 
Y-74×F-141 revealed the maximum biological yield and cross B-34×Y-158 had 
the minimum value (110.23g) for biological yield. 
Regarding grain yield maximum value (160.33) for grain yield per plant was 
displayed by parental line Y-74 and minimum value 49.18 g showed by 
parent Y-158 under normal condition and under water stress condition 
maximum grain yield was displayed by Y-74 that was 110g and minimum 
value (27g) revealed by the parent 8-S. Among crosses the cross F-141×Y-
74 showed maximum value (184g) and minimum value (46.33g) was 
recorded for cross 8-S×Y-158 under normal condition and maximum value 
(117g) and minimum value (33.67g) under stress environment was revealed 
by crosses F-141×Y-74 and 8-S×Y-158 respectively. 
Harvest index ranged from 36.70 (8S) to 67.17 (Y-74) in the parental lines 
under  



normal condition whereas under water stress environment it ranged from 

32.21g (8-S) to 51.8g (Y-74). In crosses, harvest index ranged from 43.7g to 

64.51g for crosses 8-S×Y-158 and F-141×Y-74 respectively under normal 

irrigation while under water stress conditions harvest index ranged from 37.81g 

to 51.13g by the same crosses. In case of leaf temperature, parental genotype 8-

S indicated highest value (36.62°C) and Y-74 gave minimum value (31.53°C) 

of leaf temperature under normal condition while under water stress the values 

35.67°C and 38.77°C were displayed by F-141 and Y-158 respectively. The 

cross 8S-Y-158 showed highest value of 36.63°C and Y-158×Y-74 gave 

minimum leaf temperature 30.43°C.  

Regarding relative water content, the highest value 0.78  and the minimum 

value .57 were recorded for parental line Y-74 and Y-158 under normal 

condition and under water stress condition the values ranged from 0.5 to 0.75 

for the parent F-158 and Y-74 respectively. Among the crosses, relative water 

content ranged from 0.57 for F141×8-S to 0.85 for Y-158×Y-74 under normal 

condition and this ranges from 0.47 for 8S×Y-158 to 0.71 for F128×Y-74 under 

stress environment.  

 Regarding, cell membrane thermo-stability the highest value (84.59%) was 

recorded for Y-74 and the minimum value of 62.3% for Y-158 under normal 

condition and under water stress cell membrane thermo-stability ranged from 

58.66% (Y-74) to 38.43% for parental genotype 8-S.Among the crosses, highest 

value 84.59% and minimum value 62.3 was recorded for cross Y-74×F141 and 

8-S×Y-158 respectively under normal condition whereas crossY-74×F141 gave 

maximum value 65.42% and cross 8-S×Y-158 showed condition.  

For stomatal frequency, the highest value (248.13mm2) was recorded for the 

parental genotype Y-74 and least value 157.37m2 was recorded for parent Y-

158 under normal condition. Under water stress condition, stomatal frequency 

ranged from 140.23 mm2 (8S) to 252.8mm2 (Y-74). Among crosses, maximum 



values 252.5mm2 and minimum 149.77 were recorded for cross F-141×Y-74 

and 8-S× Y-158 respectively under normal condition. The stomatal frequency 

ranged from 152.97 mm for 8-S×Y-158 to 264.83mm2 for F-141×Y-74 under 

water stress condition.The results are in accordance 

 
Table 4. Analysis of variance of six maize inbred lines and their all possible crosses 
for  
               various characters. 
 
                                                           Sum  of squares      Mean squares of 
genotype 
Sr.NO.          Traits                                              (df   =35) 
                                                                                                                
_____________________                                                                                                                                    
                                                       Normal          W.Stres                Normal         water 
stress 
1.           Plant height.                      65137.23       28833                    1861.06**              

823.82** 

2.           Leaf area.                        142820.9       411153                    4080.59**          

11747.24** 

3.           Kernels /ear row.               4940.30          2881.79                141.15**                

82.33** 

4.           100-Grain weight.                903.43          1461.58                 25.81**                 

41.75** 

5.           Leaf number.                        449.38           447.72                   12.83**                

12.79** 

6.           Biological yield.                   182389         156358               5211.13**            

4467.38** 

7.           Grain yield /plant.                117123            54785               3346.38**           

1565.28** 

8.           Harvest index.                        3883.3            1688                 110.95**              

48.23** 

9.           Leaf temperature                     379.1               275.3                18.83**                

7.86** 



10.         RWC                                         0.72              0.79                    0.02**                  

0.02** 

11.         CMT                 5788.4             4930.70 165.38**              

140.87** 

12.         Stomatal frequency.                87982         102532              2513.77**           

2929.49** 

13.         Stomata size.                       4248328          3466413          1213.8**            

99040.37** 

** =P≤ 0.01                         * =P≤ 0.05 
 



 with Jones (1979) and Tabassum (2004) who described an increase in stomatal 
frequency under stress environment.  
It is clear from the (Appendix V), parental line Y-158 showed maximum 
stomatal size (1693.03 mµ2) while its minimum value 1055.97 m µ2 was 
recorded for parental line Y-74 under normal irrigation. Under stress irrigation, 
8-S showed the maximum value 1565.63mµ2 and Y-74 showed minimum value 
982.97mµ2. For crosses, stomata size ranged from 1057.07 (Y-74×F-128mµ2) 
to 1225.7 mµ2 (8-S×158) under normal condition while cross values ranged 
from 1013.5mµ2 for Y-74×Y-158 to 1503.53 mµ2 for Y-158×8-S) under water 
stress environment.  
4.3 GENETIC ANALYSIS 
4.3.1. Scaling Test 
To determine the validity of data for additive dominance model and assumption 
of diallel analyis (Hayman, 1954a), the data was subjected to two scaling tests. 
The results are presented in Table 5 for both irrigated and stress conditions, 
respectively. 
Regression analysis and analysis of variance of assays were used for tests. If the 
regression line significantly deviates from zero b=0 but not from unity (b=1) 
and non-significant variation due to wr-vr in analysis of assay variance, the data 
found to be adequate for additive-dominance model. However the data is said 
partially adequate if one of the tests is fulfilled. Estimation of genetic 
components of variation such type of partial adequate data may be further 
analysed.  
Subhani (1997), Mahmood and Chaudhry, (2000), Arshad (2002), Ahmad 
(2002) and Tabassum (2004) conducted genetic analysis for partial adequate 
data. Regression analysis of b for plant height indicated that it significantly 
deviated from zero but not from unity. Significant epistatic effects (Wr-Vr) are 
indicated by the analysis of arrays. The data was considered partially adequate 
for the additive dominant model. Same situation was observed for leave area, 
kernel per ear row, 100-grain weight, leaf number, under normal condition, 
biological yield under both conditions, grain yield, harvest index under normal 
irrigation, leaf temperature, cell membrane thermo-stability and stomatal 



frequency under both conditions, while adequate model was noted for kernel 
per ear row, 100-grain weight, leaf number, biological yield, grain yield, 
harvest index under water stress, while relative water contents and stomatal size 
under both normal and water stress conditions. 
 
Table 5.   A summary of tests of adequacy of additive-dominance model 
(regression analysis and arrays Analysis of variance) for various maize traits 
under both water stress and normal conditions. 
          Planting                 Regression analysis             Analysis of variance of arrays   Remarks  
Traits            condition                   b=0              b=1     Wr+Vr   Wr-Vr 

Plant  
Height  

Normal 
Water stress 

6.81** 
4.70** 

0.031ns 
0.39ns 

200.92** 
52.00** 

44.74** 
20.77** 

Partial adequate model 
 by analysis of arrays 
             -do- 
           

 Leaf area 
Per plant 

Normal 
Water stress 

2.78* 
3.72* 

0.65ns 
0.82ns 

11.61** 
53.40** 

10.06** 
16.04** 

          -do- 
          -do-         
         

Kernels/ 
ear row 

Normal 
Water stress 

3.00* 
3.63* 

1.91ns 
0.89ns 

2.74ns 
7.37** 

1.34ns 
1.29ns 

          -do- 
 Adequate model by 
both tests        
 

100-grain 
weight  

Normal 
Water stress 

2.81* 
2.78* 

1.62ns 
1.18ns 

2.84ns 
12.88** 

1.12ns 
2.44ns 

Partial adequate 
Adequate model         

Leaf 
Number 

Normal 
Water stress 

2.86* 
2.79* 

0.38ns 
0.78ns 

18.48** 
8.72** 

14.60** 
2.62ns 

Partial adequate model 
By analysis of  arrays 
Adequate model by  
both tests 

Bio. Yield  Normal 
Water stress 

8.27** 
5.02** 

0.64ns 
0.63ns 

195.75** 
47.14** 

16.27** 
19.69** 

Partial adequate model  
           -do- 

Grain yield 
/ plant  

Normal 
Water stress 

9.00** 
5.35** 

0.14ns 
0.17ns 

49.37** 
21.61** 

10.21** 
2.95ns 

Partial adequate 
Adequate model  
by both tests 

Harvest 
index 

Normal 
Water stress 

4.37** 
4.93** 

-0.22ns 
0.19ns 

2.64ns 
3.40* 

2.41ns 
1.24ns 

Partial adequate 
Adequate model  
            

Leaf 
temperatur
e  

Normal 
Water stress 

3.25* 
5.42** 

0.22ns 
1.38ns 

2.14ns 
2.17ns 

0.77ns 
0.42ns 

Partial adequate 
            -do-           

Relative 
water 
contents 

Normal 
Water stress 

9.45** 
5.15** 

0.47ns 
0.24ns 

4.05* 
3.72* 

1.03ns 
1.18ns 

Adequate mode by 
both tests            
            -do-      

Cell 
membrae 
Thermo-
stability  

Normal 
Water stress 

3.86* 
2.78* 

0.005ns 
0.59ns 

54.93** 
5.71** 

3.80* 
6.17** 

Partial adequate model 
by analysis of  arrays 
          -do- 

Stomatlal 
frequency 

Normal 
Water stress 

4.17* 
4.35* 

0.27ns 
0.34ns 

11.10** 
27.51** 

4.49* 
20.78** 

           
          -do- 
          -do-         



Stomata 
size 

Normal 
Water stress 

3.87* 
4.95** 

0.36ns 
0.41ns 

3.97* 
12.87** 

1.23ns 
2.69ns 

Adequate model by 
both the tests 
            -do- 

* =Significant                            NS= Non-significant 



leaf temperature, relative water content and stomata size under both normal and 

water deficit condition.  

4.4. EXPERIMENT 2 

4.4.1. Diallel Analysis 

Diallel analysis provided information about quantitative characters. 

4.4.1. Agronomic Traits 

Eight agronomic parameters were discussed below. 

4.4.1.1. Plant height  

Analysis of variance for plant height under normal condition (Table-6) 

displayed that variation due to both a and b item was significant which 

indicated the importance of both additive and dominant genetic effects. Non-

significant variation due to b1 and b2 highlighted the importance of non-

directional dominance, sympatric gene distribution and b3 significant indicated 

important specific gene effects. Both c and d found non significant indicated 

non involvement of maternal and reciprocal effects respectively. 

Under water stress condition (Table 6b) item a and b were significant indicated 

importance of both additive and dominant genetic effects. The item b1 and b2 

were noted significant revealed directional dominance and asymmetrical gene 

distribution. The item b3 was also significance indicated importance of specific 

gene effects. Maternal effects were found absent because of c was non-

significant, while d was significant displayed presence of reciprocal effects 

which require retesting of b against d. after retesting item b1, b2, b3 remained 

unchanged revealed the reciprocal effects did not influence these components. 

Genetic component of variation were estimated according to Hayman (1954b) 

and are presented in Table 7. Significant value of D under both normal and 

water stress conditions indicted the importance of additive genetic effects. 

Under both planting condition significant H components (H1 and H2) revealed 

important dominant variation. Different distribution of dominant genes was 

displayed by unequal value of H1 and H2 under both environmental conditions.  



A significant and positive value of F indicated that the positive genes were 

more frequent under normal and water stress condition. Important effect of 

heterozygous loci for plants was indicated by significant value of h2 under 

water stress condition. While un-important effect of heterozygous loci for this 

trait under normal plantings was noted. Under both planting condition 

environmental variation (E) was non significant. Heritability was additive in 

nature and displayed more than 70 percent of the genetic variation transferred 

from the parents. Under both condition, degree of dominance indicated additive 

gene action for the inheritance of plant height. Graphical presentation of the 

data (Fig 4.1 a and b) also displayed the additive gene action for plant height 

under both conditions.  

The results are in accordance with those of Bukhari (1986), Tabassum (1989), 

Mahajan and Khera (1991) and Perez et al. (1996). Tabassum (2004) reported 

additive gene action for plant height. Sharma and Bhalla (1990)  reported 

dominance type of gene action for this traits Siddiqui (1998) Shakil (1992) 

Yousaf (1992) and Shabir and Saleem (2002) reported over dominance type of 

gene action for plant height.  

The regression line was intercepted positive in both planting condition (fig. 

4.1). The percent 8-S possessed must be dominant genes for plant height 

followed by B-34 and F-28, while F-141 had most recessive genes for this trait. 

The remaining genotypes were acting intermediately while array points showed, 

under water stress condition, the parent B-34 had most dominant genes and Y-

158 had most recessive genes for plant height because of it is farthest from the 

origin. 

4.4.1.2 Number of leaves per plant 

Analysis of variance for number of leaves, components revealed significant 

effects under normal condition. Item a and b were highly significant indicated 

additive and dominant gene effects (Table 8). 



Presence of directional dominance was indicated by significant b1 item. The 

significant item b2 and b3 indicated asymmetrical gene distribution and 

important effect of specific gene. Highly significant c and d items indicated the 

importance of maternal and reciprocal effects. Highly significant c and d items 

required retesting of a and b items. After retesting it was revealed that 

significance of all items remained unchanged and b1 had become highly 

significant from significant indicating that reciprocal and maternal effects did 

not influence these components. Under water stress, b1 changed  

Table 6. Mean squares for the analysis of variance of 6×6 diallel in maize for plant 
height. 
Items Df MS F.Ratio● Retesting against Ω 

c d 
A Normal Condition 
a 5 99.76296 65.45808**   
b 15 23.9858 5.485178**   
b1 1 67.55741 3.927333   
b2 5 16.05926 3.207694   
b3 9 23.54815 9.073136**   
C 5 0.344444 0.131078   
D 10 4.311111 1.427783   
Blocks 2 0.453704    
B×a 10 1.524074    
B×b 30 4.37284    
B×b1 2 17.20185    
B×b2 10 5.006481    
B×b3 18 2.59537    
B×c 10 2.627778    
B×d 20 3.019444    
Block int. 70 3.329894    
Total 107     
B Water stress condition 
a 5 4767.547 1126.239**  - 
b 15 323.9093 84.10605**  28.76241** 
b1 1 234.5908 177.7943**  20.83113** 
b2 5 61.66242 17.82296**  5.475482* 
b3 9 479.5263 110.236**  42.58084** 
C 5 4.999551 2.618863   
D 10 11.26155 3.232215*   
Blocks 2 0.516836    
B×a 10 4.233157    



B×b 30 3.851201    
B×b1 2 1.319451    
B×b2 10 3.459718    
B×b3 18 4.349997    
B×c 10 1.909054    
B×d 20 3.484159    
Block int. 70 3.523448    
Total 29081.66     
** = P ≤ 0.01 
* = P ≤ 0.05 
● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares 
 

.Table7. Estimates of components of variation for plant height under normal and water 
stress conditions. 

Component                                    Variance values 
                  Normal Water Stress 

D 1410.359 50.585 537.705 23.239 
H1 438.318 128.417 226.584 58.995 
H2 421.0467 114.718 213.646 52.701 
F 195.359 123.581 21.298 56.773 
h2 56.078 77.212 42.805 35.471 
E 1.427 19.309 1.146 8.871 
(H1/D)0.5 0.557 0.649 
Heritability(narrow sense) 0.852 0.829 

 

D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1: Vr/Wr (variance /covariance) graph for plant height under 
a)normal  

b)d ht diti



 

 

 

 



from significant to highly significant b2 and b3 remained unchanged revealing 

that reciprocal effects did not influence the components.  

While item c was non-significant, this reflected that maternal effects were 

absent. The estimate of genetic components of variation (Table 9) indicated 

significant D and H displayed both additive and dominance effects of gene were 

important under normal and water stress conditions. Unequal value of H1 and 

H2 indicated the different distribution of dominant genes under both conditions. 

The negative and non-significant value of F showed lower frequency of 

dominant alleles under both condition. Important effects of heterozygous loci 

among the parents were indicated by the significant h2 components. 

Environmental variation (E) was recorded to be non significant under both 

conditions. The estimates of mean degree of dominance were more than 60%, 

showing additive gene action with partial dominance for this trait under both 

planting conditions. Narrow sense heritability was recorded 68.65% under 

normal condition and 69.47% under water stress. It is revealed that greater 

amount of heritable additive variation was present for leaf numbers. From 

graphical representation (fig. 4.2) it was revealed that parental line 8-S had 

most dominant genes under both conditions because it was nearest to the origin 

whereas the parental line F-141 had most recessive gene under normal 

condition while inbred line Y-158 had most recessive genes under water stress 

condition for the number of leaves per plant.  

4.4.1.3. Leaf area per plant (cm2) 
Analysis of variance for leaf area per plant revealed that the items a, b, b1, b2 

and b3 were significant (Table10) which indicated the importance of both 

additive and dominance type of gene effects, presence of directional 

dominance, asymmetrical gene distribution among the parents and specific gene 

effects, respectively, in controlling leaf area under the normal and water stress 

conditions.  



Maternal (c) and reciprocal (d) effects were absent under normal condition. 

However, under water stress condition highly significant d components (Table 

10) required retesting of b item. Items b, b1, b2 and b3 were highly significant 

after retesting against 



Table 8 Mean square for the analysis of variance of 6×6 diallel in maize for leaf 

number per plant. 

Items df MS F.Ratio● Retesting against Ω 
C d 

Normal Condition 
a 5 69.49396 696.746** 71.24338**  
b 15 6.112284 42.99752**  11.4189** 
b1 1 14.66852 48.3371*  27.40356** 
b2 5 2.500684 45.16221**  4.671683* 
b3 9 7.168056 41.56733**  13.39128** 
C 5 0.975444 6.182394**   
D 10 0.535278 2.511731*   
Blocks 2 0.192315    
B×a 10 0.099741    
B×b 30 0.142154    
B×b1 2 0.303463    
B×b2 10 0.05537    
B×b3 18 0.172444    
B×c 10 0.157778    
B×d 20 0.213111    
Block int. 70 0.158601    
Total 107 107    
B Water stress condition 
a 5 70.77041 105.9672**   
b 15 5.755654 19.87204**  9.195** 
b1 1 14.86696 55.56205*  23.753** 
b2 5 1.821037 3.460342*  2.909* 
b3 9 6.929185 43.13765**  11.070** 
C 5 0.256556 1.543449   
D 10 0.625889 2.425404*   
Blocks 2 0.104537    
B×a 10 0.667852    
B×b 30 0.289636    
B×b1 2 0.267574    
B×b2 10 0.526259    
B×b3 18 0.16063    
B×c 10 0.166222    
B×d 20 0.258056    
Block int. 70 0.317013    
Total 107     
** = P ≤ 0.01 
* = P ≤ 0.05 
● =  Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares 



 
Table 9. Estimates of components of variation for  number of leaf  under normal 

and water stress conditions.                            
Component                                    Variance values 

                  Normal Water Stress 
D 6.49 0.46 6.51 0.46 
H1 4.48 1.17 3.96 1.18 
H2 3.96 1.04 3.62 1.05 
F -0.69 1.12 -0.98 1.13 
h2 2.68 0.70 2.69 0.71 
E 0.05 0.17 0.10 0.17 
(H1/D)0.5 0.831 0.780 
Heritability(narrow sense) 0.6865 0.6947 

 

D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



d mean squares, meaning thereby that reciprocal effects did not influence 
dominance, directional dominance, specific gene effects and symmetry of 
dominance gene distribution. Genetic components (D and H) were significant 
under normal and water stress conditions for this trait indicating additive and 
dominant genetic effects (Table 11).Unequal value of H1 and H2 revealed 
different distribution of dominant and recessive genes. The value of F was 
found non significant under both planting environments suggesting positive or 
dominant genes were less important for leaf area per plant. Significant 
dominant effect due to heterozygous loci was indicated by significant value of 
h2 under both conditions. 
Environmental variation (E) was found non significant under normal and water 
stress conditions. Degree of dominance H/D indicated the additive gene action 
for inheritance of leaf area per plant.  
Distribution of array points (Fig.4.3) depicted that the parental inbred line 8-S 
located nearest to the origin, had most dominant genes under both 
environmental conditions and Y-158 had recessive genes, which was for away 
from the origin. Present studies revealed additive gene action for inheritance of 
leaf area per plant which are contradictory to those of Shakil (1992), Yousaf 
(1992) and Shabir and Saleem (2002) who reported over dominance type of 
gene action while Sharma and Bhalla (1990) reported dominance type of gene 
action for leaf area per plant. The present findings were in accordance with 
Sharma and Bhalla (1990) who reported dominance type of gene action for leaf 
area per plant.  
4.4.1.4. Kernels per ear row  
 Analysis of variance for kernels per ear row (Table 12) displayed that 

variation due to a and b items were significant which revealed the importance 

of both additive and dominant genetic effects respectively under both condition. 

The item b3 was significant under normal condition which indicated presence 

of important specific gene effects. While item b1 and b2 were non significant 

that disclosed the absence of directional dominance and symmetrical gene 

distribution. Maternal effects (c) and reciprocal effects (d) were absent. 





Table10.  Mean square for the analysis of variance of 6×6 diallel in maize for  

leaf area per plant. 

Items Df MS F. Ratio● Retesting against Ω 
C D 

A Normal Condition 
A 5 23373.15 197.5274**   
b 15 1669.032 56.97326**   
b1 1 3240.37 175.9433**   
b2 5 562.1181 16.60766**   
b3 9 2109.391 75.40321**   
C 5 104.1343 1.569565   
D 10 39.90433 0.982611   
Blocks 2 1.976759    
B×a 10 118.3286    
B×b 30 29.29501    
B×b1 2 18.41713    
B×b2 10 33.84693    
B×b3 18 27.97481    
B×c 10 66.346    
B×d 20 40.6105    
Block int. 70 50.54009    
Total 107     
B Water stress condition 
a 5 65485.43 537.3957**   
b 15 5374.888 55.63612**  20.35953** 
b1 1 4845.012 151.109**  18.35242** 
b2 5 2149.241 23.20669**  8.14111** 
b3 9 7225.789 68.16853**  27.37056** 
C 5 92.56956 1.871867   
D 10 263.9986 3.706554**   
Blocks 2 15.88676    
B×a 10 121.857    
B×b 30 96.60788    
B×b1 2 32.06302    
B×b2 10 92.61301    
B×b3 18 105.9989    
B×c 10 49.45306    
B×d 20 71.22481    
Block int. 70 86.22619    
Total 107     
** = P ≤ 0.01 
* = P≤ 0.05 
● =  Each item tested against its own block interaction 



Ω = Retesting against c and d mean squares 
 
Table 11. Estimates of components of variation for leaf area under normal and water 

stress conditions.                            
Component                                    Variance values 

                  Normal Water Stress 
D 2361.08 134.07 6581.09 168.28 
H1 1193.87 340.35 3985.95 1119.16 
H2 1079.89 304.05 3527.07 999.77 
F -116.48 327.54 -226.64 1077.01 
h2 590.95 204.64 881.61 672.91 
E 16.39 51.17 28.09 168.28 
(H1/D)0.5 0.711 0.778 
Heritability(narrow sense) 0.6189 0.5997 
 
 
D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Fig. 4.3: Vr/Wr graph for leaf area under a) normal and, 
b) drought conditions. 



  

Under water stress condition, a and b items were highly significant which 

revealed the presence of directional dominance of genes, the gene distribution 

and specific gene effects. Maternal effects (C) and reciprocal effects (d) were 

found absent because of item c and d were non significant. (Table 12). 

Genetic components (D and H) were significant (Table13) under both planting 

conditions revealed that kernels per plant was under the control of both additive 

and dominant genetic effects. 

Differential distribution of dominant and recessive genes were revealed by 

unequal values of H1 and H2. Significant value of h2 under both environments 

indicated dominance effects due to heterozygous loci. The value of F was found 

non significant under both planting conditions suggesting dominant genes were 

less frequent, while environmental variance E was non significant in stress 

planting conditions indicating negligible effects of environment in determining 

the kernels per ear row. While E was significant under normal irrigation 

revealed important effect of environment for this trait. Degree of dominance 

(H1/D½) being more than one revealed an over dominance type of gene action. 

Heritability estimates under both planting conditions displayed that more than 

50% of the genetic variation transferred from the parents was of additive nature. 

Distribution of array points in the graphs (fig. 4.4) depicted that under both 

conditions, parent Y-74 possessed most dominant genes for this trait followed 

by F-128, while Y-158 had most recessive genes for kernels per row.  

4.4.1.5. 100-grain weight (g) 

Analysis of variance for 100-grain weight (Table 14) indicated significant a, 

and b items which means additive and dominance effects were present under 

both environmental conditions. Item b1, b2 and b3 were found non significant 

means indicating the absence of directional dominance of genes, symmetrical 

gene distribution and absence of specific gene effects.  



Non significant results were found about item c and d which indicated absence 

of maternal  and  reciprocal effect,  while  genetic effects  under  water  stress 

condition, 

 

 Table 12.  Mean square for the analysis of variance of 6×6 diallel in maize for 

kernels per ear-row. 

Items df MS F.Ratio● Retesting against Ω 
c D 

A Normal Condition 
a 5 551.5531 91.05543**   
b 15 129.157 4.758363**   
b1 1 334.176 2.933147   
b2 5 86.46489 3.125463   
b3 9 130.0949 7.559115**   
C 5 3.332889 0.242794   
D 10 22.85222 1.598778   
Blocks 2 0.581111    
B×a 10 6.057333    
B×b 30 27.14315    
B×b1 2 113.9309    
B×b2 10 27.66467    
B×b3 18 17.21033    
B×c 10 13.72722    
B×d 20 14.29356    
Block int. 70 18.54302    
Total 107     
B Water stress condition 
a 5 379.4366 130.3408**   
b 15 56.80537 6.097505**   
b1 1 98.304 33.33406*   
b2 5 47.03194 9.26241**   
b3 9 57.62409 4.655245**   
C 5 3.367667 0.356631   
D 10 11.56917 0.9917   
Blocks 2 4.070278    
B×a 10 2.911111    
B×b 30 9.316167    
B×b1 2 2.949056    
B×b2 10 5.077722    
B×b3 18 12.37831    
B×c 10 9.443    
B×d 20 11.666    



Block int. 70 9.090659    
Total 107     
** = P ≤ 0.01 
* = P ≤ 0.05 
● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares 
 
 
Table13. Estimates of components of variation for kernels per ear row under normal 

and water stress conditions.                            
 
Component                                    Variance values 

                  Normal Water Stress 
D 19.27 8.13 22.58 3.91 
H1 89.27 20.65 40.36 9.92 
H2 74.07 18.45 31.90 8.87 
F -24.79 19.88 -10.12 9.55 
h2 58.54 12.42 16.54 5.97 
E 6.01 3.10 2.98 1.49 
(H1/D)0.5 2.152 1.336 
Heritability(narrow sense) 0.54 0.6525 

 

D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.4: Vr/Wr graph for kernels per ear under a) normal and, 
b) drought conditions. 



 

item b1, b2 and b3 were significant, revealing the directional dominance, and 
asymmetrical gene distribution and specific gene effects. There is no maternal 
and reciprocal effects because of item c and d were non-significant. 
Genetic component (D) was significant indicating that 100 grain weight was 
under the control of additive genetic effect under both conditions. Component 
H was also found significant which means dominant genetic effects (Table 15) 
under both environments. Unequal value of H1 and H2 revealed different 
distribution of dominant and recessive genes. The F value was found negative 
and non-significant under both conditions suggesting that positive and 
dominant genes were less frequent under normal and stress conditions. The 
effects of heterozygous loci among the parents under both conditions were 
important as revealed by significant item h2. Environmental effect was non-
significant under both normal and stress conditions indicating the average 
degree of dominance type of gene action. The regression line cut Wr-axis below 
the origin under both cases. Distribution of array points displayed that under 
both planting condition Y-74 had most dominant genes and Y-158 had lowest 
dominant genes for this trait. The both degree of dominance as well as graphical 
presentation displayed an over dominant type of gene action for 100-grain 
weight (Fig 4.5). Distribution of arrays points in graphs depicted that under 
both conditions Y-74 had most dominant genes and Y-158 had most recessive 
genes while other parental lines were of intermediate range. The results are in 
accordance with those of Bakhari (1996), Siddiqui (1988), Naveed (1989), Arif 
(1990), Malik (1990), Yousaf (1992), Perez et al. (1996), who reported over 
dominance type of gene action. While these results were differ from those of 
Tabassum (2004) and Mani et al. (2000) who reported additive gene action for 
100-grain weight.  
4.4.1.6. Biological yield  
Analysis of variance for biological yield under normal environment (Table 16) 
displayed that variation due to both a and b item was significant and showed the 
importance of both additive and dominant genetic effects, respectively. Similarly 



importance of directional dominance was revealed by significant variation due to 
b1 item. While item b2 was non-significant indicating symmetrical gene 
distribution. Presence of important specific gene effects was indicated by 
significant b3 item. The item c was found non significant which mean maternal 
effect is absent. While significant item b required 



Table 14.  Mean square for the analysis of variance of 6×6 diallel in maize for 
100-grain weight. 
 
Items df MS F.Ratio● Retesting against Ω 

C D 
A Normal Condition 
a 5 99.76296 65.45808**   
b 15 23.9858 5.485178**   
B1 1 67.55741 3.927333   
B2 5 16.05926 3.207694   
B3 9 23.54815 9.073136   
C 5 0.344444 0.131078   
D 10 4.311111 1.427783   
Blocks 2 0.453704    
B×a 10 1.524074    
B×b 30 4.37284    
B×b1 2 17.20185    
B×b2 10 5.006481    
B×b3 18 2.59537    
B×c 10 2.627778    
B×d 20 3.019444    
Block int. 70 3.329894    
Total 107     
B Water stress condition 
a 5 186.2667 100.3832**   
b 15 31.93889 10.9644**   
B1 1 58.01667 66.51592*   
B2 5 32.2 14.24079**   
B3 9 28.8963 8.251719**   
C 5 0.522222 0.124668   
D 10 4.855556 0.848544   
Blocks 2 0.194444    
B×a 10 1.855556    
B×b 30 2.912963    
B×b1 2 0.872222    
B×b2 10 2.261111    
B×b3 18 3.501852    
B×c 10 4.188889    
B×d 20 5.722222    
Block int. 70 3.746825    
Total 107     
** = P ≤ 0.01 
* = P ≤ 0.05 
● = Each item tested against its own block interaction 



Ω = Retesting against c and d mean squares 
 
 
Table 15. Estimates of components of variation for 100-grain weight under normal 

and water stress conditions.                            
 
Component                                    Variance values 

                  Normal Water Stress 
D 3.34 1.33 12.94 2.90 
H1 16.67 3.38 25.20 7.36 
H2 13.82 3.02 18.86 6.57 
F -4.53 3.25 -0.99 7.08 
h2 11.90 2.03 10.06 4.42 
E 1.08 0.50 1.21 1.10 
(H1/D)0.5 2.231 1.395 

Heritability(narrow sense) 0.5415 0.6310 

 
D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.5: Vr/Wr graph for 100-grain weight under a) normal and, 
b) drought conditions. 



 retesting. After retesting against d, b1 changed from significant to non significant, 

indicating, that reciprocal effects suppressed the directional dominance. While b, 

b1, b3 remained unchanged indicting reciprocal effects did not influence 

dominance and symmetric gene distribution and effects of specific genes. Under 

water stress condition item a, b, b2, b3 were highly significant revealing additive 

and dominant genetic effects, asymmetric gene distribution important effects by 

specific genes. The item b1 was non significant indicating the absence of 

directional dominance. The maternal effects (c) and reciprocal effects (d) were 

found absent.  

Genetic components of variation were estimated according to Hayman (1954b) 

and presented in Table 17. Significant value of D under both conditions 

indicated importance of additive genetic effects. Similarly significant H 

component (H1 and H2) under both normal as well as stress condition indicated 

importance of dominant variation. Unequal values of H1 and H2 under both 

environments displayed different distribution of dominant genes. Positive genes 

were found more frequent, under normal condition revealed by the positive and 

significant value of F while under water stress condition. The value of F was 

positive and non-significant indicating positive genes were less frequent. Non-

significant value of h2 indicated absence of important effect of heterozygous 

loci for biological yield under both condition. 

Environmental variance (E) was non significant in both conditions, indicating 

negligible effects of environment in the determination of this trait. The narrow 

sense heritability estimates were more than 50% indicated a greater proportion 

of additive genetic variation of the total variation inherited. 

Degree of dominance under both environments indicated the involvement of 

additive gene action for the inheritance of biological yield. The results are in 

accord with those of Shakil (1992), Shabir and Saleem (2002) who reported 

dominance type of gene action. Additive gene action with partial dominance 

was also shown in graphical presentation (Fig. 4.6). The graph also indicated 



that inbred line B-34 had maximum dominant genes for biological yield under 

both condition while parent line F-141 had maximum recessive genes under 

normal condition and y-158 had recessive genes under water stress condition 

followed by F-141. 

Table 16.  Mean square for the analysis of variance of 6×6 diallel in maize for 
biological yield    per plant. 

 
Items df MS F.Ratio● Retesting against Ω 

c d 
A Normal Condition 
a 5 30437.7 1480.48**   
b 15 1919.629 56.24146**  17.194** 
b1 1 354.132 19.45101*  3.1719 
b2 5 123.6987 1.911902  1.1079 
b3 9 3091.312 163.3925**  27.688** 
C 5 58.02422 0.493892   
D 10 111.6469 2.736702*   
Blocks 2 65.26787    
B×a 10 20.55935    
B×b 30 34.13191    
B×b1 2 18.20635    
B×b2 10 64.69929    
B×b3 18 18.91955    
B×c 10 117.4837    
B×d 20 40.79614    
Block int. 70 46.00444    
Total 107     
B Water stress condition 
a 5 25368.32 363.7518**   
b 15 1949.528 66.01802**   
b1 1 876.563 9.50013   
b2 5 529.5259 14.90767**   
b3 9 2857.637 148.5916**   
C 5 15.55556 0.43956   
D 10 19.62222 0.912426   
Blocks 2 2.009259    
B×a 10 69.74074    
B×b 30 29.53025    
B×b1 2 92.26852    
B×b2 10 35.52037    
B×b3 18 19.23148    
B×c 10 35.38889    
B×d 20 21.50556    



Block int. 70 33.81878    
Total 107     
** = P ≤ 0.01 
* = P ≤ 0.05 
● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares 
 
Table 17. Estimates of components of variation for biological yield under normal 

and water stress conditions.                           
 
Component                                    Variance values 

                  Normal Water Stress 
D 3817 118.03 2721.64 137.91 
H1 1265.87 299.65 1388.08 350.11 
H2 1248.72 267.68 1277.72 312.76 
F 457.35 288.37 16.95 336.92 
h2 56.96 180.17 156.22 210.50 
E 15.51 45.05 10.97 52.64 
(H1/D)0.5 0.575 0.714 
Heritability(narrow sense) 0.7374 0.7098 
D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.6: Vr/Wr graph for biological yield per plant under a) normal 
and, b) drought conditions. 



 4.4.1.7. Grain yield per plant (g) 

A perusal of data (Table 18) demonstrated that both additive (a) dominance (b) 

gene effects were highly significant for this trait, under both normal and stress 

environment. Additive components were however, more strengthened than 

dominance. The item b1 was found significant indicated directional dominance. 

Asymmetrical gene distribution was found by the significant item b2. The item 

b3 was also found significant showed important effects of specific genes under 

both environments. While maternal effects (c) and reciprocal effects (d) were 

found absent by the non-significant of c and d items under both conditions 

normal and stress. 

The estimates of genetic components of variation (Table 19) indicated from 

significant D and H components which displayed that both additive and 

dominance effects of genes were important under both planting conditions. 

Unequal value of H1 and H2 revealed the different distribution of dominant 

genes under normal and water stress condition for this trait. The component F 

was found significant showed greater frequency of dominant alleles under 

normal condition, while non significance of F value under stress revealed less 

frequency of dominant genes. The significant h2 component showed important 

effect of heterozygous loci under both conditions. Environmental variation (E) 

was found non significant under both conditions. Graphical presentation of the 

data (Fig. 4.7 a and b) displayed additive gene action for grain yield per plant 

under both environments. Degree of dominance under both conditions was less 

than one which indicated additive gene action for this trait. The results were in 

agreement with those of Tabassum (1989), Damborsky et al. (1994), Dutu 

(1999) and Mani et al. 2000) who reported additive gene action. Present results 

differed from those of Bukhari (1986), Siddiqui (1988), Naveed (1989), Arif 

(1990), Malik (1990) and Shabir and Saleem (2002) who reported over 

dominance type of gene action. The parent line B-34 had maximum dominant 

gene under both environments while F-141 had maximum recessive genes 



under normal irrigation and parental line Y-154 had maximum recessive gene 

under stress. 



Table 18. Mean square for the analysis of variance of 6×6 diallel in maize for grain 
yield per plant. 

 
Items Df MS F.Ratio● Retesting against Ω 

c D 
A Normal Condition 
a 5 19651.31 437.8461**   
b 15 1229.425 86.23067**   
b1 1 425.3166 38.27187*   
b2 5 220.4387 15.56795**   
b3 9 1879.318 128.1848**   
C 5 42.82237 1.442007   
D 10 21.12693 0.583602   
Blocks 2 2.502893    
B×a 10 44.88178    
B×b 30 14.25739    
B×b1 2 11.11304    
B×b2 10 14.15977    
B×b3 18 14.661    
B×c 10 29.69637    
B×d 20 36.20093    
Block int. 70 27.10745    
Total 107     
B Water stress condition 
a 5 9032.618 491.3017**   
b 15 635.2282 32.57623**   
b1 1 407.5089 26.29237*   
b2 5 128.6867 6.626396**   
b3 9 941.9423 47.12448**   
C 5 12.88678 0.29595   
D 10 2.906778 0.102934   
Blocks 2 17.29009    
B×a 10 18.38507    
B×b 30 19.49975    
B×b1 2 15.49913    
B×b2 10 19.42031    
B×b3 18 19.98839    
B×c 10 43.54378    
B×d 20 28.23928    
Block int. 70 25.27238    
Total 107     
** = P ≤ 0.01 
* = P ≤ 0.05 
● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares 



 
 
Table 19. Estimates of components of variation for grain yield per plant under 

normal and water stress conditions.                            
Component                                    Variance values 

                  Normal Water Stress 
D 2718.41 74.62 1051.27 43.16 
H1 845.11 189.44 429.81 109.58 
H2 802.00 169.23 406.78 97.89 
F 580.98 182.30 73.46 105.45 
h2 73.86 113.90 70.82 65.88 
E 8.80 28.48 8.35 16.47 
(H1/D)0.5 0.5575 0.639 
Heritability(narrow sense) 0.7389 0.7197 
 
D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.7: Vr/Wr graph for grain yield per plant under a) normal 
and, b) drought conditions. 



4.4.1.8. Harvest Index  

The results of the analysis showed significant effects of a and b item under both 

conditions (Table 20) revealing the importance of both additive and dominance 

gene effects whereas b1 and b3 were found highly significant but b2 was 

significant under normal conditions. So b1 item showed directional dominance 

and b2 item showed asymmetrical gene distribution and b3 item indicated 

presence of important effects of specific genes. 

Non-significant c and d item showed absence of maternal and reciprocal effects. 

While under water stress conditions b1, b2 and b3 item were non significant that 

indicated absence of directional dominance, symmetrical gene distribution and 

unimportant effects of specific genes. Non significant (c) and (d) showed 

absence of maternal and reciprocal effects. 

Genetic components of variation D and H were significant (Table 21) under 

both conditions revealing additive and dominance genetic effects. Unequal 

value of H1 and H2 showed different distribution of dominant genes.  

A positive and significant value of F indicated that positive genes were more 

frequent. Significant value of h2 indicated the important effect of heterozygous 

loci for harvest index under both conditions. Environmental variation (E) was 

significant under both planting environments, indicating important effects of 

environments, in the determination of harvest index. The results differed from 

those of Shakil (1992) and Shabir and Saleem (2002) who reported over 

dominance type of gene action. But results were similar to Tabassum (2004) 

under normal condition who reported additive type of gene action. Degree of 

dominance under both was less than one, indicating additive type of gene action 

under both conditions. From the distribution of array points along the regression 

line (Fig.4.8 a and b) B-34 followed by F-128 had maximum dominant genes 

while Y-158 followed 8-S under normal planting and 8-S under water stress had 

maximum recessive alleles. 



Table 20.  Mean square for the analysis of variance of 6×6 diallel in maize for 
harvest index. 

 

Items df MS F.Ratio● Retesting against Ω 
c D 

A Normal Condition 
a 5 604.3006 29.54274**   
b 15 52.41158 6.790595**   
b1 1 228.751 142.0908**   
b2 5 32.84658 3.591804*   
b3 9 43.68775 5.745057**   
C 5 3.943006 0.207836   
D 10 5.594967 0.3081   
Blocks 2 9.000053    
B×a 10 20.45513    
B×b 30 7.71826    
B×b1 2 1.609894    
B×b2 10 9.144869    
B×b3 18 7.604407    
B×c 10 18.97176    
B×d 20 18.15957    
Block int. 70 14.12869    
Total 107     
B Water stress condition 
a 5 244.9107 9.810103**   
b 15 26.72868 2.288975*   
b1 1 97.14827 14.95242   
b2 5 25.04743 2.428769   
b3 9 19.83831 1.524775   
C 5 9.171939 0.354438   
D 10 1.673939 0.11841   
Blocks 2 4.01038    
B×a 10 24.96515    
B×b 30 11.67714    
B×b1 2 6.497162    
B×b2 10 10.31281    
B×b3 18 13.01065    
B×c 10 25.8774    
B×d 20 14.13678    
Block int. 70 16.30679    
Total 107     
** = P ≤ 0.01 
* = ≤ 0.05 
● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares 
 



Table 21. Estimates of components of variation for harvest index under normal and 
water stress conditions.                           

 
Component                                    Variance values 

                  Normal Water Stress 
D 103.73 5.09 42.63 2.97 
H1 29.80 12.93 9.19 7.55 
H2 25.61 11.55 7.17 6.74 
F 42.33 12.44 19.21 7.26 
h2 39.77 7.77 15.03 4.53 
E 4.66 1.94 5.32 1.13 
(H1/D)0.5 0.536 0.464 
Heritability(narrow sense) 0.6476 0.5412 
 
D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  

 
 
 
 
 
 
 
 
 
 
 
 
 



 

4.4.2. Physiological traits 
4.4.2.1. Leaf temperature 

Analysis of variance for leaf temperature under normal and water stress 

conditions was presented in Table 22. The item a under both conditions was 

highly significant while b item was significant which indicated the importance 

of both additive and dominance effects while b1, b2 items were non significant 

revealing the absence of directional dominance of genes and similar gene 

distribution among the parents under both environments. The item b3 was 

significant indicating importance of specific gene effects under normal 

irrigation. The non-significant value of b3 showed  the  absence of specific gene 

effects under water stress condition for this trait. Maternal effects (c) and 

reciprocal effects (d) were absent because of item c and d were non significant. 

Estimation of genetic components of variation (Table 23) indicated significant 

D and H, components displaying that both additive and dominance genetic 

effects were important under both planting conditions. Unequal value of H1 and 

H2 showed the different distribution of dominant genes under both conditions. 

The positive and non significant value of F revealed that dominant alleles less 

frequent under both conditions. The significant h2 components indicated the 

important effects of heterozygous loci among the parents under both planting 

conditions. The environmental variation (E) was significant under both 

conditions indicating that environment played significant role in the expression 

of this trait.  

The value of the degree of dominance was found more than one under both 

environments indicating over-dominance type of gene action, respectively. The 

narrow sense heritability estimates (0.5946 and 0.5845% respectively) indicated 

a medium proportion of additive genetic association of the total genetic 

variation inherited. Graphical analysis of data (Fig. 4.9) also depicted an over 

dominance type of gene action. Distribution of assays indicated Y-74 had 



maximum dominant genes and Y-158 had maximum recessive genes under both 

planting environments.  



Table 22.  Mean square for the analysis of variance of 6×6 diallel in maize for 
leaf temperature. 

 
Items Df MS F.Ratio● Retesting against Ω 

C D 
A Normal Condition 
a 5 44.91489 32.09607**   
b 15 7.234037 2.68067*   
b1 1 25.87267 5.378746   
b2 5 7.069611 1.79476   
b3 9 5.254426 2.960502*   
C 5 3.170222 0.980363   
D 10 3.024389 1.438036   
Blocks 2 2.5275    
B×a 10 1.399389    
B×b 30 2.698593    
B×b1 2 4.810167    
B×b2 10 3.939028    
B×b3 18 1.774843    
B×c 10 3.233722    
B×d 20 2.103139    
Block int. 70 2.41931    
Total 107     
B Water stress condition 
a 5 34.07267 15.77317**   
b 15 5.494167 2.443179*   
b1 1 13.5375 10.01171   
b2 5 6.735833 2.112153   
b3 9 3.910648 2.141637   
C 5 0.992778 0.657203   
D 10 1.756944 0.943312   
Blocks 2 4.275833    
B×a 10 2.160167    
B×b 30 2.248778    
B×b1 2 1.352167    
B×b2 10 3.189083    
B×b3 18 1.826009    
B×c 10 1.510611    
B×d 20 1.862528    
Block int. 70 2.02031    
Total 107     

  ** = P ≤ 0.01 
  * = P ≤ 0.05 
  ● = Each item tested against its own block interaction 
 Ω = Retesting against c and d mean squares 



 

Table 23. Estimates of components of variation for leaf temperature under normal 
and water stress conditions.                           

 
Component                                    Variance values 

                  Normal Water Stress 
D 3.95 0.57 1.82 0.32 
H1 4.24 1.44 3.30 0.83 
H2 3.20 1.29 2.27 0.74 
F 0.26 1.39 -0.69 0.80 
h2 4.34 0.87 2.12 0.50 
E 0.80 0.21 0.69 0.12 
(H1/D)0.5 1.035 1.346 
Heritability(narrow sense) 0.5946 0.5845 

 

D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.9: Vr/Wr graph for leaf temperature under a) normal and, 
b) drought conditions. 



4.4.2.2. Relative water content 

The analysis of variance for relative water content under normal and water 

stress condition (Table 24) displayed significant a and b items which 

highlighted the importance of additive and dominance effects for the control of 

relative water content. Directional dominance was absent as depicted by non-

significant item b1, similar gene distribution among the parents indicated by the 

non-significant b2 item under normal conditions. While item b3 was found 

significant under both conditions, which indicated the presence of specific gene 

effects were important for the expression of this trait. The directional 

dominance was present because of item b was significant under water stress 

condition. 

Similar gene distribution indicated by   significant   item  b2 and    presence of 

important  specific  gene   effects was revealed by non significant b3 item under 

water stress conditions. The item c and d were non-significant disclosing that 

maternal and reciprocal effects were absent. 

Genetic components of variation were estimated and presented in Table 25. 

Non-significant value of D and H revealed non-additive and non-dominance 

effects. The value of F indicted genes less frequent under both conditions for 

this trait. Non-significance of h2 showed the unimportant effect of heterozygous 

loci for the relative water content.  

Degree of dominance under water stress was more than one which indicated 

over dominance gene action while additive gene action under normal condition. 

Heritability estimates under both planting conditions displayed that more than 

50% of the genetic variation transferred from the parents was of additive nature. 

Graphical presentation of the data (Fig. 4.10 a and b) showed that parental line 

F-128 had maximum dominant gene and Y-158 had maximum recessive genes 

under both environments.  

4.4.2.3. Cell membrane thermo-stability  



Analysis of variance for cell membrane thermo-stability under normal and 

water stress conditions is presented in table 26. Significant a and b items 

revealed importance of both additive and dominance. Similarly items b1, b2, b3 

was also significant showing  

Table 24.  Mean square for the analysis of variance of 6×6 diallel in maize for 
relative water content. 

Items df MS F.Ratio● Retesting against Ω 
c d 

A Normal Condition 
a 5 0.080686 16.7668**   
b 15 0.012268 2.761704**   
b1 1 0.039015 10.39015   
b2 5 0.005216 1.1478   
b3 9 0.013213 2.961606*   
C 5 0.00722 1.1552   
D 10 0.010515 1.927589   
Blocks 2 8.33E-06    
B×a 10 0.004812    
B×b 30 0.004442    
B×b1 2 0.003755    
B×b2 10 0.004544    
B×b3 18 0.004461    
B×c 10 0.00625    
B×d 20 0.005455    
Block int. 70 0.005043    
Total 107     
B Water stress condition 
a 5 0.09369 19.75193**   
b 15 0.01661 3.017866**   
b1 1 0.02646 54.5567*   
b2 5 0.007265 1.540283   
b3 9 0.020707 3.186271*   
C 5 0.005379 0.69415   
D 10 0.005081 0.766812   
Blocks 2 0.003225    
B×a 10 0.004743    
B×b 30 0.005504    
B×b1 2 0.000485    
B×b2 10 0.004717    
B×b3 18 0.006499    
B×c 10 0.007749    
B×d 20 0.006626    
Block int. 70 0.006036    



Total 107     
** = P ≤ 0.01 
* = P ≤ 0.05 
● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares 
 
Table 25. Estimates of components of variation for relative water content under 

normal and water stress conditions.                           
 
Component                                    Variance values 

                  Normal Water Stress 
D 0.00748 0.00482 0.00702 0.00096 
H1 0.00498 0.00122 0.00739 0.00246 
H2 0.00491 0.00109 0.00710 0.00219 
F -0.00087 0.00117 -0.00243 0.00236 
h2 0.00631 0.00073 0.00379 0.00148 
E 0.00163 0.00018 0.00198 0.00037 
(H1/D)0.5 0.815 1.025 
Heritability(narrow sense) 0.5953 0.5644 
 
D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10. Vr/Wr graph for relative water content under a) normal 
and, b) drought conditions. 



presence of directional dominance of the genes. Significant b2 item pointed 

gene distribution as dissimilar among the parents. Prominent contribution of 

specific genes was highlighted by significant b3 item for the expression of cell 

membrane thermo stability under normal and stress planting conditions. Non-

significant C item indicated absence of maternal effect under normal irrigation 

and item ‘d’ was significant showed the influence of reciprocal effects, and 

required the retesting of a and b items. 

After retesting significance of b and all its components remained unchanged 

which indicated that influence of reciprocal differences on the dominance and all 

its components was negligible under normal planting condition. While under 

water stress condition item c and d were non-significant indicating absence of 

maternal and reciprocal effects. The estimates of genetic component of variation 

(Table 27) showed significant D and H components displaying that both additive 

and dominance effects of genes were important under both environments. 

Unequal value of H1 and H2 revealed the different distribution of dominant genes 

under both conditions.  

The negative and non-significant value of F showed less frequency of dominant 

alleles under normal and stress condition. Significant h2 components indicated the 

important effects of heterozygous loci among the parents under both conditions. 

The environmental variation (E) was recorded to be non significant under both 

conditions. The estimates of mean degree of dominance were more than one 

signifying over dominance for this trait under both environments. Narrow sense 

heritability showed greater amount of heritable additive variation for cell 

membrane thermo-stability under both planting conditions. From the distribution 

of the array points along the regression line (Fig. 11a and b) B-34 parental line had 

maximum dominant gene and F-141 had maximum recessive alleles under both 

conditions.  

4.4.2.4. Stomatal Frequency  



Analysis of variance for the data pertaining to stomatal frequency (Table 28 

A&B) revealed significant effects due to items a and b under normal and water 

stress conditions. This suggested the involvement of both additive and 

dominance effects in the control of this character. 

Table 26. Mean square for the analysis of variance of 6×6 diallel in maize for cell 
membrane thermostability. 

 
Items Df MS F.Ratio● Retesting against Ω 

c D 
A Normal Condition 
a 5 768.3079 769.7546**   
b 15 127.3248 96.31901**  43.068** 
b1 1 492.4362 3974.091**  166.57** 
b2 5 26.29623 9.076748**  8.8947** 
b3 9 142.8838 246.3891**  48.331** 
C 5 1.490672 1.92918   
D 10 2.956382 2.652547*   
Blocks 2 1.174858    
B×a 10 0.998121    
B×b 30 1.321907    
B×b1 2 0.123912    
B×b2 10 2.897099    
B×b3 18 0.579911    
B×c 10 0.772697    
B×d 20 1.114545    
Block int. 70 1.137947    
Total 107     
B Water stress condition 
a 5 615.3415 58.19665**   
b 15 117.0673 22.14189**   
b1 1 383.6999 97.20527*   
b2 5 36.77432 5.951466**   
b3 9 132.0487 26.72773**   
C 5 11.36035 1.589028   
D 10 4.122009 0.494986   
Blocks 2 1.873378    
B×a 10 10.57349    
B×b 30 5.287142    
B×b1 2 3.947316    
B×b2 10 6.179036    
B×b3 18 4.940515    
B×c 10 7.149248    
B×d 20 8.327533    



Block int. 70 7.177032    
Total 107     
** = P ≤ 0.01 
* = P ≤ 0.05 
● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares 
 
Table 27. Estimates of components of variation for cell membrane thermostability 

under normal and water stress conditions. 
 
Component                                    Variance values 

                  Normal Water Stress 
D 77.70 2.79 50.83 7.69 
H1 89.71 18.58 79.96 19.53 
H2 84.12 16.60 73.35 17.45 
F -1.94 17.88 -10.14 18.80 
h2 90.98 11.17 69.75 11.74 
E 0.37 2.79 2.34 2.93 
(H1/D)0.5 1.07 1.254 
Heritability(narrow sense) 0.6656 0.6203 
 
D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Directional dominance b1 was also found significant with unequal gene 

distribution and important effect of specific genes by significant value of the b2 

and b3 items. Significant maternal effects C and reciprocal d signified the 

importance of maternal and reciprocal effects. Highly significant c and d items 

required retesting of a and b item. After retesting, it was revealed that significance 

of all items remained unchanged except b2 under normal planting showing 

negligible effects of maternal and reciprocal effects. The significance of b2, under 

normal planting reduced to non-significance indicating the reciprocal effects 

suppressed dissimilar gene distribution. While under water stress conditions 

significant item remained un changed indicating the maternal effects did not 

influence additive effects. Retesting of dominance item against d mean squares 

revealed that significance of b, b1, b2, b3 remained unchanged indicating that 



reciprocal effects did not influence dominance, directional dominance, 

asymmetrical gene distribution and effects of specific genes. Significant values of 

D and H components for stomatal frequency under both planting conditions Table 

29 showed that  the  expression of  this trait  was  conditioned by both additive and 

dominance gene effects under both environments. Unequal values of H1 and H2 

components indicated different distribution of positive and negative genes under 

normal and water stress conditions. 

The value of F was non significant under both conditions. Similarly significant 

values of h2 under both environments indicated significant dominance effect 

due to heterozygous loci. The component E was non significant under normal 

as well as water stress conditions. Degree of dominance was less than one 

indicating additive type of gene action under both plantings with a greater 

heritability. The results are similar to those of Sharma and Bhalla (1990) who 

reported additive type of gene action for stomatal frequency. The intercept of 

the regression line was positive in both cases. Distribution of array points in the 

graphs depicted that under both conditions, parent 8-S had moderate dominant 

genes and Y-74 had maximum recessive genes, under normal environment wile 

under water stress, the parent B-34 followed by Y-74 and F-128 had maximum 

dominant gene and Y-158 had maximum recessive alleles for stomatal 

frequency. 

Table 28.  Mean square for the analysis of variance of 6×6 diallel in maize for 
stomatal frequency. 

Items df MS F.Ratio● Retesting against Ω 
C D 

A Normal Condition 
A 5 13631.95 417.9443** 112.4722**  
B 15 1181.339 37.66029**  7.8957** 
b1 1 2452.483 1031.249**  16.392** 
b2 5 190.7288 7.597396**  1.2748 
b3 9 1590.439 41.77749**  10.63** 
C 5 121.2029 8.609858**   
D 10 149.6187 7.936046**   
Blocks 2 8.015833    



B×a 10 32.61667    
B×b 30 31.36828    
B×b1 2 2.378167    
B×b2 10 25.1045    
B×b3 18 38.06928    
B×c 10 14.07722    
B×d 20 18.85306    
Block int. 70 25.50069    
Total 107     
B.Water stress condition 
a 5 16314.08 576.9313** 115.621**  
b 15 1264.882 46.57523**  9.857195** 
b1 1 2198.571 339.4864**  17.1334** 
b2 5 699.3868 26.5338**  5.450303* 
b3 9 1475.303 49.34131**  11.997** 
c 5 141.0996 5.78659**   
d 10 128.3207 6.174741**   
Blocks 2 6.900833    
B×a 10 28.27733    
B×b 30 27.15783    
B   B×b1 2 6.476167    

B×b2 10 26.35833    
B×b3 18 29.89996    
B×c 10 24.38389    
B×d 20 20.78156    
Block int. 70 25.09969    
Total 107     
** = P ≤ 0.01 
* = P ≤ 0.05 
● = Each item tested against its own block interaction 
Ω = Retesting against c and d mean squares 
 
Table 29. Estimates of components of variation for stomatal frequency under 

normal and water stress conditions.                           
 
Component                                    Variance values 

                  Normal Water Stress 
D 1498.58 61.87 1597.33 96.24 
H1 807.70 157.07 976.81 244.32 
H2 770.88 140.31 826.85 218.25 
F 23.53 151.15 -62.65 235.12 
h2 449.53 94.44 402.58 146.90 
E 8.33 23.61 8.19 36.73 
(H1/D)0.5 0.734 0.782 



Heritability(narrow sense) 0.6899 0.7080 

 
D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

                                 heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
4.4.2.5. Stomata size 
Analysis of variance for stomata size under both plantings (Table 30A and B ) 
revealed significant a and b items which highlighted  the importance of additive 
and dominance effects for the control of stomata size. However additive effects 
predominated dominance effects. Directional dominance was present as 
depicted by significant b1 item. The item b2 was also significant showing 
dissimilar gene distribution among the parents. Specific gene effects were 
presented by b3  in  controlling this trait. Maternal effects c and reciprocal 
effects d were found absent under normal condition.  
Under water stress condition item b1, b2 and b3 were found significant 
indicating presence of directional dominance indicating presence of directional 
dominance asymmetrical gene distribution and specific gene effects among the 
parents for this trait. Maternal and reciprocal effects were absent for this 
character.  
Regarding genetic parameters, under the both planting conditions (Table 31), 
the value of additive component was found significant which indicated the 
importance of additive variation in defining the genetic behavior of this 
character. The results are dissimilar to those of Tabassum (2000) who reported 
over dominance type of gene action. Dominance effects (H) were important 
under both conditions. Unequal value of H1 and H2 depicted the different 
distribution of dominant and recessive genes among the parents under both 
environments. The value of F negative and non significant under both planting 
conditions showed less frequency of dominant alleles. The significant h2 
components showed the important effects of heterozygous loci among the 
parents. Environmental variation (E) was recorded to be significant under both 



normal and stress conditions. This indicted that environmental variation was 
more important under both conditions. The estimates of mean degree of 
dominance were more than 50% indicating additive and dominance type of 
gene action. Moderate heritability was recorded under both  plantings. 
Graphical presentation of data (Fig. 4.13) displayed  additive  gene action under 
normal and stress condition. Distribution of array points displayed under 
normal conditions 8-S had moderate dominant genes and parental line Y-74 had 
maximum recessive alleles while under water stress parental line Y-74 had 
maximum dominant alleles and Y-158 had maximum recessive genes for the 
stomata size.  
Table 30. Mean square for the analysis of variance of 6×6 diallel in maize for 
stomata size. 
Items df MS F.Ratio● Retesting against Ω 

c D 
A Normal Condition 
a 5 673489.2 103.9548**   
b 15 51608.23 12.80497**   
b1 1 105102.1 165.8378**   
b2 5 11119.57 2.14057   
b3 9 68158.16 18.12301**   
C 5 5320.031 1.037231   
D 10 8015.813 1.122918   
Blocks 2 10561.05    
B×a 10 6478.671    
B×b 30 4030.327    
B×b1 2 633.7642    
B×b2 10 5194.677    
B×b3 18 3760.862    
B×c 10 5129.071    
B×d 20 7138.377    
Block int. 70 5425.068    
Total 107     
B Water stress condition 
a 5 523724.4 66.12449**   
b 15 53009.89 11.62733**   
b1 1 51329.85 29.63813*   
b2 5 30962.52 8.825157**   
b3 9 65445.1 11.99309**   
C 5 4794.304 0.87648   
D 10 2867.084 0.439275   



Blocks 2 885.9001    
B×a 10 7920.28    
B×b 30 4559.078    
B×b1 2 1731.885    
B×b2 10 3508.439    
B×b3 18 5456.899    
B×c 10 5469.951    
B×d 20 6526.861    
Block int. 70 5731.598    
Total 107     
** = P ≤ 0.01 
* = P≤ 0.05 
● =  Each item tested against its own block interaction 
Ω = Retesting against c and d mean square 
 
 
Table 31. Estimates of components of variation for stomata size under normal and 

water stress conditions.                           
 
Component                                    Variance values 

                  Normal Water Stress 
D 72532.3 3215.38 46957.4 3449.32 
H1 32927.4 8162.55 37245.38 8756.43 
H2 30693.66 7291.81 31608.6 7822.33 
F -447.45 7855.19 -4975.53 8426.71 
h2 18432.29 4907.87 8469.04 5264.95 
E 1855.91 1227.39 1865.66 1316.69 
(H1/D)0.5 0.6634 0.890 
Heritability(narrow sense) 0.6956 0.6466 
 
D  = variation due to additive effects  

H  = component of variance due to dominance effect of the gene 

F  = the mean of Fr over the arrays  

E  = environmental component of variation  

h2  = dominance effect (as the algebraic sum over all the loci in  

heterozygous phase in all loci) 

(H1/D)0.5 = mean degree of dominance  

 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

4.5 COMBINING ABILITY ANALYSIS 
4.5.1 Plant height 
 Analysis of variance for the characters presented in Table 32 under normal 
conditions showing the significant mean squares due to both  general combining 

Fig. 4.13. Vr/Wr graph for stomata size under a) normal and,  
b) drought conditions. 



ability (GCA)  and the specific combining ability (SCA) revealing the 
significance of both additive and non-additive genetic effects. 
Table 35 indicated greater GCA variance (σ2g) as compared to SCA variance 

(σ2g) by the estimation of components of variance displaying the preponderance 
of additive genetic effects under normal condition for plant height. 
Estimation of combining ability effects (Table 32) revealed that two of the parents 
showed positive general combining ability effects which was maximum for Y-74 
(32.31) and considered as best general combiner for this trait. 8-S showed the 
maximum negative (-16.94) GCA effects, and hence was the poorest general 
combiner. 
 Regarding single crosses, positive (SCA) specific combining ability effects were 
displayed by eight cross combinations, out of these most useful combination was 
Y-74×F-141, while the least useful combination was F-128×F-141, which gave 
maximum negative value -15.29. 
Among reciprocal crosses 9 crosses had negative reciprocal effects and six 
crosses had positive reciprocal effects. Cross with maximum reciprocal effects 
was displayed (2.15) by 8-S×B-34 and maximum negative reciprocal effect (-
1.84) revealed for cross Y-158×8-S under normal irrigation variance analysis for 
plant height revealed significance mean square due to general combining ability 
and specific combining ability showing the importance of additive as well as non 
additive genetic effects. 
General combining ability variance (Table 34) (σ2g) was greater than the SCA 

(σ2s) revealing preponderance of additive effects. The results are in accordance 
with Baktash et al. (1985) El-Hosary and Sedhom (1990), Tulu and 
Ramachandrappa (1998), Talleei and Kochaksaraci (1999), Rood and Major 
(1982), Javed (1986), Anwar (1989) Guzman and Salazar (1992), Kumar et al, 
(1998) Paul and Debanth (1999), Ravilla et al. (1999), Zelleke (2000) and 
Shreeinvisa and Singh (2001) who reported additive effects for plant  



Table 32.  Mean squares attributed to general and specific combining abilities 
and reciprocal effects of six maize inbred lines Normal condition. 

 

 

 

 MEAN SQUARE 

Traits GCA 
(df=5) 

SCA 
(df=15) 

Reciprocal 
(df=15) 

Error 
(df=70) 

Plant height  (cm) 3698.25 211.9504 2.797 1.428 

Leaf area per plant  (cm2) 7791.049 556.344 20.438 16.846 

Kernels per ear row  (N) 183.851 43.052 5.448 6.181 

100-grain weight (g) 33.254 7.995 0.996 1.109 

Leaf number (N) 23.164 2.037 0.227 0.052 

Biological yield  (g) 10145.9 639.876 31.257 15.334 

Grains yield per plant (g) 6550.436 409.808 9.452 9.035 

Harvest Index (%) 201.433 17.470 1.681 4.709 

Leaf temperature  (N) 14.971 2.411 1.024 0.806 

Relative Water Content 
(RWC) 0.026 0.004 0.003 0.001 

Cellmem.thermostability.(%) 256.102 42.441 0.822 0.379 

Stomatal frequency (N) 4543.983 393.779 46.715 8.500 

Stomata size  ((µm2) 224496.4 17202.74 2372.406 1808.356 



Table 33.  Mean squares attributed to general and specific combining abilities 
and reciprocal effects of six maize inbred lines water stress condition. 

 
 MEAN SQUARE 

Traits GCA 
(df=5) 

SCA 
(df=15) 

Reciprocal 
(df=15) 

Error 
(df=70) 

Plant height  (cm) 1589.128 107.969 3.058 1.174 

Leaf area per plant (cm2) 21828.48 1791.629 68.951 28.742 

Kernels per ear row   (N) 126.478 18.935 2.945 3.030 

100-grain weight (g) 62.088 10.646 1.137 1.248 

Leaf number (N) 23.590 1.918 0.167 0.105 

Biological yield (g) 8456.106 649.842 6.088 11.272 

Grains yield per plant (g) 3010.873 211.742 2.077 8.424 

Harvest Index (%) 81.636 8.909 1.391 5.435 

Leaf temperature (N) 11.357 1.831 0.500 0.673 

Relative Water Content 

(RWC)     
0.031 0.005 0.001 0.002 

Cellmem.thermostability.(%) 205.113 39.0222 2.178 2.392 

Stomatal frequency (N) 5438.026 421.627 44.193 8.366 

Stomata size  (µm2) 174574.8 17669.96 1169.83 1910.533 



height while non additive genetic control for plant height was reported by 

Dehghanpour et al. (1996), San-Vicente et al. (1998), Choukan (1999), Has-V 

(1999), Suneetha et al. (2000) and Tabassum (2004) who reported non additive 

effects for this trait. The Table 35-B presented combining ability effects which 

revealed three parental lines displayed positive general combining ability effects 

under water stress condition. Highest GCA effect (20.66) was indicated by 

genotype Y-74 and which was good general combiner for plant height, lowest 

GCA effect (-10.8) displayed by 8-S which was the poorest combiners. 

 Regarding crosses, positive specific combining ability effects were displayed by 

12 cross combinations. The most useful specific cross combination was 8-S×F-

128 followed by Y-74×F-141, Y-74 ×Y-158 and Y-74×F-128. F-141×F128 

showed maximum negative (-4.02) SCA effect. In case of reciprocal crosses 9 

cross combination exhibited positive values and six showed negative reciprocal 

effects for plant height under water stress condition. The maximum negative 

reciprocal effect (-2.20) was shown by cross F-128×B-34 and the highest 

reciprocal effect was displayed by F-141×Y-158.  

4.5.2 Leaf Number 

Analysis of variance for leaf number (Table 32) displayed significant  mean 

squares due to both general combining ability (GCA) and  specific combining 

ability (SCA) for leaf number revealing both additive and non additive genetic 

effects. Presence of non-significant reciprocal difference was also indicated. 

Estimation of components of variation (Table 34) presented the specific 

combining ability variance was greater than general combining ability variance 

indicting non additive genetic effects for leaf number. These genotypes revealed 

positive general combining ability effects while three indicted –ve general 

combining effects (Table 36). The genotype Y-74 is the best combination with 

maximum value (2.43) and 8-S was the poorest with highest negative value (-

1.56). In case of single crosses, nine crosses showed positive SCA effects whereas 

negative SCA effects were revealed by six crosses. 



Highest positive SCA effects were shown by Y-74×F-128 and F-128×F-141 was 

with highest negative value (-1.65).  Regarding reciprocal effects, six crosses 

showed  

 
Table 34. Estimates of variance components relative to general(Ơ2g) and specific 

combining 
                 ability (Ơ2 s) and reciprocal effects(  Ơ2   r)   of six maize inbred lines. 

Traits                             Ơ2g  Ơ2 s            Ơ2   r                     

Ơ2  e 
Normal Condition 
Plant height (cm)                          308.06           210.52                    0.68 
             1.42 
Leaf area / plant (cm2)                           667.85           539.49        
1.79            16.84  
Kernels / ear row (N)                            14.80             36.87       -
0.36             6.18 
100 grain weight (g)                             2.67   6.88       -0.056             
1.10 
Leaf Number (N)                             1.92  1.98        0.08                          
0.05 
Biological Yield (g)                         844.21          624.54        7.96                        
15.33 
Grain Yield / plant (g)                          545.11            400.77        0.20 
             9.03 
Harvest Index (%)                           16.39            12.76       -1.51             
4.70 
Leaf Temperature (N)                             1.18  1.60         0.10             
0.80  
Relative water content (g)                         0.00210           0.00240                     
0.00072                  0.00168 
Cell membrane Thermo-stability (%)       21.31           42.06                     0.22             
0.37 
Stomatal Frequency (N)                         377.95             385.27       19.10             
8.50 
 Stomatal Size (µm2)                       18557.34      15394.39                282.02                     
1808.35 
Water Stress  Condition   
Plant height (cm)                       132.33           16.79         0.94 
 1.17 
Leaf area / plant (cm2)                     1816.64       1762.87                   20.10           
28.74 
 Kernels / ear row (N)                        10.28           15.90        -0.04 
 3.03 



100 grain weight (g)                         5.06             9.39        -0.05 
 1.24 
Leaf Number (N)                         1.95             1.81                     0.03                         
0.10  
Biological Yield (g)                     703.73         638.56                    -2.59                       
11.27  
Grain Yield / plant (g)                    250.20         203.31        -3.17 
 8.42 
Harvest Index (%)                       6.35             3.47         2.02 
 5.43  
Leaf Temperature (N)                       0.89             1.15        -0.08 
 0.67 
Relative water content (g)                   0.00201             0.00352                     -
0.00014              0.00201 
Cell memb. Thermo stability (%)      16.89            36.63         -0.10 
 2.39 
Stomatal Frequency (N)                  452.47          413.26         17.91 
 8.36 
 Stomatal Size (µm2)                 14388.69       15759.43            -370.35        
1910.53 



Table 35.  Estimate of general combing ability effects (Diagonal values), specific 
combing ability effect (above diagonal values) and reciprocal effects 
(below diagonal values) for plant height. 

SEGCA =0.314    SESCA  =0.718  SEReciprocal    

=0.845 
 
Water stress condition  
 

 
SEGCA =0.285   SESCA  =0.651   SEReciprocal    
=0.766 
 
 

Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -7.58843 9.421481 -4.6788 -2.12657 -1.87074 2.33787 

8-S 2.153333 -16.9431 -21.2224 13.95815 1.852315 -1.64574 

Y-74 1.141667 0.7 32.3188 2.344537 3.812037 18.93898 

F-128 -0.10333 -0.51667 -0.665 -0.56843 9.754259 -15.2905 

Y-158 -0.94667 -1.84167 0.543333 -1.31833 -11.5276 -4.27296 

F-141 1.328333 -1.42 -1.06333 -1.19667 1.078333 4.308796 

 B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -5.1875 7.671111 -8.56083 -1.18806 0.632222 0.662778 

8-S 1.686667 -10.8158 -8.62417 11.20861 -4.62278 0.471111 

Y-74 0.955 -1.32333 20.66444 6.051667 6.770278 10.02417 

F-128 -2.20333 1.645 -0.425 2.336667 2.568056 -14.0247 

Y-158 0.451667 -0.035 0.268333 -0.045 -9.03528 0.847222 

F-141 0.875 -1.705 0.171667 0.941667 2.195 2.0375 



positive reciprocal effects while ten crosses displayed negative reciprocal effects. 
Positive highest value (0.58) was noted for F-141×B-34 and maximum negative 
SCA effects (-0.51) were recorded for F-141×8-S under normal planting for leaf 
number. 
Under water stress condition, Table 33 displayed the significant mean square due 
to general combining ability (GCA) and specific combining ability (SCA) effects 
indicating the additive and non-additive genetic effects. General combining ability 
variance was greater than specific combining ability variance revealing additive 
genetic effects. The parental genotype Y-74 was best combiner with maximum 
positive value (2.47) and the parental line 8-S was poorest with minimum 
negative value (-1.44) (Table36). Fifty percent of the parental genotypes were 
with positive and 50% with negative GCA effects.  Regarding single crosses, nine 
crosses showed positive SCA effects and six indicated negative SCA effects. The 
cross Y-74×F-128 was with highest SCA effect (1.32) while 8-S×Y-74 was with 
minimum SCA effects for leaf number. Seven crosses showed positive reciprocal 
effects and eight crosses displayed negative reciprocal effects Y-158×F-128 
showed the highest value of reciprocal effects and Y-74×8-S revealed highest 
negative reciprocal effects. The cross Y-74×F-128 was at top for SCA effect 
under normal condition while under water stress condition 8-S×Y-74 was at top 
for SCA effects. The cross F-128×8-S showed positive reciprocal effects. 
4.5.3  Leaf area  
Analysis of variance for leaf area under normal condition was shown in Table 32, 
the mean square due to general combining ability, specific combining ability and 
reciprocal effects for leaf area were found highly significant. General combining 
ability variance was greater than specific combining ability variance showing the 
additive effects were more important for this trait (Table 34). The results were 
accordance with Zhang and Wang (1991) who reported additive effects for leaf 
area. However non-additive effects were reported by Khan (1990), Has-V (1999), 
Suneeth et al. (2000) and Tabassum (2004). Leaf area is the most significant yield 
contributor and its effects were desired positive. 



The general combing ability for three parental line were positive and for three 
were negative (Table 37) The parental line Y-74 indicated maximum positive 
GCA effects (44.6) for leaf area and was best general combiner. 8-S was the 
poorest general combiner 
Table 36.  Estimate of general combing ability effects (Diagonal values), specific 
combing ability effect (above diagonal values) and reciprocal effects (below 
diagonal values) for leaf number. 
 

Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -0.5713 0.776852 0.393519 -0.28148 -0.63426 0.593519 

8-S 0.266667 -1.56296 -1.56481 0.993519 0.407407 -0.28148 

Y-74 -0.18333 -0.06667 2.437037 1.160185 0.657407 1.085185 

F-128 -0.3 -0.18333 -0.38333 0.162037 0.932407 -1.65648 

Y-158 0.15 -0.5 -0.35 0.05 -0.86852 -0.10926 

F-141 0.583333 -0.51667 0.116667 -0.2 0.516667 0.403704

 
SEGCA =0.060    SESCA  =0.138  SEReciprocal    
=0.162 
 
Water stress condition  
 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -0.68519 1.001852 -0.15648 -0.31481 -0.34537 0.390741 

8-S 0.016667 -1.4463 -1.5287 1.112963 0.082407 -0.18148 

Y-74 -0.35 -0.48333 2.478704 1.321296 0.907407 1.093519 

F-128 0.083333 0.05 -0.31667 0.303704 0.532407 -1.49815 



SEGCA =0.085    SESCA  =0.195  SEReciprocal    
=0.229 
 

Y-158 0.35 -0.35 -0.4 0.45 -0.96574 0.071296 

F-141 0.3 -0.16667 -0.1 -0.23333 0.033333 0.314815 



 with maximum negative value (-28.50).  Regarding specific cross combinations 

ten cross combinations showed the positive SCA effects while five indicated 

negative SCA effects with being maximum (20.04) by Y-74×F-128 followed by 

Y-74×F-141 and Y-74×Y-158. The poorest SCA effects (-28.39) were noted for 

cross 8-S×Y-74. 

For reciprocal crosses, 3 genotypes showed positive reciprocal effect and twelve 

was  showed negative SCA effects. The highest value (6×6) for reciprocal effect 

was noted for reciprocal cross 8-S×B-34 for leaf area and the highest negative 

reciprocal effect (-4.93) was shown by Y-158x8S under normal irrigation. Under 

water stress, mean squares due to GCA, SCA and reciprocal effects were 

significant indicating both additive and non additive type of genetic effects Table 

33. General combining ability variance being greater than O2S, indicated additive 

type of genetic effects (Table 34). 

General combining ability effects (Table 37) revealed three genotypes showing 

the positive and three negative GCA effects. The highest value (77.63) for 

positive GCA effect was noted for the Y-74 genotype, which is good general 

combiner and negative GCA effect was noted for 8-S which was the poorest 

general combiner. 

In case of specific cross combinations, eight showed positive SCA effects and 

seven indicated negative SCA effects. The cross Y-74×Y-158 revealed the 

maximum SCA effect (47.10) and maximum negative SCA effect (-58.32) was 

noted for F-128×F-141 cross combination. Regarding reciprocal effects, eight 

cross combinations showed the positive and seven negative reciprocal effects. 

Maximum value of reciprocal effects (10.13) was noted for the cross combination 

F-141×Y-158 while minimum value for this effect (-10.26) was recorded for F-

128×B-34. Y-74 and F-141 were poor general combiner under normal irrigation, 



while under water stress Y-74 and F-128 were good general combiners and  8-S, 

Y-154 and B-34 were poor performers. 



Table 37.  Estimate of general combing ability effects (Diagonal values), specific 

combing ability effect (above diagonal values) and reciprocal effects 

(below diagonal values) for leaf area. 

 

Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -9.69537 15.51759 0.739815 -7.65463 -6.28519 6.778704 

8-S 6.166667 -28.5093 -28.3963 18.59259 2.578704 1.209259 

Y-74 -1.33333 -0.45 44.66852 20.04815 15.48426 16.98148 

F-128 -2.91667 -2.01667 -1.58333 3.97963 12.97315 -27.313 

Y-158 -1.45 -4.93333 -0.41667 -2.61667 -16.9231 -4.51019 

F-141 2.416667 -3.63333 -2.68333 -4.2 4.566667 6.47963 

 
SEGCA =1.081   SESCA  =2.466 `  SEReciprocal    
=2.902 
 
Water stress condition  

 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -21.0657 26.95741 -23.7676 -0.27593 -10.8426 11.42407 

8-S 5.566667 -38.5185 -31.7981 43.02685 -15.3565 -1.00648 

Y-74 2.5000 -3.88333 77.63981 23.95185 47.10185 26.18519 

F-128 -10.2667 9.25000 -5.66667 8.881481 7.176852 -58.3231 

Y-158 4.0000 -3.16667 -0.98333 5.466667 -32.1519 0.476852 

F-141 4.633333 -6.48333 -4.10000 1.366667 10.13333 5.214815 



SEGCA =1.412   SESCA  =3.221   SEReciprocal    
=3.790 
 

4.5.4 Kernels per ear row 
Analysis of variance for kernels per ear row (Table 32) displayed significant mean 
squires due to general combining ability (GCA) and specific combining ability 
(SCA) revealing both additive and non-additive genetic effects. Estimation of 
genetic components of variation (Table 34) indicated greater SCA variance as 
compared to general combining ability variance displayed non-additive type of 
genetic effects for kernels per ear row. 
 Regarding general combining ability effects, (Table 38) three parental genotypes 
showed positive GCA effects and three genotype indicted negative GCA effects. 
The maximum GCA effects (4.53) were displayed by 8-S and proved good 
general combiner. While highest negative value (-6.47) was noted for Y-74 and 
which was poor general combiner. For specific combining ability effects, five 
cross combinations, showed positive SCA effects and 10-crosses combination 
indicated negative SCA effects for kerenals per ear row. The cross F-128×F-141 
displayed the maximum SCA effect (7.26) while minimum SCA effect (-6.67) 
displayed by Y-74×Y158 the 8-S ×F-128 cross combination. As regarding 
reciprocal effects, seven cross combinations displayed positive reciprocal effects 
while eight indicated negative reciprocal effects. Highest value of reciprocal 
effect (1.31) was displayed by F-141×Y-158 and lowest value (-1.8) for Y-74×B-
34. 
Under water stress condition, GCA and SCA effects were significant revealing 
additive and non-additive genetic effects (Table 33). The SCA variance was 
greater than GCA variance indicating non-additive genetic effects (Table 34) 
under stress conditions.  Maximum general combining ability effects (3.48) were 
displayed by 8-S and two genotypes showed negative GCA effects and four 
indicated positive GCA effects (Table 38) while Y-74 was the poorest general 
combiner with minimum value -5.82 while 8-S was a good general combiner for 
kernels per ear row. 



Eight cross combinations displayed positive SCA effects while seven showed 
negative SCA effects. The maximum SCA effects were displayed by cross F-
128×F141 while minimum SCA effects were noted for 8-S×F-128. Regarding 
reciprocal effects, seven cross combination displayed positive, eight showed 
negative reciprocal effects with (1.6) and (-2.23) maximum positive and highest 
negative reciprocal effects for kernels per ear row.  
Table 38. Estimate of general combing ability effects (Diagonal values), specific 
combing ability   effect (above diagonal values) and reciprocal effects (below 
diagonal values) for Kernels per ear row. 
 
Normal condition 
  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 1.016667 -1.92222 -0.24167 -4.30833 2.297222 1.441667 

8-S 0.533333 4.538889 2.052778 -4.76389 5.991667 -1.14722 

Y-74 -1.8 3.983333 -6.475 -2.85 -6.67778 -3.53333 

F-128 0.333333 -1.7 2.6 -1.60833 -1.69444 7.266667 

Y-158 0.45 1.1 1.55 -1.2 3.169444 -3.71111 

F-141 1.083333 -0.81667 -1.45 -0.88333 1.316667 -0.64167 

SEGCA =0.655    SESCA  =1.493  SEReciprocal    
=1.757 
 

 

Water stress condition  

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 0.552778 -1.875 -0.49167 0.013889 0.913889 0.511111 

8-S -1.36667 3.488889 1.305556 -5.32222 3.311111 0.625 

Y-74 -2.23333 1.6 -5.82778 -0.98889 -4.77222 -2.60833 

F-128 0.616667 -2.11667 0.466667 -0.85 -0.96667 4.863889 



 

SEGCA =0.458    SESCA  =1.046  SEReciprocal    
=1.230 
 

 

 

4.5.5 100-grain weight  

Analysis of variance for 100-grain weight under normal irrigation (Table 32) 

displayed significant mean squares due to both GCA and SCA indicating both 

additive and non additive genetic effects. Reciprocal effect was absent revealed 

by non-significant value for reciprocal effects. General combining ability variance 

(Table 34) was smaller than specific combining ability variance indicating non-

additive genetic effects under both normal and water stress conditions. 

 
Estimation of combining ability effects (Table 39) revealed three parental 

genotypes showed positive general combining ability effects and three displayed 

negative GCA effects. The highest value (2.70) indicated by parental line Y-74, 

which proved to be in good general combination. While parental genotype 8-S 

depicted lowest value (-2.01) and was poorest general combiner for 100-grain 

weight. 

 
In case of single crosses positive specific combining ability effects were displayed 

by the ten crosses while five cross combinations showed negative SCA effects 

with highest positive SCA effects (2.90) displayed by Y-74×Y-158 whereas 

highest negative SCA effects (-3.06) indicated by F-128×F-141 for 100-grain 

weight. Positive reciprocal effects were noted for seven crosses being maximum 

(1) for F-128×8S whereas negative reciprocal effects were shown by the eight of 

the crosses being maximum (-1) for cross F-128×Y-74. 

Y-158 -1.13333 0.8 1.066667 -0.48333 2.333333 -0.91944 

F-141 1.033333 -0.98333 -0.5 1.083333 -0.91667 0.302778



 
Under water stress condition, Table 33 displayed significant values for GCA and 

SCA effects indicating additive and non-additive genetic effects. General 

combining ability variance was less as compared to specific combining ability 

variance revealing non-additive genetic effects. Reciprocal effects were absent 

which was revealed by non-significant value of reciprocal effects.  

 
Regarding general combining ability effects two parental genotypes displayed 

positive  



Table 39.  Estimate of general combing ability effects (Diagonal values), specific 
combing ability effect (above diagonal values) and reciprocal effects 
(below diagonal values) for 100-grain weight. 

 
Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -0.37963 0.685185 0.296296 2.157407 -1.17593 -0.50926 

8-S 0.166667 -2.01852 -0.89815 2.12963 -2.37037 0.62963 

Y-74 0.833333 -1.66667 2.703704 1.074074 2.907407 1.574074 

F-128 -0.33333 1 -1 0.675926 0.601852 -3.06481 

Y-158 -0.33333 -0.5 -0.5 0.166667 -1.32407 1.268519 

F-141 -0.66667 0.5 0.5 0.166667 -0.5 0.342593

 
SEGCA =0.277    SESCA  =0.633  SEReciprocal    
=0.744 
 
 
Water stress condition  

 

SEGCA =0.294    SESCA  =0.671  SEReciprocal    
=0.790 

 B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -0.41667 1.083333 -0.27778 -0.5 -0.19444 -0.19444 

8-S 0.666667 -2.41667 -0.77778 3.833333 -2.36111 -0.52778 

Y-74 1.166667 -0.66667 4.111111 1.472222 3.944444 1.277778 

F-128 -1.66667 1 -0.5 0.5 0.888889 -3.27778 

Y-158 0.166667 -0.33333 -0.16667 -0.16667 -1.63889 0.527778 

F-141 -0.33333 1 0 -0.83333 0.5 -0.13889



GCA effects and four (4) showed negative GCA effect under stress conditions 

(Table 39). The parental line Y-74 showed highest value (4.11) for general 

combining ability effects and was good general combiner for 100-grain weight 

whereas 8-S displayed minimum GCA effects (-2.41) and which was poorest 

general combiner. 

In case of single crosses seven crosses showed positive SCA effects and (8) eight 

showed negative SCA effects. Highest positive SCA effects (3.83) were displayed 

by 8-S×F-128. Maximum negative SCA effects was (-3.27) recorded for F-

128×F-141. 

Positive reciprocal effects were shown by seven crosses and negative reciprocal 

effects were noted for eight crosses. Highest positive value (1.16) of reciprocal 

cross was noted for the cross Y-74×B-34 while highest negative value (-1.6) for 

reciprocal crosses was noted for F-128×B-34. 

These results are accordance with those of Anwar (1989), Khaki (1990) 

Mehmood et al. (1990), Anwar (1993), Sain et al. (1997), Rameeh et al. (2000), 

Dubey et al. (2001) and Tabassum (2004), while differ from those of Baktash et 

al. (1985) El-Hosarry and Sedhom (1990), Pal and Perdhan 1994, Joshi et al. 

(1998), Mani et al. (2000) and Farshadfar et al. (2002) who reported additive 

control of this trait. However Javed (1986) and Zelleke (2000) reported both 

additive and dominance effects for the 100-grain weight.  

4.5.6 Biological Yield  

Mean squares due to general combining ability were significant for biological 

yield per plant (Table 32) under normal irrigation indicating additive and non-

additive genetic effects. The greater GCA variance revealed additive effects. The 

greater GCA variance revealed additive effects were more important for 

biological yield (Table 34). 

Half of the parental genotypes showed positive GCA effects and half indicated 

negative GCA (Table 40a) effects. Y-74 was the best general combiner with 



highest value (52.92) for GCA effects. Whereas 8-S  was the poorest combiner 

with the highest negative value (-28.85). 

In case of single crosses, Y-74×F141 cross was with highest SCA effects (34.55) 

and 8-S ×Y-74 showed least SCA effect having maximum negative value (-

30.71).  

Eight crosses showed positive SCA effects while seven indicated negative SCA 

effects.  Regarding reciprocal effects, four crosses showed the positive reciprocal 

effects and eleven showed negative effect. Maximum positive value for reciprocal 

effects (4.21) was noted for F-141×B-34 and minimum value (-8.46) was 

recorded for Y-158×B-34. Under water stress condition, mean squares due to 

GCA and SCA were found significant (Table 33) indicating additive and non-

additive genetic effects under stress conditions. General combining ability 

variance was greater as compared to specific combining ability variance revealing 

additive genetic effects. The results are in accordance with those of El-Hoary and 

Sedham (1990) who reported additive genetic effects on contrary to non additive 

genetic effects reported by Anwar (1989), Anwar (1993), Khaki (1990), Has-V 

1999 and Tabassum (2004) while Javed (1986), Paul and Debanth (1999) reported 

both additive and dominant effects for the trait.  

Four of the parental genotypes showed positive GCA effects and two of the 

parental lines indicated negative GCA effect (Table 40). Y-74 showed maximum 

GCA effect with highest positive value (48.65) and was the best general combiner 

and Y-158 indicated highest negative value (-17.73) and was poorest general 

combiner. In case of single crosses, eight crosses showed positive and seven 

revealed negative SCA effects. The cross 8-S×F-128 showed the highest value for 

SCA effect (27.12) and cross F-128×F-141 showed the highest negative 

reciprocal value (-32.65).Positive reciprocal crosses were indicated by nine 

crosses and six showed negative reciprocal effects. The cross F-141×8-S showed 

maximum positive value (1.16), and Y-158×Y-74 depicted lowest value (-4.5) for 

reciprocal crosses.  



4.5.7 Grain Yield 

Analysis of variance for the grain yield under normal irrigation (Table-32) 

revealed significant difference due to general combining ability and specific 

combining ability indicating the additive and non additive genetic effects. General 

combining ability variance was greater than specific combining ability variance 

showing additive genetic effects Table 34.   



Table 40.  Estimate of general combing ability effects (Diagonal values), specific 
combing ability effect (above diagonal values) and reciprocal effects 
(below diagonal values) for Biological yield. 

 

Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -10.763 20.97407 -16.3731 -7.87593 2.899074 -0.27315 

8-S 0.466667 -28.8546 -30.7148 22.74907 -9.90926 2.635185 

Y-74 -5.63333 -3.6 52.92593 3.501852 5.793519 34.55463 

F-128 1.166667 -2.1 -6.36667 0.428704 16.74074 -28.2481 

Y-158 -8.46667 0.433333 -0.01667 -4.76667 -20.713 -4.30648 

F-141 4.216667 -2.5 -4.3 -1.3 -2.1 6.975926

SEGCA =1.031    SESCA  =3.353  SEReciprocal    
=2.769 
 

 

Water stress condition  

SEGCA =0.884    SESCA  =2.017  SEReciprocal    
=2.374 
 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -12.9815 17.67593 -19.3796 -5.7963 -1.82407 1.398148 

8-S 1 -25.3981 -23.2963 27.12037 -10.9074 -2.35185 

Y-74 1 0 48.65741 11.89815 19.53704 25.25926 

F-128 -2.83333 3 1.5 3.907407 9.62037 -32.6574 

Y-158 -0.16667 0 -4.5 -0.16667 -17.7315 2.814815 

F-141 0 1.166667 -0.5 -0.83333 1.333333 3.546296



Combining ability effects displayed that half of the parental genotypes showed 

positive GCA effects while half of the genotypes indicated the negative GCA 

effect. Highest positive value (42.45) was recorded for the parental line Y-74 and 

the lowest value (-24.22) was noted for the parent 8-S. 

In case of single crosses, nine crosses showed positive SCA effects while six 

displayed negative SCA effects. Highest value (26.93) was noted for cross Y-

74×F-141 and lowest value (-24.61) was recorded for cross 8-S×Y-74. Regarding 

reciprocal effects, four crosses exhibited positive reciprocal effects and eleven 

showed negative reciprocal effects. Cross 8-S×B-34 displayed maximum value 

(2.5) for reciprocal crosses and F-141×Y-74 showed minimum value (-4-16) for 

reciprocal effects for grain yield. Under water stress conditions, analysis of 

variance for grain yield (Table 33) revealed that the mean squares due to both 

GCA and SCA were significant indicating additive and non additive genetic 

effects.  Mean squares for reciprocal effects were also significant for this trait. 

The greater value of general combing ability variance Table 34 than specific 

combining ability variance showed additive genetic effects. These results are in 

conformity with Debanth and Sarkar (1990), El-Hosasy and Sedhom (1990), 

Perez et al. (1996) Talleei and Kochaksovaei (1999) Kadlubiec et al. (2000) and 

Mani et al. (2000) who reported additive effects.  

However, they differ from those of Damborsky et al. (1994), Chen et al. (1996) 

Dehghanpour et al. (1996), Sain et al. (1997), Joshi et al. (1998) Choukan (1999), 

Choudhary et al. (2000), Rameeh et al  (2000), and Tabassum (2004) who 

reported non additive genetic effects for grain yield. Benavidez and Jasa (1993), 

Giridharan et al. (1996), Kumar et al. 1998) Zelleke (2000) and Shreenivasa and 

Singh (2001)  reported both additive and dominance effects for grain yield per 

plant.  

Y-74 parental genotype displayed maximum general combining ability value 

(28.88) and was the best combiners while minimum value (-14.98) for combining 

ability effects were noted for the parental line 8-S (Table 41). Fifty percent of the 



genotypes showed positive GCA effects. In case of single crosses, the nine 

crosses displayed positive SCA effects whereas six indicated negative SCA 

effects. The cross 8-S×F-128 showed maximum value (16.24), while minimum 

value (-18.39) was recorded for F-128×F-141. Regarding reciprocal effects only 

two crosses showed positive reciprocal effects while 13-crosses showed negative 

reciprocal effects with highest negative value (-1.5) displayed by F-141×8-S 

followed by Y-74×8-S. The highest value (2.08) for positive reciprocal effects 

was noted for the cross Y-74×B-34. 

4.5.8 Harvest Index  

Analysis of variance for harvest index under normal irrigation (Table 32) 

displayed significant mean squares due to both GCA and SCA indicating the both 

additive and non-additive genetic effects. Reciprocal effect were non significant 

revealed that reciprocal effects not important. Genetic combining ability variance 

was greater than specific combining ability variance indicating additive genetic 

effects. Three parental genotypes showed positive GCA effects while three 

showed negative GCA effects (Table 34). Highest (6.51) value for GCA effect 

was noted for Y-74 and which was the best general combiner whereas lowest 

GCA effect was recorded for 8-S.  

In the case of single crosses, nine crosses showed positive GCA effects while six 

displayed negative SCA effects. Cross F-128×Y-158 revealed maximum SCA 

effect with the highest positive value (4.25) for harvest index while highest 

negative value (-35.93) was recorded for F-128×F-141. Six reciprocal crosses 

showed positive effects while nine displayed negative effects, the cross Y-74×8-S 

with maximum value (1.51) was at the top for reciprocal effects whereas the 

maximum negative value (-1.66) was noted for F-141×B-34. Under water stress, 

(Table 33) significant mean squares due to GCA and SCA revealed both additive 

and non-additive genetic effects.  General combining ability variance was greater 

than specific combining ability variance (Table 34) indicating additive genetic 

effects for harvest index. The results are in agreement with El-Hosary and 



Sedham (1990) who reported additive effect for harvest index under water stress 

conditions. However non additive effects for this trait was reported by Anwar 

(1993), Zhang and Wang (1991)  and Sain et al. (1992) reported both additive and 

non additive effects for the harvest index. 



Table 41. Estimates of general combining ability effects (Diagonal values), 
specific combining ability effects (above diagonal values) and 
reciprocal effects (below diagonal values) for grain yield per plant. 

 
Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -8.77935 16.94602 -14.5081 -2.15259 1.04463 0.001574 

8-S 2.5 -24.2235 -24.619 17.56991 -4.73287 0.945741 

Y-74 -2.945 0.5 42.45231 2.227407 2.757963 26.93657 

F-128 -0.945 -1.33333 -3.33333 1.096759 15.11352 -21.8745 

Y-158 -3.27833 -1.16667 -1.33333 -2.33333 -15.4338 -2.34398 

F-141 -0.33333 -1.16667 -4.16667 -1 -1.66667 4.887593

SEGCA =0.792    SESCA  =1.806  SEReciprocal    
=2.125 
 

Water stress condition  

 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -7.66296 11.35741 -11.2565 -3.07593 -0.44815 1.551852 

8-S 1.166667 -14.9824 -13.187 16.24352 -4.96204 -1.29537 

Y-74 2.083333 -1.5 28.88148 6.312963 8.674074 15.34074 

F-128 -0.66667 -1 -0.4 2.284259 6.271296 -18.3954 

Y-158 -0.5 -0.33333 -0.83333 -0.16667 -11.1769 -0.10093 

F-141 -1 -1.5 -1 -0.66667 -0.5 2.656481

SEGCA =0.764    SESCA  =1.744  SEReciprocal    
=2.052 



 
Half positive and half negative GCA effects were noted (Table 42). Y-74 was the 
best combiner with highest positive value (4.11), while lowest value (-2.96) was 
recorded for parental genotype 8-S which was the poorest general combiner for 
this trait. Regarding single crosses, eight crosses showed positive SCA effects 
while seven indicated negative SCA effects. The cross  F-128×F-141 showed 
lowest value (-3.93) for SCA effects while positive highest value (4.25) was 
displayed by F-128×Y-158. In case of reciprocal crosses, four were positive and 
eleven had negative reciprocal effects. The highest positive value (1.02) was 
recorded for Y-74×B-34 whereas lowest value (-1.55) was noted for F-128×8-S. 
Specific cross B-34×8-S was the best in normal irrigation while under water stress 
8-S× F-128 was the best.  
4.5.9 Leaf Temperature 
Under normal irrigation, analysis of variance of combining ability for leaf 
temperature (Table 32) disclosed highly significant mean squares due to GCA and 
SCA effects. Reciprocal effects were found absent. GCA mean squares were 
greater in magnitude. On the contrary, variance components (Table 34) revealed a 
greater SCA variance than GCA showing the importance of non-additive genetic 
effects. 
Combining ability analysis displayed that three of the parents (B-34, 8-S, Y-158) 
depicted the positive GCA effects for leaf temperature (Table 42). While Y-74, F-
128 and  F-141 displayed negative GCA effects. The best general combiner was 
the percent 8-S with highest value (1.41) of positive GCA effects. In case of 
single crosses nine crosses showed negative SCA effects and six crosses indicated 
positive SCA effects. Cross F-128×F-141 displayed the highest value (1.3) and 
cross B-34×F-128 displayed minimum value (-1.40). Seven reciprocal crosses 
showed negative effects while eight displayed positive reciprocal effect, with 
highest negative value (-1.33) and highest positive value (1.38) displayed by cross 
8-S×B-34 and Y-74×8-S respectively.  
Under water stress condition, analysis of variance for leaf temperature displayed 
significant mean square due to GCA and SCA effects indicating additive and non-



additive genetic effects (Table 33). GCA mean squares were greater in magnitude 
(Table 43). The variance components (Table 34B) displayed greater specific 
combining ability variance justifying the importance of non-additive effects for 
leaf temperature. Four  
 
Table 42.  Estimate of general combing ability effects (Diagonal values), specific 

combing ability effect (above diagonal values) and reciprocal effects 
(below diagonal values) for Harvest index. 

 

Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -0.72672 3.849966 -1.91251 0.863051 -0.60627 0.082528 

8-S 1.440853 -5.59096 -1.28187 4.003242 -0.96464 0.864703 

Y-74 0.227819 1.5127 6.519325 -0.28816 1.650617 2.149353 

F-128 -1.08597 -0.13829 0.271144 1.428095 4.259148 -3.93029 

Y-158 0.74102 -1.5983 -0.64036 0.355472 -2.5861 1.023963 

F-141 -1.66734 -0.00452 -0.53977 -0.24069 -0.39134 0.956367

SEGCA =0.751    SESCA  =1.304  SEReciprocal    
=1.534 
 

Water stress condition  

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -0.58065 2.976759 -1.06403 -0.63691 -0.02984 0.693224 

8-S 0.527427 -2.96244 0.269893 3.655381 -1.04007 0.647872 

Y-74 1.024705 -1.03289 4.111346 -0.23327 1.058317 1.038642 

F-128 0.410855 -1.55982 -0.54657 0.925432 1.98145 -2.71275 

Y-158 -0.25436 -0.35312 0.678384 -0.10598 -2.48279 -0.2424 



 

SEGCA =0.614    SESCA  =1.401  SEReciprocal    
=1.648 

F-141 -0.79499 -1.71414 -0.35068 -0.22695 -0.85555 0.989104



genotypes showed positive GCA effect and two displayed negative GCA effects. 

The genotype 8-S with maximum GCA effects (0.88) was the best general 

combiner for leaf temperature. The poorest general combiner was Y-74 with 

highest negative GCA effects (-1.75). In case of single crosses positive SCA 

effects were recorded in 7 crosses while negative SCA effects were noted in eight 

crosses (Table 42).  

Highest positive SCA effect was shown by cross 8-S×F-141 whereas maximum 

negative SCA effects were displayed by cross Y-74×Y-158 with negative value (-

1.30). As regarding reciprocal crosses, six reciprocal crosses were positive and 

nine were negative being maximum (0.76) in F-141×F-128 and minimum (-0-91) 

in the cross Y158×B-34. 

4.5.10 Relative water content  

Analysis of variance for relative water content under normal irrigation showed non 

significant mean squares due to GCA and SCA effects (Table 32). Specific 

combining ability variance was greater, which indicated non-additive genetic 

effects (table 34A). Four genotypes showed  negative GCA effects and two 

displayed positive GCA effects. Y-74 showed maximum GCA effect (0.083) and 

was the best general combiner, while F-128 was the poorest combiner with 

negative value (-0.0030) Eight reciprocal crosses showed positive reciprocal 

effects while seven reciprocal effects were negative. F-141×8-S was with highest 

reciprocal effect (0.07), whereas F-128×B-234 was with lowest reciprocal effects 

(0.003). In case of single crosses, eight cross combination showed positive SCA 

effect while seven crosses were negative. The best cross combination was Y-74 

×Y-158 with highest SCA effect (0.079) and cross with lowest SCA effect was 

displayed by 8-S×F-141 with negative value (0.009). Under water stress, Table 33 

show the non-significant mean squares of both GCA and SCA. GCA was greater 

in magnitude. Specific combining ability variance was greater as compared to 

general combining ability variance indicating non-additive genetic effects. Three 

genotypes had positive and three had negative GCA effects. Y-74 was the best 

general combiner with highest positive value of GCA (0.095) (Table 44) while B-



34 was poorest general combiner with lowest value (-0.011) under water stress 

conditions. In case of single crosses, eight cross combinations were positive 

whereas seven were negative. The best cross combination Y-74×F128 had 

maximum positive SCA effect (0.086), and cross B-34×F-141 showed the  
Table 43.  Estimate of general combing ability effects (Diagonal values), specific 

combing ability effect (above diagonal values) and reciprocal effects 
(below diagonal values) for leaf temperature. 

 
Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 0.283333 -1.11389 -0.99167 -1.40833 0.677778 0.647222 

8-S -1.33333 1.419444 0.572222 -0.61111 0.575 0.161111 

Y-74 0.25 1.383333 -1.91944 -0.07222 -1.23611 -0.3 

F-128 -0.13333 -0.46667 0.5 -0.31944 -0.80278 1.3 

Y-158 0.433333 0.7 0.35 0.216667 0.594444 -0.68056 

F-141 -0.91667 -1.23333 -0.1 0.366667 -0.3 -0.05833

SEGCA =0.236   SESCA  =0.539   SEReciprocal    
=0.634 
 

Water stress condition  

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 0.35 -0.98889 -0.31667 0.594444 0.05 0.052778 

8-S -0.43333 0.880556 0.202778 -0.70278 0.536111 1.038889 

Y-74 -0.16667 0.216667 -1.75833 -0.03056 -1.30833 -1.23889 

F-128 0.7 0.3 -0.2 -0.43611 -0.81389 0.872222 

Y-158 -0.91667 0.666667 -0.15 -0.7 0.691667 -0.32222 

F-141 0.633333 -0.15 -0.23333 0.766667 -0.1 0.272222



 

SEGCA =0.216    SESCA  =0.493  SEReciprocal    
=0.580 



Table 44.  Estimate of general combing ability effects (Diagonal values), specific 
combing ability effect (above diagonal values) and reciprocal effects 
(below diagonal values) for Relative water contest.  

 

Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -0.01583 0.048333 0.023889 0.0275 -0.03944 -0.01722 

8-S 0.055 -0.05556 -0.01972 0.057222 -0.02972 -0.00917 

Y-74 0.02 -0.06333 0.083889 -0.02556 0.079167 0.021389 

F-128 0.003333 0.023333 -0.06667 -0.00306 0.021111 -0.05167 

Y-158 -0.02167 -0.005 -0.01333 0.015 -0.02444 0.041389 

F-141 0.07 0.071667 0.001667 -0.00833 -0.01 0.015 

SEGCA =0.010    SESCA  =0.024  SEReciprocal    
=0.028 
 

Water stress condition  

SEGCA =0.011    SESCA  =0.026  SEReciprocal    
=0.031 
 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -0.01167 0.06 0.037778 0.017778 -0.04139 -0.0125 

8-S 0.05 -0.05 -0.05056 0.064444 -0.02306 -0.03917 

Y-74 0.016667 -0.02333 0.095556 -0.05444 0.086389 0.060278 

F-128 -0.00833 0.023333 -0.03333 0.000556 0.018056 -0.04972 

Y-158 0.006667 -0.05667 -0.00833 0.035 -0.03528 0.031111 

F-141 0.041667 0.016667 -0.00167 -0.02667 0.025 0.000833



  maximum negative SCA effect (-0.012). Eight reciprocal crosses were positive 

and seven were negative and 8-S×B-34 showed maximum reciprocal effect with 

positive value (0.05), and F-141×Y-74 was with lowest reciprocal effect with 

maximum negative value (-0.001). 

4.5.11 Cell membrane thermo-stability  

Analysis of variance for cell membrane thermo-stability under normal planting 

Table 32 displayed significant mean square due to general combining ability 

(GCA). Specific combining ability values showed the additive and non-additive 

genetic effects. Reciprocal differences were non significant for cell membrane 

thermo-stability. Estimation of genetic components (Table 34-A) showed the 

smaller GCA effect as compared to SCA effect indicating non-additive genetic 

effects. Estimation of general combining ability effects (Table 44-A) showed that 

fifty percent genotypes were positive and fifty percent were negative. The Y-74 

genotype was the best general combiner with highest positive value (8.75) and 

genotype 8-S was the poorest general combiner with lowest value (-4.10). In case 

of specific crosses, nine crosses displayed positive SCA effects and six showed 

negative effects. The cross 8-S× F-128 showed the highest positive value (7.34) 

while, 8-S×Y-74 indicated lowest value (-6.50). Regarding reciprocal crosses, 

four of the reciprocal crosses were positive and eleven were negative with (1.58) 

and (-0.54) highest and lowest values for Y-158×Y-74 and F-141×Y-158 

respectively. 

Under water stress, GCA and SCA mean squares were significant depicting both 

additive and non additive genetic effects (Table 33). Estimation of variance 

components, the GCA variance was smaller than SCA variance displaying non 

additive genetic effects (Table 45). Among the parental genotypes 66.6% showed 

negative GCA effect while 33.3% displayed positive GCA effect with highest 

value (7.90)  for Y-74 whereas the lowest value (-4.60) for F-158. Y-74 was the 

best general combined and F-158 was the poorest general combiner, nine of the 

single crosses showed positive SCA effect with highest value (8.06) displayed by 



8-S×F-128 and lowest value (-4.60) was noted for 8-S×Y-74. In case of single 

crosses, 46.6 percent were positive while 53.4% showed  

Table 45.  Estimate of general combing ability effects (Diagonal values), specific 
combing ability effect (above diagonal values) and reciprocal effects (below diagonal 
values) for Cell membrane thermostability. 
 

Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -1.49972 4.583333 -1.94306 -0.84611 -2.73639 2.1575 

8-S 0.246667 -4.105 -6.50444 7.344167 -2.09944 0.397778 

Y-74 -0.12167 0.775 8.759722 1.692778 4.764167 7.141389 

F-128 -0.615 -0.11667 -1.19 0.752778 2.786111 -3.4 

Y-158 0.311667 -0.28333 1.581667 -0.48 -3.11028 0.986389 

F-141 -0.02167 -0.04333 -0.67167 -0.15333 -0.54667 -0.7975

SEGCA =0.162    SESCA  =0.370  SEReciprocal    
=0.435 
 

 

Water stress condition  

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -1.66 4.064444 -3.16028 -1.15944 -1.26222 1.122778 

8-S 0.425 -3.07806 -4.60389 8.065278 -3.45583 0.2525 

Y-74 0.173333 -1.19833 7.905 3.007222 4.196111 6.619444 

F-128 -0.325 -0.45833 0.566667 0.709167 1.600278 -3.91639 

Y-158 0.346667 -0.22167 2.14 0.285 -3.10639 1.274167 

F-141 -0.295 -0.55333 2.753333 -0.91167 0.646667 -0.76972



SEGCA =0.407    SESCA  =0.929  SEReciprocal    
=1.093 
 

 



negative reciprocal effects. Highest value (2.75) for reciprocal effect for the F-

141×Y-74 and lowest value (-1.19) for reciprocal cross Y-74×8-S were recorded 

for this trait. Under normal planting, hybrid between high×high GCA parents Y-

74, F-128 were performed and low × low 8-S, Y-158 were also poor performer for 

SCA effect whereas high × low (8-S×Y-74) was poor performer while under 

water stress hybrid between high × high GCA parent Y-74, F-128 was shown to 

be average performers. Whereas high × low GCA parent Y-74, 8-S were  good 

performers and low ×low GCA parent 8-S, Y-158 were poor performers.  

4.5.12 Stomatal Frequency 

Analysis of variance for stomatal frequency under normal irrigation showed 

significant mean squares due to GCA and SCA indicting additive and non-

additive genetic effects. Reciprocal effects were also significant (Table 46). The 

magnitude of GCA was greater than SCA depicted predominance of additive 

effects. 

General combining ability variance was smaller than SCA variance indicating 

non-additive genetic effects (Table 34). Analysis of general combining ability 

displayed half of the genotypes (parental) showed positive GCA effects while half 

displayed negative effects. Parental genotypes Y-74 was the best combiner with 

highest positive value (33.40) whereas 8-S was poorest combiner with highest 

negative value (-22.05). In case of single crosses, 53.33% showed positive SCA 

effects while 46.67% displayed negative SCA effect. Cross B-34×8-S showed 

highest (17.00) positive SCA effect while lowest SCA effected was noted for 8-

S×Y-74. Regarding reciprocal effect, 26.66% cross showed positive reciprocal 

effects while negative reciprocal effects were noted for (73.34%) crosses (Table 

45). 

Under water stress condition, highly significant mean squares due to GCA and 

SCA revealed importance of both additive and non-additive effects (Table 33). 

The magnitude of GCA was greater than SCA indicating predominance of 

additive effects for stomatal frequency. General combining variance σ2g was 



greater as compared to specific combining ability variance σ2s indicating additive 

genetic effect (Table 34). The results were in accordance with those of Talleei and 

Kochaksaraei (1999) who reported additive effect for stomatal frequency. 

However thee results differ from those of Khan (1990), Sharma and Bhalla (1993) 

and Tabassum (2004) who reported non additive effects for stomatal frequency. 

Analysis of combining ability depicted that 50% of parents showed positive GCA 

effects. Highest positive GCA effects (37.05) was noted for parental line Y-74, 

which was the best general combiner, whereas 8-S was the poorest general 

combiner with minimum value (-22.20). Eight single crosses showed positive and 

seven revealed negative SCA effects. Highest SCA effect (1997) was recorded for 

cross 8-S×F-128 and lowest SCA effect (-25.45) was noted for F-28×F141.  

Four reciprocal crosses displayed positive effects while eleven showed negative 

effects. Maximum positive effects were displayed by F-141×Y-158 whereas 

maximum negative effects (-4.71) were shown for cross F-158×Y-74 followed by 

Y-158×F-128. 

Cross resulting from high×High GCA parents were good combiners while 

low×low parents were poor combiners whereas high×low GCA parent were also 

poor performer under normal irrigation. Under water stress high × high GCA lines 

were good performers and low×low GCA parents were poor performers and high 

×low GCA lines were also poor performers.  

4.5.13 Stomata Size 

The significant mean squares due to GCA and SCA effects for stomata size 

showed importance of both additive and non-additive genetic effects under 

normal irrigation, (Table 32). The magnitude of GCA was much greater than SCA 

revealing  predominance of additive effects. General combining ability variance 

was greater as compared to specific combining ability variance indicating additive 

genetic effects for stomatal size (Table 34). Estimation of general combining 

ability effects indicated three of the parents showed negative effects indicating 



three parents showed positive and three displayed negative GCA effects ( Table 

47). 

The parental genotype 8-S showed highest positive value (157.11) which was the 

best general combiner and lowest GCA effects (-236.29) were recorded for the 

parent Y-74 

 

 

Table 46.  Estimate of general combing ability effects (Diagonal values), specific 
combing ability effect (above diagonal values) and reciprocal effects (below diagonal 
values) for Stomatal frequency. 
 

Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -6.46667 17.00556 -6.60278 -4.70833 -3.10278 10.25833 

8-S 3.433333 -22.0556 -24.9972 15.21389 -0.44722 3.563889 

Y-74 -9.75 0.6 33.40278 15.67222 11.09444 16.15556 

F-128 -2.93333 -0.16667 0.383333 3.925 11.23889 -16.3167 

Y-158 3.633333 -6.1 -4.16667 -10.5667 -14.2806 -12.0611 

F-141 3.95 -1.03333 -4.81667 -3.46667 1.75 5.475 

SEGCA =0.768    SESCA  =1.752  SEReciprocal    
=2.061 
 

Water stress condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 -9.03611 12.24444 -15.8556 0.255556 -6.24722 7.613889 

8-S 2.183333 -22.2083 -4.25 19.97778 -7.325 -0.74722 

Y-74 -9.78333 -0.55 37.05833 10.12778 18.74167 17.10278 



 

SEGCA =0.762    SESCA  =1.738  SEReciprocal    
=2.045 

F-128 -7.83333 -4.41667 -4.16667 6.597222 8.969444 -25.4528 

Y-158 2.833333 -5.91667 -4.71667 -4.71667 -16.1333 -4.88889 

F-141 1.816667 -3.21667 -2.4 -4.05 3.016667 3.722222 



and which was poorest combiner for stomatal size. In case of single crosses 40% 

were with negative SCA effects. Highest positive SCA effect (162.95) was 

recorded for cross 8-S×Y-74 and highest negative SCA effects (-118.31) was 

noted for B-34×8-S. Sixty percent reciprocal crosses were positive and 40% 

showed negative and reciprocal effects. Under water stress, highly significant 

mean square due to GCA and SCA (Table 33) revealed both additive and non-

additive effects. The magnitude of GCA was greater than SCA effects which 

showed the predominance of additive effects (Table 33). General combining 

ability variance was smaller than specific combining ability variance, which 

displayed non-additive genetic effects (Table 34). These results are in accordance 

with those of Khan (1990), Tabassum (2004), who reported non-additive effects 

for this trait. Positive GCA effects were noted for three of the percents whereas 

negative GCA effects were also recorded for three parents under water stress 

(Table 47). The parents 8-S and Y-158 showed highest positive GCA effects 

(110.07) and (109.19) respectively and proved to be good general combiners. 

Whereas lowest GCA effects (-208.50) was showed by Y-74 which was poorest 

combiner. Six crosses displayed positive SCA effects while nine showed negative 

SCA effects. The cross F-128×F-141 indicated highest SCA effect (171.29) while 

8-S×F-128 displayed lowest (-119.80) SCA effects. Sixty percent reciprocal 

crosses were positive and 40% were negative. Highest reciprocal effects (34.83) 

were recorded for F-128×Y-74 while lowest reciprocal effects (-40.83) were noted 

for F-141×B-34. 

  

 
 
 
 
 
 
 
 
 



 
 
 
 
 
Table 47.  Estimate of general combing ability effects (Diagonal values), specific 

combing ability effect (above diagonal values) and reciprocal effects 
(below diagonal values) for Stomata size. 

 

Normal condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 43.34167 -118.314 48.75833 29.50556 23.99444 -52.95 

8-S -29.5833 157.1111 162.9556 -103.147 -1.54167 -11.1861 

Y-74 64.98333 -2.91667 -236.294 -115.008 -84.6028 -99.1139 

F-128 25.78333 6.533333 -9.63333 -23.5417 -63.0389 108.4833 

Y-158 -32.5 32.46667 34.46667 66.61667 96.11944 65.93889 

F-141 -41.2 16.7 27.96667 35.95 -9.96667 -36.7361

SEGCA =11.20    SESCA  =25.55  SEReciprocal    
=30.06 
 

 Water stress condition 

  B-34 8-S Y-74 F-128 Y-158 F-141 

B-34 55.04815 -91.4287 92.38519 -11.8454 83.07407 -25.187 

8-S -14.5 110.012 21.45463 -119.809 76.92685 1.882407 

Y-74 19.6 -0.73333 -208.502 -44.512 -143.959 -90.7037 

F-128 35.95 30.15 34.83333 -37.8213 -47.8398 171.2991 

Y-158 -13.6167 27.23333 22.13333 -19.9667 109.1926 -17.9815 

F-141 -40.8333 12.9 15.23333 13.78333 -26.3167 -27.9296



SEGCA =11.51    SESCA  =26.26  SEReciprocal    
=30.90 
 

 



Chapter-V 
 
5. SUMMARY 

Maize genotypes were evaluated under normal and water stress conditions. Fifty 

maize inbred lines were collected form various research institutes, maintained, 

tested their identity and multiplied seed. Twenty five lines were selected and 

checked under growth chamber for various seedling traits to screen out drought 

tolerant and susceptible lines both under normal and stress conditions. Three each 

of drought tolerant and susceptible genotypes were selected for further studies.. 

Six inbred lines three each 0f drought- tolerant and susceptible were crossed in 

6×6 diallel fashion during April 2007. The parents and their all F1 progenies were 

sown during following season in triplicate randomized complete block design 

under both normal and stress planting conditions. The nature of genetics of 

physio-morphological parameters and the identification of most promising 

parental material in the light of information derived from the experiment can be 

used for further work to achieve elevated levels of crop productivity. Under both 

conditions, data were collected for yield and yield components from each inbred 

line and analyzed according to Steel and Torrie (1984) to determine significant 

difference among the inbred lines. Genetic analysis for components of variation, 

gene action and combining ability were estimated by using methods of Mather 

and Jinks (1982), Hayman (1954) a and b and Griffing (1956) respectively.  

Highly significant differences among inbred lines for all the characters were 

found under both normal and stress conditions from the analysis of variance. A 

considerable reduction in almost all parameters was revealed under stress 

condition. Diallel analysis revealed that all characters under normal plantings 

showed additive and dominant genetics effects for plant height, leaf number, leaf 

area, 100-grain weight, biological yield, grain yield, harvest index, leaf 

temperature, relative water content, stomatal frequency and stomata size. Under 

water stress condition additive genetic affects for harvest index and leaf 



temperature were highly significant while dominant effects were only significant. 

Reduction in different characters was recorded from 29 to 40%. 

The best performance was displayed by the parent (Y-74) for grain yield per 

plant, under normal plantings. Y-158 showed minimum grain yield (49.18g) 

under water stress condition. Maximum grain yield was recorded (117g) for Y-74 

and minimum grain yield (27g) was shown by 8-S. Among the hybrids, cross F-

141×Y-74 and Y-158×Y-74 and 8-S×Y-158 showed the maximum value (13g) 

and minimum value (3.67g) under normal and water stress condition respectively.  

Scaling test, under normal irrigation, revealed complete adequacy of data for 

additive dominance model for leaf number, and grain yield per plant under water 

stress condition. Regression analysis and analysis of variance of arrays suggested 

adequacy of the model for harvest index, leaf temperature, and relative water 

content under both conditions. Partial adequate model was adequate for plant 

height, biological yield, cell membrane thermo-stability, stomatal frequency for 

both conditions, whereas partial adequate model was found for leaf number, grain 

yield per plant under normal planting only. 

Estimation of genetic components analysis (Hayman, 1954ab) revealed that under 

normal irrigation, both components additive (D) and dominant (H) genetic 

variations were significant for plnat height, leaf number, leaf area, kernels per ear 

row, 100-grain weight, biological yield, grain yield, harvest index, leaf 

temperature, cell membrane thermostability, stomatal frequency and stomata size. 

Graphical analysis revealed additive gene action under both conditions for plant 

height leaf numbers per plant, leaf area, biological yield, grain yield per plant, 

harvest index, stomatal frequency and stomata size, whereas additive type of gene 

action was recorded for relative water content under normal condition but over 

dominant type of gene action displayed under water stress condition. Over 

dominance type of gene action was displayed under normal condition for kernels 

per ear, 100-grain weight, leaf temperature, cell membrane thermo-stability but 

they also remained unchanged under water stress conditions.  



Under normal plantings, parental line 8-S had maximum dominant genes and F-

141 had maximum recessive genes whereas under water stress condition B-34 had 

maximum dominant and F-158 had minimum dominant genes for plant height. In 

case of leaf number 8-S had maximum dominant genes whereas F-141 had 

maximum recessive genes under normal condition, while under water stress 8-S 

had maximum dominant genes and Y-158 had minimum dominant genes.  For 

leaf area, parental line 8-S had minimum dominant genes under both conditions. 

For kernel per ear row and 100-grain weight, Y-74 had minimum recessive genes 

while Y-158 had maximum recessive genes. In case of biological yield and grain 

yield parental line B-34 had maximum dominant genes and F-141 had maximum 

recessive genes under normal irrigation whereas under stress condition B-34 

remained unchanged but for biological yield Y-158 had minimum dominant genes 

and for grain yield F-141 had minimum dominant genes.  For harvest index and 

relative water content F-128 had maximum dominant genes and 8-S and Y-158 

had maximum recessive genes under normal plantings whereas under water stress 

F-128 remained unchanged but in case of harvest index  minimum dominant 

genes were revealed for 8-S and for relative water content Y-58 had maximum 

recessive genes. For leaf temperature Y-74 and Y-158 had maximum and 

minimum dominant genes respectively.  

For cell membrane thermo-stability, B-34 and F-141 had maximum and minimum 

dominant genes respectively under both conditions. For stomatal frequency 8-S 

and F-141 had maximum and minimum dominant genes under normal plantings, 

B-34 and Y-154 had maximum and minimum dominant genes under stress 

condition. The parental line 8-S had maximum and Y-74 had minimum dominant 

genes under normal planting whereas under stress condition; Y-74 had maximum 

dominant genes and Y-158 had maximum recessive genes.  

Mean squares due to GCA were highly significant and greater than SCA mean 

squares under normal plantings for plant height, leaf number, leaf area and kernels 

per ear row, 100-grain weight, biological yield, grain yield, harvest index leaf 



temperature, stomatal frequency and stomata size. Mean squares for SCA were 

highly significant showing non-additive genetic effects. Under stress condition, 

GCA mean squares were highly significant and greater than SCA mean squares 

for plant height, leaf number, leaf area, kernel per ear row, 100-grain weight, 

biological yield, grain yield per plant, harvest index, leaf temperature, cell 

membrane thermo-stability, stomatal frequency and stomata size indicateing the 

importance of additive genetic effects. Reciprocal effects were found highly 

significant for leaf area, kernels per ear row, biological yield, grain yield per 

plant, stomatal frequency and stomata size significant for plant height under 

normal plantings. Under water stress environment, reciprocal effects were highly 

significant for plant height, leaf area, kernels per ear row, biological yield, 

stomatal frequency and stomata size and significant for grain yield and cell 

membrane thermo-stability.  

The following inferences are made on the basis of overall performance of the 

maize genotypes.  

1. Co-efficient of variability was more under water stress than normal 

conditions for seedling traits. 

2. Additive gene action with partial dominance was found for plant height, 

leaf area, leaf number, grain yield, biological yield, harvest index, 

stomatal frequency and stomata size under both conditions.  

3. Over-dominance type of gene action for kernels per ear row, 100-grain 

weight, leaf temperature and cell membrane thermo-stability. 

4. Additive gene action for relative water content under normal condition 

changed to over-dominance under water stress condition. 

5. The best combinations on the basis of mean performance under normal 

condition were Y-74×F-141, Y-74×F-128, Y-74×Y-158 and F-128×Y-

158. 



6. Under water stress condition, best performing crosses were,Y-74×F-

141, Y-158×Y-74, F-128×Y-74 and F-141×B-34. These crosses might 

be useful for  transgressive segregants in subsequent generations.  

7. Inbred lines Y-74 and F-141 were found to be best parents. These inbred 

lines may be exploited in future breeding programs.  
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Appendix I.    Means and LSD values of plant height, leaf area and 
kernels per ear row in a 6×6 diallel cross 

Parental Lines / 
Crosses 

Plant Height (cm) Leaf Area  (cm2)  Kernels per ear row 
Normal Water Stress Normal Water Stress Normal Water Stress  

B-34  150.16 116.55 392.83 273.57 29 20.53 
B-34    ×      8-S 155.46 119.5 404.8 292.13 28.4 19.3 
B-34    ×    Y-74 189.61 134.01 455.7 354.5 16.73 10.5 
B-34    ×    F-128 158.03 119.9 405.03 296.47 19.67 18.83 
B-34    ×  Y-158 146.48 113 386.97 259.13 31.17 21.17 
B-34    ×     F-141 168.8 124.53 427.3 319.4 27.13 20.9 
8-S     ×    B-34 151.15 116.12 392.47 281 27.33 22.03 
8-S 132.17 98.41 354.8 220.33 33.1 27.43 
8-S     ×    Y-74 163.27 126.04 408.63 322.63 28.33 19.07 
8-S     ×   F-128 164.35 130.52 413.37 341.83 20.7 13.7 
8-S     ×   Y-158 139.96 101.63 373.53 230 39.03 28.43 
8-S     ×   F-141 152.72 116.13 396.87 278.4 26.17 21.93 
Y-74   ×   B-34 187.33 132.1 458.37 349.5 20.33 14.97 
Y-74   ×   8-S 161.87 128.69 409.53 330.4 20.37 15.87 
Y-74 225.05 161.81 485.8 432.8 22.53 14.4 
Y-74   ×   F-128 201.85 154.77 488.43 424 15.9 11.3 
Y-74   ×  Y-158 193.56 144.81 464.13 410.8 15.8 11.3 
Y-74    ×  F-141 222.92 159.04 486.77 424.13 12.13 9.87 
F-128  ×  B-34 158.24 124.31 410.87 317 19 17.6 
F-128  ×  8-S 165.38 127.23 417.4 323.33 24.1 17.93 
F-128  ×  Y-74 203.18 155.62 491.6 435.33 10.7 10.37 
F-128 158.64 158.7 412.63 321.4 27.37 19.2 
F-128  ×  Y-158 164.76 121.97 418.73 308.57 22.9 18.53 
F-128  ×  F-141 155.67 117.43 400.27 276.33 28.37 23.9 
Y-158  ×  B-34 148.38 112.1 389.87 251.13 30.27 23.43 
Y-158  ×  8-S 143.64 101.7 383.4 236.33 36.83 26.83 
Y-158  ×  Y-74 192.48 144.27 464.97 412.77 12.7 9.17 
Y-158  ×  F-128 167.39 122.06 423.97 297.63 25.3 19.5 
Y-158 136.09 101.88 367.23 226.33 34.37 25.6 
Y-158  ×  F-141 158 122.19 410.93 302.87 24.37 19.3 
F-141  ×  B-34 166.15 122.78 422.47 310.13 24.97 18.83 
F-141  ×  8-S 155.56 119.54 404.13 291.37 27.8 23.9 
F-141  ×  Y-74 233.86 161.81 492.13 432.33 15.03 10.87 
F-141  ×  F-128 158.06 115.55 408.67 273.6 30.13 21.73 
F-141  ×  Y-158 155.85 117.8 401.8 282.6 21.73 21.13 
F-141  176.97 132.24 441.13 350.87 22.63 16.63 
LSD 3.34 3.03 11.49 15.01 6.96 4.87 

 



Appendix II.   Means and LSD values of 100-grain weight, leaf 
number and biological yield per ear row in a  6×6 
diallel cross 

Parental Lines / 
Crosses 

100 Grain Weight  Leaf Number Biological Yield 
Normal Water Stress Normal Water Strees  Normal  Water Strees  

B-34 29.67 26 12.1 11.5 143.97 125 
B-34   ×   8-S 30.33 25.67 13 12.33 146.67 123.33 
B-34   ×   Y-74 35.33 31.33 16.17 14.73 185 160.33 
B-34   ×   F-128 34 24.67 13.1 12.83 147.8 125.33 
B-34   ×  Y-158 28.67 24.67 12.17 11.8 127.8 110.33 
B-34   ×  F-141 30.67 25.67 15.1 13.77 165 135 
8-S     ×   B-34 30 24.33 12.47 12.3 145.73 121.33 
8-S 27.67 20.67 10.63 10.07 101.4 84 
8-S     ×   Y-74 30 27 13.33 12.47 154.6 143 
8-S     ×   F-128 33.67 29.67 13.5 13.47 157.07 151.67 
8-S     ×   Y-158 25.67 20 11.57 10.77 105.8 89 
8-S     ×   F-141 31.33 24.67 12.13 11.97 143.1 120 
Y-74   ×   B-34 33.67 29 16.53 15.43 196.27 158.33 
Y-74   ×  8-S 33.33 28.33 13.47 13.43 161.8 143 
Y-74 32.33 29.33 17.23 16.77 273.93 226.33 
Y-74   ×  F-128 35.33 32.33 17.47 17.23 215.33 209 
Y-74   ×  Y-158 35.67 33 15.97 15.47 202.83 189 
Y-74   ×   F-141 37 32 18.13 17.23 255 220 
F-128  ×  B-34 34.67 28 13.7 12.67 145.47 131 
F-128  ×  8-S 31.67 27.67 13.87 13.37 161.27 145.67 
F-128  ×  Y-74 37.33 33.33 18.23 17.87 228.07 206 
F-128 30.33 25.33 13.27 12.9 158.83 140.67 
F-128  ×  Y-158 32 26.33 14.37 13.77 156.53 138.67 
F-128  ×  F-141 30 23 12.8 12.33 142.7 117 
Y-158  ×  B-34 29.33 24.33 11.87 11.1 144.73 110.67 
Y-158  ×  8-S 26.67 20.67 12.57 11.47 104.93 89 
Y-158  ×  Y-74 36.67 33.33 16.67 16.27 202.87 198 
Y-158  ×  F-128 31.67 26.67 14.27 12.87 166.07 139 
Y-158 28 20.67 11.1 10.27 112.2 88.33 
Y-158  ×  F-141 31.67 26 14.03 12.9 144.7 133 
F-141  ×  B-34 32 26.33 13.93 13.17 156.57 135 
F-141  ×  8-S 30.33 22.67 13.17 12.3 148.1 117.67 
F-141  ×  Y-74 36 32 17.9 17.43 263.6 221 
F-141    F-128 29.67 24.67 13.2 12.8 145.3 118.67 
F-141  ×  Y-158 32.67 25 13 12.83 148.9 130.33 
F-141  32.67 28.67 15.27 14.2 174.43 155.67 
LSD 2.95 3.12 1.64 1.91 10.96 9.40 

 



Appendix III.  Means and LSD values of grain yield per plant, harvest 
index and leaf temperature in a  6×6 diallel cross 

Parental Lines / 
Crosses 

Grain Yield Per Plant Harvest Index Leaf Temperature 
Normal  Water Strees  Normal Water Strees  Normal  Water Strees  

B-34 73 51.67 50.71 41.54 36.1 36.83 
B-34  ×  8-S 78.33 55 53.42 44.61 32.6 35.33 
B-34  ×  Y-74 108.11 77.17 58.55 48.14 30.97 33.63 
B-34  ×  F-128 81.11 56 54.92 44.76 31.77 36.73 
B-34  ×  Y-158 65.44 45.33 51.27 41.3 35.33 35.7 
B-34  ×  F-141 87.67 60.67 53.09 44.95 33.3 36.83 
8-S    ×  B-34 73.33 52.67 50.54 43.55 35.27 36.2 
8-S 37.33 27 36.79 32.21 36.6 37.2 
8-S    ×  Y-74 86 64.33 55.6 45.03 34.8 35.07 
8-S    ×  F-128 85 67.67 54.15 44.7 33.37 35.57 
8-S    ×  Y-158 46.33 33.67 43.7 37.81 36.63 38.3 
8-S    ×  F-141 72.33 50 50.67 41.6 33.63 37.57 
Y-74   ×  B-34 114 73 58.1 46.09 30.47 33.97 
Y-74   ×  8-S 85 67.33 52.58 47.1 32.03 34.63 
Y-74 160.33 110 67.17 51.8 31.53 34.7 
Y-74   ×  F-128 134.33 102.2 62.37 48.9 31.53 33.1 
Y-74   ×  Y-158 120.33 90.67 59.39 48.01 31.13 33 
Y-74   ×  F-141 162 111 63.53 50.43 30.97 32.57 
F-128  ×  B-34 83 57.33 57.09 43.94 32.03 35.33 
F-128  ×  8-S 87.67 69.67 54.42 47.82 34.3 34.97 
F-128  ×  Y-74 141 103 61.83 49.99 30.53 33.5 
F-128 83.2 62.33 52.39 44.44 34.3 34.73 
F-128  ×  Y-158 90.33 62.33 57.9 44.96 33.03 34.27 
F-128  ×  F-141 75 51 52.66 43.62 34.63 37 
Y-158  ×  B-34 72 46.33 49.78 41.81 34.47 37.53 
Y-158  ×  8-S 48.67 34.33 46.9 38.51 35.23 36.97 
Y-158  ×  Y-74 123 92.33 60.67 46.65 30.43 33.3 
Y-158  ×  F-128 95 62.67 57.19 45.17 32.6 35.67 
Y-158 49.18 33.33 43.91 37.95 36 38.77 
Y-158  ×  F-141 77.33 56 53.45 42.05 32.9 36.07 
F-141  ×  B-34 88.33 62.67 56.42 46.54 35.13 35.57 
F-141  ×  8-S 74.67 53 50.68 45.03 36.1 37.87 
F-141  ×  Y-74 184 117 64.61 51.13 31.17 33.03 
F-141  ×  F-128 77 52.33 53.14 44.07 33.9 35.47 
F-141  ×  Y-158 80.67 57 54.23 43.76 33.5 36.27 
F-141  98 73.33 56.17 47.2 32.1 35.67 
LSD 8.41 8.12 6.07 6.52 2.51 2.29 

 



Appendix IV.  Means and LSD values of relative water content, 
cellmem thermostability and stomatal frequency in a 
6×6 diallel cross 

Parental Lines / 
Crosses 

 Relative Water 
Content Cellmem. Thermostability Stomatal Frequency 

Normal Water Strees Normal Water Strees  Normal  Water Strees  
B-34 0.62 0.55 68 45.98 166.87 188.47 
B-34    ×  8-S 0.73 0.69 71.44 48.66 184.57 187.73 
B-34    ×  Y-74 0.81 0.78 77.41 52.17 203.23 206.93 
B-34    ×  F-128 0.71 0.64 70.01 46.47 182.47 194.53 
B-34    ×  Y-158 0.59 0.56 65.18 43.23 172.43 175.97 
B-34    ×  F-141 0.75 0.66 72.06 47.31 205.87 208.67 
8-S      ×   B-34 0.62 0.59 70.95 47.81 177.7 183.37 
8-S 0.54 0.53 60.29 38.43 138.2 140.23 
8-S      ×   Y-74 0.64 0.61 71.14 47.93 179.6 214.6 
8-S      ×   F-128 0.72 0.68 76.09 54.15 189.57 204.5 
8-S      ×   Y-158 0.58 0.47 62.62 39.05 149.77 152.97 
8-S      ×   F-141 0.72 0.57 67.67 44.76 178.6 182.1 
Y-74    ×  B-34 0.77 0.74 77.66 51.82 222.73 226.5 
Y-74    ×   8-S 0.77 0.66 69.59 50.33 178.4 215.7 
Y-74 0.78 0.75 84.59 58.66 248.13 252.8 
Y-74    ×  F-128 0.68 0.65 82.23 61.1 246.03 254.17 
Y-74    ×  Y-158 0.82 0.78 84.21 60.04 218.7 239.5 
Y-74    ×  F-141 0.82 0.79 86.65 65.42 242.87 260.03 
F-128  ×  B-34 0.7 0.65 71.24 47.12 188.33 210.2 
F-128  ×  8-S 0.67 0.63 76.33 55.06 189.9 213.33 
F-128  ×  Y-74 0.82 0.71 84.61 59.96 245.27 262.5 
F-128 0.66 0.64 66.15 42.73 179.4 203.87 
F-128  ×  Y-158 0.7 0.66 72.17 48.4 182.97 199.27 
F-128  ×  F-141 0.65 0.56 68.62 44.02 182.27 185.37 
Y-158  ×  B-34 0.64 0.54 64.56 42.53 165.17 170.3 
Y-158  ×  8-S 0.59 0.59 63.19 39.49 161.97 164.8 
Y-158  ×  Y-74 0.85 0.79 81.05 55.76 227.03 248.93 
Y-158  ×  F-128 0.67 0.59 73.13 47.83 204.1 208.7 
Y-158 0.57 0.5 62.3 40.34 157.37 163.03 
Y-158  ×  F-141 0.72 0.66 68.75 46.95 173.53 190.27 
F-141  ×  B-34 0.61 0.57 72.1 47.9 197.97 205.03 
F-141  ×  8-S 0.57 0.53 67.76 45.87 180.67 188.53 
F-141  ×  Y-74 0.81 0.8 87.99 59.91 252.5 264.83 
F-141  ×  F-128 0.66 0.62 68.93 45.84 189.2 193.47 
F-141  ×  Y-158 0.74 0.61 69.84 45.66 170.03 184.23 
F-141  0.74 0.65 63.34 42.02 202 218.37 
LSD 1.11 1.12 1.72 4.33 8.16 8.09 

 



Appendix V. Means and LSD values of stomata size in a 6×6 diallel cross 

Parental Lines / Crosses 
Stomata size 

             Normal              Water Stress  
B-34 1597.23 1297.73 
B-34              ×          8-S 1494.1 1293.77 
B-34              ×          Y-74 1362.33 1193.17 
B-34              ×          F-128 1516.63 1275.97 
B-34              ×          Y-158 1572.5 1468.33 
B-34              ×          F-141 1354 1195.73 
8-S                ×          B-34 1553.27 1322.77 
8-S 1827 1565.63 
8-S                ×          Y-74 1522.4 1156.87 
8-S                ×           F-128 1478.5 1217.17 
8-S                ×          Y-158 1725.7 1558 
8-S                ×          F-141 1567.43 1331.5 
Y-74              ×          B-34 1232.37 1153.97 
Y-74              ×          8-S 1528.23 1158.33 
Y-74 1055.97 982.97 
Y-74              ×          F-128 1057.07 978.63 
Y-74              ×          Y-158 1251.23 1013.5 
Y-74              ×          F-141 1097.37 922.73 
F-128            ×          B-34 1465.07 1204.07 
F-128            ×          8-S 1465.43 1156.87 
F-128            ×          Y-74 1076.33 908.97 
F-128 1537.67 1211.7 
F-128            ×          Y-158 1517.7 1238.2 
F-128            ×          F-141 1525.7 1353.97 
Y-158            ×          B-34 1637.5 1495.57 
Y-158            ×           8-S 1660.77 1503.53 
Y-158            ×          Y-74 1182.3 969.23 
Y-158            ×           F-128 1384.47 1278.13 
Y-158 1693.03 1502.8 
Y-158            ×           F-141 1556.9 1271.6 
F-141            ×           B-34 1436.4 1277.4 
F-141            ×           8-S 1534.03 1305.7 
F-141            ×           Y-74 1041.43 892.27 
F-141            ×           F-128 1453.8 1326.4 
F-141            ×           Y-158 1576.83 1324.23 
F-141  1356.9 1139.47 
LSD 119.90 122.39 

 


