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Abstract 

The present study was carried out in the experimental area of the Department of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad Pakistan to evaluate the maize 

accessions for grain and fodder yield. Eighty maize accessions were collected from the 

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

Agriculture Research Centre, Islamabad and Maize and Millet Research Institute Sahiwal, 

Pakistan. Out of these 80 accessions twelve lines were selected on the basis of batter 

performance, heritability, genetic advance and higher genotypic correlation among cob 

length, cob diameter,  grain rows per cob, 100-seed weight, grain yield per plant, green 

fodder yield, photosynthetic rate, chlorophyll contents, photosynthetic water use efficiency 

and leaf temperature at maturity stage from experiment 1. The selected parents were crossed 

following 6 × 6 North Carolina mating design II. 

The germplasm consisting of 12 parents and 36 crosses was evaluated in field experiment for 

grain, fodder yield, and then quality traits at maturity stage. It was concluded from present 

study that genotypes may be selected on the basis of their better performance of cob length, 

cob diameter,  grain rows per cob, 100-seed weight, grain yield per plant, green fodder yield, 

photosynthetic rate, chlorophyll contents, photosynthetic water use efficiency and leaf 

temperature at maturity for grain and green fodder yield while fodder cellulose percentage, 

fodder crude protein percentage, ash percentage, grain oil percentage, embryo percentage, 

neutral detergent fibre percentage and fodder moisture percentage as quality for improvement 

of grain, fodder yield and quality. Higher male additive variance, female additive variance, 

male × female interaction were found for plant height, stem weight, green fodder yield, leaf 

weight, leaf length, leaf area, chlorophyll contents, sub-stomata CO2 concentration, 

transpiration rate, cob weight, stover weight, grain yield per plant, fodder crude fibre 

percentage, fodder crude protein percentage, nitrogen free extract percentage, acid detergent 

fibre percentage, neutral detergent fibre percentage and fodder cellulose percentage. Higher 

dominance effects and degree of dominance was found for leaf area, leaf temperature, leaf 

length, stem weight, green fodder yield, chlorophyll contents, sub-stomata CO2 

concentration, photosynthetic rate, cob weight, 100-seed weight, grain yield per plant, fodder 

nitrogen free extract percentage, fodder crude fibre and protein percentage, fodder ash 



   

 

percentage, grain starch percentage, acid detergent fibre percentage, neutral detergent fibre 

percentage and fodder cellulose percentage. 

The inbred lines B-316, B-11, EV-340, Pop/209, B-336 and EV-1097 showed higher GCA 

for most of grain, fodder and quality traits which indicated that these lines may be used for 

the development of synthetic varieties. The F1 hybrids B-11×E-322, EV-1097×Pop/209, B-

327×F-96, B-336×B-316, EV-1097×E-322, B-327×E-340, Sh-139×Pop/209, EV-1097×EV-

340, EV-1097×B-316, Raka-poshi×Pop/209, B-336×EV-347, B-336×Pop/209, EV-

1097×Pop/209, B-316×E-340, Raka-poshi×F-96, B-327×Pop/209 showed higher SCA for 

most of grain, fodder and quality traits which indicated that these lines may be used in future 

for the development of hybrids and heterosis breeding programe.  
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Chapter 1 
INTRODUCTION 

-------------------------------------------------------------------------------------------- 

Maize (Zea mays L.) is an imperative vastly cultivated cereal crop of the grass family, 

it belongs to a small but highly specialized tribe Maydeae. Globally maize, wheat and rice 

are cultivated and produced in massive quantities as compare to other crop; however maize 

has the highest grain yield potential per hectare than other cereals. Maize has separate male 

and female inflorescences (monoecious) which produces grain on the lateral branches rather 

than the terminal branches. Maize is an allogamous (cross-pollinated) species and therefore, 

natural populations of maize are generally heterogeneous. There has been an issue of 

controversy in the origin of maize. The most common opinion about the origin of maize is 

that maize was originated through the domestication of Zea mexicana (teosinte, a wild grass), 

which is native to Central America, Honduras, Mexico and Guatemala. An extensive cross-

pollination under natural conditions has occurred and studied by scientists between Zea 

mexicana and maize during their evolution. However, there are differences between both 

species in general appearance due to which some research scientists suggested that maize 

must have been originated from wild pod corn species that has been extinct now. The 7000 

years old maize cobs are still preserved which were found from the caves of Mexico 

(Doebely, 2004). 

Maize (Zea mays L.) plant has a remarkable productive potential and world’s leading 

cereal food crop with added importance for countries like Pakistan where quickly increasing 

population has already facing less availabilty of food supplies. Maize is the third important 

cereal crop in Pakistan than wheat and rice. Maize accounts for 5.67% of the value of 

agriculture output. It accounts for 1083 thousands hectares of total cropped area in Pakistan 

with annual production of 4271 thousand tons (Anonymous, 2011-12). Maize is the dual 

purpose cereal crop as used in human food, livestock feed and industrial raw material for the 

manufacturing of various by-products. It has highest crude protein 9.9% at early and at full 

bloom stages which decreases to 7% at milk stage and to 6% at maturity. Maize has highly 

nutritive value as it contains 72% starch, 10% protein, 4.80% oil, 9.50% fiber, 3.0% sugar, 

1.70% ash, 82% endosperm, 12% embryo, 5% bran testa and 1% tip cap (Chaudhary, 1983; 

Bureau of Chemistry, U.S., 2010). Pakistan have livestock population of 154.7 million heads 
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which produce about 43.562 million tons of milk, 1.601 million tons of beef and 0.590 

million tons of mutton (Anonymous, 2009-10). The livestock sector of Pakistan contributes 

about 53.2% of the agriculture outputs and 11.4% to national GDP of Pakistan (Anonymous, 

2009-10). Green fodder is the most cheapest and precious source for livestock food. It is rich 

an important source of 35-40% cellulose, 25.28% hemicelluloses, 0.30% fat, 28.70% crude 

fiber, 37.22% acid detergent fibre, 70.85% neutral detergent fibre, 40.6% dry matter, 4% ash, 

48.86% carbohydrates, 9.22% moisture, 2.84% ether extract and 11% crude proteins 

(Chaudhary, 1983; Bureau of Chemistry, U.S., 2010). The milk production of livestock 

animals may be increased up to 100% by using good quality and highly nutritive fodder 

(Maurice et al., 1985 and Dost, 1997). Around 80-90 % of nutrient requirements of livestock 

are met from the fodder crops but the present fodder supply is 1/3 times less than the actual 

needs and the majority of the animals remain under fed especially during June-July (extremly 

hot season) and December-January (extremly cold season). In Pakistan out of total cropped 

area of 23.51 million ha only 2.46 million ha was under fodder crops with total fodder 

production of 55.06 million tonns (Anonymous, 2009-10) that is not sufficient enough to 

fullfil the requirements of nutrition for the existing livestock. The livestock feed pool in 

Pakistan is deficient by 21 % of total dry matter (DM), and by 33 % of crude protein 

requirements (Dost, 1997). The poor yield is due to growing pressure of human population, 

less and irregular rainfalls, scarcity of irrigation water, less priorities for fodder crop 

production and imbalance use of fertilizers (Younas and Yaqoub, 2005 and Rashid et al., 

2007).   

Table 1.1: Leading countries of the world in maize grain and fodder production 
                        (FAO, 2009-10) 
      Fodder Tonnes ha-1        Grain   Million Metric Tonnes

Jordan        18.73 USA     33.30 
Israel        14.32 Mexico     20.20  
Netherlands        11.82 Indonesia     17.63  
New Zealand        11.33 India     17.30 

      Italy       11 China     16.31 
USA       10.07 France     15.30 
Germany          9.10 Argentina     13.12 
Barazil          9.02        South Africa     12.05 
Argentina           7.14 Italy       7.63 
China          5.12 Barazil      5.12 
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Maize is a cold-sensitive crop and must be grown during spring in the temperate 

zones. It has shallow type of root system, therefore the plant generally depends on the soil 

moisture contents. Maize is a C4 crop plant (uses C4 carbon fixation cycle) therefor it is 

more water-efficient crop as compared with C3 crop plants (use C3 carbon fixation cycle) 

like alfalfa, soybeans and the small grains (Araus et al., 2002). Maize is drought sensitive 

crop and greatly affected by drought during anthesis, silk emergence and at pollination phase. 

Requirement of water for maize plant is 500-800mm of water for life cycle of 80 to 110 days 

(Critchely and Klaus, 1991).  

Maize is an important high dry matter yielding crop while forage of maize is usually 

with low protein contents. The growth and milk production of livestock animals is greatly 

affected by protein contents of fodder and forage. Protein required by rumen bacteria that 

help to digest a large amount of feed for ruminant animals (Lawes and Jones, 1971 and 

Ghanbari-Bonjar, 2000). The maize hay is generally low in protein contents therefore the 

protein requirements of livestock animals remained unfulfilled (Lawes and Jones, 1971). 

Therefore, it becomes compulsory to make available livestock with higher protein 

supplements due to low forage quality. Therefore, the purchasing of protein supplements is 

usually expensive that caused increase in higher livestock feed costs. 

Maize production in Pakistan is low as compared to other maize growing countries 

due to non-availability of resources and improved germplasm. Grain yield is related to others 

various morphological, physiological and agronomic traits in maize. By improving these 

traits, production of maize genotypes may be increased. Combining ability analysis provides 

an opportunity to a plant breeder to select genotypes on the basis of strong correlations 

among grain yield contributing traits as reported by Grzesiak et al. (2007); Ali et al. (2011a, 

b); Ali et al. (2012) and Ali et al. (2013a,b,d).  

Grain and fodder yield and quality plays an important role in the improvement of 

demand and production of maize. Crop growth and yield is directly affected by the weather 

condition during crop growing season. It is a basic biological principle that the quantity and 

quality of growth of a plant are controlled by its genetic potentialities and the environment 

acting through its internal physiological and biochemical processes. The only way in which 

environmental factors such as moisture, temperature and mineral nutrients can affect growth 

is by affecting internal processes and conditions. The mineral nutrition of crop plants is the 



 
 

4

major factor which determines the crop growth. The improvement in crop yield and quality 

are main traits to increase production and demand of maize for human as well as livestock 

consumption (Ali et al. 2012a; Abbas et al. 2013; Amir et al. 2012 and Ali et al. 2014). The 

yield and quality of maize grain and fodder may also be effected by change in environmental 

condition, i.e., drought, heat, insect pest attack, alkalinity, salinity etc. that caused to reduce 

yield and production. The improvement in yield under stress conditions may be carried out 

by using proper breeding methods. Gene action provides plant breeder a plate form to select 

genotypes with better grain yield and quality (Ali et al. 2011a,d,e; Ali et al. 2012b;  Ali et al. 

2014; Bibi et al. 2012; Farooq et al. 2011a,b; Naveed et al. 2012; Saeed et al. 2012; Hussain 

et al. 2012 and Hussain et al. 2013).  

Keeping in view the above facts genetic variation was computed to desirable 

genotypes. The analysis of additive and dominance gene action (Comstock and Robinson, 

1948, 1952) of maize genotypes in the series of different crosses was carried out.  

Specific objectives of study were: 

1. The genotypic relationship among maize accessions and combining ability for grain and 

fodder yield. 

2.  The identification of lines and single cross hybrids with good GCA and SCA respectively. 

3. Classification of maize inbred lines and single cross hybrids into different groups on the 

basis of additive and dominant gene actions. 
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Chapter 2 
REVIEW OF LITERATURE 

_____________________________________________________________ 

2.1. Physiological and agronomic traits  

Several research workers used the fresh and dry seedlings weights as selection criteria 

for the development of high yielding maize genotypes (Crosbie et al., 1980; Hoard and 

Crosbe, 1985; Aslam et al., 2006; Ali et al., 2010a,b,c; Ali et al., 2011a,b,c; Ali et al. 

2012a,b; Ali et al. 2013a,c,d; Elahi et al. 2011a,b and Mustafa et al. 2013). Fresh and dry 

seedling weights are the factors that added to the vigour of seedling and crop yield by 

enhancing growth of barley seedling (Ching et al., 1977). 

Sivasubramanian and Remarkrishan (1977) reported from an experiment that the seed 

size has direct effect on dry matter accumulation and germination percentage of seedlings 

during the period of 15-19 days after emergence. They concluded that dry matter 

accumulation and germination percentage were increased within seed size. Variation in the 

emergence, mean days taken to emergence and shoot fresh weight were the traits that found 

useful for the production of higher maize genotypes (Eagles and Hardacre, 1979). Meidema 

(1979) reported from an experiment of Phaseolus vulgaris and maize under low temperature 

that the low temperature greatly affects the germination of Phaseolus vulgaris and maize. It 

was concluded that low temperature can be used as breeding tool for the development of 

higher yielding maize genotypes under low temperature. 

Eagles and Brooking (1981) during an experiment evaluated 24 maize populations 

including double cross hybrids, selections, land race, composites, inbred lines and land races 

from temperate and high altitude tropical regions. Time taken for germination and percentage 

of germination were studied in vitro conditions. A large populations were germinated faster 

then that of the belt Dent corn variety. The faster germinated populations contained higher 

germplasm proportion from conica race. Conica race had an advantage in the environments 

where germination rate was at the lowest level. 

Fakorede and Ojo (1981) reported variation in vigour of maize seedling from an 

experiment conducted on 36 maize cultivars. It was found that the relative growth rate of 

seedlings, germination percentage and germination index were heaving higher genotypic 

variances. The higher broad sense heritability and genotypic variance indicated that relative 
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growth rate of seedlings; germination percentage and germination index can be used for 

greater seedling vigour. Fakorede and Ayoola (1981) reported that a strong genetic 

relationship lies between selection of higher yielding maize genotypes and seedling vigour of 

maize. They studied germination percentage, total dry matter, germination index, relative 

growth rate and growth rate as criteria for selection of seedling vigour after 30-days of 

germination. They found a significant genotypic and environmental interaction for 

germination percentage of maize seedlings. 

Jenison et al. (1981) conducted an experiment on 44 maize genotypes at 2 different 

locations to study root traits. They concluded that vertical pull resistance, root spread and dry 

root weight were relatively same in performance in different environmental conditions and 

may be effective for the selection of higher yielding maize genotypes. It was also found that 

genotypes showed higher root dry weight were resistant to root worms. 

Szundy and Kovacs (1981a, b) performed an experiment under controlled laboratory 

conditions on 2 pairs of inbred lines and their F1, F2, BC1 and BC2 populations by grading 

them with respect to the degree of their heterozygosity, 100%, 50%, 25% and 0% 

respectively. The 0% and 25% types germinated later as compared to the 50% and 100% 

type. It as concluded that the heterozygosity increased the vigour of the maize seedling and 

can be used for the selection of higher yielding maize genotypes. In another experiment they 

also concluded that germination percentage after 10-20 days was higher in 25% and 50% 

heterozygosity group. It was observed that when the different heterozygosity types were 

crossed as female with male of the parent inbred lines, the germination percentage was 

increased in the hybrids of 50% and 100% heterozygosity groups. 

Andrew (1982) conducted an experiment on maize hybrid and reported that 

Shrunken-2 (Sh-2) gene caused reduced germination and seedling vigour. To estimate these 

differences of higher sugar maize (Sh-2), germination percentage, root/shoot length and 

root/shoot weight ratios were recorded in systematic series of inbred lines and their hybrids. 

The germination percentage differences among Sh-2 maize inbred lines were significant with 

two hybrids that were heaving the criteria to be used in the field conditions. He concluded 

that the better germination percentage is greatly associated with the rapid relative root growth 

as compared to shoot relative growth and root/shoot length and weight ratio is the main 

source of this relationship. 



 
 

7

Eagles (1982) conducted an experiment to evaluate the inheritance pattern of time 

taken to germination, relative growth rate and some physiological traits of maize seedling. 

They studied F1, F2 and backcross populations of diallel cross of two rapidly germinating 

lines 5-113 and 5-154 from CIMMYT pool 5, and 2 inbred lines of Corn Belt A632 and 619 

under controlled environmental conditions. The inbred lines from pool 5 germinated faster as 

compared to the all other lined over a ranges of temperatures. The reciprocal differences 

were found to be significant among the F1 population while non-significant among the F2 

population. It was concluded that the elite lines endosperm and embryo were of great 

importance as compared to the female parents in determining the differences of germination 

period and relative growth of maize seedlings. 

Gorny and Geiger (1982) performed an experiment to evaluate 11 days old seedlings 

of 35 elite lines and 24 single crossed hybrids of Secale cereale for seven traits related to 

shoot and root relative growth. It was concluded that the elite lines were generally had 

smaller means while larger vales of heritability as compared to the single crossed hybrid. 

Chapman and Drolsom (1983) performed an experiment on 8 elite lines of maize to 

estimate the importance of GCA, SCA and reciprocal differences that contributes cold 

tolerance in maize. Germination percentage, rate of germination, fresh and dry weights of 

maize lines was estimated. It was concluded that germination percentage, rate of 

germination, fresh and dry weights are the traits that greatly contribute in cold tolerance in 

maize. SCA and GCA were significant for all cold tolerance traits while those reciprocal 

differences were significant but are not important in cold tolerance. 

Eissa et al. (1983) conducted an experiment to compare the relative root growth, root 

fresh and dry weight and root length for 124 day-neutral F3 cotton genotypes. The variability 

among different elite lines was significantly differing for all seed and seedling traits. It was 

concluded that the plants with long roots and higher relative root weight showed increasing 

trend of resistance to environmental stresses. Khidse et al., (1983) reported from an 

experiment that the non-additive genetic effects contributing for grain size and seedling 

vigour traits of sorghum, viz., seedling volume, plumule length, radicle length and root/shoot 

fresh and dry weights of maize seedlings. 

Pederson (1983) conducted experiments and made intercrosses among six lucern 

genotypes significantly differ for relative winter hardiness. The F1 progenies were evaluated 
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for shoot and root traits in glasshouse and under field conditions for two successive years. 

The F1 progenies showed greater shoot and root dry weight that significantly differ to each 

other. Two plants for greater or lower fresh root weight was selected from each of six lucern 

genotypes. The none-allelic effects were found for shoot and root dry weights. The plants 

selected for greater root and shoot weights were used as the female parents, their F1 

progenies showed greater shoot and dry weights as compared to shoot and root dry weight of 

same plants when used as male parents. The constrasting results were found for plant, 

selected for lower root dry weight.    

Diem and Dolinka (1983) reported significant and positive correlation for cob length 

and grains per row as compared to cob diameter and grain rows per cob. Inoue and Okabe 

(1983) studied several traits were positively and significantly correlated with grain yield and 

stability of these quantitative traits. Ahmad (1984) evaluated maize for various quantitative 

traits and concluded that a positive and non-significant correlation was found between grain 

yield per plant and grains per row, grain rows per cob and 100-seed weight. grain per rows 

showed negative and non-significant correlation with both grain row per cob. 

   Borikar et al. (1985) performed an experiment on 26 cultivars of sorghum for 

estimating the maize seedling vigour traits. It was concluded that germination percentage 

have a positive correlation with root length. Fresh seedling weight also showed a positive 

correlation with dry seedling weight. Hoard and Crosbie (1985) evaluate S1 lines from 

recurrent selection in two maize populations for cold tolerance. It was concluded that the 

germination percentage (2.1% per cycle) and seedling vigour (0.3 units per cycle) was an 

averaged for both population. The dominance effect for germination percentage and seedling 

dry matter was significant. 

Koscielniak and Dubert (1985) performed an experiment for maize seedling and 

maturity traits. It was concluded that 79-95% of maize yield variations and seedling traits 

were positively correlated with each other. It was concluded that selection for higher grain 

yield may be helpful to improve maize production.  Martiniello (1985) reported that the early 

vigour in maize greatly responded for selection of higher yielding genotypes but germination 

rate and moisture contents were not significant at harvesting. It was concluded that the 

agronomic traits for selection were indirectly affected due to early vigour. Pozzi et al. (1985) 

conducted an experiment on maize to assess cold tolerance on the basis of germination 
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percentage, germination index and seedling dry weight. It was concluded that the 

accumulation of dry matter greatly varied among seedlings in maize genotypes. Seedling dry 

and fresh weights were useful traits for the selection of cold tolerance genotypes of maize. 

Akhtar et al. (1985) reported from a set of crosses between 3 testers and 12 inbred 

lines and concluded that 2 testers can greatly contribute to develop composite variety on the 

basis of higher grain yield. Stamp et al. (1986) reported from an experiment that shoot fresh 

and dry weight, root fresh and dry weight were the traits that may predicate early field 

growth of six inbred lines of maize. Wallace et al. (1986) reported that the germination rate 

at seedling stage and germination rate in field, stand and grain yield per plant are positively 

correlated with each other. Magoja and Palacios (1987) conducted an experiment on maize 

hybrid between Zea diploperennis and sweet corn Ever green. The hybrid was compared with 

their parents for relative growth traits at 10-30 days of planting. The increase in total dry 

matter was greater in hybrids as compared to their parents. The dry matter of hybrid was two 

times as compared to Zea diploperennis and sweet corn Ever green.  Javed (1987) reported a 

positive and significant genotypic and phenotypic correlation of grain yield with plant height, 

cobs per plant and 100-seed weight. Najeebullah (1987) conducted an experiment for maize 

genotypes and concluded that a positive and significant correlation was showing by grain 

yield and its contributing traits. It was also concluded that cobs per plant, grain rows per cob, 

grain per cob, 100-seed weight and plant height had direct effect on grain yield.  

Ochesanu and Cabulea (1988) evaluated 42 F1 hybrids between inbred lines from a set 

of diallel crosses for root length, seminal and crown roots, number and volume of roots, fresh 

and dry weight of roots. It was concluded that root volume and root fresh and dry weights 

played a significant role in selection of high yielding maize genotypes. Rehman et al. (1988) 

reprted in 4×4 diallel analysis involving the inbred lines of maize that the SCA and GCA 

effects for seedling traits were highly significant and can be used for selecting high yielding 

maize genotypes. The range of heterosis was found to be 27.1% for root branching traits and 

137.8% for mesocotyl root traits. Hussain (1989) reported from an experiment that the 

genotypic coefficient of variation was maximum for shoot weight while minimum for root-

to-shoot weight ratio. The broad-sense heritability was highly significant for germination 

percentage, root and shoot fresh weights and root length. It was concluded that these traits 

can be used for selecting high yielding maize genotypes. Smith and Smith (1989) reported 
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that heterosis can be used for maintenance of germplasm and pedigree similarities among 

maize hybrids. Ahmad (1989) estimated positive and significant genotypic and phenotypic 

correlation of grain yield and its contributing traits including cobs per plant, grains per cob, 

grain rows per cob, plant height and 100-seed weight. Path coefficient analysis also showed 

that number grain rows per cob had direct effect on grain yield per plant. It was concluded 

that selection of higher yielding maize genotypes may be effective on the basis of following 

traits.           

Altaf (1990) found a positive and significant genotypic and phenotypic correlation 

between grain yield per plant and its contributing traits. Grains per cob showed maximum 

direct effect on grain yield per plant. Beck et al. (1990) estimated GCA and SCA for 10 

parents in diallel crossing ways and concluded that GCA was significant for all of the traits 

while SCA was not significant for all traits. The pool 22 showed highest GCA effects for 

grain yield considering as a parent out of 3-5 top grain yielding crosses. Debnath and Sarkar 

(1990) estimated GCA and SCA for 9 inbred lines of maize and concluded that the F1 hybrids 

showed good GCA effects for grain yield per plant and grain per row. Qadir (1990) reported 

positive and significant genotypic and phenotypic correlation between grain yield per plant 

and cobs per plant, plant height, grain rows per cob, 100-seed weight, cob length and 

diameter. Reddy and Joshi (1990) conduct an experiment to study the effects of selection for 

grain yield and cobs per plant in 4 maize populations. It was concluded that the selection for 

higher grain yielding genotypes of maize directly affect to decrease husk senescence and the 

days taken for silking while plant height and cob length increased. The cobs per plant 

increase the grain yield per plant. 

Nevado and Cross (1990) reported GCA and SCA effects in three diallel sets of 

crosses among 8 inbred lines in 9 different environments for three years. The GCA and SCA 

mean ratios indicated that it may be easier for the selection of higher yielding maize 

progenies for grain rows per cob, 100-seed weight, grains per row and grain yield. Higher 

GCA effects showed that grain yield may be used as selection criteria in maize. Martinez et 

al. (1990) reported from five hybrid maize progenies while using ICA-V-507 and ICA-V-506 

as check varieties that ICA-V-155 × MB515 and ICA-V-453 × MB515 had higher grain 

yields. 
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Hebert (1990) reported that SCA played an important role in genetic variation among 

F1 hybrid and inbred lines of maize genotypes. It was concluded that early vigour, leaf 

emergence and grain yield related traits can be used for selecting high yielding maize 

genotypes. The early growth rate can be used in silage maize breeding programmes as good 

indicator for higher dry matter yield. Cross (1991) performed an experiment on maize and 

selected 2 independent groups (G1, G2) of16 lines from S2 lines. SCA and GCA effects of S2 

differing in average leaf expansion rate and were evaluated for germination percentage, 

seedling vigour and leaf emergence after 25 days of sowing. SCA were found to be related 

with maternal effects for germination percentage, leaf emergence and seedling vigour.  

Ivankhenko and Klimo (1991) estimated GCA and SCA effects for grain yield and its 

contributing traits in maize. It was concluded that grain rows per cob and 100-seed weight 

may be used as selection criteria for higher yielding maize genotypes. Iqbal (1991) reported 

GCA and SCA effects for grain yield of maize in 6×6 diallel set of crosses and concluded 

that the SCA and GCA effects were highly significant for grain yield and it contributing 

traits. SCA effects were found to be greater than the GCA effects which indicated additive 

type of gene action for all traits. Jadhav et al. (1991) calculated correlation and regression for 

various quantitative traits in maize. It was concluded that grain yield showed positive and 

significant correlation with cobs per plant, plant height, cob weight, leaves per plant and 

grain yield per cob. Tarutina et al. (1991) estimated GCA and SCA by conducting an 

experiment on six inbred lines and 15 hybrids during 1st year and 8 inbred lines and 28 

hybrids during 2nd year and concluded that additive gene action was more dominant over the 

dominance gene action for grain yield per plant, 100-seed weight, grain rows per cob and 

grains per cob. 

Ajala (1992) concluded from an experiment on maize that seedling vigour, early 

maturity, higher standability and higher yielding traits related to grain yield can be used to 

select higher yielding maize genotypes. Dronavalli and Kang (1992) conducted an 

experiment on 7 maize cultivars to estimate SCA and GCA effects for grain yield per plant, 

germination percentage, root and shoot lengths, dry matter, root and shoot dry weights and 

vigour index. GCA effects were more important as compared to SCA effects for all grain 

yield related traits but for root length both SCA and GCA were important and equally 

significant. Dash et al. (1992) reported negative correlation between days taken to maturity 
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and grain yield per plant. It was concluded from path coefficient analysis that plant height, 

cob diameter, cob length, and 100-seed weight were the major traits that contribute for grain 

yield and selection for higher yielding maize genotypes. Rehman et al. (1992) estimated 

higher values of heterosis for cobs per plant and total dry matter per plant. It was found that 

the agronomic traits were positively associated with each other while the quality traits were 

negatively associated with agronomic traits as well with each other. The Location × 

Genotype interactions differences were also significant for all agronomic traits.  

Juvik et al. (1993) reported from an experiment that simple mass selection can 

improve the grain yield and field emergence in maize. It was concluded that the grain yield 

and quality can be improved by simple selection.  Camacho (1994) reported that leaf area, 

root volume, longest root length, seedling length, fresh root and shoot weights, root and shoot 

dry weights, root dry weight to shoot dry weight ratio and total biomass per seedlings may be 

used for the selection of higher yielding maize genotypes. Elhosary et al. (1994) estimated 

GCA and SCA effects for grain yield and its contributing traits in 8 inbred lines and 28 F1 

hybrids of maize. It was concluded that GCA effects were significant in both years of study 

while the SCA effects were significant for grain rows per cob, plant height, grains per cob, 

100-seed weight and grain yield per plant. Sedhom (1994) reported significant interactions 

among GCA for plant height, cobs per plant, grain rows per cob and cob length. The higher 

SCA effects were fond for 100-seed weight, plant height, grains per cob and grain yield peer 

plant. Rehman et al. (1994) estimated the inheritance pattern for maize at seedling stage 

through generation mean analysis. It was concluded that the extant of dominance was higher 

then additive gene action. Heterosis and broad sense heritability for adventitious roots and 

root dry weight was found to be 2.54%, 103.52%, 88% and 88% respectively. Lee et al. 

(1995) conducted an experiment on 6 waxy inbred lines and crossed in 6×6 diallel fashion. 

The inbred lines showed significant differences for 100-seed weight, grain rows per cob, 

cobs per plant, grains per cob and grain yield per plant. The hybrids showed higher GCA 

effects for 100-seed weight. It was concluded that selection of higher yielding maize 

genotypes may be helpful. Bolanos and Edmeades (1996) found that the grain yield is greatly 

affected by water stress. The genetic variability of grain yield and its contributing traits was 

increases due to increase in water stress.  Flower et al. (1996) estimated morpho-

physiological traits under normal and water stress conditions and concluded that leaf area and 
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plant height varied greatly under different environments. Singh and Mishra (1996) estimated 

SCA and GCA effect for 8 maize inbred lines for grain yield. It was concluded that lines 

exhibited higher GCA effects as compared to SCA effect for grain yield and its related traits.  

Balderrama et al. (1997) estimated SCA and GCA effects in 19 maize populations at 

four different locations and concluded that higher GCA effects were recorded for grain yield 

per plant. Chapman et al. (1997a) reported that the improvement in the grain yield can be 

obtained through selection of higher yielding maize genotypes. Chapman et al. (1997b) 

studied that the selection for grain yield under normal water condition may not be helpful to 

increase the grain yield under water deficit conditions. Tusuz and Balabanli (1997) reported 

that plant height and cob length showed low broad sense heritability while grain yield was 

positively and significantly correlated with plant height and cob length. Significant 

differences were found among maize genotypes at seedling stage for germination percent by 

Herandez and Carballo (1997). 

Singh et al. (1997) estimated higher heritability values for grain related traits and 

vigour. Positive genotypic correlation was found to be significant for germination rate, 

seedling growth rate and 100-seed weight with field emergence. Germination rate also 

showed positive genotypic correlation with seedling growth rate and 100-seed weight. 

Kahkim et al. (1998) conducted an experiment to evaluate maize genotypes for grain yield, 

morphological and biochemical traits. It was concluded that grain yield had a positive and 

significant genotypic correlation with cobs per plant, plant height, grain per cob, grain rows 

per cob, cob length, 100-seed weight and grain oil contents. Grain protein contents showed 

negative genotypic correlation with grain yield. Mather et al. (1998) reported from an 

experiment on 78 maize hybrids of 13 inbred lines. Significant GCA effects were recorded 

for cobs per plant, grain rows per cob, grains per cob and grain yield per plant. San-vicente et 

al. (1998) conducted an experiment on 9 inbred lines and 36 hybrids and evaluated for GCA 

and SCA effects. Significant GCA effects were recorded for all traits while SCA effects were 

significant for plant height and grain yield per plant. Singh et al. (1998) concluded from an 

experiment that moderate estimates of heritability and genetic advance; positive and 

significant genotypic correlation was found for grain yield per plant with plant height, cob 

length, grains per cob, 100-seed weight and cobs per plant.  
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Almeia et al. (1999) conducted an experiment to evaluate maize genotypes for 

morphological and quality traits. It was concluded that the grain yield and total dry matter per 

plant were not significantly differ among maize genotypes. The crude proteins were higher 

for all genotypes but no significantly differ for other chemical components. Golob and 

Plestenjak (1999) reported from an experiment on 20 maize genotypes and concluded that the 

grain nutritive values of each selected maize genotype significantly differ from each other.  

Khatun et al. (1999) reported that a positive and significant correlation was shown by grain 

yield per plant with 100-seed weight, grain per cob and cob diameter. Mehdi and Ahsan 

(1999) performed an experiment on S1 families of maize and found wide variability for 

leaves per plant and green fodder yield. Green fodder yield was positive and significantly 

correlated with leaves per plant and plant height. It was concluded that green fodder yield 

may be used for selection of high yielding S1 maize families. Mehdi and Ahsan (1999) 

performed an experiment on 500 S0 families of maize to evaluate at various seedling traits. 

The higher estimates of coefficient of variation were found for shoot and root fresh weights. 

Shoot fresh weight was found to be significantly and positively correlated with shoot and 

root length, root fresh weight and dry root/shoot weight ratio. Ravilla et al. (1999) estimated 

SCA and GCA effects in 10 maize inbred lines. Significant GCA and SCA effects were 

found for plant height, days to silking and grain yield per plant. Torun et al. (1999) reported 

from correlation and path coefficient analysis that grains per cob, cobs per plant, cob length, 

and 100-seed weight had significant direct effects on grain yield. 

Bromely et al. (2000) reported genetic variability among maize genotypes at seedling 

stage for various seedling traits. It was concluded that the estimates of heterosis greatly 

effected on bulking the inbred lines heaving association with different heterotic groups. Arya, 

at al. (2000) reported from an experiment that leaf area and leaves per plant of maize were 

increased by decreasing the plant population density. It was also concluded that the stem 

diameter is increased at second internode by decreasing plant population density. Borrell et 

al. (2000) found that the leaf area reduced up to 67% due to water stress. Geetha and 

Jayraman et al. (2000) suggested that higher additive and dominance effects were found for 

grain yield per plant, cob diameter, 100-seed weight, grain rows per cob, cob weight and 

plant height. Kadlubiec et al. (2000) reported higher GCA and SCA for grain yield per plant, 

cob diameter, 100-seed weight. Nass et al. (2000) estimated SCA and GCA effects and their 
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interactions in 10 maize genotypes.  Significant GCA and SCA effects were found for all 

agronomic traits. Higher interactions were recorded for grains per cob, cobs per plant, cob 

length and grain yield per plant. 

Pandey et al. (2000) concluded that increasing the moisture stress was major cause of 

decrease in crop growth rate, leaf area, shoot dry matter, plant height and harvesting index. 

Rameeh et al. (2000) conducted an experiment on 6 maize inbred lines and estimated higher 

and significant GCA and SCA effects for grains per row, grains per cob, 100-seed weight and 

grain yield per plant. Rocha et al. (2000) reported that plant height in sorghum was greatly 

affected due to water stress. Umakanth et al. (2000) reported positive and significant 

correlation of grain yield with plant height, 100-seed weight and cobs per plant. Grain yield 

per plant was also significantly correlated with grain rows per cob with highest heritability. 

Vaezi et al. (2000) reported that grain yield of maize was positively and significantly 

correlated with cob diameter, cob circumference and grain rows per cob. Wenzel et al. 

(2000) conducted an experiment on sorghum under water stress and concluded that the 44% 

grain yield was reduced. Zelleke (2000) reported SCA and GCA effects for some agronomic 

traits in maize and concluded that significant SCA effects were shown by plant height, days 

taken to tasseling, silking, grain rows per cob, cobs per plant and grain yield per plant.   

Mehdi and Ahsan (2000a) estimated higher values of coefficient of variation for fresh 

and dry root and shoot weights. Moderate broad-sense heritability was found shoot fresh 

weight, root dry weight and shoot length. All traits were positively and significantly 

correlated with each other. Mehdi and Ahsan (2000b) reported from an experiment on 500 S1 

families for seedling traits. Higher genotypic coefficient of variation was found for dry root 

weight and fresh shoot weight. Higher broad-sense heritability was found for root dry weight, 

shoot fresh weight and shoot length. Shoot fresh weight showed higher and positive 

phenotypic correlation with all other traits. It was concluded that shoot fresh weight may be 

used to select higher yielding S1 families for seedling traits in maize. Sunnetha et al. (2002) 

estimated higher GCA for days to 50% silking, plant height, cob weight, grain yield per plant 

and 100-seed weight. 

Desai and Singh (2001) found significant differences in GCA and SCA effects for 

plant height, days taken to 50% tasseling and 50% silking. Iqbal et al. (2001) estimated 

heterosis, SCA and GCA effects for inbred lines and their hybrids. It was concluded that the 
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hybrids K305 × CML66 and CML40 × SY8-2 showed highest heterosis 14-19% for grain 

yield respectively. The inbred lines CML-66 and CM-40 showed higher GCA effects for 

grain yield while higher SCA effects were found for NC-2. Kara (2001) reported higher GCA 

and SCA effects for plant height, leaf area, cobs per plant, cob diameter, grain rows per cob, 

1000-seed weight and grain yield per plant. Khan et al. (2001a) estimated maximum leaves 

per plant, plant height and stem diameter under normal field moisture conditions while 

decreased due to increase in moisture stress. Khan et al. (2001b) reported that stem diameter, 

plant height, leaf area, cobs per plant, cob diameter, grain rows per cob, 1000-seed weight 

and grain yield per plant decreased significantly under water stress conditions. Konak et al. 

(2001) resported higher non-additive effects for grain rows per cob, 1000-seed weight and 

grain yield per plant. Nigussie and Zelleke (2001) evaluated 8 maize inbred lines and F1 

hybrids for heterosis and combining ability effects. It was concluded that SCA effects were 

significant for plant height, days taken to tasseling, days taken to silking and grain yield per 

plant. The mid parent heterosis showed a range of -11.6-21.9% for grain yield per plant.  

Mandal et al. (2001) found higher GCA and SCA for plant height, leaf area, cobs per plant, 

cob diameter, grain rows per cob, 1000-seed weight and grain yield per plant. Mahto and 

Ganguly (2001) estimated higher non-additive effects for 100-seed weight, grain yield per 

plant and shelling percentage. Vales et al. (2001) estimated significant GCA and SCA effects 

for cobs per plant, grain rows per cob, plant height, 100-seed weigh and grain yield per plant 

in three synthetic maize populations. Vidal et al. (2001) reported higher dominance effects 

for grain yiled per plant. 

Akhtar (2002) determined heterosis, GCA, SCA, genetic advance and heterobeltiosis 

for different maize seedling traits in 10 inbred lines and F1 hybrids. A reasonable value of 

heterosis and heterobeltiosis was found for all seedling traits while maximum for MO-17 × 

CML-299-2, MS-211 × 935006, MO-17 × F-107 and MS-211 × F-107 for root and shoot 

fresh and dry weights, root length, branches/root and root/shoot weight ratio. Higher genetic 

advance was found for germination percentage, shoot length and fresh root weight. The 

higher GCA and SCA effects were found for crosses of parents MO-17, F-107, 935006 and 

MS-211. It was concluded that selection can be made on the basis of seedling parameters for 

higher grain and fodder yield in maize. Banziger et al. (2002) reported that the increase in the 

leaf length, increased nutrient and water uptake, greater reserve food materials during grain 
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filling stage, cobs per plant and grain yield per plant was positively associated with each 

other and with water stress tolerance ability in maize.  

Bruce et al. (2002) conducted an experiment on maize under improved nitrogen 

inputs, better weed control and well water conditions. It was concluded that the grain and 

green fodder yield increased by increasing the inputs of nitrogen. Cordova and Burris (2002) 

studied that the grain quality and fodder yield of maize was decreased due to drying effects 

and reduced nitrogen applications. Farshadfar et al. (2002) calculated additive gene action for 

relative transpiration arte, leaf water retention, grain yield and cobs per plant. Guang et al. 

(2002) noticed that grain yield per plant was positively and significantly correlated with 100-

seed weight, grains per cob, grain rows per cob, cob diameter and cob length. Jeanneau et al. 

(2002) studied that plant growth, photosynthetic rate, reproductive stage, grain filling and 

grain yield per plant were reduced due to water stress on maize. Kumar and Singh (2002) 

estimated higher and positive genotypic and phenotypic correlation of grain yield with 100-

seed weight, cob diameter, cob length and grais per cob. Vacaro et al. (2002) found higher 

GCA for grain yield per plant, 100-seed weight, grain rows per cob, cob length, cob weight, 

cob diameter and cobs per plant. Kanta et al. (2002) found additive effects for grain yield per 

plant, 100-seed weight, grain rows per cob, cob length and cob diameter. 

Alvi et al. (2003) estimated heterosis for 8 F1 hybrids of maize and evaluate on the 

basis of cob length, cob diameter, cobs per plant, plant height, grain rows per cob, 1000-seed 

weight and grain yield per plant. Maximum value of heterosis was found for F-113 × F-107 

for cob length, cob diameter, cobs per plant, 1000-seed weight and grain yield per plant. 

Aguiar, et al. (2003) estimated GCA and SCA for single-crosses of maize inbred lines. The 

higher SCA effects were found for grain yield, ear height, plant height, prolificacy and ear 

placement. GCA effects and genotype vs. environment interactions were significant for all 

traits. Dodiya and Joshi (2003) reported higher additive effects for grain yield per plant, cob 

diameter, 100-seed weight and grains per cob. Gautam (2003) estimated SCA and GCA 

effects for cob length, cobs per plant, 100-seed weight, plant height and grain yield per plant 

in 15 F1 maize hybrids. GCA and SCA effects were significant for all traits while highly 

significant for hybrid × year interactions for days taken to maturity and plant height. 

Mehmood et al. (2003) conducted an experiment for the evaluation of maize hybrids on the 

basis of 1000-seed weight and grain yield per plant. It was concluded that maximum 1000-
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seed weight was recorded for H6, minimum days taken to 50% silking for H6, H9 and H8 

whereas, check hybrids showed latest maturity. It was suggest that the hybrid H10 may be 

commercially used as hybrid for Peshawar maize growing areas. Singh et al. (2003) found 

higher higher and significant genotypic correlation among grain yield per plant, cob length, 

stem diameter, laef/stem ratio, green fodder yield, leaves per plant, grain rows per cob, cob 

diameter, 100-seed weight and grains per cob. Venugopal et al. (2003) reported higher and 

significant genotypic correlation among grain yield per plant, cob length, cobs per plant, 

grain rows per cob, cob diameter, 100-seed weight and grains per cob.  

Bao et al. (2004) suggested that grain yield per plant, cob length, cobs per plant, grain 

rows per cob, cob diameter and 100-seed weight were most important traits to improve grain 

yield per plant. Bhatnagar et al. (2004) determined GCA and SCA effects for grain yield and 

its contributing traits and a potential heterotic interrelationship among high-lysine genotypes 

from various sources. It was concluded that the GCA effects were non-significant for grain 

yield while highly significant for other agronomic traits and grain quality traits. El-Moula et 

al. (2004) resported higher GCA for plant height, ear height and days to 50% silking and 

higher SCA for grain per cob, 100-seed weight and grain yield per plant. Malik et al. (2004) 

conducted an experiment on 9 inbred lies and F1 hybrids for plant height, leaves per plant, 

days taken to pollen shedding, cobs per plant, grain rows per cob, cobs per plant, 100-seed 

weight, cob weight, grain moisture contents at harvesting, leaf area and grain yield per plant. 

Higher heterosis was found for cobs per plant, plant height, grain rows per cob, cobs per 

plant, 100-seed weight, cob weight and grain yield per plant. The mean mid-parent and 

higher parent was found for grain yield per plant 17.2% and 2.8%, respectively. 

Fan et al. (2004) estimated heterosis, SCA and GCA effects for grain yield and 

quality protein in 10 maize inbred lines collected from CIMMYT and China. The inbred lines 

were crossed in diallel to evaluate lines through F1 hybrids. Higher GCA was found for 

CML161, CML171 and QI205 inbred lines and produced higher yielding F1 hybrids. It was 

suggested that F1 hybrids with higher GCA and SCA may be selected as parent inbred lines. 

SSR markers were also used to identify the genetic similarities and differences among these 

inbred lines. 105 alleles were detected by using 37 polymorphic SSR markers. It was 

concluded from genetic similarities and SCA effects of 45 F1 hybrids, the 10 quality protein 

maize genotypes were divided into 3 groups of different heterosis. The present study 
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provided fruitful information about quality protein maize genotypes. Hussain et al. (2004) 

estimated higher GCA and SCA effects for cob length, 100-seed weight, grain yield per 

plant, cob diameter and grains per cob.  Prakash et al. (2004) estimated GCA and SCA 

effects for days taken to 50% tasseling, plant height, cobs per plant, grain rows per cob, cob 

length, cobs per plant, 100-seed weight, cob weight, leaf area and grain yield per plant. Non-

additive gene action was found for all traits except for cob length, days taken to 50% 

tasseling and grain rows per cob that showed additive type of gene action. Surya and Gunguli 

(2004) found hadditive gene action for plant height, cobs per plant, grain rows per cob, cob 

length, cobs per plant, 100-seed weight, cob weight, leaf area and grain yield per plant. Zhou 

et al. (2004) estimated higher GCA and SCA effects for grain rows per cob, cob length, cobs 

per plant, plant height, 100-seed weight, cob weight, leaf area and grain yield per plant. 

Katna et al. (2005) concluded that higher GCA and SCA effects were found for grain 

yield. El-Shouny et al. (2005) resported higher and significant genotypic correlation between 

grain yield per plant, cob weight, cob length, cob diameter, 100-seed wight, grain rows per 

cob and grains per cob. Olakojo and Olaoye (2005) suggested that higher GCA of Tzpi57, 

Tzpi97, Tzmi104 and Tzli10 for grain yield per pnalt while higher SCA for Tzpi × Tzmi104, 

Tzi4 × Tzi23-43 and Tzli57 × Tzi10. Zhen et al. (2005) conducted an experiment to evaluate 

4 elite lines with 8 inbred lines and 32 F1 hybrids for grain rows per cob, cob length, cob tip 

length, grain weight percentage, cobs per plant, 100-seed weight, cob weight and grain yield 

per plant. Additive gene action was found for grain rows per cob, cob length, cobs per plant, 

100-seed weight and cob weight. Non-additive gene action was found for cob tip length, 

grain weight percentage and grain yield per plant. Vafias et al. (2005) estimated heterosis, 

SCA and GCA effects for Half-sib and S1 of maize for yield and its contributing traits under 

three way crossing. It was concluded that heterosis calculated through three way crosses was 

acceptable for yield traits in maize as compared to the single cross hybrids. The half-sibs and 

hybrids showed significant SCA and higher value of heterosis for 100-seed weight, cobs per 

plant, cob diameter and grain yield per plant. Welcker et al. (2005) conducted an experiment 

to evaluate maize populations in five different locations and environments, on comparable 

lime soil and acidic soils. The interactions of genotype × soil conditions were significant for 

grain yield per plant. The mid parent heterosis was significantly greater in acidic soils as 
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compared to non-acidic soils 32% and 20%, respectively. It was concluded that development 

of acid soil tolerant genotype can be used to increase the grain yield production in maize. 

Abelardo et al. (2006) suggested that GCA and SCA effects may be useful for the 

development of higher grain yielding maize genotypes. Aslam et al. (2006) reported that cell 

membrane stability, stomatal conductance and survival rate of maize seedlings may be used 

to select drought resistant maize genotypes. Deitos et al. (2006) concluded that higher GCA 

of AG4051, AL30, D270, D170, AL25 and AG1051 for grain yield per plant while higher 

SCA for AG4051 × AL30, AG1051 × D270, AG1051 × D170 and AL25 × D170. Hader 

(2006) reported that leaf area might be useful indirect factor to improve maize yield. Muraya 

et al. (2006) estimated higher heterosis and signifiacnt SCA and GCA effects in S1 maize 

lines for days taken to 50% tasseling, plant height, cobs per plant, grain rows per cob, cob 

length, 100-seed weight, cob weight, leaf area and grain yield per plant. GCA:SCA ratio was 

≥1 for all agronomic traits except 100-seed weight.100-seed weight showed additive type of 

gene action. Udinn et al. (2006) reported higher GCA effects for grain yield per plant and 

earliness while higher SCA effects were found for P1 × P7, P6 × P7 and P4 × P5. Ojo et al. 

(2007) reported from an experiment on maize inbred lines that GCA and SCA effects were 

non-significance for grain yield traits. The F1 hybrids showed higher values of heterosis for 

most of the yield relating traits including cob length, cobs per plant, 100-seed weight, cob 

weight and grain yield per plant. Saleem et al. (2007) reported significant differences among 

maize genotypes for days taken to 50% tasseling and silking, cobs per plant, cob length, cob 

weight, grain rows per cob, plant height, flag leaf area, biomass per plant, total dry matter, 

100-grain weight and grain yield per plant. Positive and significant genotypic correlation was 

found between plant height, flag leaf area, biomass per plant, total dry matter, 100- grain 

weight and grain yield per plant. The maximum positive direct effects of cobs per plant, cob 

length, cob weight, grain rows per cob, plant height, flag leaf area, 100- grain weight on 

grain yield per plant were also found. Grzesiak et al. (2007) studied that direct effects of 

water stress on maize seedling caused the reduction in dry matter of seedlings, leaf water 

potential, chlorophyll contents and leaf injury index. Wang et al. (2007) studied that the use 

of coronatine caused significant increase in stem diameter, shoot weight, root length, 

stomatal conductance, transpiration rate and photosynthesis rate in maize genotypes.  
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Ahsan et al. (2008) conducted an experiment on ten maize genotypes to evaluate the 

interrelationship of grain yield and its contributing traits. The leaf morpho-physiological 

traits including leaf venation, cell membrane thermostability (CMT), leaf area, stomata 

frequency and stomata size were significantly differ from each other. A positive correlation 

was found for cell membrane thermostability (CMT), leaf area, stomata frequency with 

stomata size. Grain yield showed positive direct effect and significant positive correlation 

with stomata size and frequency. The phenotypic and genotypic correlation of leaf area was 

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

also significant and higher then the indirect effects. It was concluded that these traits may be 

used for the selection of higher yielding maize genotypes. Akbar and Saleem (2008) reported 

that the SCA, GCA and reciprocal effects of grain yield and its contributing traits were 

highly significant at low and high temperatures except GCA effects for 100-seed weight that 

were non-significant. The F1 hybrids showed higher SCA effects and also better performance 

for grain yield and its contributing traits under both high and low temperatures. 

Akbar et al. (2008) estimated SCA and GCA effects for grain yield under normal and 

higher temperatures. GCA: SCA ratio showed that there was non-additive type of gene action 

among grain yield and its contributing traits. The 935006 inbred line showed higher value of 

GCA for grain yield per plant followed by F165-2-4 and R2304-2. Amler (2008) studied that 

ratio of dry matter contents of grain to dry matter contents of stover (silage maize ripeness 

index) is one of the most useful tool to determine the yield and silage quality and harvesting 

date of maize. Derera et al. (2008) found significant GCA effects for grain yield per plant in 

maize. Monneveux et al. (2008) studied that secondary morpho-physiological traits, cobs per 

plant, grains per cob, anthesis interval, leaf rolling, leaf senescence and grain yield per plant 

may be used as selection criteria for developing drought resistant maize genotypes. Akbar et 

al. (2009) estimated SCA and GCA effects for various physiological and grain yield traits of 

maize under normal and higher temperature conditions. The higher SCA and GCA effects 

were shown by days taken to 50% maturity, 100-seed weight, cobs per plant, turgor potential 

and stomata size. The F1 hybrid 935066 × R2304-2, R2304-2 × 935006 followed by F165-2-

4 × R2304-2 and F165-2-4 × 935006 showed higher SCA, reciprocal effects and higher grain 

yield per plant. Sali et al. (2008) suggested from and experiment that higher GCA effects of 
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leaf area was found for L2, L3 while higher SCA was found for L6 × L10, L3 × L10 and L2 

× L5. 

Moulin et al. (2009) studied chlorophyll content on each leaf from a large plants 

throughout crop cycle. It was concluded that chlorophyll content were greater for middle 

leaves as compared to top and bottom leaves of maize plant. Veronica et al. (2009) 

conducted an experiment to develop a rapid non-destructive technique to estimate total 

chlorophyll content in a maize canopy using chlorophyll content in a single leaf. The 

technique was (1) non- destructive technique based on tea reflectance to measure leaf 

chlorophyll content; (2) measure relative rate of contribution for each leaf chlorophyll 

contents to total chlorophyll contents in canopy; (3) development of a relationship among 

leaf chlorophyll content and total chlorophyll content in maize plants. The CIred edge (Red 

Edge Chlorophyll Index) = (RNIR/Rred edge) =1 reflectances based, R = 720–730 nm in red edge 

while near infrared = 770–800 nm were found to be more accurate measurement of maize 

leaf chlorophyll content. Leaf chlorophyll contents were ranging from10-805 mg Chlm-2 ± 38 

mgChlm-2. Relationships among chlorophyll contents in each maize leaf and total plant 

canopy chlorophyll contents were recorded and found that chlorophyll contents in ear leaves 

and collar leaves exhibited more than 87% and 80% of variation in total chlorophyll contents 

in a maize plant canopy, respectively. It was recommended that non-destructive technique of 

tea-reflectance and single leaf (ear or collar) may be used to estimate accurate total 

chlorophyll content in maize. Yousufzai et al. (2009) reported interrelationship among flag 

leaf area and grain yield traits in maize genotypes. The significant differences were found for 

stomata frequency, stomata size, stomata conductance and grain yield. The stomata 

conductance was positively and significantly correlated with grain yield and flag leaf area. It 

was concluded that stomata conductance and flag leaf area can be used as criteria for the 

selection of higher yielding maize genotypes.   

Amiruzzaman et al. (2010) suggested that higher GCA of Q7 was found for grain 

yield per plant, ear length, cob girth, cob weight, cob diameter, grain per cob, grain rows per 

cob and 100-seed weight. Higher SCA of Q1 × Q2, Q2 × Q3, Q4 × Q5 and Q6 × Q7 was found 

for for grain yield per plant, ear length, cob girth, cob weight, cob diameter, grain per cob, 

grain rows per cob and 100-seed weight.  Kanagarasu et al. (2010) concluded from an 

experiment that higher SCA variance than GCA variance was found for grain yield per plant, 



 
 

23

cob length, cob diameter, cob weight, leaf length, ear height, grain rows per ear, 100-seed 

weight, days to 50% tasseling and 50% silking. Higher SCA effects were found for grain 

yield per plant, grain rows per row and cob length.  Khalil et al. (2010) conducted an 

experiment on maize inbreds and hybrid for GCA and SCA effects and it was concluded that 

higher GCA effects of hyb-4 was found for grain yield per plant while higher SCA of hyb-4 

× HYB3, hyb-4 × HYB1 and hyb-5 × HYB2 for grain yield per plant. Wali et al. (2010) 

conducted an experiment on 87 single cross hybrids of 29 maize inbred lines. Grain yield per 

plant of male parent was higher than the female parent, 78.01g and 70.66g respectively. The 

significant interactions of line x tester variance were estimated for all characters except 

shelling percentage, circumference, fodder yield and ear length and significant interactions 

were also found for grain rows per cob, grains per row, 100-seed weight and grain yield. 

 Ahsan et al. (2011) conducted an experiment on 25 maize genotypes to evaluate 

maize genotypes at seedling stage under water stress conditions for traits like fresh root and 

shoot weights, root and shoot lengths, epidermal cell size, leaf venation and stomata 

frequency and it was found that these traits showed significant differences among each other. 

The L5-1, 20P2-1, 70NO2-2, 150P1, L7-2 and 150P2-1 genotypes showed better 

performance under water stress conditions and can be used to develop drought tolerant 

hybrids and synthetics. Root and shoot fresh weights and stomatal frequency were found as 

direct and indirect contributing traits in shoot fresh weight and also showed positive and 

significant correlation with shoot fresh weight. It was concluded that fresh root and shoot 

weights, root and shoot lengths, epidermal cell size, leaf venation and stomata frequency may 

be used as selection criteria for higher yielding maize genotypes. 

Ali et al.  (2011a) conducted an experiment on 40 maize genotypes at seedling stage 

and concluded that root length, root dry weight, leaf temperature, root density and shoot dry 

weight were significantly correlated with each other at genotypic and phenotypic levels and 

hence may be used as selection criteria for higher yielding maize genotypes. Ali et al.  

(2011b) estimated genetic variability and association among different seedling traits of 40 

maize genotypes. The highest value of genotypic coefficient of variance was recorded for 

root length while higher estimate of heritability was calculated for chlorophyll contents. Root 

length showed maximum direct effect on shoot fresh length followed by root dry weight, leaf 

temperature, root density and shoot dry weight. Root length, leaf temperature, root dry 
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weight, root density and shoot dry weight were the traits that supposed to contribute greater 

shoot length of seedlings. It was concluded that selection may be made on the basis of shoot 

length and shoot weight. Ahsan et al. (2013) reported additive gene action for epidermal cell 

size, leaf venation, silk elongation and grain yield per plant while dominance gene action was 

found for stomata size and stomata frequency. 

2.2. Quality Parameters    

Halim et al. (1990) conducted an experiment to evaluate maize genotypes for fodder 

quality under water stress conditions. It was found that the in vitro digestible total dry matter 

of stem was increased up to 9% while crude protein concentration was also increased by 

11%. The maturity and total dry matter yield per plant were decreased due to increase in 

water stress while leaf/stem ration was increased. Sa (1990) reported that crude protein 

contents was found to be greater in maize as compared to sorghum. Viana et al. (1990) 

reported that dry matter yield, crude proteins and crude fiber were not generally affected due 

to increase in plant height while the concentration was increased. Bruno et al. (1992) 

concluded that the nutritional value was higher in leaves as compared to the stem of maize 

plant.  

Li and Liu (1994) reported bt2, sh2, wx, O2 and su1 mutant genes for maize 

endosperm. It was found that all of theses genes caused to increase the soluble sugars, 

sucrose, proteins and reducing sugar contents. Positive and significant correlation was found 

between grain yield per plant, 100-seed weight, zein and starch contents. Zein and starch 

contents were the major factors that greatly influence the quality of maize seeds. Due to 

reducing in the zein and starch contents the grain and 100-seed weight decreased that leads 

towards yield losses.  

Bertolini et al. (1995) concluded from an experiment that the maize hybrids were 

high in starch and protein contents. Dunlap et al. (1995) conducted an experiment on maize 

genotypes to evaluate the oil fatty acid composition. It was concluded that corn oil contains 

6.7-16.5% palmitic acid, 0.7-6.6% stearic acid, 0.0-1.2% palmitoleic acid, 16.2-43.8% oleic 

acid, 39.5-69.5% linoleic acid, 0.0-3.7% linolenic acid and 0.0-2.0% arachidic acid. A small 

amount of margaric acid, myristic acid and gadoleic acid were also reported in corn oil. 

Significant correlation was found among fatty acids, protein, oil contents, and starch. Hussain 
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et al. (1995) conducted an experiment and concluded that crude fiber were in range of 30-

31% while crude proteins 6-8%.  

Alika and Ojomo (1996) studied gene action for gel spread, starch, gelatinization and 

temperature in maize genotypes. Additive gene action was found for gel spread and starch 

contents while non-additive gene for gelatinization time. Torres Capeda et al. (1996) 

estimated significant differences for 3-4% lipids, 60-65% raw fiber, 9-11% proteins, 78-83% 

N-free extract, 61-64% starch 3-10mg/g tannins and 380-4000kcal energy for maize. Protein 

digestibility and ash contents 24-39% and 1-2% were non-significant, respectively. Yung et 

al. (1996) concluded from an experiment that maize endosperm hardness was significant but 

negatively correlated with cob per plant, 100-seed weight and protein contents. It was also 

found that plant height had a negative indirect effect for grain yield per plant. Motto et al. 

(1996) evaluated maize genotypes for grain protein quality. The genes for endosperm protein 

and zein wee also identified and concluded that the genes belong to a multigene family.  The 

zein gene was found to be regulated in relation to the opaque loci. 

Cheesbrough et al. (1997) conducted an experiment on 121 maize genotypes to 

evaluate for fatty acid composition. It was found that the range of stearic acid from low 1.7% 

to higher palmitic acid 1.7%. Oleic acid was negatively correlated with linoleic acid and 

linolenic acid. Non-significant correlation was found between endosperm types and fatty 

acids. It was concluded that the fatty acid composition and endosperm type may be used for 

QTL mapping. Lambert et al. (1997) reported that fatty acid composition of corn oil is 

greatly associated with grain yield and other quality traits. The composition of oil was 

determined after 20 cycle of recurrent selection of single crosses. A significant increase in 

the oil contents was found to be +4.1g/kg per cycle.  It was found that due to increase in the 

fatty acid concentration the starch concentration was decreased 664g/kg to 593g/kg in cycle 

20 while the protein contents were not changed. Li (1997) reported from an experiment on 

210 maize genotypes that an average crude oil, crude protein and starch contents were 5.0, 

12.5 and 67.45 respectively. Significant correlation was found between crude protein and oil. 

Starch and crude protein were associated significantly with all other agronomic traits. It was 

concluded that selection of good quality genotypes may be helpful on the basis of crude 

protein and oil percentage. 
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Kovacs et al. (1998) evaluated maize genotypes for oil, protein contents, scutellum 

size and quality of scutellum. Positive and significant correlation was found for all these 

traits. It was concluded that scutellum size and quality may be used for the selection of high 

yielding and good quality maize genotypes. Pastzor et al. (1998) concluded from an 

experiment that crude protein contents showed a positive and significant correlation with 

starch contents, ash percentage, fibre contents and fatty acid composition in hybrid maize. It 

was found that DeSC351 hybrid showed higher protein contents, starch contents, ash 

percentage and fibre contents. The quality of maize hybrid can be changed by recurrent 

selection. Seo et al. (1998) studied that the major fatty acids of corn oil were oleic acid, 

linoleic acid, palmitic acid, stearic acid and arachidic acid. The unsaturated fatty acid 

concentration was ranging from 65.3-96.3%. Oleic acid was significantly correlated with 

linoleic acid. Beltsos and Goulas reported from mass selection procedure for the 

improvement of maize grain yield and quality. It was found that the protein contents were 

increased 7.0% per cycle while the yield was increased 5.1% per cycle. The effective 

increase was not obtained after 5 cycles due to which it was concluded that mass selection 

was not effective for the improvement of rain or quality traits in maize.        

Campbell et al. (2000) identified single and double mutant genes for endosperm due 

to induced mutation. Mutations were studied in amylase-extender, dull, sugary-2, waxy, ae 

wx ae du, du wx, du su2 and ae su2 genotypes. It was concluded that the mutations caused 

useful as well as adversive affects on maize grain and quality yielding traits. Geetha (2000) 

concluded that the grain yield was higher for maize hybrid Prabhath-1 × UMI 492. It was 

found that grain yield per plant, grain rows per cob, cob weight, plant height and starch 

contents showed significant increase. Khalil et al. (2000) reported that grain yield in 

sunflower varied from 1.85-3.4 tons.ha-1 and oil contents ranging from 33.73-43.53%.  The 

major saturated fatty acids were found to be palmitic acid and stearic acid while minor and 

unsaturated oleic acid and linoleic acid. It was concluded from the study of fatty acids that 

sunflower oil was better then maize, cotton and rapeseed oils.  

Awan et al. (2001) conducted an experiment on 2 maize hybrids viz., Pioneer-3331 

and Cargil; four synthetic varieties viz., Akbar, Golden, Sultan and Neelam in order to 

compare the forage quality and yield under normal irrigation applications. The genotype, 

Sultan showed significantly greater green fodder yield, 81.48 t ha-1 as compare to other 
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genotypes. The plant height, stem diameter and leaf area were the major causes to increase 

forage yield. Pioneer-3331 showed maximum crude protein, 8.53 % while Cargil showed 

maximum ether extractable fat 2.40 %. Yousaf and Saleem (2001) reported significant 

genotypic correlation of grain yield with grain rows per cob, cobs per plant and 100-seed 

weight. It was concluded that the indirect selection for higher yielding and better quality 

maize genotypes may be possible for grain rows per cob and 100-seed weight. Mazur et al. 

(2001) developed transgenic maize genotypes for improved proteins, oil and carbohydrates. 

The higher oil contents caused increase in the amino acid composition which enhanced the 

protein quality and concentration. Dubey et al. (2001) estimated GCA, SCA and heterosis for 

grain yield and quality traits. Higher heterosis was found for oil contents while with low 

GCA effects. The highest SCA effects were found for oil contents while the additive effects 

for days taken to silking, starch contents, 100-seed weight, harvest index and grain yield per 

plant.     

Madibela (2002) reported from the sweet sorghum chemical composition analysis that 

the crude protein contents are usually different among the parts of plant body. Kolomiets and 

Lyashov (2003) determined 9-10% proteins and 13-14% sugar contents in fodder maize. Rai 

et al. (2004) reported that pearl millet and sorghum generally produced better quality fodder 

with 9% crude proteins in millet and 6% in maize under water stress conditions. Tomich et 

al. (2004) reported that leaf/stem ratio of sorghum sudan grass exhibited great variability.  

Iptasi and Yavuz (2007) reported that plant height and stem diameter was not affected due to 

late or early pollination treatment, while showed different affects for hybrids. Stalk and leaf 

contents were significantly but negatively correlated with actual grain filling. Cob content 

was positively and significantly correlated with dry matter yield while negatively correlated 

with acid detergent fibers and neutral detergent fibers. The highest dry matter yield at 100% 

pollination level was 17.8 kg ha-1. Total dry matter contents were increased (19 %) from 0 % 

to 100 % change in pollination level.  

Grzesiak et al. (2007) reported that there are direct and indirect effects of soil drought 

for 7 and 14 days on seedling dry matter, leaf water potential, leaf injury index and 

chlorophyll content of drought resistant and sensitive triticale and maize genotypes. Khani 

and Heidari (2008) concluded from an experiment on 2 maize cultivars that by decreasing 

water potentials in the roots and leaves of both cultivars, total soluble protein content first 
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increased but decreased after stress. Under low water potential the root and shoot fresh 

weights were decreased.  

Xiang et al. (2010) conducted an experiment on 22 landraces of maize to evaluate for 

cob height, plant height, cob length, leaves per plant, barren-tip length, grain rows per cob, 

grains per row, cob weight, grain depth, oil composition, grain yield, starch content and 

protein. At flowering stage, 13 landraces out of 22 showed medium to late maturity. The 

higher GCA and SCA effects for grain yield were estimated that were highly significant 

among the maize landraces and their hybrids. Ali et al. (2011a, b, c) reported highest 

genotypic coefficient of variation for fats while highest heritability for 100-seed weight. 

Significant and positive genotypic correlation of grain yield was found with proteins, 

carbohydrates, moisture contents, 100-seed weight, pods per plant and seeds per pod. The 

path coefficient analysis showed that proteins, carbohydrates, fats and moisture contents had 

direct effects on quality and grain yield per plant. In another experiment it was concluded 

that higher estimates of heritability and genetic advance were found for 100-seed weight, 

pods per plant, leaflets per leaf, chlorophyll contents, leaf area and protein percentage. 

Significant genotypic and phenotypic correlations were found for 100-seed weight, pods per 

plant, leaflets per leaf, chlorophyll contents, leaf area, biomass per plant, grains per plant and 

protein percentage (Ali et al. 2012a,b). 
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Chapter 3 
MATERIALS AND METHODS 

------------------------------------------------------------------------------------------- 
The present study was carried out in the experimental area of the Department of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad Pakistan to evaluate the maize 

accessions for grain and fodder yield. The germplasm of maize accessions were collected 

from the Department of Plant Breeding and Genetics, University of Agriculture Faisalabad, 

National Agriculture Research Centre, Islamabad and Maize and Millet Research Institute, 

Sahiwal. The germplasm was consisting of 70 accessions namely: F-122, F-134, F-147, F-

105, F-148, F-128, F-150, F-142, F-151, F-118, EV-310, B-313, B-314, F-121, F-136, B-

305, B-321, B-326, B-308, B-304, B-312, EV-344, E-351, E-322, F-98, B-96, F-135, VB-06, 

B-121, B-15, EV-342, E-346, E-336, BF-337 BF-248, BF-212, BF-236, BF-238, EV-347, F-

96, EV-324, EV-335, EV-323, F-117, B-327, F-130, F-140, F-143, F-113, F-111, F-114, F-

146, B-303, B-316, B-306, B-303, EV-343, EV-334, EV-330, EV-329, EV-338, EV-340, E-

349, E-352, E-341, B-11, Sh-213, Sh-139, BS-2, VB-51 and ten check varieties SWL-2002, 

Sawan-3, Pak-Afgogee, Gold Islamabad, Islamabad W, Pop/209, EV-1097, EV-7004Q, 

Raka-Poshi and Pop/2007. The linbred lines were taken to identify the most promising 

genotype for grain and fodder yield and quality.  

3.1. Experiment 1 (Germplasm Screening)  

The present experiment was conducted in the research fields of the Department of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad. The seed were sown by using 

dibbler in the field following a triplicated randomized complete block design. The plant-to-

plant and row-to-row distances were maintained as 25 and 75 cm, respectively. Physiological 

parameters were recorded by using Chlorophyll Meter and IRGA (Infrared Gas Analyzer, LI-

6400XT Photosynthesis and Fluorescence System). Ten plants were taken at random on 

tasseling and maturity stages and data were recorded on the following morphological and 

physiological traits. 

3.1.1. Chlorophyll contents (mg g-1 fr. wt.) 

Ten plants of each accession from each replication were selected randomly and chlorophyll 

contents were recorded by using Chlorophyll Meter (SPAD 502DL Plus). The average of ten 

plants was computed. 
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3.1.2. Photosynthetic rate (μg CO2 s−1) 

Ten plants of each of accession were selected randomly and photosynthesis rate (A) was 

recorded from three leaves of each plant by using IRGA (Infrared Gas Analyzer) from each 

replication and average was computed. 

3.1.3. Stomata conductance (mmol m-2 s-1) 

Ten plants of each accession were selected randomly and stomatal conductance (gs) of three 

leaves from each plant was recorded by using IRGA (Infrared Gas Analyzer) from each 

replication and average was computed. 

3.1.4. Leaf temperature (0C) 

Ten plants of each triplicated accession were selected randomly and temperature of three 

leaves of each plant was recorded by using infra red thermometer (Raytec-PM Pluse 

England) and average was calculated. 

3.1.5. Transpiration rate (mm day-1) 

Ten plants of each accession were selected randomly and transpiration rate (E) of three 

leaves of each plant was recorded by using IRGA (Infrared Gas Analyzer) from each 

replication and average was computed. 

 3.1.6. Sub-stomata CO2 concentration (μmol mol−1 CO2) 

Ten plants of each accession were selected randomly sub-stomata CO2 concentration (Ci) of 

three leaves from each plant was recorded by using IRGA (Infrared Gas Analyzer) from each 

replication and average was computed. 

3.1.7. Photosynthetic water use efficiency (%) 

Photosynthetic water use efficiency indicated the ability of plant to use water for 

photosynthesis and loss of water through transpiration. Photosynthetic water use efficiency of 

crop plants was calculated by using following formula.  

Photosynthetic water use efficiency (%) =   (Transpiration rate / Photosynthetic rate) × 100          

3.1.8. Leaves per plant 

Total leaves per plant were counted for ten plant of each accession from each replication. 

Then the average leaves per plant were calculated. 

3.1.9. Plant height (cm) 

Plant height of ten selected plant of each triplicated accession was measured from base of 

plant to the top tip of inflorescence of tassel in centimeters and average was calculated.    



 
 

31

3.1.10. Stem diameter (cm) 

The stem diameter from base, middle and upper most parts of ten plants was recorded for 

each triplicated accession with the help of Vernier Caliper (Model RS232) and average was 

calculated.  

3.1.11. Green fodder yield (g) 

The stem and leaf weight of ten randomly selected plants was measured with the help of an 

electronic balance (OHAUS-GT4000, USA) and average green fodder yield was calculated 

by using following formula: 

  Green fodder yield per plant = Total stem weight (g) + Total leaves weight (g)  

3.1.12. Leaf length (cm) 

The length of 4th leaf from the base of ten selected plants that had physiologically matured 

was measured from base to tip of leaf. Leaf sheath was not measured only the leaf blade was 

measured. The wilted part of the leaf was cut off only the green part length of leaf was 

measured in centimeter with the help of meter rod and computed average. 

 3.1.13. Leaf width (cm) 

The width of 4th leaf from the base of ten selected plants that had physiologically matured 

was measured from base, middle and near top most portion of the leaf. The wilted part of the 

leaf and the green part width of leaf were measured in centimeter with the help of meter rod. 

The leaf width was calculated for selected plants and average was computed. 

3.1.14. Leaf area (cm2) 

The leaf area was calculated by multiplying the leaf length and leaf width by using the 

following formula and average leaf area was calculated for ten selected plants. 

Leaf area = Leaf Length (cm) × leaf width (cm) × 0.75 (Montgomery, 1911). 

3.1.15. Leaf weight (cm) 

The leaves were separated from ten plants of each triplicated accession which were then 

weighed in grams with the help of an electronic balance (OHAUS-GT4000, USA) and 

average was calculated.  

3.1.16. Stem Weight (cm) 

The stem and leaves were separated out from ten plants of each triplicated accession and 

stem was then weighed in grams with the help of an electronic balance (OHAUS-GT4000, 

USA) and average was calculated.  
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3.1.17. Leaf to stem ratio 

The leaves were separated from ten plants of each triplicated accession which were then 

weighed in grams and stem were also weighed in grams with the help of an electronic 

balance (OHAUS-GT4000, USA). The leaf weight was divided by stem weight to calculate 

leaf to stem ratio by using following formula:  

Leaf to stem ratio =   Leaf weight / Stem weight 

3.1.18. Total dry matter (g/m2) 

Ten plants were selected in one meter square area; the complete biomass per plant was 

measured in grams including cob and tassel with the help of an electronic balance (OHAUS-

GT4000, USA). The selected plants were sun dried and weighed again. The total dry matter 

was calculated by using following formula: 

Total dry matter (g/m2) = Fresh biomass per plant (g/m2) – dry biomass per plant (g/m2) 

3.1.19. Cobs per plant 

Cobs per plant for ten randomly selected plants of each accession from each replication were 

counted and average was calculated. 

3.1.20. Grain rows per cob 

Grain rows per cob were counted for ten randomly selected plants of each accession from 

each replication was counted and average was calculated. 

3.1.21. Cob weight (g) 

Cobs from selected plants were weighed with the help of an electronic balance (OHAUS-

GT4000, USA) and average was calculated. 

3.1.22. Cob diameter (cm) 
The cob diameter of selected plant was measured from base, middle and top most portion of 

the cob with the help of Vernier Caliper (Model RS232) and average was calculated. 

3.1.23. Cob length (cm) 

The cob length of selected plant was measured with the help of meter rod. The average cob 

length of ten plants was calculated. 

3.1.24. Stover weight (g) 
The grains were separated from cobs and remaining stover was weighed out by using 

electronic balance (OHAUS-GT4000, USA) and average was calculated. 

3.1.25. 100-grain weight (g) 
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100 grains were counted from total grains obtained from each cob of each plant and weighed in 

grams with the help of electronic balance (OHAUS-GT4000, USA) and average was 

calculated. 

3.1.26. Grain yield per plant (g) 

The grains obtained from the cobs of ten randomly selected plants of each triplicated 

accession. The grain weight was measured with the help of electronic balance (OHAUS-

GT4000, USA) and average was calculated.  

3.2. Hybridization 

Twelve genotypes including high grain and fodder yielding male (B-316, EV-340 and 

Pop/209), low grain and fodder yielding male (F-96, EV-347 and E-322), high grain and 

fodder yielding female (Raka-poshi, B-327 and Sh-139) and low grain and fodder yielding 

female (E-336, B-11 and EV-1097) were selected on the bases of their performance in the 

above experiments. All the male and female genotypes were crossed in 6 × 6 North Carolina 

Design II matting scheme. The male, female and crossed seed was harvested and stored 

separately. 

3.3. Experiment 2 (Evaluation of parents and F1 Hybrids) 

3.3.1) Maturity Parameters 

 The present experiment was conducted in the research area of the Department of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad. The seed of F1 hybrids along 

with their parents were sown in field following a triplicated randomized complete block 

design. The plant to plant and row to row distances were maintained as 25 and 75 cm, 

respectively. Ten plants were taken at random on tasseling and maturity stages and data were 

recorded on the following traits as explained in experiment I: 

1. Chlorophyll contents 14. Leaf weight 
2. Photosynthetic rate 15. Stem Weight 
3. Stomata conductance 16. Leaf to stem ratio 
4. Leaf temperature 17. Total dry matter 
5. Transpiration rate 18. cobs per plant 
6. Sub-stomata CO2 concentration  19. grain rows per cob  
7. leaves per plant 20. Cob weight 
8. Plant height 21. Cob diameter 
9. Stem diameter 22. Cob length 
10. Green fodder yield 23. Stover weight 
11. Leaf length  24. 100-grain weight 
12. Leaf width    25. Grain yield per plant  
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13. Leaf area     26. Photosynthetic water use efficiency 

3.3.2) Quality Parameters 

The grain and plant samples containing leaves and stem will be collected and grounded into 

fine powder and the following quality traits were estimated.   

3.3.2.1. Grain Crude Protein percentage (%) 

Grain protein percentage was calculated by multiplying N-contents with a factor 6.25 

(Proximate analysis, AOAC (Association of Official Analytical Chemists) 1996) assuming 

that all nitrogen contents (100/16=6.25) of sample are from protein. It included pure protein 

and non-protein nitrogenous compounds of sample. The crude protein percentage was 

calculated by using following formula: 

Crude Protein (%) = 100 × 6.25 [(ml N/10 H2SO4 neutralized by NH3 × 0.0014 × 

Total diluted volume)/(Sample weight × ml of dil. Digested material distilled)] 

3.3.2.2. Grain oil percentage (%) 

Soxhlet apparatus was used to find out oil percentage as ether extract by using a thimble 

filled with weighed amount of sample and condenser (filled with circulating cold water) were 

fitted in Soxhlet apparatus. The processing of apparatus was adjusted at 400C until no oil 

contents were left in sample (checked through change in the sample color). Ether obtained 

was transferred to an oven (Model: Fisher Scientific Isotop Oven 665F) in a glass dish at 

250C in order to evaporate ether from sample. The glass dish was then cooled out in a 

desiccators and measured weight immediately. The oil percentage was estimated by using 

following formula (Proximate analysis, AOAC (Association of Official Analytical Chemists) 

1996). 

Ether extract (%) = 100× [Residue weight/ Sample weight] 

3.3.2.3. Grain Crude Fibre (%)  

The crude fibre percentage was determined by using Proximate analysis, (AOAC, 1996) 

procedure. Water and fatty material were removed from the sample feed, sample was boiled 

in 200ml of weak acid (1.25% H2SO4) and after then in 200ml of weak base (1.25% NaOH) 

for same time duration. After performing the described procedure proteins, starches and 

sugars leave out the sample as residues and remaining material was considered as crude fibre 

(cellulose, complex polysaccharides and mineral materials). The crude fibre percentage was 

calculated by using following formula: 
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Crude Fibre % = 100× [(Dried residue weight – Ash weight)/ Dried sample weight] 

3.3.2.4. Grain starch percentage (%) 

The grain starch percentage was calculated by using titration method.  0.5g maize grain 

sample was taken in a conical flask and 100ml distilled water was added to it. 5ml of HCl 

(Hydrochloric acid) was also added to the solution. The solution was boiled for 30 minutes 

and pH of solution was maintained by the addition of 40% solution of NaOH (Sodium 

hydroxide). After boiling the solution was filtered and volume was made to 100ml. The 

titration was performed by using 5ml of CuSO4 (Copper Sulphate) and 5ml NaK (Sodium 

Potash) titrate solution, that was prepared by mixing them in 100ml of distilled water in a 

conical flask (Fehling solution). The solution was heated until the boiling started 10ml of 

maize solution were taken by burette for titration of 100ml (Fehling solution) and when 

colour was changed to brown, 2 drops of methylen blue were added. The process of titration 

was continued till the colour was changed to brick red. The volume of titrated maize solution 

was recorded and starch percentage was calculated by using following formula. 

A ml of maize solution (maize ml to titrate 100ml Fehling solution) = 0.05g  

(B = reducing sugars) 

100ml of maize solution (maize ml to titrate 100ml Fehling solution) = 0.05/A × 100 = B 

0.5g sample of maize contain reducing sugars = B 

100g sample of maize contain reducing sugars = B/10 × 100 = C % 

Starch % = C% - Glucose % 

The C percentage is the sum of starch and glucose. The starch percentage was calculated by 

subtracting glucose percentage that was calculated by using UV-Visible Spectrophotometer 

(Model Hitachi U-2001) from values of C and multiplied the answer with a factor 0.9 to 

determine the amount of starch percentage in maize grain. 

3.3.2.5.Embryo percentage (%) 

The seed weight was recorded and embryo of seed was removed carefully and also recorded 

the weight of embryo separated. The percentage of the embryo was recorded by using 

following formula: Embryo % = [Embryo weight/Seed weight] × 100    

3.3.2.6. Ash percentage (%) 

The estimation of mineral elements in the sample was carried out by burning off sample 

organic matter. The weight of sample and ash (burned residues of sample) were recorded and 
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ash percentage was determined by using following formula (Proximate analysis, AOAC, 

1996). 

Ash % = 100 × [Ash weight/Sample weight] 

3.3.2.7. Fodder Crude Protein percentage (%)  

Protein contents in stem and leaves were calculated by multiplying N-contents with a factor 

6.25 (Proximate analysis, AOAC (Association of Official Analytical Chemists) 1996) 

assuming that all nitrogen contents (100/16) of sample are from protein. It included pure 

protein and non-protein nitrogenous compounds of sample. The crude protein percentage can 

be calculated by using following formula: 

Crude Protein contents (%) = 100 × 6.25 [(ml N/10 H2SO4 neutralized by NH3 × 

0.0014 × Total diluted volume)/(Sample weight × ml of dil. Digested material distilled)] 

4.2.2.6. Carbohydrate Percentage (%) 

Nitrogen free extract or carbohydrate percentage in sample was determined by using 

following formula (Proximate analysis, AOAC, 1996). 

NFE % = 100 – (Crude protein % + ether extract % + Crude fibre % + Ash % + 

Moisture %) 

4.2.2.7. Fodder Crude Fibre (%)  

The crude fibre percentage was determined by using Proximate analysis, (AOAC, 1996) 

procedure. Water and fatty material were removed from the sample feed, sample was boiled 

in 200ml of weak acid (1.25% H2SO4) and after then in 200ml of weak base (1.25% NaOH) 

for same time duration. After performing the described procedure proteins, starches and 

sugars leave out the sample as residues and remaining material is considered as crude fibre 

(cellulose, complex polysaccharides and mineral materials). The crude fibre percentage was 

calculated by using following formula: 

Crude Fibre % = 100× [(Dried residue weight – Ash weight)/ Dried sample weight] 

3.3.2.10. Ether extractable fat percent  

2 g of sample were grounded in a thimble recorded the weight to nearest 0.1 mg (W1). The 

sample was dissolved in Ten 20 mL portions of deionized water allowing urea, 

carbohydrates, lactic acid, glycerol or water-soluble components to drain. The sample was 

filtered and then the paper and sample were inserted into thimble. The sample was dried for 5 

hr at 100oC.  Sample was allowed to cool and recorded the weight nearest to 0.1 mg (W2). 
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About 40 mL of diethyl ether was added to fat dissolve. The solution was heated for 4 hr on 

Hi setting (ability to condense 5-6 drops per seconds). The fat residues were remained in the 

ether in heating beaker. The heating was stopped and after 30minutes the residues were cool 

down. The thimble was removed and washes with distilled water. The beaker was placed in 

1020C gravity convection oven and dried for 1.5hr. The desiccator was cool down and 

weighed nearest to 0.1mg (W2).  The whole weight of beaker with fat residues was also 

recorded. The ether extract able fat percentage from the dry matter residues was calculated 

by using following formula (Proximate analysis, (AOAC, 1996 and Van Soest et al., 1991).  

% Crude Fat = (W3 - W2) × 100 / W1 × DM / 100 

W1 = Initial sample weight in grams W2 = Tare weight of beaker in grams W3 = Weight of 

beaker and fat residue in grams, DM = Dry matter  

3.3.2.11. Neutrient detergent fibre %  (NDF) 

5g sample was heated in 100 ml of ND + 50 µL heat stable amylase till to boiling 

temperature. 0.5g of sodium sulfite were used, and added at boiling point. The sample was 

boiled for 1hr and filtered on Whatman 54 paper. The ash contents were also determined to 

remove the contaminations in forages or feeds due to soil, so ash content were excluded from 

NDF. The NSC (nonstructural carbohydrates including starch and sugar). The following 

formula was used to determine NDF (Van Soest, et al. 1991). 

NDF   = 100 – (NSC + protein + fat + ash)  
3.3.2.12. Acid detergent fibre %  (ADF) 

1g air dried sample was ground and press with 1g wet material and 100mL acid detergent 

solution at room temperature. The sample was boiled for 5-10 minutes, decrease the heating 

temperature and reflux for 60minutes. The sample was then filtered out and weighed (w1) 

fritted glass crucible with the help of min. suction. The volume was increased, break up 

filtered mat with glass rod and fill the crucible with hot water (90-1000C). Stir and soaked for 

15-30 seconds. The sample was dried out reduced the volume and weighed. The sample was 

washed with water, rising out the sides of crucible and wash twice with acetone. The washing 

with acetone was repeated again and again till removal of color was stopped. The lumps were 

broken that all fibre particles dissolved in the solution. The residues were washed with 

acetone, dried for 3 hr in 1000C forced draft oven. The oven dried weight (W2) was 
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measured. The following formula was used to determine ADF% (Proximate analysis, 

(AOAC, 1996).  

ADF% = 100(W2 – W1)/S  

 S = Sample weight (g) × Oven dried weight (g)  
                  Air dried weight (g) 
3.3.2.13. Cellulose percentage (%) 

It is a polymer of glucose with β 1-4 linkage. Almost 500 molecules of glucose are linked to 

form one molecule of cellulose. Due to lack of enzyme mono-gastric cellulose could not be 

digested. Its digestion coefficient in ruminants is 40%. After the estimation of ADF, the dried 

material was taken in the crucible and put it in the beaker of 250ml capacity and 10ml 24N or 

72% H2SO4 was added. Stir with glass rod for 2 minutes and then allow standing for 1hour. 

The procedure was repeated three times. The crucible was then taken out and washed with 

the help of water. The water wash was performed three times and final wash was with 

acetone. The residue along with crucible was dried out in oven at 1050C for 3hours and 

weighed till it was cool down. The loss in the weight was due to cellulose as cellulose was 

dissolved in H2SO4. 

In 1g sample: 

 ADF% = 100(W2 – W1)/S  

 S = Sample weight (g) × Oven dried weight (g)  
                  Air dried weight (g) 

Cellulose % = [(ADF +Crucible) g – (Crucible + Residues) g] × 100 

3.3.2.14. Dry matter percentage (%) 

The fresh weight of the sample was recorded with the help of electronic balance (OHAUS-

GT4000, USA). The sample was dried out in oven at 1060C for 24hours. The dried sample 

was again weighed with the help of electronic balance. The difference in the weight was 

recorded that was the estimation of dry matter in the sample.      

Dry matter % = [Fresh sample weight – dry sample weight] × 100   

3.3.2.15. Moisture percentage (%) 

A dry petri dish was taken and 10g of sample was weighed and put in the petri dish. The petri 

dish was put in the oven at 1000C for 1hour. After 1hour the temperature was reduced to 

650C. After 24hours the petri dish was weighed and reduction in the weight was recorded. 

The petri dish was again put in the oven for another 4hours. The weight was again recorded. 
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The procedure was continued until the weight was again constant and then the moisture 

percentage was calculated was using following formula. 

Moisture % = [Sample amount of water (FW-DW)/Sample weight (FW)] × 100 

FW = Fresh sample weight, DW = Dry sample weight 

3.4. Statistical Analysis    

The data were analyzed statistically using analysis of variance technique (Steel et al. 1997) 

and Duncan Multiple Range (DMR) test at 5 % significance probability level and it was used 

to compare the treatments means. Significantly varying genotypes were subjected to North 

Carolina Design II matting scheme (Comstock and Robinson, 1948, 1952) to estimate their 

gene action.  

The genotypic and phenotypic coefficients of variation were calculated according to the 

formula given below: 

GCV =Genotypic coefficient of variation (%)                                                     

PCV = Phenotypic coefficient of variation (%)            

 trait theofmean  Grand
__

X  

 p
2

 = phenotypic variance,      g
2

 = genotypic variance 

100__
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                 100__
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Broad sense heritability for each recorded trait was calculated as a ratio of the genotypic 

variances to phenotypic variances. Phenotypic (rp) and genotypic (rg) correlation coefficient 

was calculated as outlined by Kwon and Torrie (1964).                 
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Where: rp = the estimate of phenotypic correlation coefficient; Mij = the mean product of 

genotypes for the ith and jth traits; Mii = Variety mean squares for ith: Mjj = jth traits, 

respectively. 
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Where: rG = Genotypic correlation coefficient; CoV gij = Genotypic covariance of ith and 

jth traits; Var gi = Genotypic variance of ith traits; Var gj = Genotypic variance of jth traits 

Standard error of genotypic correlation coefficients (SE of rg) were calculated according to 

Reeve (1955). Genotypic correlation coefficient was considered significant if their absolute 

value exceeded twice their standard error.  

22

222

.2

1
 of ..

ji

jiG
G hh

hhr
rES


    

Where: r2
G = the genotypic correlation coefficient between the traits I and j; h2

i = the 

heritability of ith trait; h2
j    = the heritability of jth trait. 

The estimates of heritability and genotypic correlation coefficient were considered significant 

if their absolute value exceeded twice of their standard error. Phenotypic correlation 

coefficients were tested using t-test (Steel and Torrie, 1997) as given below.    

2-n / )r-(1 2

r
t   

Where: r = the phenotypic correlation coefficient; n-2 = correlation error degree of 

freedom 

Genetic advance (GA) was calculated by the following formula (Falconer, 1989).  

GA = σp × h2 × i 

Where: σp = the phenotypic standard deviation; h2 = Estimate of broad sense heritability; i = 

constant value (1.755) that reflects selection intensity (10%). 

As suggested by Johnson et al., (1955a), genetic advance as percentage values is categorized 

as follows: 

Low: Less then 10% 

Moderate: 10-20% 

High: More than 20% 

3.4.1. Heritability Estimate 

Broad sense heritability was calculated by using genotypic, phenotypic and environmental 

variances according to Burton, 1951. 

Broad sense heritability = (2
g + 2

e) - 2
e × 100 

        2
g + 2

e 
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2
g = Genotypic variance, 2

e = Environmental variance, 2
g + 2

e = Phenotypic variance 

 (2
g + 2

e) - 2
e = Genotypic variance 

As suggested by Johnson et al., (1955a), heritability values are categorized as follows: 

Low: Less then 30% 

Moderate: 30-60% 

High: More than 60% 

3.4.2. North Carolina Design-II matting scheme 

Design I and Design II were compared (Comstock and Robinson, 1952), both paternal and 

maternal half-sibs are produced in design II. Male (n1) and female (n2) are selected from F2 

population and each male is crossed with each female (n1× n2). The n1× n2 progenies were 

grown in replicated trails. The variations in the families were divided between and within the 

full-sib families. The variations between families were further divided into components due 

to differences among the males, females and male× female interaction. The statistical model 

is: 

   Yijk = µ + m1 + f1 + (m× f)ij + eijk   
  Where, Yijk = the kth observation on i × jth progeny 
   µ     = the general mean 

  m1      = the effect of ith males 

  f1      = the effect of jth females 

  (m× f)ij = the interaction effects 

  eijk      = error effects due to each observation 

Table: 3.1. Analysis of variance for North Carolina Design-II matting scheme 

Sources d.f M.S E(M.S) 
Males  m-1 MSm 2

e + r2 m× f + fr2
m 

Females  f-1 MSf 2
e + r2 m× f + mr2

m 

m× f (m-1)(f-1) MS m× f 2
e + r2 m× f  

Error Mf(n-1) MSe 2
e  

The following genetic interpretations will have found out: 

2
m = (MSm-MS m× f)/fr = Cov (H.S) = (1/4) 2

A  

2
f = (MSf-MS m× f)/mr = Cov (H.S) = (1/4) 2

A  

2
 m× f = (MS m× f -MSe)/r = Cov (F.S) – 2Cov (H.S) = (1/4) 2

D  

It is considered as no gene interactions are present. 
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Dominance variance 2
H = 4 2

 m× f  

Additive effects 2
D = 42

m × 42
f / 2  

Degree of dominance = [2
H/2

D]1/2     

Combining ability effects (Kempthorn, 1957) 

GCA effects of lines (gi) =  xi..  –   x… 
            rt          rlt 
GCA effects of testers (gj) =  x.j.  –   x… 
            rl          rlt 
SCA effects of hybrids (sij) =  xij.   –       x..   -    xi..    +      x… 
                 r         rt          rl              rlt 
Where, x… = Total of all hybrids over replications 

xi.. = Total of ith lines over t testers and r replications 

x.j. = Total of jth tester over l lines and r replications 

xij. = Total of the hybrid between ith lines and jth tester over r replications 

Significance of effects by‘t’ test   

SE for GCA effects of lines = rt / (EMS)  

SE for GCA effects of testers = rl / (EMS)  

SE for SCA effects of hybrids = r / (EMS)  

To test the significance of various effects, t = Effect/SE 
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Chapter 4 

RESULTS AND DISCUSSIONS 
________________________________________________________________________ 
Experiment 1  

4.1. Germplasm Screening 

At maturity data of various morphological and physiological traits were recorded and 

statistically analyzed. The results are discussed as under: 

 4.1.1. Chlorophyll contents (mg g-1 fr. wt.) 

Higher significant differences were found among genotypes. The mean for chlorophyll 

contents (45.735±1.00mg g-1 fr. wt.) were recorded at tasseling stage. The higher estimate of 

heritability (98.65%) and genetic advance (23.891%) were found for chlorophyll contents 

(Table 4.1.1). It indicated that photosynthetic rate increased due to higher value of 

chlorophyll contents, ultimately which is responsible for increase in the fresh and dry 

biomass of plant. It also indicated that the green fodder and grain yield are too increased. 

Findings were found similar to Ahsan et al. (2008) and Ali et al. (2011a,d). It was suggested 

from the figure 4.1.1 that the highest chlorophyll contents were recorded for F-113 followed 

by B-303 while the lowest value of chlorophyll contents was F-98 followed by Pak-Afgoee.  

4.1.2. Photosynthetic rate (μg CO2 s−1) 

It was suggested from table 4.1.1 that highly significant differences were found among 

genotypes. The mean for photosynthetic rate (16.718±0.2470μg CO2 s−1) was recorded at 

tasseling stage. The higher estimate of heritability (99.90%) and genetic advance (92.12%) 

were found for photosynthetic rate. Kahkim et al. (1998); Grzesiak et al. (2007); Veronica et 

al. (2009) and Wali et al. (2010) reported similar results. The higher values of heritability 

and genetic advance indicated that photosynthetic rate may be helpful to enhance the crop 

yield and productivity. Findings were found similar to Dubey et al. (2001); Banziger et al. 

(2002); Jeanneau et al. (2002); Cordova and Burrwas (2002); Alvi et al. (2003); Mehmood et 

al. (2003) and Wali et al. (2010). It was found from the figure 4.1.2 that the highest 

photosynthetic rate was recorded for F-151 followed by EV-335 while the lowest value of 

photosynthetic rate was B-11 followed by F-127. The higher photosynthetic rate also 

persuaded that the chlorophyll contents are increased that caused the increase in growth and 
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development of crop plants (Grzesiak et al. (2007); Veronica et al. (2009) and Wali et al. 

(2010).  

4.1.3. Stomata conductance (mmol m-2 s-1) 

It was revealed that highly significant differences were found among genotypes. The mean 

for stomata conductance (0.172±0.03873 mmol m-2 s-1) was recorded at tasseling stage. The 

higher estimate of heritability (79.30%) and genetic advance (64.198%) were found for 

stomata conductance (Table 4.1.1). Ahsan et al. (2008); Monneveux et al. (2008); Akbar et 

al. (2009); Yousufzai et al. (2009) and Ahsan et al. (2011) reported similar results. The 

higher values of heritability and genetic advance indicated that the stomata conductance may 

be helpful to enhance the crop yield and productivity. Findings were found similar to 

Mehmood et al. (2003); Grzesiak et al. (2007); Aslam et al. (2006); Ahsan et al. (2008); 

Yousufzai et al. (2009); Veronica et al. (2009); Wali et al. (2010) and Ahsan et al. (2011). It 

was suggested from the figure 4.1.3 that the highest stomata conductance was recorded for 

Pop-209 followed by F-155 while the lowest value of stomata conductance was EV-335 

followed by Sh-139. The higher stomata conductance indicated higher photosynthetic rate 

and accumulation of organic compounds (Ahsan et al. (2008); Monneveux et al. (2008); 

Akbar et al. (2009); Yousufzai et al. (2009); Veronica et al. (2009); Wali et al. (2010) and 

Ahsan et al. (2011)).  

4.1.4. Leaf temperature (0C)  

It was found that highly significant differences were observed among genotypes. The mean 

for leaf temperature (48.385±0.12040C) was recorded at tasseling stage. The higher estimate 

of heritability (98.0%) and lower genetic advance (3.046%) were found for leaf temperature 

(Table 4.1.1). The higher values of heritability and genetic advance indicated that leaf 

temperature may be helpful to enhance the crop yield and productivity. Findings were found 

similar to Ali et al.  (2011a,b); Grzesiak et al. (2007) and Wang et al. (2007). It was 

suggested from figure 4.1.4 that the highest leaf temperature were recorded for Sh-139 

followed by Islamabad W while the lowest value of leaf temperature was F-121 followed by 

F-127. The higher leaf temperature also persuaded that the chlorophyll contents are increased 

that caused the increase in growth and development of crop plants (Moulin et al. (2009) and 

Veronica et al. (2009)).  
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4.1.5: Transpiration rate (mm day-1) 

It was shown from table 4.1.1 that highly significant differences were reported among 

genotypes. The mean for transpiration rate (9.392±0.03873 mm day-1) was recorded at 

tasseling stage. The higher estimate of heritability (99.60%) and genetic advance (47.798%) 

were found for transpiration rate. Aslam et al. (2006); Ahsan et al. (2008); Monneveux et al. 

(2008); Akbar et al. (2009); Yousufzai et al. (2009) and Ahsan et al. (2011) reported similar 

results. The higher values of heritability and genetic advance indicated that transpiration rate 

may be helpful to enhance the crop yield and productivity. The genotypes with greater 

transpiration rate may also be used for the development of drought resistant fodder 

genotypes. The broader leaf may have large stomata due to which the transpiration rate and 

photosynthetic will be enhanced, therefore the genotypes with greater stomata conductance 

and transpiration rate may be used in rainfed areas to fulfill the fodder and forage 

requirement of livestock animals. Findings were found similar to Grzesiak et al. (2007); 

Monneveux et al. (2008); Akbar et al. (2009); Yousufzai et al. (2009); Veronica et al. 

(2009); Wali et al. (2010) and Ahsan et al. (2011). It was suggested from figure 4.1.5 that the 

highest transpiration rates were recorded for Pop-209 followed by EV-347 while the lowest 

value of transpiration rate was EV-335 followed by Sh-139.  

4.1.6: Sub-stomata CO2 concentration (μmol mol−1 CO2) 

It was found from table 4.1.1 that highly significant differences were found among 

genotypes. The mean for sub-stomata CO2 concentration (113.3±1.414 μmol mol−1 CO2) was 

recorded at tasseling stage. The higher estimate of heritability (99.98%) and genetic advance 

(113.418%) were found for sub-stomata CO2 concentration. Monneveux et al. (2008) and 

Yousufzai et al. (2009) reported similar results. The higher values of heritability and genetic 

advance indicated that sub-stomata CO2 concentration may be helpful to enhance the crop 

yield and productivity. It indicated that due to higher value of sub-stomata CO2 concentration 

caused to increase the photosynthetic rate that leads towards the improvement of fresh and 

dry biomass of plant. Findings were found similar to Mehmood et al. (2003); Grzesiak et al. 

(2007); Akbar et al. (2009); Yousufzai et al. (2009); Veronica et al. (2009); Wali et al. 

(2010) and Ahsan et al. (2011). It was suggested from figure 4.1.6 that the highest sub-

stomata CO2 concentration were recorded for BF-236 followed by F-127 while the lowest 

value of sub-stomata CO2 concentration was BF-248 followed by B-306.  
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4.1.7. Photosynthetic water use efficiency (%) 

It was revealed that highly significant differences were found among genotypes. The mean 

for photosynthetic water use efficiency (53.322±2.2439) was recorded at tasseling stage. The 

higher estimate of heritability (99.37%) and genetic advance (93.231) were found for total 

dry matter (Table 4.1.1). Findings were found similar to Alvi et al. (2003); Aguiar, et al. 

(2003); Malik et al. (2004); Zhou et al. (2004); Monneveux et al. (2008) and Yousufzai et al. 

(2009)). The higher values of heritability and genetic advance indicated that photosynthetic 

water use efficiency may be helpful to enhance the crop yield and productivity. The fodder 

yield was also increased on higher photosynthetic water use efficiency as the photosynthetic 

rate increased that caused to increase the green fodder and dry matter yield per plant. 

Findings were found similar to Muraya et al. (2006) and Ojo et al. (2007). It was suggested 

from figure 4.1.7 that the highest photosynthetic water use efficiency were recorded for F-96 

followed by while E-351 the lowest value photosynthetic water use efficiency was F-142 

followed by EV-335. 

4.1.8. Leaves per plant 

It was suggested that highly significant differences were found among genotypes. The mean 

for leaves per plant (11.333±0.1936) was recorded at tasseling stage. The higher estimate of 

heritability (97.20%) and moderaten genetic advance (17.362%) were found for leaves per 

plant (Table 4.1.2). Higher leaves per plant indicated that photosynthetic rate is increased due 

to which the fresh and dry biomass of plant is also increased. Green fodder and grain yield 

are too increased. Findings were found similar to Alvi et al. (2003); Aslam et al. (2006); 

Ahsan et al. (2008) and Ali et al. (2011a). It was suggested from the figure 4.1.8 that the 

highest leaves per plant was recorded for Islamabad W followed by F-111 while the lowest 

value of leaves per plant was B-305 followed by F-96.  

4.1.9. Plant height (cm) 

It was indicated from table 4.1.2 that highly significant differences were found among 

genotypes. The mean for plant height (151.915±1.2561cm) was recorded at tasseling stage. 

The higher estimate of heritability (99.94%) and genetic advance (44.569%) were found for 

plant height. It indicated that due to higher value of plant height, the leaves per plant will be 

higher and the photosynthetic rate will be increased due to which the fresh and dry biomass 

of plant will also increase. The selection of higher grain and fodder yielding maize genotypes 
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on the basis of plant height may be helpful in producing higher yielding genotypes and hence 

the crop productivity may also be increased.  Findings were found similar to Dubey et al. 

(2001); Alvi et al. (2003); Malik et al. (2004); Aslam et al. (2006); Ahsan et al. (2008); 

Derera et al. (2008) and Ali et al. (2011a, d). It was suggested from figure 4.1.3 the highest 

plant height were recorded for B-314 followed by F-146 while the lowest value of plant 

height was B-11 followed by F-96.  

4.1.10. Stem diameter (cm) 

It was persuaded from table 4.1.2 that highly significant differences were found among 

genotypes. The mean for stem diameter (0.856±0.0413cm) was recorded at tasseling stage. 

The higher estimate of heritability (99.50%) and genetic advance (31.960%) were found for 

stem diameter. The higher values of heritability and genetic advance indicated that the 

selection on the basis of stem diameter may be helpful to enhance the crop yield and 

productivity. The higher stem diameter also indicated that the green fodder yield per plant 

will also be increased. Findings were found similar to Mehdi and Ahsan (1999); Dubey et al. 

(2001); Alvi et al. (2003); Mehmood et al. (2003); Malik et al. (2004); Aslam et al. (2006); 

Ahsan et al. (2008); Derera et al. (2008) and Ali et al. (2011a, d). It was suggested from the 

figure 4.1.10 that the highest stem diameter were recorded for E-352 followed by F-128 

while the lowest value of stem diameter was F-96 followed by F-130 and F-140.  

4.1.11. Leaf weight (g) 

It was shown from table 4.1.2 that highly significant differences were found among 

genotypes. The mean for leaf weight (110.856±1.3241g) was recorded at tasseling stage. The 

higher estimate of heritability (99.97%) and genetic advance (56.741%) were found for leaf 

weight. The higher values of heritability and genetic advance indicated that leaf weight may 

be helpful to enhance the crop yield and productivity. It indicated that due to higher leaf 

weight fresh and dry biomass of plant may be increased.  Findings were found similar to 

Hussain (1989); Mehdi and Ahsan (1999); Dubey et al. (2001); Alvi et al. (2003); Mehmood 

et al. (2003); Malik et al. (2004); Aslam et al. (2006); Ahsan et al. (2008); Derera et al. 

(2008) and Ali et al. (2011a, d). It was suggested from the figure 4.1.11 that the highest leaf 

weight were recorded for F-118 followed by Islamabad W while the lowest value of leaf 

weight was F-96 followed by EV-1097. The higher leaf weight indicated accumulation of 

photosynthetic compounds was much higher. The higher leaf weight also persuaded that the 
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chlorophyll contents are increased that caused the increase in growth and development of 

crop plants (Camacho 1994) and Akhtar (2002). 

4.1.12. Stem weight (g) 

It was revealed that highly significant differences were found among genotypes. The mean 

for stem weight (339.61±0.8907g) was recorded at tasseling stage. The higher estimate of 

heritability (99.99%) and genetic advance (64.108%) were found for stem weight (Table 

4.1.2). The higher values of heritability and genetic advance indicated that stem weight may 

be helpful to enhance the crop yield and productivity. The higher stem weight also indicated 

that the green fodder yield per plant will also be increased. Findings were found similar to 

Qadir (1990); Dubey et al. (2001); Alvi et al. (2003); Mehmood et al. (2003); Malik et al. 

(2004) and Ahsan et al. (2008). It was suggested from the figure 4.1.12 that the highest stem 

weight was recorded for B-303 followed by Sh-139 while the lowest value of stem weight 

was EV-1097 followed by F-96. The higher stem weight indicated accumulation of 

photosynthetic compounds was much higher. The higher stem weight also persuaded that the 

chlorophyll contents increased due to higher transport of water and minerals that caused the 

increase in growth and development of crop plants.  
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Fig. 4.1.1. Chlorophyll contents (mg g-1 fr. wt.) 
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                                   Fig. 4.1.2. Photosynthetic rate (μg CO2 s−1) 
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   Fig. 4.1.3. Leaf temperature (0C) 
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Fig. 4.1.4. Stomata conductance (mmol m-2 s-1) 
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Fig. 4.1.5. Transpiration rate (mm day-1) 
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Fig. 4.1.6. Sub-stomata CO2 concentration (μmol mol−1 CO2) 
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Fig. 4.1.7. Photosynthetic water use efficiency (%) 

 
 
 

0

2

4

6

8

10

12

14

16

18

20

N
u

m
b

er
 o

f 
le

av
es

 p
er

 p
la

n
t

 
 
 
                 Fig. 4.1.8. Leaves per plant 
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Fig. 4.1.9. Plant height (cm) 
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Fig. 4.1.10. Stem diameter (cm) 
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Fig. 4.1.11. Leaf weight (g) 
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Fig. 4.1.12. Stem weight (g) 

 

 

 

 



 
 

55

4.1.13. Green fodder yield (g) 

It was suggested that highly significant differences were found among genotypes. The mean 

for green fodder yield (450.466±1.3421g) was recorded at tasseling stage. The higher 

estimate of heritability (99.99%) and genetic advance (59.124%) were found for green fodder 

yield (Table 4.1.2). Akhtar et al. (1985); Ivankhenko and Klimo (1991); Dash et al. (1992) 

and Kahkim et al. (1998) reported similar results. The higher values of heritability and 

genetic advance indicated that green fodder yield may be helpful to enhance the crop yield 

and productivity. Findings were found similar to Ahmad (1989); Qadir (1990); Singh et al. 

(1998); Revilla et al. (1999); Alvi et al. (2003); Mehmood et al. (2003); Malik et al. (2004) 

and Ahsan et al. (2008). It was suggested from the figure 4.1.13 that the highest green fodder 

yield was recorded for Sh-139 followed by B-316 while the lowest value of green fodder 

yield was EV-1097 followed by F-96. The higher green fodder yield also persuaded that the 

chlorophyll contents are increased that caused the increase in growth and development of 

crop plants (Camacho 1994); Khan et al. (2001); Banziger et al. (2002); Akhtar (2002) and 

Aguiar, et al. (2003).  

4.1.14. Leaf/stem weight ratio  

It was suggested from table 4.1.2 that highly significant differences were found among 

genotypes. The mean for leaf-stem weight ratio (0.354±0.0634g) was recorded at tasseling 

stage. The higher estimate of heritability (99.90%) and genetic advance (59.285%) were 

found for leaf/stem weight ratio. Akhtar et al. (1985); Ivankhenko and Klimo (1991); Dash et 

al. (1992); Kahkim et al. (1998) and Wali et al. (2010) reported similar results. The higher 

values of heritability and genetic advance indicated that leaf/stem weight ratio may be 

helpful to enhance the crop yield and productivity. The selection of higher grain and fodder 

yielding maize genotypes on the basis of leaf/stem weight ratio may be helpful in producing 

higher yielding genotypes and hence the crop productivity may also be increased.  Findings 

were found similar to Ahmad (1989); Hussain (1989); Qadir (1990); Singh et al. (1998); 

Mehdi and Ahsan (1999); Revilla et al. (1999); Pandey et al. (2000); Alvi et al. (2003); 

Mehmood et al. (2003); Malik et al. (2004) and Ahsan et al. (2008). It was suggested from 

the figure 4.1.14 that the highest leaf/stem weight ratio was recorded for Sh-139 followed by 

B-316 while the lowest value of leaf-stem ratio was EV-1097 followed by F-96. The higher 

leaf/stem weight ratio indicated accumulation of photosynthetic compounds was much higher 



 
 

56

(Camacho 1994); Khan et al. (2001); Banziger et al. (2002); Akhtar (2002) and Aguiar, et al. 

(2003).  

4.1.15. Leaf length (cm)  

It was indicated from table 4.2.1 that highly significant differences were found among 

genotypes. The mean for leaf length (72.713±0.2413cm) was recorded at tasseling stage. The 

higher estimate of heritability (99.71%) and genetic advance (19.557%) were found for leaf 

length. Andrew (1982); Khidse et al., (1983); Borikar et al. (1985); Ivankhenko and Klimo 

(1991); Dash et al. (1992); Kahkim et al. (1998) and Wali et al. (2010) found similar results. 

The higher values of heritability and genetic advance indicated that the selection on the basis 

of leaf length may be helpful to enhance the crop yield and productivity. Findings were found 

similar to Ahmad (1989); Hussain (1989); Qadir (1990); Singh et al. (1998); Mehdi and 

Ahsan (1999); Pandey et al. (2000); Dubey et al. (2001); Alvi et al. (2003); Mehmood et al. 

(2003); Malik et al. (2004) and Ahsan et al. (2008). It was suggested from the figure 4.2.9 

that the highest leaf length were recorded for Sh-139 followed by Pop-2007 while the lowest 

value of leaf length was B-11 followed by Ev-1097.  

4.1.16. Leaf width (cm)  
It was suggested from table 4.1.2 that highly significant differences were found among 

genotypes. The mean for leaf width (8.984±0.1032cm) was recorded at tasseling stage. The 

higher estimate of heritability (99.30%) and genetic advance (21.648%) were found for leaf 

width. Andrew (1982); Ivankhenko and Klimo (1991); Cross (1991); Dash et al. (1992); 

Kahkim et al. (1998) and Wali et al. (2010) reported similar results. The higher values of 

heritability and genetic advance indicated that leaf width may be helpful to enhance the crop 

yield and productivity. Findings were found similar to Ahmad (1989); Hussain (1989); 

Mehdi and Ahsan (1999); Revilla et al. (1999); Dubey et al. (2001); Alvi et al. (2003) and 

Mehmood et al. (2003). It was suggested from figure 4.1.16 that the highest leaf width were 

recorded for B-316 followed by EV-330 while the lowest value of leaf length was VB-51 

followed by B-15. The higher leaf width also persuaded that the chlorophyll contents are 

increased that caused the increase in growth and development of crop plants (Camacho 

(1994); Borrell et al. (2000); Khan et al. (2001); Banziger et al. (2002); Akhtar (2002) and 

Aguiar, et al. (2003)).  

 



 
 

57

0

100

200

300

400

500

600

700

800

G
re

en
 F

o
d

d
er

 y
ie

ld

 Fig. 4.1.13. Green fodder yield (g) 
 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

L
ea

f-
to

-S
te

m
 w

ei
g

h
t 

R
at

io

 
Fig. 4.1.14. Leaf-stem weight ratio 

 



 
 

58

0

20

40

60

80

100

120

L
ea

f 
L

en
g

th

 Fig. 4.1.15. Leaf length (cm) 
 

 
  

0

2

4

6

8

10

12

14

L
ea

f 
W

id
th

 Fig. 4.1.16. Leaf width (cm) 

 

 

 

 

 

 

 



 
 

59

4.1.17. Leaf area (cm2)  

It was suggested that highly significant differences were found among genotypes. The mean 

for leaf area (654.86±0.2018cm2) was recorded at tasseling stage. The higher estimate of 

heritability (99.50%) and genetic advance (31.429%) were found for leaf area (Table 4.1.2). 

Andrew (1982); Khidse et al., (1983); Borikar et al. (1985); Ivankhenko and Klimo (1991); 

Cross (1991); Dash et al. (1992); Kahkim et al. (1998) and Wali et al. (2010) reported 

similar results. The higher values of heritability and genetic advance indicated that leaf area 

may be helpful to enhance the crop yield and productivity (Banziger et al. (2002); Jeanneau 

et al. (2002) and Cordova and Burrwas (2002)). The genotypes with greater leaf area may 

also be used for the development of drought resistant fodder genotypes. The broader leaf 

genotypes may be used in rainfed areas to fulfill the fodder and forage requirement of 

livestock animals. Findings were found similar to Ahmad (1989); Hussain (1989); Singh et 

al. (1998); Mehdi and Ahsan (1999); Revilla et al. (1999); Pandey et al. (2000); Dubey et al. 

(2001); Alvi et al. (2003) and Mehmood et al. (2003). It was suggested from figure 4.1.17 

that the highest leaf area were recorded for Pop-2007 followed by F-118 while the lowest 

value of leaf area was EV-347 followed by EV-1097. The higher leaf area also persuaded 

that the chlorophyll contents are increased that caused the increase in growth and 

development of crop plants (Camacho (1994); Borrell et al. (2000); Khan et al. (2001); 

Banziger et al. (2002); Akhtar (2002) and Aguiar et al. (2003).  

4.1.18. Total dry matter (g) 

It was revealed that highly significant differences were found among genotypes. The mean 

for total dry matter (1091.501±4.703g) was recorded at tasseling stage. The higher estimate 

of heritability (99.98%) and genetic advance (56.465%) were found for total dry matter 

(Table 4.1.2). Findings were found similar to Aguiar, et al. (2003); Prakash and Ganguli 

(2004); Zhou et al. (2004); Monneveux et al. (2008) and Yousufzai et al. (2009)). The higher 

values of heritability and genetic advance indicated that total dry matter may be helpful to 

enhance the crop yield and productivity. The fodder yield was also increased on higher total 

dry matter. Findings were found similar to Zhen et al. (2005); Hader (2006); Muraya et al. 

(2006); Ojo et al. (2007) and Saleem et al. (2007). It was suggested from the figure 4.1.18 

that the highest total dry matter were recorded for E-351 followed by VB-06 while the lowest 

value of total dry matter was EV-7004Q followed by EV-1097. 
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4.1.19: Cobs per plant 

It was persuaded from table 4.1.3 that highly significant differences were found among 

genotypes. The mean for cobs per plant (1.989±0.05477) was recorded at tasseling stage. The 

higher estimate of heritability (98.88%) and genetic advance (47.167%) were found for cobs 

per plant. Gautam (2003); Fan et al. (2004); Malik et al. (2004); Prakash and Ganguli (2004); 

Zhou et al. (2004); Monneveux et al. (2008) and Yousufzai et al. (2009) found similar 

results. The higher values of heritability and genetic advance indicated that cobs per plant 

may be helpful to enhance the crop yield. The selection of higher grain and fodder yielding 

maize genotypes on the basis of cobs per plant may be helpful in producing higher yielding 

genotypes. Findings were found similar to Zhou et al. (2004); Zhen et al. (2005); Hader 

(2006); Muraya et al. (2006); Ojo et al. (2007);  Saleem et al. (2007); Akbar et al. (2009) and 

Yousufzai et al. (2009). It was suggested from the figure 4.2.17 that the highest cobs per 

plant were recorded for F-147 followed by Raka-Poshi while the lowest value of cobs per 

plant was EV-338 followed by F-96.  

4.1.20: Grain rows per cob 

It was revealed that highly significant differences were reported among genotypes. The mean 

for grain rows per cobs (14.113±0.05477) was recorded at tasseling stage. The higher 

estimate of heritability (99.72%) and genetic advance (23.667%) were found for grain rows 

per cobs (Table 4.1.3). Similar results were reported by Alvi et al. (2003); Gautam (2003); 

Fan et al. (2004); Malik et al. (2004); Prakash and Ganguli (2004); Zhou et al. (2004); 

Monneveux et al. (2008) and Yousufzai et al. (2009). The higher values of heritability and 

genetic advance indicated that grain rows per cobs may be helpful to enhance the crop yield. 

The selection of higher grain and fodder yielding maize genotypes on the basis of grain rows 

per cobs may be helpful in producing higher yielding genotypes. Findings were found similar 

to Mehmood et al. (2003); Muraya et al. (2006); Monneveux et al. (2008); Akbar et al. 

(2009) and Yousufzai et al. (2009). It was suggested from figure 4.1.20 that the highest grain 

rows per cobs was recorded for B-326 followed by EV-335 while the lowest value of grain 

rows per cobs was B-321 followed by F-147.  

4.1.21. Cob length (cm) 
It was suggested from table 4.1.3 that highly significant differences were found among 

genotypes. The mean for cob length (18.848 ±0.1049) was recorded at tasseling stage. The 
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higher estimate of heritability (99.89%) and genetic advance (30.712%) were found for cob 

length. Alvi et al. (2003); Gautam (2003); Malik et al. (2004); Prakash and Ganguli (2004); 

Zhou et al. (2004); Monneveux et al. (2008) and Yousufzai et al. (2009) found similar 

results. The higher values of heritability and genetic advance indicated that cob length may 

be helpful to enhance the crop yield. The log cob indicated that the grains per cob will be 

increased and hence the grain yield per plant will also be increased. The selection of higher 

grain and fodder yielding maize genotypes on the basis of cob length may be helpful in 

producing higher yielding genotypes. Findings were found similar to Mehmood et al. (2003); 

Zhen et al. (2005); Hader (2006); Muraya et al. (2006); Saleem et al. (2007); Monneveux et 

al. (2008);   Akbar et al. (2009) and Yousufzai et al. (2009). It was suggested from figure 

4.1.21 that the highest cob length was recorded for F-151 followed by F-114 while the lowest 

value of cob length was F-96 followed by E-346.  

4.1.22. Cob diameter (cm) 

It was suggested that highly significant differences were found among genotypes. The mean 

for cob diameter (1.515 ±0.01362) was recorded at tasseling stage. The higher estimate of 

heritability (96.09%) and genetic advance (15.939%) were found for cob diameter (Table 

4.1.3). Findings were found similar to Rameeh et al. (2000); Vales et al. (2001); Aguiar, et 

al. (2003); Fan et al. (2004); Malik et al. (2004); Prakash and Ganguli (2004); Zhou et al. 

(2004); Monneveux et al. (2008) and Yousufzai et al. (2009). The higher values of 

heritability and genetic advance indicated that cob diameter may be helpful to enhance the 

crop yield. The log cob indicated higher grains per cob while cob diameter indicated that the 

grain rows are increased hence the grain yield per plant will also be increased. The selection 

of higher grain and fodder yielding maize genotypes on the basis of cob diameter and cob 

length may be helpful in producing higher yielding genotypes. Findings were found similar 

to Mehmood et al. (2003); Zhen et al. (2005); Hader (2006); Muraya et al. (2006); Ojo et al. 

(2007) and Saleem et al. (2007). It was suggested from figure 4.1.22 that the highest cob 

diameter was recorded for B-2 followed by B-326 while the lowest value of cob diameter 

was F-147 followed by F-146. 
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4.1.23. Cob weight (g) 

It was suggested from table 4.1.3 that highly significant differences were found among 

genotypes. The mean for cob weight (121.845±5.244g) was recorded at tasseling stage. The 

higher estimate of heritability (99.99%) and genetic advance (56.059%) were found for cob 

weight. Rameeh et al. (2000); Khan et al. (2001); Vales et al. (2001); Zelleke (2000); Alvi et 

al. (2003); Aguiar et al. (2003); Gautam (2003); Fan et al. (2004); Malik et al. (2004); 

Prakash and Ganguli (2004); Zhou et al. (2004); Monneveux et al. (2008) and Yousufzai et 

al. (2009) reported similar results. The higher values of heritability and genetic advance 

indicated that cob weight may be helpful to enhance the crop yield. The log cob and higher 

cob weight indicated higher grains per cob and cob diameter also indicated that the grain 

rows are increased hence the grain yield per plant will also be increased. Findings were found 

similar to Mehmood et al. (2003); Zhen et al. (2005); Hader (2006); Muraya et al. (2006) and 

Saleem et al. (2007). It was suggested from the figure 4.1.23 that the highest cob weight was 

recorded for B-327 followed by EV-340 while the lowest value of cob weight was E-336 

followed by F-96.  

4.1.24. 100-seed weight (g) 

It was revealed that highly significant differences were found among genotypes. The mean 

for 100-seed weight (31.141±0.5177g) was recorded at tasseling stage. The higher estimate 

of heritability (96.97%) and genetic advance (16.274%) were found for 100-seed weight 

(Table 4.1.3). Rameeh et al. (2000); Khan et al. (2001); Zelleke (2000); Alvi et al. (2003); 

Aguiar et al. (2003); Gautam (2003); Fan et al. (2004); Malik et al. (2004); Prakash and 

Ganguli (2004); Zhou et al. (2004); Monneveux et al. (2008) and Yousufzai et al. (2009) 

found similar results. The higher values of heritability and genetic advance indicated that 

100-seed weight may be helpful to enhance the crop yield and productivity. The higher 100-

seed weight indicated higher seed size and volume. The selection of higher grain and fodder 

yielding maize genotypes on the basis of cob diameter, cob weight, 100-seed weight and cob 

length may be helpful in producing higher yielding genotypes. Findings were found similar 

to Zhen et al. (2005); Hader (2006); Muraya et al. (2006); Ojo et al. (2007) and Saleem et al. 

(2007). It was suggested from the figure 4.1.24 that the highest 100-seed weight was 

recorded for BS-2 followed by E-352 while the lowest value of 100-seed weight was E-336 

followed by EV-1097. 
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4.1.25. Stover weight (g) 

It was shown from table 4.1.3 that highly significant differences were found among 

genotypes. The mean for stover weight (33.823±0.3536g) was recorded at tasseling stage. 

The higher estimate of heritability (99.90%) and genetic advance (46.439%) were found for 

stover weight. Rameeh et al. (2000); Khan et al. (2001); Vales et al. (2001); Zelleke (2000); 

Alvi et al. (2003); Malik et al. (2004); Prakash and Ganguli (2004); Zhou et al. (2004); 

Monneveux et al. (2008) and Yousufzai et al. (2009) reported similar results. The higher 

values of heritability and genetic advance indicated that stover weight may be helpful to 

enhance the crop yield and productivity. The selection of higher grain and fodder yielding 

maize genotypes on the basis of stover weight, cob diameter, cob weight, 100-seed weight 

and cob length may be helpful in producing higher yielding genotypes.  Findings were found 

similar to Zhen et al. (2005); Hader (2006); Muraya et al. (2006); Ojo et al. (2007) and 

Saleem et al. (2007). It was suggested from the figure 4.2.23 that the highest stover weight 

was recorded for EV-340 followed by Sh-139 while the lowest value of stover weight was 

Sawan-3 followed by EV-1097.  

4.1.26: Grain yield per plant (g) 

It was suggested that highly significant differences were found among genotypes. The mean 

for grain yield per plant (90.185±0.7071g) was recorded at tasseling stage. The higher 

estimate of heritability (99.99%) and genetic advance (63.439%) were found for grain yield 

per plant (table 4.1.3). Khan et al. (2001); Vales et al. (2001); Zelleke (2000); Alvi et al. 

(2003); Aguiar et al. (2003); Gautam (2003); Malik et al. (2004); Prakash and Ganguli 

(2004); Zhou et al. (2004); Monneveux et al. (2008) and Yousufzai et al. (2009) reported 

similar results. The higher values of heritability and genetic advance indicated that grain 

yield per plant may be helpful to enhance the crop yield and productivity. The selection of 

higher grain and fodder yielding maize genotypes on the basis of grain yield per plant, stover 

weight, cob diameter, cob weight, 100-seed weight and cob length may be helpful in 

producing higher yielding genotypes.  Findings were found similar to Zhen et al. (2005); 

Hader (2006); Muraya et al. (2006); Ojo et al. (2007) and Saleem et al. (2007). It was 

suggested from figure 4.2.24 that the highest grain yield per plant were recorded for B-327 

followed by B-316 while the lowest value of grain yield per plant was EV-7004Q followed 

by E-336.  
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  Fig. 4.1.25. Stover weight (g) 
 
 

0

20

40

60

80

100

120

140

160

180

200

G
ra

in
 Y

ie
ld

/P
la

n
t

 

 

 Fig. 4.1.26. Grain yield per plant (g) 
 
 
 
 



 
 

69

Table: 4.1.1 Genetic components for various physiological traits in maize  

** = Significant at 5% significance level, * = Significant at 1% significance level 

Source of 
variation 

Chlorophyll 

contents (mg g-1 

fr. wt.)  

Leaf temperature 

(°C) 

Photosynthetic rate 

(μg CO2 s−1) 

Stomata 

conductance 

(mmol m-2 s-1) 

Transpiration rate 

(mm day-1) 

Sub-stomata CO2 

concentration (μmol 

mol−1 CO2) 

Photosynthetic 

water use 

efficiency (%) 

Mean Sum of 
Squares 79.655 ** 1.4669 * 154.259 ** 0.0126 * 13.197 ** 10724.94 ** 1583.85 ** 

Grand mean 45.735 48.385 16.718 0.172 9.392 113.3 53.322 
Standard 
error 1.00 0.1204 0.2470 0.03873 0.1688 1.414 2.2439 

Genotypic 
variance 39.291 0.719 77.069 0.00499 6.571 5361.861 789.405 

Genotypic 
coefficient of 
variance 

13.71 1.75 52.51 41.08 27.29 64.63 52.692 

Phenotypic 
variance 39.827 0.733 77.129 0.00629 6.599 5362.472 794.445 

Phenotypic 
coefficient of 
variance 

13.80 1.77 52.53 46.14 27.35 64.63 52.859 

Environmental 
Variance 0.537 0.0145 0.0607 0.0013 0.0283 0.611 5.04 

Environmental 
coefficient of 
variance 

1.60 0.25 1.47 20.99 1.79 0.69 4.21 

Broad sense 
heritability 
(h2

bs %) 
98.65 98.00 99.90 79.30 96.60 99.98 99.37 

Standard 
error for 
broad sense 
heritability  

0.017724 0.131 0.0127 1.538 0.0433 0.0015 0.0056 

Genetic 
advance % 23.891 3.046 92.122 64.198 47.798 113.418 93.231 
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Table: 4.1.2 Genetic components for various morphological traits in maize  

** = Significant at 5% significance level, * = Significant at 1% significance level 
 

 
 
 

Source of 
variation 

Leaves 
per plant 

Plant height 
(cm) 

Stem 
diameter 
(cm) 

Leaf weigth 
(cm) 

Stem weigth 
(cm) 

Green fodder 
yield (g) 

Leaf/stem 
weight 
ratio 

Leaf length 
(cm) 

Leaf 
width 
(cm) 

Leaf area 
(cm2) 

Total dry matter
( g/m2) 

Mean Sum of 
Squares 2.661 * 2980.196 ** 0.0491 * 2570.358 ** 30780.7997 ** 46063.658 ** 0.0286* 132.062 ** 2.489 * 27756.886 ** 241213.392 ** 

Grand mean 11.333 151.915 0.856 110.856 339.61 450.466 0.354 72.713 8.984 654.86 1091.501 
Standard 
error 0.1936 1.2561 0.0413 1.3241 0.8907 1.3421 0.0634 0.2413 0.1032 0.2018 4.703 
Genotypic 
variance 1.293 1489.24 0.0244 1284.868 15389.99 23031.19 0.0143 65.842 1.236 13815.58 120584.6 

Genotypic 
coefficient of 
variance 

10.03 25.41 18.25 32.33 36.53 33.69 33.79 11.16 12.38 17.95 31.81 

Phenotypic 
variance 1.330 1490.089 0.0245 1285.179 15390.4 23031.83 0.0143 66.031 1.244 13878.44 120606.7 

Phenotypic 
coefficient of 
variance 

10.180 25.41 18.30 32.34 36.53 33.69 33.81 11.18 12.42 17.99 31.82 

Environmental 
Variance 0.038 0.474 0.000133 0.3116 0.408 0.642 0.00001 0.1889 0.0082 62.8621 22.115 

Environmental 
coefficient of 
variance 

1.71 0.45 1.35 0.50 0.19 0.18 1.01 0.60 1.01 1.21 0.43 

Broad sense 
heritability 
(h2

bs %) 
97.20 99.94 99.50 99.97 99.99 99.99 99.90 99.71 99.30 99.50 99.98 

Standard 
error for 
broad sense 
heritability  

0.0977 0.0029 0.711 0.031 0.000896 0.000732 0.9289 0.0137 0.0999 0.000945 0.00032 

Genetic 
advance % 17.362 44.569 31.960 56.741 64.108 59.124 59.285 19.557 21.648 31.429 56.465  
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Table: 4.1.3. Genetic components for various grain yielding traits in maize  
Source of 
variation 

Cobs per plant Grain rows per 
cob 

Cob length 
(cm) 

Cob diameter 
(cm) 

Cob weight (g) 100-seed 
weight (g) 

Stover weight 
(g) 

Grain yield per 
plant (g) 

Mean Sum of 
Squares 0.53629 * 7.283 ** 21.786 ** 0.0409 ** 3029.114 ** 17.773 ** 160.501 ** 2118.833 ** 

Grand mean 1.989 14.113 18.848 1.515 121.845 31.141 33.823 90.185 
Standard 
error 0.05477 0.09747 0.1049 0.03162 5.244 0.5177 0.3536 0.7071 
Genotypic 
variance 0.265 3.632 10.887 0.0197 1514.816 8.599 80.175 1059.381 

Genotypic 
coefficient of 
variance 

25.89 13.50 17.51 9.26 31.94 9.42 26.47 36.09 

Phenotypic 
variance 0.268 3.642 10.898 0.0205 1514.856 8.867 80.251 1059.417 

Phenotypic 
coefficient of 
variance 

26.03 13.52 17.51 9.44 31.94 9.56 26.49 36.09 

Environmental 
Variance 0.0031 0.00938 0.011 0.0008 0.0393 0.268 0.0756 0.0357 
Environmental 
coefficient of 
variance 

2.79 0.69 0.56 1.87 0.16 1.66 0.81 0.21 

Broad sense 
heritability 
(h2

bs %) 
98.88 99.72 99.89 96.09 99.99 96.97 99.90 99.99 

Standard 
error for 
broad sense 
heritability  

0.2157 0.0583 0.0337 0.7917 0.002855 0.03787 0.0124 0.003414 

Genetic 
advance % 45.167 23.667 30.712 15.939 56.059 16.274 46.439 63.439 

** = Significant at 5% significance level, * = Significant at 1% significance level
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4.1.2. Correlation Analysis 
The correlation analyswas was the measured of extent of relationship between any two 

independent variables. The genotypic (rG) and phenotypic (rP) coefficients of correlation 

were estimated for maize grain and fodder yield and its contributing traits as well as 

physiological traits (Tables 4.1.2.1, 4.1.2.1a, 4.1.2.2, 4.1.2.2a). The genotypic and phenotypic 

correlations are discussed as under: 

Correlation between morphological and physiological traits 

4.1.2.1. Correlation between chlorophyll contents with other indicated traits  

It was revealed that chlorophyll contents showed a significant and positive genotypic 

correlation with leaves per plant, plant height, stem diameter, leaf weight, stem weight, green 

fodder yield, leaf length, leaf area, photosynthetic rate, transpiration rate and sub-stomata 

CO2 concentration (Table 4.1.2.1). The table 4.1.2.1a suggested that highly significant and 

positive phenotypic correlation was found between chlorophyll contents and plant height, 

leaf width and leaf area while significant phenotypic correlation was found for stem 

diameter, stem weight and green fodder yield. The higher genotypic and phenotypic 

correlation indicated the selection of higher yielding maize genotypes may be useful. 

Findings were found similar to Camacho (1994); Alika and Ojomo (1996); Derera et al. 

(2008) and Ali et al. (2011a). 

4.1.2.2. Correlation between leaves per plant with other indicated traits 

It was suggested from table 4.1.2.1 that leaves per plant had a significant and positive 

genotypic correlation with chlorophyll contents, plant height, stem diameter, leaf weight, 

stem weight, green fodder yield, leaf length and leaf area. The table 4.1.2.1a indicated that 

highly significant and positive phenotypic correlation was found between leaves per plant 

and plant height, leaf weight, stem diameter, stem weight, green fodder yield and leaf length. 

The greater leaves per plant indicated higher chlorophyll contents. The higher genotypic and 

phenotypic correlation indicated the selection of higher yielding maize genotypes may be 

useful. Findings were found similar to Chapman et al. (1997b) and Derera et al. (2008).  

4.1.2.3. Correlation between plant height with other indicated traits 

It revealed that plant height showed significant and positive genotypic correlation with leaves 

per plant, chlorophyll contents, stem diameter, leaf weight, stem weight, green fodder yield, 

leaf length, leaf width, leaf area, leaf temperature and photosynthetic rate (Table 4.1.2.1). 
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The table 4.1.2.1a  indicated that highly significant and positive phenotypic correlation was 

found between plant height and leaves per plant, chlorophyll contents, stem diameter, leaf 

weight, stem weight, green fodder yield, leaf length, leaf width and leaf area while strong 

negative phenotypic correlation was found between plant height and leaf-stem  weight ratio 

but remaining were non-significant. The higher genotypic and phenotypic correlation 

indicated the selection of higher yielding maize genotypes may be useful. Findings were 

found similar  to Jadhav et al. (1991); Camacho (1994); Singh et al. (1998); Chapman et al. 

(1997b); Pandey et al. (2000); Umakanth et al. (2000); Khan et al. (2001); Jeanneau et al. 

(2002); Derera et al. (2008) and Ali et al. (2011a, b).  

4.1.2.4. Correlation between stem diameter with other indicated traits 

It was persuaded from table 4.1.2.1 that stem diameter showed a significant and positive 

genotypic correlation with plant height, leaves per plant, chlorophyll contents, stem diameter, 

leaf weight, stem weight, green fodder yield, leaf length, leaf area and sub-stomata CO2 

concentration. The table 4.1.2.1a indicated that highly significant and positive phenotypic 

correlation was found between stem diameter and plant height, leaves per plant, chlorophyll 

contents, leaf weight, stem weight, green fodder yield, leaf length and leaf area while strong 

negative phenotypic correlation was found between stem diameter and leaf-stem  weight ratio 

and transpiration rate. The greater leaves per plant, stem diameter, leaf and stem weight 

indicated higher chlorophyll contents. The higher genotypic and phenotypic correlation 

indicated the selection of higher yielding maize genotypes may be useful. Findings were 

found similar  to Jadhav et al. (1991); Camacho (1994); Singh et al. (1998); Pandey et al. 

(2000); Umakanth et al. (2000); Khan et al. (2001); Jeanneau et al. (2002); Derera et al. 

(2008) and Ali et al. (2011a, b).  

4.1.2.5. Correlation between leaf weight with other indicated traits 

It was persuaded that leaf weight showed a significant and positive genotypic correlation 

with stem diameter, plant height, leaves per plant, chlorophyll contents, stem diameter, stem 

weight, green fodder yield, leaf length, leaf area, leaf temperature and photosynthetic rate 

(Table 4.1.2.1). The table 4.1.2.1a  indicated that highly significant and positive phenotypic 

correlation was found between leaf weight and stem diameter, plant height, leaves per plant, 

stem weight, green fodder yield, leaf length, leaf width and leaf area while strong negative 

phenotypic correlation was found between leaf weight and stomata conductance and 
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transpiration rate. The greater leaf weight, leaves per plant, stem diameter, leaf and stem 

weight indicated higher chlorophyll contents. The higher genotypic and phenotypic 

correlation indicated the selection of higher yielding maize genotypes may be useful. 

Findings were found similar  to Khatun et al. (1999); Umakanth et al. (2000); Khan et al. 

(2001); Jeanneau et al. (2002); Gautam (2003); Malik et al. (2004); Zhou et al. (2004); 

Welcker et al. (2005); Saleem et al. (2007); Amler (2008); Derera et al. (2008) and Ali et al. 

(2011a, b).  

4.1.2.6. Correlation between stem weight with other indicated traits 

It was revealed that stem weight had a significant and positive genotypic correlation with 

stem diameter, plant height, leaves per plant, chlorophyll contents, stem diameter, leaf 

weight, green fodder yield, leaf length, leaf width, leaf area and photosynthetic rate (Table 

4.1.2.1). The table 4.1.2.1a  indicated that highly significant and positive phenotypic 

correlation was found between stem weight and stem diameter, plant height, leaves per plant, 

leaf weight, green fodder yield, leaf length, leaf width and leaf area while strong negative 

phenotypic correlation was found between stem weight and leaf-stem  weight ratio. The 

greater leaf weight, leaves per plant, stem diameter, leaf and stem weight indicated higher 

chlorophyll contents. The higher genotypic and phenotypic correlation indicated the selection 

of higher yielding maize genotypes may be useful. Findings were found similar  to Khatun et 

al. (1999); Pandey et al. (2000); Umakanth et al. (2000); Khan et al. (2001); Jeanneau et al. 

(2002); Gautam (2003); Malik et al. (2004); Zhou et al. (2004); Welcker et al. (2005); 

Saleem et al. (2007); Amler (2008); Derera et al. (2008) and Ali et al. (2011a, b). 

4.1.2.7. Correlation between green fodder yield with other indicated traits 

It was suggested that the significant and positive genotypic correlation with green fodder 

yield and stem weight, stem diameter, plant height, leaves per plant, chlorophyll contents, 

stem weight, stem diameter, leaf weight, green fodder yield, leaf length, leaf width, leaf area, 

leaf temperature and photosynthetic rate (Table 4.1.2.1). The table 4.1.2.1a indicated that 

highly significant and positive phenotypic correlation was found between green fodder yield 

and stem weight, stem diameter, plant height, leaves per plant, leaf weight, stem weight, leaf 

length, leaf width and leaf area while strong negative phenotypic correlation was found 

between green fodder yield and leaf-stem  weight ratio. A significant phenotypic correlation 

was found between green fodder yield and chlorophyll contents. The greater leaf weight, 
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leaves per plant, stem diameter, leaf and stem weight indicated higher chlorophyll contents. 

The higher genotypic and phenotypic correlation indicated the selection of higher yielding 

maize genotypes may be useful. Findings were found similar  to Khatun et al. (1999); Pandey 

et al. (2000); Gautam (2003); Malik et al. (2004); Zhou et al. (2004); Welcker et al. (2005); 

Saleem et al. (2007); Amler (2008); Derera et al. (2008) and Ali et al. (2011a, b). 

4.1.2.8. Correlation between leaf-stem weight ratio with other indicated traits 

It was suggested from table 4.1.2.1 that leaf-stem  weight ratio showed a non-significant and 

negative genotypic correlation with stem weight, stem diameter, plant height, leaves per 

plant, chlorophyll contents, green fodder yield, stem weight, stem diameter, leaf weight, 

green fodder yield, leaf length, leaf width, leaf area, stomata conductance, transpiration rate 

and photosynthetic rate while leaf temperature and sub-stomata CO2 concentration were 

positively and non-significantly correlated with leaf-stem weight ratio. The table 4.1.2.1a 

indicated that strong significant and negative phenotypic correlation was found between leaf-

stem weight ratio and green fodder yield, stem weight, stem diameter, plant height but 

significant and negative phenotypic correlation was found between leaf-stem weight ratio 

and stomata conductance and transpiration. The negative genotypic and phenotypic 

correlation indicated the selection of higher yielding maize genotypes may not be useful. The 

contrasting results were studied by  Pandey et al. (2000); Gautam (2003); Malik et al. (2004); 

Zhou et al. (2004); Welcker et al. (2005); Saleem et al. (2007); Amler (2008) and Derera et 

al. (2008). 

4.1.2.8. Correlation between leaf length with other indicated traits 

It was found that leaf length showed a significant and positive genotypic correlation was 

found between and stem weight, stem diameter, plant height, leaves per plant, chlorophyll 

contents, stem weight, stem diameter, leaf weight, green fodder yield, leaf width, leaf area 

and leaf temperature (Table 4.1.2.1). The Table 4.1.2.1a indicated that strong significant and 

positive phenotypic correlation was found between leaf length and green fodder yield, stem 

weight, stem diameter, plant height, leaves per plant, leaf weight, stem weight, leaf length, 

leaf width and leaf area. The greater leaf length, leaf weight, leaves per plant, stem diameter, 

leaf and stem weight indicated higher chlorophyll contents. The higher genotypic and 

phenotypic correlation indicated the selection of higher yielding maize genotypes may be 

useful. Findings were found similar  to Pandey et al. (2000); Umakanth et al. (2000); Khan et 
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al. (2001); Jeanneau et al. (2002); Malik et al. (2004); Zhou et al. (2004); Welcker et al. 

(2005); Saleem et al. (2007); Amler (2008); Derera et al. (2008) and Ali et al. (2011a, b). 

4.1.2.9. Correlation between leaf width with other indicated traits 

It was reported that leaf width showed a significant and positive genotypic correlation with 

green fodder yield, stem weight, stem diameter, plant height, chlorophyll contents, stem 

weight, leaf weight, leaf length, leaf area and stomata conductance (Table 4.1.2.1). The table 

4.1.2.1a indicated that strong significant and positive phenotypic correlation was found 

between leaf width and green fodder yield, stem weight, plant height, leaves per plant, leaf 

weight, stem weight, leaf length and leaf area. The greater leaf length, leaf weight, leaves per 

plant, stem diameter, leaf and stem weight indicated higher chlorophyll contents. A negative 

but significant phenotypic correlation was found between leaf length and stomata 

conductance. The higher genotypic and phenotypic correlation indicated the selection of 

higher yielding maize genotypes may be useful. Findings were found similar  to Umakanth et 

al. (2000); Khan et al. (2001); Jeanneau et al. (2002); Gautam (2003); Zhou et al. (2004); 

Welcker et al. (2005); Saleem et al. (2007); Amler (2008); Derera et al. (2008) and Ali et al. 

(2011a, b). 

4.1.2.10. Correlation between leaf area with other indicated traits 

It was suggested that leaf area showed a significant and positive genotypic correlation with 

green fodder yield, stem weight, stem diameter, plant height, chlorophyll contents, stem 

weight, leaf weight, leaf length, leaf width and stomata conductance (Table 4.1.2.1). The 

table 4.1.2.1a indicated that strong significant and positive phenotypic correlation was found 

between leaf area and green fodder yield, stem weight, plant height, leaves per plant, leaf 

weight, stem weight, leaf length and leaf width. The greater leaf length, leaf weight, leaves 

per plant, stem diameter, leaf and stem weight indicated higher chlorophyll contents. The 

higher leaf area indicated higher green and dry matter yield due to higher chlorophyll 

contents. A negative but significant phenotypic correlation was found between leaf length 

and stomata conductance. The higher genotypic and phenotypic correlation indicated the 

selection of higher yielding maize genotypes may be useful. Findings were found similar  to 

Umakanth et al. (2000); Khan et al. (2001); Jeanneau et al. (2002); Gautam (2003); Malik et 

al. (2004); Zhou et al. (2004); Saleem et al. (2007); Amler (2008); Derera et al. (2008) and 

Ali et al. (2011a, b). 
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4.1.2.11. Correlation between leaf temperature with other indicated traits 

It was suggested from table 4.1.2.1 that leaf temperature showed a significant and positive 

genotypic correlation with green fodder yield, plant height and leaf weight. The table 4.1.2.1a 

indicated that strong significant and positive phenotypic correlation was found between leaf 

temperature, stomata conductance and transpiration rate. The higher genotypic and 

phenotypic correlation indicated the selection of higher yielding maize genotypes may be 

useful. Findings were found similar  to Umakanth et al. (2000); Khan et al. (2001); Jeanneau 

et al. (2002); Zhou et al. (2004); Welcker et al. (2005); Saleem et al. (2007); Amler (2008); 

Derera et al. (2008) and Ali et al. (2011a, b). 

4.1.2.12. Correlation between photosynthetic rate with other indicated traits 

It was reported that photosynthetic rate showed a significant and positive genotypic 

correlation with green fodder yield, plant height, chlorophyll contents, stem weight, 

transpiration rate and leaf weight (Table 4.1.2.1). The table 4.1.2.1a indicated that strong 

significant and positive phenotypic correlation was found between photosynthetic rate and 

transpiration rate but a strong and negative phenotypic correlation was found between 

photosynthetic rate and sub-stomata CO2 concentration. Higher photosynthetic rate indicated 

higher green and dry biomass per plant. The higher genotypic and phenotypic correlation 

indicated the selection of higher yielding maize genotypes may be useful. Findings were 

found similar  to Umakanth et al. (2000); Jeanneau et al. (2002); Gautam (2003); Malik et al. 

(2004); Zhou et al. (2004); Welcker et al. (2005); Saleem et al. (2007); Amler (2008) and Ali 

et al. (2011b). 

4.1.2.13. Correlation between stomata conductance with other indicated traits 

It was found from table 4.1.2.1 that the significant and positive genotypic correlation was 

found between stomata conductance and transpiration rate. The table 4.1.2.1a indicated that 

strong significant and positive phenotypic correlation was found between stomata 

conductance and transpiration rate but a strong and negative phenotypic correlation was 

found between stomata conductance, leaf weight and leaf-stem weight ratio. The higher 

genotypic and phenotypic correlation indicated the selection of higher yielding maize 

genotypes may be useful. The higher stomata conductance indicated that the genotypes can 

be selected as drought resistance. Findings were found similar  to Umakanth et al. (2000); 
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Khan et al. (2001); Jeanneau et al. (2002); Gautam (2003); Malik et al. (2004); Zhou et al. 

(2004); Welcker et al. (2005); Amler (2008) and Derera et al. (2008). 

4.1.2.14. Correlation between transpiration rate with other indicated traits 

It was indicated from table 4.1.2.1 that transpiration rate showed a significant and positive 

genotypic correlation was found between transpiration rat and photosynthetic rate, 

chlorophyll contents and stomata conductance. The table 4.1.2.1a suggested that strong 

significant and positive phenotypic correlation was found between stomata conductance, 

photosynthetic rate and transpiration rate but a strong and negative phenotypic correlation 

was found between transpiration rate, stem diameter, leaf weight and stem weight. The 

higher genotypic and phenotypic correlation indicated the selection of higher yielding maize 

genotypes may be useful. The higher transpiration rate indicated that the genotypes can be 

selected as drought resistance. Findings were found similar to Umakanth et al. (2000); Khan 

et al. (2001); Jeanneau et al. (2002); Malik et al. (2004) and Derera et al. (2008). 

4.1.2.15. Correlation between sub stomata CO2 concentration with other indicated traits  

It was persuaded that sub stomata CO2 concentration showed a significant and positive 

genotypic correlation with leaves per plant, leaf width, chlorophyll contents and stem 

diameter (Table 4.1.2.1). The table 4.1.2.1a indicated that strong significant and negative 

phenotypic correlation was found between sub stomata CO2 concentration and photosynthetic 

rate. The higher genotypic and phenotypic correlation indicated the selection of higher 

yielding maize genotypes may be useful. The higher transpiration rate and sub stomata CO2 

concentration indicated that the genotypes can be selected as drought resistance. Findings 

were found similar to Zhou et al. (2004); Welcker et al. (2005); Saleem et al. (2007); Amler 

(2008) and Derera et al. (2008). 

4.1.2.16. Correlation between photosynthetic water use efficiency with other indicated 

traits  

It was suggested that photosynthetic water use efficiency  had a significant and positive 

genotypic correlation with sub stomata CO2 concentration, leaf length, stomata conductance, 

photosynthetic rate, leaf weight, stem weight and leaf area (Table 4.1.2.1). The table 4.1.2.1a 

indicated that significant and positive phenotypic correlation was found between 

photosynthetic water use efficiency and leaf weight, stem weight, green fodder yield, sub 

stomata CO2 concentration and photosynthetic rate. The higher genotypic and phenotypic 
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correlation indicated the selection of higher yielding maize genotypes may be useful. The 

higher transpiration rate and sub stomata CO2 concentration indicated that the genotypes can 

be selected as drought resistance. Findings were found similar to Amler (2008) and Derera et 

al. (2008). 

Correlation between morphological, physiological and grain yielding traits 

4.1.2.1. Correlation between leaves per plant with other indicated traits 

It was revealed that leaves per plant  had a significant and positive genotypic correlation with 

chlorophyll contents, plant height, stem diameter, total dry matter, grain yield per plant, 

stover weight, cob weight, cob length and grain rows per cob (Table 4.1.2.2). The table 

4.1.2.2a indicated that highly significant and positive phenotypic correlation was found 

between leaves per plant and plant height, stem diameter, stover weight, cob weight, cob 

diameter, cob length and cobs per plant. The greater chlorophyll contents, plant height, stem 

diameter, total dry matter, grain yield per plant, stover weight, cob weight, cob length and 

grain rows per cob indicated the higher grain yield. The higher genotypic and phenotypic 

correlation indicated the selection of higher yielding maize genotypes may be useful. 

Findings were found similar  to Najeebullah (1987); Altaf (1990); Qadir (1990); Joshi 

(1990); Nevado and Cross (1990); Jadhav et al. (1991); Tusuz and Balabanli (1997); Singh et 

al. (1998); Khatun et al. (1999); Torun et al. (1999); Umakanth et al. (2000); Vaezi et al. 

(2000); Saleem et al. (2007); Derera et al. (2008) and Wali et al. (2010).  

4.1.2.2. Correlation between chlorophyll contents with other indicated traits 

It was found from table 4.1.2.2 that chlorophyll contents showed a significant and positive 

genotypic correlation with leaves per plant, plant height, stem diameter, total dry matter, 

grain yield per plant, cob diameter, cob weight, cob length and grain rows per cob. The table 

4.1.2.2a indicated that strong significant and positive phenotypic correlation was found 

between chlorophyll contents and plant height, cob weight, cob diameter and cobs per plant. 

A significant and positive phenotypic correlation was found between chlorophyll contents 

and stem diameter, total dry matter and cob length. The greater chlorophyll contents, plant 

height, stem diameter, total dry matter, grain yield per plant, stover weight, cob weight, cob 

length and grain rows per cob indicated the higher grain yield. The higher genotypic and 

phenotypic correlation indicated the selection of higher yielding maize genotypes may be 

useful. Findings were found similar to Alika and Ojomo (1996); Chapman et al. (1997b); 
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Khatun et al. (1999); Umakanth et al. (2000); Vaezi et al. (2000); Derera et al. (2008) and 

Wali et al. (2010).  

4.1.2.3. Correlation between plant height with other indicated traits   

It was reported that plant height had a significant and positive genotypic correlation with 

leaves per plant, chlorophyll contents, 100-seed weight, cob diameter, cobs per plant, stem 

diameter, total dry matter, grain yield per plant, stover weight, cob weight, cob length and 

grain rows per cob ((Table 4.1.2.2). The significant genotypic correlations indicated that 

selection of higher yielding maize genotypes on the basis of plant height (Vaezi et al. (2000); 

Saleem et al. (2007); Derera et al. (2008) and Wali et al. (2010)). The table 4.1.2.2a 

persuaded that strong significant and positive phenotypic correlation was found between 

plant height and leaves per plant, stem diameter, stover weight, cob weight, cob diameter, 

cob length and cobs per plant. The greater chlorophyll contents, plant height, stem diameter, 

total dry matter, grain yield per plant, stover weight, cob weight, cob length and grain rows 

per cob indicated the higher grain yield. The higher genotypic and phenotypic correlation 

indicated the selection of higher yielding maize genotypes may be useful. Findings were 

found similar to Najeebullah (1987); Khatun et al. (1999); Torun et al. (1999); Umakanth et 

al. (2000); Vaezi et al. (2000); Derera et al. (2008) and Wali et al. (2010).  

4.1.2.4. Correlation between stem diameter with other indicated traits   

It was suggested that stem diameter showed a significant and positive genotypic correlation 

with plant height, leaves per plant, chlorophyll contents, 100-seed weight, cob diameter, cobs 

per plant, total dry matter, grain yield per plant, stover weight, cob weight and grain rows per 

cob (Table 4.1.2.2). The significant genotypic correlations indicated that selection of higher 

yielding maize genotypes on the basis of plant height and stem diameter (Torun et al. (1999); 

Vaezi et al. (2000); Saleem et al. (2007); Derera et al. (2008) and Wali et al. (2010)). The 

table 4.1.2.2a indicated that strong significant and positive phenotypic correlation was found 

between stem diameter and plant height, leaves per plant, stover weight and total dry matter. 

A significant and positive phenotypic correlation was found between stem diameter and cob 

length, cob diameter, cob weight, and chlorophyll contents. The greater chlorophyll contents, 

plant height, stem diameter, total dry matter, grain yield per plant, stover weight, cob weight, 

cob length and grain rows per cob indicated the higher grain yield. The higher genotypic and 

phenotypic correlation indicated the selection of higher yielding maize genotypes may be 
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useful. Findings were found similar  to Altaf (1990); Qadir (1990); Joshi (1990); Nevado and 

Cross (1990); Jadhav et al. (1991); Camacho (1994); Alika and Ojomo (1996); Chapman et 

al. (1997b); Tusuz and Balabanli (1997); Torun et al. (1999); Vaezi et al. (2000); Saleem et 

al. (2007) and Wali et al. (2010).  

4.1.2.5. Correlation between total dry matter with other indicated traits   

It was found that total dry matter showed a significant and positive genotypic correlation 

with stem diameter, plant height, leaves per plant, chlorophyll contents, 100-seed weight, cob 

diameter, cobs per plant, grain yield per plant, stover weight, cob weight and grain rows per 

cob (Table 4.1.2.2). The significant genotypic correlations indicated that selection of higher 

yielding maize genotypes on the basis of total dry matter (Torun et al. (1999); Vaezi et al. 

(2000); Saleem et al. (2007); Derera et al. (2008) and Wali et al. (2010)). The table 4.1.2.2a 

indicated that strong significant and positive phenotypic correlation was found between total 

dry matter, stem diameter and plant height. A significant and positive phenotypic correlation 

was found between total dry matter, cob length, cob diameter, cob weight, and chlorophyll 

contents. The greater chlorophyll contents, plant height, stem diameter, total dry matter, grain 

yield per plant, stover weight, cob weight, cob length and grain rows per cob indicated the 

higher grain yield. The higher genotypic and phenotypic correlation indicated the selection of 

higher yielding maize genotypes may be useful. Findings were found similar  to Camacho 

(1994); Chapman et al. (1997b); Tusuz and Balabanli (1997); Vaezi et al. (2000); Saleem et 

al. (2007); Derera et al. (2008) and Wali et al. (2010).  

 4.1.2.6. Correlation between cobs per plant with other indicated traits   

It was persuaded that cobs per plant had a significant and positive genotypic correlation with 

plant height, chlorophyll contents, cob diameter, total dry matter, grain yield per plant, cob 

length, stover weight, cob weight and grain rows per cob (Table 4.1.2.2). The significant 

genotypic correlations indicated that selection of higher yielding maize genotypes on the 

basis of cobs per plant (Torun et al. (1999); Vaezi et al. (2000); Saleem et al. (2007); Derera 

et al. (2008) and Wali et al. (2010)). The table 4.1.2.2a indicated that strong significant and 

positive phenotypic correlation was found between cobs per plant, plant height, grain yield 

per plant, cob weight, cob length and grain rows per cob. A significant and positive 

phenotypic correlation was found between cobs per plant, leaves per plant and cob diameter. 

The greater chlorophyll contents, cobs per plant, plant height, stem diameter, total dry matter, 



 
 

82

grain yield per plant, stover weight, cob weight, cob length and grain rows per cob indicated 

the higher grain yield. The higher genotypic and phenotypic correlation indicated the 

selection of higher yielding maize genotypes may be useful. Findings were found similar  to 

Najeebullah (1987); Altaf (1990); Qadir (1990); Joshi (1990); Nevado and Cross (1990); 

Jadhav et al. (1991); Singh et al. (1998); Khatun et al. (1999); Torun et al. (1999); Umakanth 

et al. (2000); Vaezi et al. (2000); Saleem et al. (2007); Derera et al. (2008) and Wali et al. 

(2010).  

4.1.2.7 Correlation between grain rows per cob with other indicated traits   

It was suggested from table 4.1.2.2 that grain rows per cob showed a significant and positive 

genotypic correlation with plant height, leaves per plant, chlorophyll contents, cob diameter, 

total dry matter, grain yield per plant, cob length and cob weight. The significant genotypic 

correlations indicated that selection of higher yielding maize genotypes on the basis of grain 

rows per cob (Torun et al. (1999); Vaezi et al. (2000); Saleem et al. (2007); Derera et al. 

(2008) and Wali et al. (2010)). The table 4.1.2.2a indicated that strong significant and 

positive phenotypic correlation was found between grain rows per cob, cob diameter, plant 

height, grain yield per plant, cob weight, cob length and cobs per plant. A significant and 

positive phenotypic correlation was found between grain rows per cob and total dry matter. A 

strong but negative phenotypic correlation was found between grain rows per cob and 100-

seed weight. The greater chlorophyll contents, cobs per plant, plant height, stem diameter, 

total dry matter, grain yield per plant, stover weight, cob weight, cob length and grain rows 

per cob indicated the higher grain yield. The higher genotypic and phenotypic correlation 

indicated the selection of higher yielding maize genotypes may be useful. Findings were 

found similar to Najeebullah (1987); Qadir (1990); Joshi (1990); Nevado and Cross (1990); 

Umakanth et al. (2000); Vaezi et al. (2000); Saleem et al. (2007); Derera et al. (2008) and 

Wali et al. (2010). 

4.1.2.8. Correlation between cob length with other indicated traits   

It was revealed that cob length dah a significant and positive genotypic correlation with cobs 

per plant, leaves per plant, plant height, chlorophyll contents, cob diameter, total dry matter, 

grain yield per plant, stover weight, cob weight and 100-seed weight (Table 4.1.2.2). The 

significant genotypic correlations indicated that selection of higher yielding maize genotypes 

on the basis of cob length (Torun et al. (1999); Vaezi et al. (2000); Derera et al. (2008) and 
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Wali et al. (2010)). The table 4.1.2.2a indicated that strong significant and positive 

phenotypic correlation was found between cob length, cobs per plant, plant height, grain 

yield per plant, cob weight and stover weight. A significant and positive phenotypic 

correlation was found between cob length, 100-seed weight, chlorophyll contents, leaves per 

plant and stem diameter. The remaining phenotypic correlations were non-significant. The 

greater chlorophyll contents, cobs per plant, plant height, stem diameter, total dry matter, 

grain yield per plant, stover weight, cob weight, cob length and grain rows per cob indicated 

the higher grain yield. The higher genotypic and phenotypic correlation indicated the 

selection of higher yielding maize genotypes may be useful. Findings were found similar  to 

Najeebullah (1987); Altaf (1990); Joshi (1990); Nevado and Cross (1990); Jadhav et al. 

(1991); Alika and Ojomo (1996); Chapman et al. (1997b); Tusuz and Balabanli (1997); 

Singh et al. (1998); Torun et al. (1999); Umakanth et al. (2000); Vaezi et al. (2000); Saleem 

et al. (2007); Derera et al. (2008) and Wali et al. (2010).   

4.1.2.9. Correlation between cob diameter with other indicated traits   

It was reported that cob length showed significant and positive genotypic correlation with 

plant height, chlorophyll contents, cob diameter, total dry matter, grain yield per plant, stover 

weight, cob weight and grain rows per cob (Table 4.1.2.2). The significant genotypic 

correlations indicated that selection of higher yielding maize genotypes on the basis of cob 

diameter (Torun et al. (1999); Vaezi et al. (2000); Derera et al. (2008) and Wali et al. 

(2010)). The table 4.1.2.2a indicated that strong significant and positive phenotypic 

correlation was found between cob diameter, grain rows per cob, plant height, leaves per 

plant, chlorophyll contents, grain yield per plant, cob weight and stover weight. A significant 

and positive phenotypic correlation was found between cob diameter, cobs per plant, cob 

length, total dry matter and stem diameter. The greater chlorophyll contents, cobs per plant, 

plant height, stem diameter, total dry matter, grain yield per plant, stover weight, cob weight, 

cob length and grain rows per cob indicated the higher grain yield. The higher genotypic and 

phenotypic correlation indicated the selection of higher yielding maize genotypes may be 

useful. Findings were found similar  to Camacho (1994); Alika and Ojomo (1996); Chapman 

et al. (1997b); Tusuz and Balabanli (1997); Singh et al. (1998); Khatun et al. (1999); Torun 

et al. (1999); Umakanth et al. (2000); Vaezi et al. (2000); Saleem et al. (2007); Derera et al. 

(2008) and Wali et al. (2010).  
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  4.1.2.10. Correlation between cob weight with other indicated traits   

It was found from table 4.1.2.2 that cob weight showed a significant and positive genotypic 

correlation with cobs per plant, leaves per plant, plant height, chlorophyll contents, cob 

length, grain rows per plant, cob diameter, total dry matter, grain yield per plant, stover 

weight, cob weight and 100-seed weight. The significant genotypic correlations indicated 

that selection of higher yielding maize genotypes on the basis of cob weight (Torun et al. 

(1999); Vaezi et al. (2000); Derera et al. (2008) and Wali et al. (2010)). The table 4.1.2.2a 

indicated that strong significant and positive phenotypic correlation was found between cob 

weight, cobs per plant, plant height, grain rows per cob, 100-seed weight, cob diameter, cob 

length, grain yield per plant, cob weight and stover weight. A significant and positive 

phenotypic correlation was found between cob weight, total dry matter and stem diameter. 

The greater chlorophyll contents, cobs per plant, plant height, stem diameter, total dry matter, 

grain yield per plant, stover weight, cob weight, cob length and grain rows per cob indicated 

the higher grain yield. The higher genotypic and phenotypic correlation indicated the 

selection of higher yielding maize genotypes may be useful. Findings were found similar  to 

Nevado and Cross (1990); Jadhav et al. (1991); Camacho (1994); Alika and Ojomo (1996); 

Singh et al. (1998); Torun et al. (1999); Umakanth et al. (2000); Vaezi et al. (2000); Saleem 

et al. (2007); Derera et al. (2008) and Wali et al. (2010). 

4.1.2.11. Correlation between stover weight with other indicated traits   

It was reported that stover weight  had a significant and positive genotypic correlation with 

cobs per plant, leaves per plant, plant height, stem diameter, cob length, cob diameter, total 

dry matter, grain yield per plant, cob weight and 100-seed weight (Table 4.1.2.2). The 

significant genotypic correlations indicated that selection of higher yielding maize genotypes 

on the basis of stover weight (Torun et al. (1999); Vaezi et al. (2000); Derera et al. (2008) 

and Wali et al. (2010)). The table 4.1.2.2a indicated that strong significant and positive 

phenotypic correlation was found between stover weight, cob length, cob diameter, cob 

weight, leaves per plant and stem weight. The greater chlorophyll contents, cobs per plant, 

plant height, stem diameter, total dry matter, grain yield per plant, stover weight, cob weight, 

cob length and grain rows per cob indicated the higher grain yield. Findings were found 

similar  to Najeebullah (1987); Altaf (1990); Nevado and Cross (1990); Singh et al. (1998); 

Torun et al. (1999); Umakanth et al. (2000); Derera et al. (2008) and Wali et al. (2010). 
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4.1.2.12. Correlation between 100-seed weight with other indicated traits   

It was suggested from table 4.1.2.2 that 100-seed weight showed a significant and positive 

genotypic correlation with plant height, total dry matter, grain yield per plant, stover weight 

and cob weight while remaining correlations were non-significant. The significant genotypic 

correlations indicated that selection of higher yielding maize genotypes on the basis of 100-

seed weight (Torun et al. (1999); Vaezi et al. (2000); Derera et al. (2008) and Wali et al. 

(2010)). The table 4.1.2.2a indicated that strong significant and positive phenotypic 

correlation was found between 100-seed weight, grain yield per plant and cob weight. A 

significant and positive phenotypic correlation was found between cob length and 100-seed 

weight. A strong but negative phenotypic correlation was found for 100-seed weight and 

grain rows per cob. The greater chlorophyll contents, cobs per plant, plant height, stem 

diameter, total dry matter, grain yield per plant, stover weight, cob weight, cob length and 

grain rows per cob indicated the higher grain yield. The higher genotypic and phenotypic 

correlation indicated the selection of higher yielding maize genotypes may be useful. 

Findings were found similar  to Jadhav et al. (1991); Alika and Ojomo (1996); Singh et al. 

(1998); Khatun et al. (1999); Vaezi et al. (2000); Saleem et al. (2007) nd Wali et al. (2010). 

4.1.2.13. Correlation between grain yield per plant with other indicated traits   

It was suggested that grain yield per plant showed a significant and positive genotypic 

correlation was found between and 100-seed weight, cobs per plant, grain rows per cob, cob 

length, cob diameter, plant height, total dry matter, grain yield per plant, leaves per plant and 

cob weight (Table 4.1.2.2). The significant genotypic correlations indicated that selection of 

higher yielding maize genotypes on the basis of 100-seed weight (Torun et al. (1999); Vaezi 

et al. (2000); Derera et al. (2008) and Wali et al. (2010)). The table 4.1.2.2a indicated that 

strong significant and positive phenotypic correlation was found between grain yield per 

plant and 100-seed weight, cobs per plant, grain rows per cob, cob length, cob diameter, plant 

height and cob weight while stover weight, total dry matter, leaves per plant, stem diameter 

were non-significantly correlated with grain yield per plant. The higher genotypic and 

phenotypic correlation indicated the selection of higher yielding maize genotypes may be 

useful. Findings were found similar to Nevado and Cross (1990); Torun et al. (1999); 

Umakanth et al. (2000); Vaezi et al. (2000); Saleem et al. (2007); Derera et al. (2008) and 

Wali et al. (2010).   
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Table: 4.1.2.1. Genotypic correlations among various morphological and physiological traits in maize 

Traits  NLP   PH   SD   LW  SW   GFY    LSWR  LL LW    LA    LT   A     gs   E Ci WUE 

Ch.C 0.0923* 0.3754* 0.1960* 0.1494* 0.2038* 0.2019* -0.1487ns 0.1247* 0.2432* 0.2444* 0.0008 ns 0.0919* 0.0927 ns 0.0674* 0.0332* 0.0098 ns 

NLP  0.3096* 0.4471* 0.4968* 0.3313* 0.3882* -0.1278 ns 0.4139* 0.1274 ns 0.3478* 0.0794 ns -0.0178 ns -0.058 ns -0.0614 ns 0.0287* -0.0032 ns 

PH   0.2919* 0.2405* 0.6131* 0.5579* -0.6960* 0.2512* 0.2956* 0.3576* 0.0537*    0.1386* -0.0158 ns -0.0492 ns -0.0275 -0.1224* 

SD    0.6744* 0.6392* 0.6818* -0.2415 ns 0.5250* 0.1221 ns 0.3896* -0.0199 ns -0.0438 ns -0.0855 ns -0.1651 ns 0.0669* -0.1029 ns 

LW     0.7147* 0.8204* -0.0652* 0.5482* 0.2710* 0.5136* 0.1339* 0.0732* -0.2445 ns -0.2646 ns -0.1060 ns 0.1722* 

SW      0.9863* -0.6361* 0.4039* 0.3173* 0.4555* 0.0095 ns 0.0556* -0.0530 ns -0.1126 ns -0.1103 ns 0.2132* 

GFY       -0.5354* 0.4596* 0.3234* 0.4937* 0.0394* 0.0627* -0.1010 ns -0.1545 ns -0.1152 ns -0.1812* 

LSWR        -0.1322 -0.0990 -0.1529 0.1425 ns -0.0078 ns -0.2149 ns -0.1600 ns 0.0363 ns -0.0192 ns 

LL         0.1782* 0.7238* 0.1315* 0.0060 ns -0.1236 ns -0.1310 ns -0.0860 ns 0.1251* 

LW          0.8027* 0.1371* -0.0863 ns -0.1932 ns -0.0925 ns 0.0565* 0.0112 ns 

LA           0.1725* -0.0541 ns -0.1969 ns -0.1284 ns -0.0022 ns 0.4212** 

LT            -0.1368 ns -0.8698* -0.7038* -0.0399 ns 0.2311* 

A             0.1395 ns 0.2242* -0.2059 ns 0.1768* 

gs              0.9463* 0.0039 ns 0.1987* 

E              -0.0556 ns 0.0112 ns 

Ci               0.3987** 

** = Significant at 5% significance level, * = Significant at 1% significance level, ns = Non-significant 

NLP = leaves per plant, PH = Plant height, SD = Stem diameter, LW = Leaf weight, SW = Stem weight, GFY = Green fodder 

yield, LSWR = Leaf-stem weight ratio, LL = Leaf length, LW = Leaf width, LA = Leaf area, A = Photosynthetic rate, LT = Leaf 

temperature, Chl. C = Chlorophyll contents, gs = Stomata conductance, E = Transpiration rate, Ci = Sub-stomata CO2 

concentration, WUE = Photosynthetic water use efficiency     
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Table: 4.1.2.1a. Phenotypic correlations among various morphological and physiological traits in maize 

Traits  NLP   PH   SD   LW  SW  GFY    LSWR  LL LW    LA    LT   A     gs   E Ci WUE 

Ch.C 0.0926 ns 0.3731** 0.1956* 0.1483 ns 0.2024* 0.2005* -0.1478 ns 0.1231 ns 0.2416** 0.2424** -0.0013 ns 0.0912 ns 0.0864 ns 0.0663 ns 0.0331 ns 0.0122 ns 

NLP  0.3026** 0.4347** 0.4895** 0.3266** 0.3826** -0.1260 ns 0.4085** 0.1288 ns 0.3453** 0.0761 ns -0.0160 ns -0.0510 ns -0.0604 ns 0.0281 ns 0.0931 ns 

PH   0.2911** 0.2404** 0.6130** 0.5579** -0.6995** 0.2509** 0.2947** 0.3569** 0.0565 ns 0.1385* -0.0123 ns -0.0490 ns -0.0274 ns 0.0241 ns 

SD    0.6726** 0.6376** 0.6801** -0.2407** 0.5234** 0.1213 ns 0.3880** -0.0197 ns -0.0440 ns -0.0759 ns -0.1642* 0.0668 ns 0.0761 ns 

LW     0.7146** 0.8204** -0.0648 ns 0.5474** 0.2701** 0.5124** 0.1326 ns 0.1732* -0.217** -0.2641** -0.1060 ns 0.1219* 

SW      0.9863** -0.6359** 0.4033** 0.3162** 0.4545** 0.0094 ns 0.1555* -0.0469 ns -0.1123 ns -0.1103 ns 0.1871* 

GFY      -0.5351** 0.4590** 0.3223** 0.4926** 0.0390 ns 0.0627 ns -0.0896 ns -0.1542 ns -0.1152 ns 0.1413* 

LSWR       -0.1318 ns -0.0987 ns -0.1525 0.1414 ns -0.0078 ns -0.1906 ns -0.1597* 0.0364 ns 0.0767 ns 

LL        0.1777* 0.7232** 0.1294 ns 0.0061 ns -0.1124 ns -0.1297 ns -0.0860 ns 0.0923 ns 

LW         0.8029** 0.1351 ns -0.0853 ns -0.1719* -0.0926 ns 0.0564 ns 0.0573 ns 

LA          0.1698* -0.0534 ns -0.1766* -0.1283 ns -0.0022 ns 0.0781 ns 

LT           -0.1346* -0.762** -0.6935** -0.0391 ns 0.0341 ns 

A            0.1243 ns 0.2237** 0.2058** 0.1982* 

Gs             0.8424** 0.0036 ns 0.0641 ns 

E             -0.0054 ns 0.0986 ns 

Ci              0.3421** 

** = Significant at 5% significance level, * = Significant at 1% significance level, ns = Non-significant 

NLP = leaves per plant, PH = Plant height, SD = Stem diameter, LW = Leaf weight, SW = Stem weight, GFY = Green fodder 

yield, LSWR = Leaf-stem weight ratio, LL = Leaf length, LW = Leaf width, LA = Leaf area, A = Photosynthetic rate, LT = Leaf 

temperature, Chl. C = Chlorophyll contents, gs = Stomata conductance, E = Transpiration rate, Ci = Sub-stomata CO2 

concentration, WUE = Photosynthetic water use efficiency     
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Table: 4.1.2.2. Genotypic correlations among various morphological and physiological and grain yielding traits in maize 

Traits Grain 
rows per 
cob 

Cob 
length 

Cob 
diameter

Cob 
weight 

100-seed 
weight 

Stover 
weight 

Stem 
diameter 

Total 
drymatter 

Chlorophyll 
contents 

Leaves 
per 
plant 

Plant 
height 

Grain yield 

per plant 

Cobs per plant 0.2215** 0.3269* 0.1959 ns 0.3543* -0.1199 ns 0.1063* 0.1454 ns 0.1179* 0.2706* 0.1754 0.2923* 0.3150* 

Grain rows per 
cob 

 0.0333 ns 0.5933* 0.4712* -0.2172* -0.0246 ns 0.1019 ns 0.1705* 0.3182* 0.1437* 0.2096* 0.4245* 

Cob length   0.2022* 0.4497* 0.1831* 0.2962* 0.1815 ns 0.1364* 0.1676* 0.1772* 0.3014* 0.3061* 

Cob diameter    0.7592* 0.0640 ns 0.3262* 0.1699 ns 0.1599* 0.4141* 0.2467 0.1383* 0.6166* 

Cob weight     0.2352* 0.2772* 0.1947* 0.1905* 0.5088* 0.2302* 0.3563* 0.8933* 

100-seed weight      0.1264* 0.1173 ns 0.0622* -0.1462 ns -0.0516 0.1110* 0.2075* 

Stover weight       0.3545* 0.0409* -0.0118 ns 0.4089* 0.0114* 0.0067 

Stem diameter        0.2210* 0.1960* 0.4471* 0.2919* 0.0866* 

Total drymatter         0.1722* 0.062* 0.3495* 0.1267* 

Chlorophyll 
contents 

         0.0923* 0.3754* 0.4505* 

Leaves per 
plant 

          0.3069* 0.0640* 

Plant height            0.3512* 

 
** = Significant at 5% significance level, * = Significant at 1% significance level, ns = Non-significant 
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Table: 4.1.2.2a. Phenotypic correlations among various morphological and physiological and grain yielding traits in maize 
Traits Grain 

rows per 
cob 

Cob 
length 

Cob 
diameter 

Cob weight 100-seed 
weight 

Stover 
weight 

Stem 
diameter 

Total 
drymatter

Chlorophyll 
contents 

Leaves 
per plant 

Plant 
height 

Grain yield 

per plant 

Cobs per 
plant 

0.2189** 0.3251** 0.1935* 0.3532** -0.1192 ns 0.1062 ns 0.1448 ns 0.1170 ns 0.2669** 0.1716* 0.2905** 0.3133** 

Grain rows 
per cob 

 0.0328 ns 0.5816** 0.4706** -0.2128** -0.0247 ns 0.1016 ns 0.1703* 0.3135** 0.1413 ns 0.2093** 0.4239** 

Cob length   0.1975* 0.4494** 0.1806* 0.2961* 0.1808* 0.1364 ns 0.1655* 0.1745* 0.3011** 0.3060** 

Cob 
diameter 

   0.7441** 0.0629 0.3190** 0.1663* 0.1566* 0.4034** 0.2412** 0.1356 0.6044** 

Cob weight    0.2316** 0.2771** 0.1941* 0.1905* 0.5053** 0.2270** 0.3562** 0.8932** 

100-seed 
weight 

    0.1241 ns 0.1150 ns 0.0610 ns -0.1408 ns -0.0513 ns 0.1089 0.2044** 

Stover 
weight 

     0.3536** 0.0408 ns -0.0120 ns 0.4031** 0.0113 0.0067 ns 

Stem 
diameter 

     0.2205** 0.1956* 0.4374** 0.2911** 0.0864 ns 

Total 
drymatter 

      0.1706* 0.0619 ns 0.3494** 0.1267 ns 

Chlorophyll 
contents 

       0.0926 0.3731** 0.4473** 

Leaves per 
plant 

        0.3026** 0.0632 ns 

Plant height          0.3511** 

** = Significant at 5% significance level, * = Significant at 1% significance level, ns = Non-significant 
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4.2. Experiment 2 (Evaluation of parents and F1 hybrids) 

4.2.1. Evaluation for grain and fodder yielding traits 

The present study was carried out in the research ares of the Department of Plant Breeding 

and Genetics, University of Agriculture, Faisalabad Pakistan to evaluate the selected maize 

parents and F1 hybrids for grain and fodder yielding traits at maturity during crop growing 

season 2012. The germplasm was consisting of 12 parents and 36 crosses (produced by 

following North Carolina matting design II. The data of various morphological and 

physiological traits were recorded, statistically analyzed and the results are discussed trait 

wise as under: 

4.2.1.1. Leaves per plant  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average leaves per plant were recorded as 

11.067±0.1881. The higher heritability (99.10%) and lower type of genetic advance (9.79%) 

was found for leaves per plant. Higher values of heritability indicated that selection of 

genotypes for higher leaves per plant may be helpful to increase grain and fodder yield of 

maize (Hader (2006); Ojo et al., (2007); Saleem et al., (2007) and Akbar and Saleem (2008)). 

It was persuaded from Appendix 4.2.1.1 that higher leaves per plant were recorded for Sh-

139 × B-316 (12.67), B-327 × B-316 (12.33) and Raka-poshi × E-322 (12.00) while lower 

for B-327 (9.50), Sh-139 (9.14) and E-336 × EV-347 (8.33). The higher leaves per plant 

indicated that F1 hybrids Sh-139 × B-316, B-327 × B-316 and Raka-poshi × E-322 may be 

used for higher green fodder yield per plant (Malik et al., 2004).        

4.2.1.2. Plant height (cm)  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

table 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average plant height was recorded as 

162.78±2.751cm. The higher heritability (94.70%) and higher type of genetic advance 

(30.01%) was found for plant height. Higher values of heritability indicated that selection of 

genotypes for higher plant height may be helpful to increase green fodder yield of maize 

(Hader (2006); Ojo et al., (2007); Saleem et al., (2007) and Akbar and Saleem (2008)). It 

was persuaded from  Appendix 4.2.1.1 that higher plant height were recorded for Raka-poshi 
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(211.10cm), F-96 (206.8cm), B-327 × EV-347 (201.9cm), EV-347 (198.7cm), B-11 × EV-

340 (189.3cm) and EV-1097 × EV-340 (198.0cm) while lower for E-336× F-96 (86.64cm), 

E-322 (85.99cm) and E-336 × EV-347 (36.64cm). The higher plant height indicated that F1 

hybrids B-327 × EV-347, B-11 × EV-340 and EV-1097 × EV-340 may be used for higher 

green fodder yield per plant. Higher plant height may be helpful to have higher leaves per 

plant (Malik et al., 2004).       

4.2.1.3. Stem diameter (cm)  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average stem diameter was recorded as 

0.8362±0.011cm. The higher heritability (99.30%) and higher type of genetic advance 

(21.94%) was found for stem diameter. Higher values of heritability indicated that selection 

of genotypes for higher stem diameter may be helpful to increase green fodder yield of maize 

(Hader (2006) and Ojo et al., (2007)). The higher stem diameter also indicated that the 

accumulation of photosynthesizes will also be increased. It was persuaded from  Appendix 

4.2.1.1 that higher stem diameter were recorded for B-327 ×  E-322 (1.216cm), EV-1097 

(1.079cm) and EV-1097 × EV-347 (1.051cm) while lower for B-11× B-316 (0.5730cm), E-

322 (0.6140cm) and E-336 × EV-347 (0.5480cm). The higher stem diameter indicated that F1 

hybrids B-327 × E-322 and EV-1097 × EV-347 may be used for higher green fodder yield 

per plant. Higher stem diameter may be helpful to have higher leaves per plant and green 

fodder yield per plant (Malik et al., 2004).       

4.2.1.4. Leaf weight (g)  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average leaf weight was recorded as 101.02±2.007g. 

The higher heritability (99.50%) and higher type of genetic advance (37.75%) was found for 

leaf weight. Higher values of heritability and genetic advance indicated that selection of 

genotypes for higher leaf weight may be helpful to increase green fodder yield of maize 

(Qadir (1990); Sedhom (1994); Lee et al., (1995); Hader (2006) and Ojo et al., (2007)). The 

higher leaf weight also indicated that the accumulation of photosynthesizes will also be 

increased. It was persuaded from  Appendix 4.2.1.1 that higher leaf weight were recorded for 
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E-336 (167.9g), Sh-139 × E-322 (135.1g), Sh-139 × F-96 (136.5g), Sh-139 × EV-347 

(132.8g) and EV-1097 × EV-340 (139.0g) while lower for Sh-139 × Pop/209 (51.65g), E-

336× EV-347 (36.71g) and E-336 × F-96 (46.97g). The higher leaf weight indicated that F1 

hybrids Sh-139 × E-322, Sh-139 × F-96, Sh-139 × EV-347 and EV-1097 × EV-340 may be 

used for higher green fodder yield per plant. Higher leaf weight may be helpful to have 

higher leaves per plant (Rahmeeh et al., (2000); Khan et al., (2001a,b); Gautam (2003) and 

Malik et al., 2004).       

4.2.1.5. Stem weight (g)  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average stem weight was recorded as 346.27±4.762g. 

The higher heritability (99.80%) and higher type of genetic advance (48.26%) was found for 

stem weight. Higher values of heritability and genetic advance indicated that selection of 

genotypes for higher stem weight may be helpful to increase green fodder yield of maize 

(Qadir (1990); Sedhom (1994); Lee et al., (1995); Hader (2006) and Ojo et al., (2007)). The 

higher stem weight also indicated that the accumulation of photosynthesizes will also be 

increased. It was persuaded from Appendix 4.2.1.1 that higher stem weight were recorded for 

EV-347 (596.6g), E-336 (553.1g), Sh-139 × EV-340 (550.8g) and EV-1097 × EV-347 

(536.0g) while lower for EV-1097 × B-316 (166.0g), E-336× E-322 (138.3g) and E-336 × F-

96 (119.0g). The higher stem weight indicated that F1 hybrids Sh-139 × EV-340 and EV-

1097 × EV-347 may be used for higher green fodder yield per plant. Higher stem and leaf 

weight may be helpful to have higher leaves per plant (Rahmeeh et al., (2000); Khan et al., 

(2001a,b); Gautam (2003) and Malik et al., 2004). 

4.2.1.6. Green fodder yield per plant (g)  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average green fodder yield per plant was recorded as 

446.6±6.144g. The higher heritability (99.80%) and higher type of genetic advance (37.94%) 

was found for green fodder yield per plant. Higher values of heritability and genetic advance 

indicated that selection of genotypes for higher green fodder yield per plant may be helpful 

(Qadir (1990); Sedhom (1994); Lee et al., (1995); Hader (2006) and Ojo et al., (2007)). It 
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was persuaded from  Appendix 4.2.1.1 that higher green fodder yield per plant were recorded 

for EV-347 (713.6g), E-336 (720.9g), Sh-139 × EV-340 (647.9g) and EV-1097 × EV-347 

(668.3g) while lower for Sh-139 × Pop/209 (222.2g), Sh-139 × B-316 (230.3g) and E-336 × 

F-96 (166.0g). The higher green fodder yield per plant indicated that F1 hybrids Sh-139 × 

EV-340 and EV-1097 × EV-347 may be used for higher green fodder yield per plant 

(Rahmeeh et al., (2000); Khan et al., (2001a,b); Gautam (2003) and Malik et al., 2004). 

4.2.1.7. Leaf/stem ratio  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

table 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average leaf/stem ratio was recorded as 

0.3112±0.0072. The higher heritability (99.50%) and higher type of genetic advance 

(46.24%) was found for leaf/stem ratio. Higher values of heritability and genetic advance 

indicated that selection of genotypes for higher leaf/stem ratio may be helpful to improve 

green fodder yield of maize (Qadir (1990); Sedhom (1994); Lee et al., (1995); Hader (2006) 

and Ojo et al., (2007)). It was persuaded from Appendix 4.2.1.1a  that higher leaf/stem ratio 

were recorded for E-336 × B-316 (0.4280), E-336 × EV-340 (0.4120), E-336 × E-322 

(0.7460) and EV-1097 × B-316 (0.670) while lower for EV-347 (0.1960), Sh-139 × EV-340 

(0.176) and E-336 × EV-347 (0.1450). The higher leaf/stem ratio indicated that F1 hybrids E-

336 × B-316, E-336 × EV-340, E-336 × E-322 and EV-1097 × B-316 may be used for higher 

green fodder yield per plant (Rahmeeh et al., (2000); Khan et al., (2001a,b); Gautam (2003) 

and Malik et al., 2004). 

4.2.1.8. Leaf length (cm)  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average leaf length was recorded as 

71.223±0.4107cm. The higher heritability (99.60%) and moderate type of genetic advance 

(12.90%) was found for leaf length. Higher values of heritability indicated that selection of 

genotypes for higher leaf length may be helpful to improve green fodder yield of maize 

(Qadir (1990); Sedhom (1994); Lee et al., (1995); Zhen et al., (2004); Zhou et al., (2004); 

Ojo et al., (2007); Akbar et al., (2009) and Wali et al., (2010)). It was persuaded from 

Appendix 4.2.1.1a  that higher leaf length were recorded for B-11 × B-316 (88.70cm), Sh-
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139 × EV-347 (81.17cm), B-11 (79.77cm) and B-327 × E-322 (79.07cm) while lower for E-

336 × E-322 (61.07cm), E-336 × EV-347 (60.93cm) and E-336 × F-96 (58.80cm). The 

higher leaf length indicated that F1 hybrids B-11 × B-316, Sh-139 × EV-347, B-11 and B-327 

× E-322 may be used for higher green fodder yield per plant (Rahmeeh et al., (2000); Khan 

et al., (2001a,b); Gautam (2003); Parkash et al., (2004) and Malik et al., 2004). 

4.2.1.9. Leaf width (cm)  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average leaf width was recorded as 9.034±0.066cm. 

The higher heritability (99.50%) and moderate type of genetic advance (14.82%) was found 

for leaf width. Higher values of heritability indicated that selection of genotypes for higher 

leaf width may be helpful to improve green fodder yield of maize (Qadir (1990); Sedhom 

(1994); Lee et al., (1995); Zhen et al., (2004); Zhou et al., (2004); Ojo et al., (2007); Akbar 

et al., (2009) and Wali et al., (2010)). It was persuaded from Appendix 4.2.1.1a  that higher 

leaf width were recorded for E-336 (11.18cm), EV-1097 × F-96 (10.63cm), EV-1097 × 

Pop/209 (10.26cm), Raka-poshi × E-322 (10.33cm) and Sh-139 × EV-340 (10.33cm) while 

lower for E-336 × EV-340 (7.190cm), Raka-poshi × EV-347 (7.500cm) and E-336 × F-96 

(6.250cm). The higher leaf width indicated that F1 hybrids EV-1097 × F-96, EV-1097 × 

Pop/209, Raka-poshi × E-322 and Sh-139 × EV-340 may be used for higher green fodder 

yield per plant (Rahmeeh et al., (2000); Khan et al., (2001a,b); Parkash et al., (2004) and 

Malik et al., 2004). 

4.2.1.10. Leaf area (cm2)  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1 that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average leaf area was recorded as 645.3±5.490cm2. 

The higher heritability (99.70%) and higher type of genetic advance (21.87%) was found for 

leaf area. Higher values of heritability indicated that selection of genotypes for higher leaf 

area may be helpful to improve green fodder yield of maize. Higher leaf area also indicated 

that the photosynthetic rate, sub-stomata CO2 concentration, transpiration rate and 

chlorophyll contents will be higher (Qadir (1990); Sedhom (1994); Lee et al., (1995); Zhen et 

al., (2004); Zhou et al., (2004); Ojo et al., (2007); Akbar et al., (2009) and Wali et al., 
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(2010)). It was persuaded from Appendix 4.2.1.1a that higher leaf area were recorded for E-

336 (858.9cm2), EV-1097 × F-96 (805.3cm2), EV-1097 × Pop/209 (769.2cm2) and Raka-

poshi (799.8cm2) while lower for EV-340 (494.4cm2), Raka-poshi × EV-347 (493.8cm2) and 

E-336 × F-96 (367.3cm2). The higher leaf area indicated that F1 hybrids EV-1097 × F-96 and 

EV-1097 × Pop/209 may be used for higher green fodder yield per plant (Rahmeeh et al., 

(2000); Khan et al., (2001a,b); Gautam (2003); Parkash et al., (2004) and Malik et al., 2004). 

4.2.1.11. Chlorophyll contents (mg g-1 fr. wt.) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1a that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of chlorophyll contents was recorded as 

46.141±0.5833mgg-1fr.wt. The higher heritability (99.10%) and moderate type of genetic 

advance (17.56%) was found for chlorophyll contents. Higher values of heritability indicated 

that selection of genotypes for higher chlorophyll contents may be helpful to improve green 

fodder yield of maize. Higher chlorophyll contents also indicated that the photosynthetic rate, 

sub-stomata CO2 concentration, transpiration rate, leaf and stem weight and leaf area will be 

higher (Qadir (1990); Sedhom (1994); Lee et al., (1995); Zhen et al., (2004); Zhou et al., 

(2004); Ojo et al., (2007); Akbar et al., (2009); Wali et al., (2010); Ali et al. (2012) and 

Ahsan et al. (2013)). It was persuaded from Appendix 4.2.1.1a  that higher chlorophyll 

contents were recorded for EV-347 (57.77mgg-1fr.wt), B-11 (54.90mgg-1fr.wt), B-11 × EV-

347 (54.83mgg-1fr.wt), EV-1097 × B-316 (54.73mgg-1fr.wt) and Raka-poshi (57.87mgg-

1fr.wt) while lower for EV-1097 × Pop/209 (36.40mgg-1fr.wt), Sh-139 × Pop/209 (36.14mgg-

1fr.wt) and Sh-139 × F-96 (32.46mgg-1fr.wt). The higher chlorophyll contents indicated that 

F1 hybrids B-11 × EV-347 and EV-1097 × B-316 may be used for higher green fodder yield 

per plant (Rahmeeh et al., (2000); Khan et al., (2001a,b); Gautam (2003); Parkash et al., 

(2004) and Malik et al., (2004)). 

4.2.1.12. Leaf temperature (°C) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1a that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of leaf temperature was recorded as 

48.448±0.1867°C. The higher heritability (91.90%) and lower type of genetic advance 

(0.99%) was found for leaf temperature. Higher values of heritability indicated that selection 
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of genotypes for higher leaf temperature may be helpful to improve green fodder yield of 

maize. Higher leaf temperature also indicated that the photosynthetic rate, sub-stomata CO2 

concentration and transpiration rate will be higher. The selection of genotypes on the basis of 

leaf temperature may be helpful in next generations (Qadir (1990); Sedhom (1994); Lee et 

al., (1995); Zhen et al., (2004); Zhou et al., (2004); Ojo et al., (2007); Akbar et al., (2009); 

Wali et al., (2010); Ali et al. (2012) and Ahsan et al. (2013)). It was persuaded from 

Appendix 4.2.1.1a  that higher leaf temperature were recorded for Pop/209 (49.53°C), B-11 

(49.57°C), Sh-139 × F-96 (49.60°C), EV-1097 × B-316 (49.53°C) and Raka-poshi× Pop/209 

(49.53°C) while lower for E-336 × B-316 (47.47°C), E-336 ×F-96 (47.27°C) and E-336 × 

EV-340 (47.13°C). The higher leaf temperature indicated that F1 hybrids Sh-139 × F-96 and 

EV-1097 × B-316 may be used for higher green fodder yield per plant in next generations 

(Rahmeeh et al., (2000); Khan et al., (2001a,b); Gautam (2003); Parkash et al., (2004) and 

Malik et al., (2004)). 

4.2.1.13: Photosynthetic rate (μg CO2 s−1) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1a that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of photosynthetic rate was recorded as 

17.453±0.5756 μg CO2 s−1. The higher heritability (99.60%) and genetic advance (69.28%) 

was found for photosynthetic rate. Higher values of heritability and genetic advance 

indicated that selection of genotypes for higher photosynthetic rate may be helpful to 

improve green fodder yield of maize. Higher photosynthetic rate also indicated that the sub-

stomata CO2 concentration, stomata conductance, leaf area, leaf and stem weight, green 

fodder yield per plant due to accumulation of organic compounds will be higher. The 

selection of genotypes on the basis of photosynthetic rate may be helpful to improve grain 

and fodder yield of maize (Lee et al., (1995); Zhen et al., (2004); Zhou et al., (2004); Ojo et 

al., (2007); Saleem et al. (2007); Ahsan et al. (2008); Akbar et al., (2009); Wali et al., 

(2010); Ali et al. (2012) and Ahsan et al. (2013)). It was persuaded from Appendix 4.2.1.1b 

that higher photosynthetic rate was recorded for B-327 (32.21 μgCO2s−1), EV-1097 (30.82 μg 

CO2 s−1), EV-1097 × B-316 (33.13 μg CO2 s−1) and B-327 × E-322 (30.45 μg CO2 s−1) while 

lower for Raka-poshi × EV-347 (4.92 μg CO2 s−1), E-336 × EV-340 (4.72 μg CO2 s−1) and 

EV-1097 × Pop/209 (4.24 μg CO2 s−1). The higher photosynthetic rate indicated that F1 
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hybrids B-327 × E-322 and EV-1097 × B-316 may be used for higher green fodder yield per 

plant in next generations (Rahmeeh et al., (2000); Khan et al., (2001a,b); Gautam (2003); 

Parkash et al., (2004); Malik et al., (2004); Saleem et al. (2007); Ahsan et al. (2008); Ali et 

al. (2011a); Ali et al. (2012) and Ahsan et al. (2013)). 

4.2.1.14. Stomata conductance (mmol m-2 s-1) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1a that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of stomata conductance was recorded as 

0.1722±0.005mmol m-2s-1. The higher heritability (99.60%) and genetic advance (64.43%) 

was found for stomata conductance. Higher values of heritability and genetic advance 

indicated that selection of genotypes for higher stomata conductance may be helpful to 

improve green fodder yield of maize. Higher stomata conductance also indicated that the sub-

stomata CO2 concentration, photosynthetic rate, leaf area, leaf and stem weight, green fodder 

yield per plant due to accumulation of organic compounds will be higher. The selection of 

genotypes on the basis of stomata conductance may be helpful to improve grain and fodder 

yield of maize (Zhen et al., (2004); Zhou et al., (2004); Ojo et al., (2007); Ahsan et al. 

(2008); Akbar et al., (2009); Wali et al., (2010); Ali et al. (2012) and Ahsan et al. (2013)). It 

was persuaded from Appendix 4.2.1.1b  that higher stomata conductance was recorded for E-

336 × EV-340 (0.410mmol m-2s-1), Sh-139 × B-316 (0.333 mmol m-2s-1) and E-336 × F-96 

(0.350mmol m-2s-1) while lower for E-336 × E-322 (0.063mmol m-2s-1), EV-340 (0.060mmol 

m-2s-1) and EV-1097 × B-316 (0.047mmol m-2s-1). The higher stomata conductance indicated 

that F1 hybrids E-336 × B-316, Sh-139 × B-316 and E-336 × F-96 may be used for higher 

green fodder yield per plant (Rahmeeh et al., (2000); Khan et al., (2001a,b); Gautam (2003); 

Parkash et al., (2004) and Malik et al., (2004). 

4.2.1.15. Transpiration rate (mm day-1) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1a that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of transpiration rate was recorded as 

9.597±0.1175mm day-1. The higher heritability (99.80%) and genetic advance (36.83%) was 

found for transpiration rate. Higher values of heritability and genetic advance indicated that 

selection of genotypes for higher transpiration rate may be helpful to improve green fodder 
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yield of maize. Higher transpiration rate also indicated that the stomata conductance, sub-

stomata CO2 concentration, photosynthetic rate, leaf area, leaf and stem weight, green fodder 

yield per plant due to accumulation of organic compounds will be higher. The selection of 

genotypes on the basis of transpiration rate may be helpful to improve grain and fodder yield 

of maize (Lee et al., (1995); Zhen et al., (2004); Zhou et al., (2004); Ojo et al., (2007); Akbar 

et al., (2009); Wali et al., (2010); Ali et al. (2012) and Ahsan et al. (2013)). It was persuaded 

from Appendix 4.2.1.1b  that higher transpiration rate was recorded for E-336 × EV-340 

(14.72 mm day-1), Sh-139 × B-316 (14.29 mm day-1) and E-336 × F-96 (14.78 mm day-1) 

while lower for E-336 × E-322 (5.650 mm day-1), EV-340 (5.870 mm day-1) and EV-1097 × 

B-316 (3.670 mm day-1). The higher transpiration rate indicated that F1 hybrids E-336 × B-

316, Sh-139 × B-316 and E-336 × F-96 may be used for higher green fodder yield per plant 

(Rahmeeh et al., (2000); Khan et al., (2001a,b); Gautam (2003); Parkash et al., (2004) and 

Malik et al., 2004). 

4.2.1.16. Sub-stomata CO2 concentration (μmol mol−1 CO2) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1a that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of sub-stomata CO2 concentration was 

recorded as 124.74±2.326 μmol mol−1 CO2. The higher heritability (99.90%) and genetic 

advance (72.30%) was found for sub-stomata CO2 concentration. Higher values of 

heritability and genetic advance indicated that selection of genotypes for higher sub-stomata 

CO2 concentration may be helpful to improve green fodder yield of maize. Higher sub-

stomata CO2 concentration also indicated that the transpiration rate, stomata conductance, 

photosynthetic rate, leaf area, leaf and stem weight, green fodder yield per plant due to 

accumulation of organic compounds will be higher. The selection of genotypes on the basis 

of sub-stomata CO2 concentration may be helpful to improve grain and fodder yield of maize 

(Lee et al., (1995); Zhen et al., (2004); Zhou et al., (2004); Ojo et al., (2007); Saleem et al. 

(2007); Ahsan et al., (2008); Wali et al., (2010); Ali et al. (2012) and Ahsan et al. (2013)). It 

was persuaded from Appendix 4.2.1.1b  that higher sub-stomata CO2 concentration was 

recorded for B-327 × EV-347 (246.7 μmol mol−1 CO2), Sh-139 × Pop/209 (281.7μmol mol−1 

CO2), F-96 (254.0μmol mol−1 CO2) and Sh-139 × E-322 (237.3 μmol mol−1 CO2) while 

lower for E-336 × E-322 (36.0 μmol mol−1 CO2), Sh-139 (35.67 μmol mol−1 CO2) and B-11 
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× F-96 (32.0 μmol mol−1 CO2). The higher sub-stomata CO2 concentration indicated that F1 

hybrids B-327 × EV-347, Sh-139 × Pop/209 and Sh-139 × E-322 may be used for higher 

green fodder yield per plant (Rahmeeh et al., (2000); Khan et al., (2001a,b); Parkash et al., 

(2004) and Malik et al., 2004). 

4.2.1.17. Photosynthetic water use efficiency (%) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1a that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of photosynthetic water use efficiency was 

recorded as 86.21±2.541%. The higher heritability (99.80%) and genetic advance (93.78%) 

was found for photosynthetic water use efficiency. Higher values of heritability and genetic 

advance indicated that selection of genotypes for higher photosynthetic water use efficiency 

may be helpful to improve green fodder yield of maize. Higher photosynthetic water use 

efficiency also indicated that the transpiration rate, sub-stomata CO2 concentration, stomata 

conductance, photosynthetic rate, leaf area, leaf and stem weight, green fodder yield per plant 

due to accumulation of organic compounds will be higher. The selection of genotypes on the 

basis of photosynthetic water use efficiency may be helpful to improve grain and fodder yield 

of maize (Zhen et al., (2004); Zhou et al., (2004); Ojo et al., (2007); Ahsan et al., (2008); 

Wali et al., (2010); Ali et al. (2012) and Ahsan et al. (2013)). It was persuaded from 

Appendix 4.2.1.1b  that higher photosynthetic water use efficiency was recorded for E-336 × 

EV-340 (312.2%), B-327 × F-96 (204.9%), EV-1097 × Pop/209 (195.4%) and Raka-poshi × 

EV-347 (194.25) while lower for E-336 × E-322 (20.11%), Sh-139 × F-96 (24.44%) and EV-

1097 × B-316 (11.09%). The higher photosynthetic water use efficiency indicated that F1 

hybrids E-336 × EV-340, B-327 × F-96, EV-1097 × Pop/209 and Raka-poshi × EV-347 may 

be used for higher green fodder yield per plant (Rahmeeh et al., (2000); Parkash et al., (2004) 

and Malik et al., 2004). 

4.2.1.18. Cobs per plant  

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1c that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of cobs per plant was recorded as 

1.9236±0.040. The higher heritability (99.40%) and genetic advance (36.78%) was found for 

cobs per plant. Higher values of heritability and genetic advance indicated that selection of 
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genotypes for higher cobs per plant may be helpful to improve grain yield of maize. Higher 

cobs per plant also indicated that the grains per plant and grain yield per plant will be higher. 

The selection of genotypes on the basis of cobs per plant may be helpful to improve grain 

yield of maize (Lee et al., (1995); Zhen et al., (2004); Zhou et al., (2004); Ojo et al., (2007); 

Ahsan et al., (2008) and Wali et al., (2010)). It was persuaded from Appendix 4.2.1.1b  that 

higher cobs per plant was recorded for B-316 (3.533), E-336 × Pop/209 (2.60), E-336 

(2.567), EV-1097 × B-316 (2.567) and EV-1097  × Pop/209 (2.533) while lower for B-327 × 

EV-347 (1.233), Sh-139 × EV-340 (1.233) and E-336 × EV-347 (1.233). The higher cobs per 

plant indicated that F1 hybrids E-336 × Pop/209, EV-1097 × B-316 and EV-1097 × Pop/209 

may be used for higher grain yield per plant (Rahmeeh et al., (2000); Saleem et al. (2007); 

Gautam (2003); Parkash et al., (2004) and Malik et al., 2004). 

4.2.1.19. Grain rows per cobs   

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1c that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of grain rows per cobs was recorded as 

14.073±0.089. The higher heritability (99.80%) and genetic advance (20.35%) was found for 

grain rows per cobs. Higher values of heritability and genetic advance indicated that selection 

of genotypes for higher grain rows per cobs may be helpful to improve grain yield of maize. 

Higher grain rows per cobs also indicated that the cob weight, grain weight per cob and grain 

yield per plant will be higher. The selection of genotypes on the basis of grain rows per cobs 

may be helpful to improve grain yield of maize (Zhen et al., (2004); Zhou et al., (2004); Ojo 

et al., (2007); Akbar et al., (2009) and Wali et al., (2010)). It was persuaded from Appendix 

4.2.1.1b  that higher grain rows per cobs was recorded for B-11 (17.37), B-11 × E-336 

(20.43), EV-1097 × B-316 (17.23) and B-11  × EV-347 (17.10) while lower for B-11 × 

Pop/209 (9.28), Sh-139 × B-316 (11.07) and E-336 (9.10). The higher grain rows per cobs 

indicated that F1 hybrids B-11 × E-336 and EV-1097 × B-316 may be used for higher grain 

yield per plant (Rahmeeh et al., (2000); Gautam (2003); Saleem et al., (2007); Malik et al., 

(2004); Ali et al. (2012) and Ahsan et al. (2013). 

4.2.1.20. Cob length (cm) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1c that highly significant differences were found among parents and F1 hybrids 
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seedlings. The results indicated that the average of cob length was recorded as 

18.565±0.1561cm. The higher heritability (99.60%) and moderate genetic advance (19.19%) 

was found for cob length. Higher values of heritability and moderate genetic advance 

indicated that selection of genotypes for higher cob length may be helpful to improve grain 

yield of maize. Higher cob length also indicated that the cob weight, grain rows per cobs, 

grain weight per cob and grain yield per plant will be higher. The selection of genotypes on 

the basis of cob length may be helpful to improve grain yield of maize (Zhen et al., (2004); 

Zhou et al., (2004); Akbar et al., (2009); Wali et al., (2010) Ali et al. (2012) and Ahsan et al. 

(2013)). It was persuaded from Appendix 4.2.1.1c that higher cob length was recorded for 

Sh-139 (22.90cm), B-327 × E-322 (22.27cm), B-316 (22.19cm) and Raka-poshi × Pop/209 

(22.05cm) while lower for Raka-poshi × B-316 (13.33cm), B-11 × E-336 (11.33cm) and B-

327 × F-96 (11.20cm). The higher cob length indicated that F1 hybrids B-327 × E-322 and 

Raka-poshi × Pop/209 may be used for higher grain yield per plant (Rahmeeh et al., (2000); 

Gautam (2003); Saleem et al., (2007); Malik et al., (2004); Ali et al. (2012) and Ahsan et al. 

(2013)). 

4.2.1.21. Cob diameter (cm) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1c that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of cob diameter was recorded as 

1.5047±0.0218cm. The higher heritability (98.0%) and moderate genetic advance (14.20%) 

was found for cob diameter. Higher values of heritability and moderate genetic advance 

indicated that selection of genotypes for higher cob diameter may be helpful to improve grain 

yield of maize. Higher cob diameter also indicated that the cob weight, cob length, grain 

rows per cobs, grain weight per cob and grain yield per plant will be higher. The selection of 

genotypes on the basis of cob diameter may be helpful to improve grain yield of maize (Zhen 

et al., (2004); Zhou et al., (2004); Ojo et al., (2007); Akbar et al., (2009); Wali et al., (2010) 

Ali et al. (2012) and Ahsan et al. (2013)). It was persuaded from Appendix 4.2.1.1c that 

higher cob diameter was recorded for B-11 × B-316 (1.783cm); B-11 × EV-340 (1.773cm), 

E-336 × B-316 (1.767cm) and B-327 × B-316 (1.723cm) while lower for E-336 × EV-347 

(1.233cm), B-316 (1.210cm) and F-96 (1.143cm). The higher cob diameter indicated that F1 

hybrids B-11 × B-316, B-11 × EV-340, E-336 × B-316 and B-327 × B-316 may be used for 
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higher grain yield per plant (Rahmeeh et al., (2000); Gautam (2003); Saleem et al., (2007); 

Malik et al., (2004); Ali et al. (2012) and Ahsan et al. (2013)). 

4.2.1.22. Cob weight (g) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1c that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of cob weight was recorded as 

126.59±1.517g. The higher heritability (99.90%) and genetic advance (43.77%) was found 

for cob weight. Higher values of heritability and genetic advance indicated that selection of 

genotypes for higher cob weight may be helpful to improve grain yield of maize. Higher cob 

weight also indicated that the cob length, grain rows per cobs, cob diameter, grain weight per 

cob and grain yield per plant will be higher. The selection of genotypes on the basis of cob 

weight may be helpful to improve grain yield of maize (Zhen et al., (2004); Zhou et al., 

(2004); Ojo et al., (2007); Akbar et al., (2009); Wali et al., (2010) Ali et al. (2012) and 

Ahsan et al. (2013)). It was persuaded from Appendix 4.2.1.1c that higher cob weight was 

recorded for B-11 (206.5g); B-327 × B-316 (204.9g), E-336 × EV-340 (180.0g) and E-336 

(177.4g) while lower for E-336 × EV-347 (27.77g), B-316 (61.33g) and Raka-poshi × EV-

340 (51.83g). The higher cob weight indicated that F1 hybrids B-327 × B-316 and E-336 × 

EV-340 may be used for higher grain yield per plant (Rahmeeh et al., (2000); Gautam 

(2003); Saleem et al., (2007); Malik et al., (2004); Ali et al. (2012) and Ahsan et al. (2013)). 

4.2.1.23. 100-seed weight (g) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1c that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of 100-seed weight was recorded as 

31.698±0.2578g. The higher heritability (99.10%) and moderate genetic advance (11.69%) 

was found for 100-seed weight. Higher values of heritability and moderate genetic advance 

indicated that selection of genotypes for higher cob weight may be helpful to improve grain 

yield of maize. Higher 100-seed weight also indicated that the cob length, grain rows per 

cobs, cob weight, cob diameter, grain weight per cob and grain yield per plant will be higher. 

The selection of genotypes on the basis of 100-seed weight may be helpful to improve grain 

yield of maize (Zhen et al., (2004); Zhou et al., (2004); Ojo et al., (2007); Akbar et al., 

(2009); Wali et al., (2010) Ali et al. (2012) and Ahsan et al. (2013)). It was persuaded from 
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Appendix 4.2.1.1c that higher 100-seed weight was recorded for B-327 × E-322 (38.03g); E-

336 (34.90g); Raka-poshi × F-96 (35.90g) and B-11 × F-96 (34.97g) while lower for EV-

1097 × EV-340 (27.90g), Raka-poshi (27.50g) and Raka-poshi × EV-340 (20.97g). The 

higher 100-seed weight indicated that F1 hybrids B-327 × E-322, Raka-poshi × F-96 and B-

11 × F-96 may be used for higher grain yield per plant (Rahmeeh et al., (2000); Gautam 

(2003); Saleem et al., (2007); Malik et al., (2004); Ali et al. (2012) and Ahsan et al. (2013)). 

4.2.1.24. Stover weight (g) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1c that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of stover weight was recorded as 

31.698±0.2578g. The higher heritability (99.90%) and genetic advance (34.48%) was found 

for stover weight. Higher values of heritability and genetic advance indicated that selection 

of genotypes for higher cob weight may be helpful to improve grain yield of maize. Higher 

stover weight also indicated that the cob length, grain rows per cobs, cob weight, cob 

diameter, grain weight per cob and grain yield per plant will be higher. The selection of 

genotypes on the basis of stover weight may be helpful to improve grain yield of maize 

(Zhen et al., (2004); Zhou et al., (2004); Ojo et al., (2007); Akbar et al., (2009); Wali et al., 

(2010) Ali et al. (2012) and Ahsan et al. (2013)). It was persuaded from Appendix 4.2.1.1c 

that higher stover weight was recorded for B-327 × B-316 (62.90g); E-336 × EV-340 (53.0g) 

and B-327 × EV-340 (46.03g) while lower for B-11 × E-322 (22.90g), B-11 × B-316 

(22.90g) and E-336 × EV-347 (20.63g). The higher stover weight indicated that F1 hybrids 

B-327 × B-316, E-336 ×EV-340 and B-327 × EV-340 may be used for higher grain yield per 

plant (Rahmeeh et al., (2000); Gautam (2003); Saleem et al., (2007); Malik et al., (2004); Ali 

et al. (2012) and Ahsan et al. (2013)). 

4.2.1.25. Grain yield per plant (g) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1c that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of grain yield per plant was recorded as 

97.49±1.065g. The higher heritability (99.90%) and genetic advance (45.72%) was found for 

grain yield per plant. Higher values of heritability and genetic advance indicated that 

selection of genotypes for higher cob weight may be helpful to improve grain yield of maize. 
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Higher grain yield per plant also indicated that the cob length, grain rows per cobs, cob 

weight, cob diameter and grain weight per cob will be higher. The selection of genotypes on 

the basis of grain yield per plant may be helpful to improve grain yield of maize (Zhen et al., 

(2004); Zhou et al., (2004); Ojo et al., (2007); Akbar et al., (2009); Wali et al., (2010) Ali et 

al. (2012) and Ahsan et al. (2013)). It was persuaded from Appendix 4.2.1.1c  that higher 

grain yield per plant was recorded for B-11 (162.2g); E-336 (160.0g); E-336 × EV-340 

(154.3g); EV-1097 (135.6g) and B-11 × EV-340 (135.6g) while lower for Raka-poshi × EV-

347 (34.93g), Raka-poshi × B-316 (38.70g) and E-336 × EV-347 (45.57g). The higher grain 

yield per plant indicated that parents B-11, EV-1097 and E-336 and F1 hybrids E-336 × EV-

340 and B-11 × EV-340 may be used for higher grain yield per plant (Rahmeeh et al., 

(2000); Gautam (2003); Saleem et al., (2007); Malik et al., (2004); Ali et al. (2012) and 

Ahsan et al. (2013)). 

4.2.1.26. Total dry matter (g/m2) 

The results related to the mean performance of the parents and F1 hybrids as suggested from 

tables 4.2.1.1a that highly significant differences were found among parents and F1 hybrids 

seedlings. The results indicated that the average of total dry matter was recorded as 

1137.3±10.55g/m2. The higher heritability (99.90%) and genetic advance (41.18%) was 

found for total dry matter. Higher values of heritability and genetic advance indicated that 

selection of genotypes for higher cob weight may be helpful to improve grain yield of maize. 

Higher total dry matter also indicated that the cob length, grain rows per cobs, cob weight, 

cob diameter, green fodder yield and grain weight per cob will be higher. The selection of 

genotypes on the basis of total dry matter may be helpful to improve grain yield of maize 

(Zhen et al., (2004); Zhou et al., (2004); Akbar et al., (2009); Wali et al., (2010) Ali et al. 

(2012) and Ahsan et al. (2013)). It was persuaded from Appendix 4.2.1.1c  that higher total 

dry matter was recorded for B-327 ×EV-347 (1535.0g/m2); Sh-139 × E-336 (1533.0g/m2); 

Raka-poshi × B-316 (1508.0g/m2); EV-1097 × B-316 (1503.0g/m2) and EV-1097 × F-96 

(1499.0g/m2) while lower for B-327 × E-322 (490.8g/m2), EV-1097 × E-322 (455.5g/m2) and 

Sh-139 × B-316 (404.2g/m2). The higher total dry matter indicated that F1 hybrids B-327 

×EV-347, Sh-139 × E-336, Raka-poshi × B-316, EV-1097 × B-316 and EV-1097 × F-96 

may be used for higher grain and fodder yield per plant (Rahmeeh et al., (2000); Gautam 

(2003); Saleem et al., (2007); Malik et al., (2004); Ali et al. (2012) and Ahsan et al. (2013)). 



 

105 
 

Table: 4.2.1.1. Genetic components for various morphological traits in maize  
Source of 
variation 

leaves per 
plant 

Plant height 
(cm) 

Stem 
diameter 
(cm) 

Leaf weigth 
(cm) 

Stem weigth 
(cm) 

Green 
fodder yield 
(g) 

Leaf/stem 
weight 
ratio 

Leaf 
length 
(cm) 

Leaf 
width 
(cm) 

Leaf area 
(cm2) 

Total dry 
matter 
(g/m2) 

Mean Sum of 
Squares 2.01** 3696.74* 0.052** 2250.59* 42886.74* 59295.69* 0.03** 130.29* 2.77** 30686.0* 336445* 

Grand mean ± 
Standard error 

11.067±0.
1818 

162.78±2.751 0.8362±0.
011 

101.02±2.00
7 

346.27±4.76
2 

446.6±6.144 
0.311±0.0
072 

71.223±0.
4107 

9.0343±0.
066 

645.3±5.4
90 

1137.3±10.
55 

Genotypic 
variance 0.663 1224.678 0.017 746.171 14272.901 19727.480 0.011 43.261 0.919 10198.66 112037.0 

Genotypic 
coefficient of 
variance 

7.190 21.499 15.731 27.040 34.502 31.450 35.109 9.235 10.614 15.650 29.431 

Phenotypic 
variance 0.668 1232.246 0.017 750.198 14295.581 19765.229 0.011 43.430 0.924 10228.80 112148.3 

Phenotypic 
coefficient of 
variance 

7.388 21.565 15.786 27.113 34.529 31.480 33.189 9.253 10.639 15.673 29.446 

Environmental 
Variance 0.035 7.567 0.001 4.027 22.680 37.749 0.001 0.169 0.004 30.145 111.358 

Environmental 
coefficient of 
variance 

1.699 1.690 1.323 1.986 1.375 1.376 2.304 0.577 0.731 0.851 0.928 

Broad sense 
heritability h2

bs 

% 
94.70 99.40 99.30 99.50 99.80 99.80 99.50 99.60 99.50 99.70 99.90 

Standard error 
for broad sense 
heritability 

0.145 0.003 0.885 0.004 0.001 0.001 1.131 0.018 0.122 0.001 0.0001 

Genetic advance 
% 9.79 30.01 21.94 37.75 48.26 37.94 46.24 12.90 14.82 21.87 41.18 

** = Significant at 5% significance level, * = Significant at 1% significance level 
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Table: 4.2.1.1a. Genetic components for various physiological traits in maize  

** = Significant at 5% significane level, * = Significant at 1% significane level 
 
 
 

Source of 
variation 

Chlorophyll 

contents (mg g-1 

fr. wt.)  

Leaf temperature 

(°C) 

Photosynthetic rate 

(μg CO2 s−1) 

Stomata 

conductance 

(mmol m-2 s-1) 

Transpiration 

rate (mm day-1) 

Sub-stomata CO2 

concentration 

(μmol mol−1 CO2) 

Photosynthetic 

water use efficiency 

(%) 

Mean Sum of 
Squares 111.43* 12.31** 225.84* 0.018** 19.20* 769.27* 10043.8* 

Grand mean ± 
Standard error 46.141±0.5833 48.448±0.1867 17.453±0.5756 0.1722±0.005 9.597±0.1175 124.74±2.326 86.21±2.541 

Genotypic 
variance 36.804 0.394 74.948 0.006 6.386 4155.730 3341.486 

Genotypic 
coefficient of 
variance 

13.148 1.296 49.603 46.031 26.332 51.679 75.850 

Phenotypic 
variance 37.144 0.429 75.279 0.006 6.400 4161.139 3347.943 

Phenotypic 
coefficient of 
variance 

13.209 1.352 49.713 46.124 26.361 51.713 75.924 

Environmental 
Variance 0.340 0.035 0.331 0.001 0.014 5.409 6.457 

Environmental 
coefficient of 
variance 

1.264 0.385 3.298 2.931 1.225 1.864 3.334 

Broad sense 
heritability h2

bs 

% 
99.10 91.90 99.60 99.60 99.80 99.90 99.80 

Standard error 
for broad sense 
heritability 

0.019 0.182 0.013 1.471 0.046 0.002 0.002 

Genetic 
advance % 17.50 0.99 69.28 64.43 36.83 72.30 93.78 
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Table: 4.2.1.1c. Genetic components for various grain yielding traits in maize 
Source of 
variation 

Cobs per plant Grain rows per 
cob 

Cob length 
(cm) 

Cob diameter 
(cm) 

Cob weight (g) 100-seed 
weight (g) 

Stover weight 
(g) 

Grain yield 
per plant (g) 

Mean Sum of 
Squares 161.52* 12.589** 19.581* 0.072** 4712.3* 21.417* 184.89* 3047.8* 

Grand mean ± 
Standard error 

1.9236± 
0.040 

14.073± 
0.089 

18.565± 
0.1561 

1.5047± 
0.0218 

126.59± 
1.517 

31.698± 
0.2578 

31.837± 
0.2649 

97.49± 
1.065 

Genotypic 
variance 0.257 4.191 6.503 0.024 1568.482 7.073 61.560 1014.794 

Genotypic 
coefficient of 
variance 

26.356 14.547 13.736 10.247 31.286 8.390 24.644 32.676 

Phenotypic 
variance 0.259 4.199 6.527 0.024 1570.782 7.139 61.630 1015.928 

Phenotypic 
coefficient of 
variance 

26.438 14.561 13.761 10.350 31.308 8.429 24.658 32.694 

Environmental 
Variance 0.002 0.008 0.024 0.0001 2.30 0.066 0.070 1.134 

Environmental 
coefficient of 
variance 

2.080 0.636 0.841 1.453 1.198 0.813 0.832 1.093 

Broad sense 
heritability h2

bs 

% 
99.40 99.80 99.60 98.00 99.90 99.10 99.90 99.90 

Standard error 
for broad sense 
heritability 

0.230 0.057 0.046 0.753 0.003 0.044 0.015 0.004 

Genetic advance 
% 36.78 20.35 19.19 14.20 43.77 11.69 34.48 45.72 

** = Significant at 5% significance level, * = Significant at 1% significance level 
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4.2.1.2. Correlation analysis 

The genotypic (rg) and phenotypic (rp) coefficients of correlation were estimated for maize 

grain yield, its contributing and physiological traits (Tables 4.4.1.2, 4.4.1.2a, 4.4.1.3, 

4.4.1.3a). The genotypic and phenotypic correlations are discussed as under: 

4.2.1.2.1. Correlation between chlorophyll contents with other indicated traits  

It was suggested from tables 4.2.1.2.2 and 4.2.1.2.2a that chlorophyll contents had a positive 

significant genotypic and phenotypic correlation with plant height, stem diameter, leaf 

weight, stem weight, green fodder yield, leaf/stem weight ratio, leaf length, leaf width, leaf 

area, photosynthetic rate and sub-stomata CO2 concentration. A negative but significant 

genotypic and phenotypic correlation was found for photosynthetic water use efficiency. 

Significant correlation between chlorophyll contents with other traits indicated that the 

formation of organic compound and their accumulation is higher that may lead to improve 

the grain and fodder yield of maize. Findings were found similar  to Dubert (1985); 

Umakanth et al. (2000); Vaezi et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); 

Saleem et al. (2007); Akbar et al. (2007) and Wang et al., (2007). 

4.2.1.2.2. Correlation between leaves per plant with other indicated traits  

It was shown from tables 4.2.1.2.2 and 4.2.1.2.2a that leaves per plant showed a positive 

significant genotypic and phenotypic correlation with chlorophyll contents, plant height, stem 

diameter, leaf weight, stem weight, green fodder yield, leaf length, leaf area, photosynthetic 

water use efficiency and sub-stomata CO2 concentration. Significant correlation between 

leaves per plant with other traits indicated that the formation of organic compound and their 

accumulation is higher that may lead to improve the grain and fodder yield of maize. 

Findings were found similar to Dubert (1985); Grzesiak et al. (2007); Saleem et al. (2007) 

and Wang et al., (2007). 

4.2.1.2.3. Correlation between plant height with other indicated traits  

It was suggested from tables 4.2.1.2.2 and 4.2.1.2.2a that plant height showed a positive 

significant genotypic and phenotypic correlation with leaves per plant, chlorophyll contents, 

stem diameter, leaf weight, stem weight, green fodder yield, leaf length, leaf width, leaf area  

and leaf temperature. A negative but significant genotypic and phenotypic correlation was 

found for leaf/stem weight ratio, stomata conductance, transpiration rate, sub-stomata CO2 

concentration and photosynthetic water use efficiency. Significant correlation between plant 
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height with other traits indicated that the formation of organic compound and their 

accumulation is higher that may lead to improve the grain and fodder yield of maize. 

Findings were found similar  to Dubert (1985); Umakanth et al. (2000); Vaezi et al. (2000); 

Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. (2007); Akbar et al. (2007) and 

Wang et al., (2007). 

4.2.1.2.4. Correlation between stem diameter with other indicated traits  

It was persuaded from tables 4.2.1.2.2 and 4.2.1.2.2a that stem diameter showed a positive 

significant genotypic and phenotypic correlation with plant height, leaves per plant, 

chlorophyll contents, leaf weight, stem weight, green fodder yield, leaf length, leaf width, 

leaf area, sub-stomata CO2 concentration and photosynthetic rate. Significant correlation 

between stem diameter with other traits indicated that the formation of organic compound 

and their accumulation is higher that may lead to improve the grain and fodder yield of 

maize. Findings were found similar  to Chapman (1994); Qadir (1990); Dubert (1985); 

Umakanth et al. (2000); Vaezi et al. (2000); Alvi et al. (2003); Malik et al., (2004); Grzesiak 

et al. (2007); Saleem et al. (2007); Akbar et al. (2007) and Wang et al., (2007). 

4.2.1.2.5. Correlation between leaf weight with other indicated traits  

It was shown from tables 4.2.1.2.2 and 4.2.1.2.2a that leaf weight  showed a positive 

significant genotypic and phenotypic correlation with plant height, leaves per plant, 

chlorophyll contents, stem diameter, stem weight, green fodder yield, leaf length, leaf width, 

leaf area, photosynthetic arte, sub-stomata CO2 concentration  and leaf temperature. A 

negative but significant genotypic and phenotypic correlation was found for stomata 

conductance and transpiration rate. Significant correlation between leaf weight with other 

traits indicated that the formation of organic compound and their accumulation is higher that 

may lead to improve the grain and fodder yield of maize. Findings were found similar to 

Umakanth et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. (2007); 

Akbar et al. (2007) and Wang et al., (2007). 

4.2.1.2.6. Correlation between stem weight with other indicated traits  

It was suggested from tables 4.2.1.2.2 and 4.2.1.2.2a that positive significant genotypic and 

phenotypic correlation was found between stem weight and leaf weight, plant height, leaves 

per plant, chlorophyll contents, stem diameter, green fodder yield, leaf length, leaf width, leaf 

area, sub-stomata CO2 concentration and leaf temperature. A negative but significant 
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genotypic and phenotypic correlation was found for leaf/stem weight ratio. Significant 

correlation between stem weight with other traits indicated that the formation of organic 

compound and their accumulation is higher that may lead to improve the grain and fodder 

yield of maize. Findings were found similar  to Dubert (1985); Umakanth et al. (2000); Vaezi 

et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. (2007); Akbar et al. 

(2007) and Wang et al., (2007). 

4.2.1.2.7. Correlation between green fodder yield with other indicated traits  

It was suggested from tables 4.2.1.2.2 and 4.2.1.2.2a that green fodder yield  had a positive 

significant genotypic and phenotypic correlation with stem weight, leaf weight, plant height, 

leaves per plant, chlorophyll contents, stem diameter, leaf length, leaf width, leaf area, sub-

stomata CO2 concentration, photosynthetic rate  and leaf temperature. A negative but 

significant genotypic and phenotypic correlation was found for leaf/stem weight ratio. 

Significant correlation between green fodder yield with other traits indicated that the 

formation of organic compound and their accumulation is higher that may lead to improve 

the grain and fodder yield of maize. Findings were found similar to Umakanth et al. (2000); 

Vaezi et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. (2007); Akbar 

et al. (2007) and Wang et al., (2007). 

4.2.1.2.8. Correlation between leaf/stem weight ratio with other indicated traits  

It was indicated from tables 4.2.1.2.2 and 4.2.1.2.2a that positive leaf/stem weight ratio 

showed a significant genotypic and phenotypic correlation with chlorophyll contents, 

photosynthetic rate and leaf temperature. A negative but significant genotypic and 

phenotypic correlation was found for plant height, stem weight, green fodder yield, leaf 

width, leaf area and transpiration rate. Significant correlation between leaf/stem weight ratio 

with other traits indicated that the formation of organic compound and their accumulation is 

higher that may lead to improve the grain and fodder yield of maize. Findings were found 

similar to Dubert (1985); Vaezi et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); 

Saleem et al. (2007); Akbar et al. (2007) and Wang et al., (2007). 

4.2.1.2.9. Correlation between leaf length with other indicated traits  

It was suggested from tables 4.2.1.2.2 and 4.2.1.2.2a that leaf length showed a positive 

significant genotypic and phenotypic correlation with leaves per plant, plant height, stem 

diameter, leaf weight, stem weight, green fodder yield, leaf width, leaf area, chlorophyll 
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contents, sub-stomata CO2 concentration, photosynthetic rate and leaf temperature. 

Significant correlation between leaf length with other traits indicated that the formation of 

organic compound and their accumulation is higher that may lead to improve the grain and 

fodder yield of maize. Findings were found similar  to Dubert (1985); Umakanth et al. 

(2000); Vaezi et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. (2007); 

Akbar et al. (2007) and Wang et al., (2007). 

4.2.1.2.10. Correlation between leaf width with other indicated traits  

It was revealed from tables 4.2.1.2.2 and 4.2.1.2.2a that leaf width  showed a positive 

significant genotypic and phenotypic correlation with leaf length, plant height, stem 

diameter, leaf weight, stem weight, green fodder yield, leaf area and chlorophyll contents. A 

negative but significant genotypic and phenotypic correlation was found for leaf/stem weight 

ratio, transpiration rate and stomata conductance. Significant correlation between leaf width 

with other traits indicated that the formation of organic compound and their accumulation is 

higher that may lead to improve the grain and fodder yield of maize. Findings were found 

similar to Umakanth et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. 

(2007); Akbar et al. (2007) and Wang et al., (2007). 

4.2.1.2.11. Correlation between leaf area with other indicated traits  

It was found from tables 4.2.1.2.2 and 4.2.1.2.2a that leaf area  showed a positive significant 

genotypic and phenotypic correlation with leaf width, leaf length, plant height, stem 

diameter, leaf weight, stem weight, green fodder yield, chlorophyll contents, leaf temperature 

and photosynthetic rate. A negative but significant genotypic and phenotypic correlation was 

found for leaf/stem weight ratio, transpiration rate and stomata conductance. Significant 

correlation between leaf width with other traits indicated that the formation of organic 

compound and their accumulation is higher that may lead to improve the grain and fodder 

yield of maize. Findings were found similar  to Dubert (1985); Umakanth et al. (2000); Vaezi 

et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. (2007); Akbar et al. 

(2007) and Wang et al., (2007). 

4.2.1.2.12. Correlation between leaf temperature with other indicated traits  

It was persuaded from tables 4.2.1.2.2 and 4.2.1.2.2a that leaf temperature had a positive 

significant genotypic and phenotypic correlation with leaf area, leaf width, leaf length, 

leaf/stem weight ratio, plant height, sub-stomata CO2 concentration, stem diameter, leaf 
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weight, stem weight, and green fodder yield. A negative but significant genotypic and 

phenotypic correlation was found for photosynthetic rate, transpiration rate and 

photosynthetic water use efficiency. Significant correlation between leaf temperature with 

other traits indicated that the formation of organic compound and their accumulation is 

higher that may lead to improve the grain and fodder yield of maize. Findings were found 

similar  to Dubert (1985); Umakanth et al. (2000); Vaezi et al. (2000); Malik et al., (2004); 

Grzesiak et al. (2007); Saleem et al. (2007); Akbar et al. (2007) and Wang et al., (2007). 

4.2.1.2.13. Correlation between photosynthetic rate with other indicated traits  

It was suggested from tables 4.2.1.2.2 and 4.2.1.2.2a that positive significant genotypic and 

phenotypic correlation was found between photosynthetic rate and leaf area, leaf length, 

leaf/stem weight ratio, transpiration rate, sub-stomata CO2 concentration, stem diameter, leaf 

weight, and green fodder yield. A negative but significant genotypic and phenotypic 

correlation was found for photosynthetic water use efficiency. Significant correlation 

between photosynthetic rate with other traits indicated that the formation of organic 

compound and their accumulation is higher that may lead to improve the grain and fodder 

yield of maize. Findings were found similar  to Dubert (1985); Umakanth et al. (2000); Vaezi 

et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. (2007); Akbar et al. 

(2007) and Wang et al., (2007). 

4.2.1.2.14. Correlation between stomata conductance with other indicated traits  

It was indicated from tables 4.2.1.2.2 and 4.2.1.2.2a that stomata conductance showed a 

positive significant genotypic and phenotypic correlation with transpiration rate and 

photosynthetic water use efficiency. A negative but significant genotypic and phenotypic 

correlation was found for leaf area, leaf width, leaf temperature, leaf weight and plant height. 

Significant correlation between stomata conductance with other traits indicated that the 

selection may be effective to improve the grain and fodder yield of maize under drought 

conditions. Findings were found similar to Dubert (1985); Vaezi et al. (2000); Malik et al., 

(2004); Grzesiak et al. (2007); Saleem et al. (2007); Akbar et al. (2007) and Wang et al., 

(2007). 

4.2.1.2.15. Correlation between transpiration rate with other indicated traits  

It was found from tables 4.2.1.2.2 and 4.2.1.2.2a that transpiration rate showed a positive 

significant genotypic and phenotypic correlation with photosynthetic rate, photosynthetic 
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water use efficiency and stomata conductance. A negative but significant genotypic and 

phenotypic correlation was found for and leaf area, leaf width, leaf/stem weight ratio, leaf 

weight and plant height. Significant correlation between transpiration rate with other traits 

indicated that the selection may be effective to improve the grain and fodder yield of maize 

under drought conditions. Findings were found similar  to Dubert (1985); Umakanth et al. 

(2000); Vaezi et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. (2007); 

Akbar et al. (2007) and Wang et al., (2007). 

4.2.1.2.16. Correlation between sub-stomata CO2 concentration with other indicated 

traits  

It was indicated from tables 4.2.1.2.2 and 4.2.1.2.2a  that sub-stomata CO2 concentration  

showed a positive significant genotypic and phenotypic correlation with photosynthetic rate, 

leaf temperature, leaf length, photosynthetic water use efficiency leaf/stem weight ratio, leaf 

weight, green fodder yield, stem diameter, leaves per plant, chlorophyll contents, stem 

weight and plant height. Significant correlation between sub-stomata CO2 concentration with 

other traits indicated that the selection may be effective to improve the grain and fodder yield 

of maize under drought conditions. Findings were found similar to Umakanth et al. (2000); 

Vaezi et al. (2000); Malik et al., (2004); Grzesiak et al. (2007); Saleem et al. (2007); Akbar 

et al. (2007) and Wang et al., (2007). 

4.2.1.2.17. Correlation between photosynthetic water use efficiency with other indicated 

traits  

It was suggested from tables 4.2.1.2.2 and 4.2.1.2.2a that photosynthetic water use efficiency 

had a positive significant genotypic and phenotypic correlation with leaves per plant, 

transpiration rate and stomata conductance. A negative but significant genotypic and 

phenotypic correlation was found for chlorophyll contents, photosynthetic rate, leaf 

temperature and plant height. Significant correlation between photosynthetic water use 

efficiency with other traits indicated that the selection may be effective to improve the grain 

and fodder yield of maize under drought conditions. Findings were found similar  to Dubert 

(1985); Umakanth et al. (2000); Vaezi et al. (2000); Malik et al., (2004); Grzesiak et al. 

(2007); Saleem et al. (2007); Akbar et al. (2007) and Wang et al., (2007). 

Correlation among morphological, physiological and grain yielding traits 

4.2.1.2.1. Correlation between cobs per plant with other indicated traits  
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It was revealed from table 4.2.1.2.3 and 4.2.1.2.3a that cobs per plant showed a positive 

significant genotypic and phenotypic correlation with grain rows per cob, cob length, cob 

diameter, cob weight, chlorophyll contents, plant height, total dry matter and grain yield per 

plant. Significant correlation between cobs per plant with other traits indicated that the 

selection may be effective to improve the grain yield of maize. Findings were found similar 

to Malik et al., (2004); Saleem et al. (2007); Akbar et al. (2007); Wang et al., (2007) and 

Akbar et al., (2009). 

4.2.1.2.2. Correlation between grain rows per cob with other indicated traits  

It was suggested from table 4.2.1.2.3 and 4.2.1.2.3a that grain rows per cob showed a 

positive significant genotypic and phenotypic correlation with cobs per plant, cob diameter, 

cob weight, chlorophyll contents, plant height, total dry matter and grain yield per plant. 

Significant correlation between grain rows per cob with other traits indicated that the 

selection may be effective to improve the grain yield of maize. Findings were found similar  

to Dubert (1985); Umakanth et al. (2000); Vaezi et al. (2000); Aguiar et al., (2003); Alvi et 

al., (2003); Malik et al., (2004); Saleem et al. (2007); Akbar et al. (2007); Wang et al., 

(2007) and Akbar et al., (2009). 

4.2.1.2.3. Correlation between cob length with other indicated traits  

It was found from table 4.2.1.2.3 and 4.2.1.2.3a that cob length had a positive significant 

genotypic and phenotypic correlation with 100-seed weight, stover weight, cobs per plant, 

cob diameter, cob weight, chlorophyll contents, stem diameter, plant height, total dry matter 

and grain yield per plant. Significant correlation between cob length with other traits 

indicated that the selection may be effective to improve the grain Aguiar et al., (2003); Alvi 

et al., (2003); Malik et al., (2004); Saleem et al. (2007); Akbar et al. (2007); Wang et al., 

(2007) and Akbar et al., (2009). 

4.2.1.2.4. Correlation between cob diameter with other indicated traits  

It was persuaded from table 4.2.1.2.3 and 4.2.1.2.3a that cob diameter showed a positive 

significant genotypic and phenotypic correlation with cob length, stover weight, cobs per 

plant, cob weight, chlorophyll contents, stem diameter, plant height, total dry matter and 

grain yield per plant. Significant correlation between cob diameter with other traits indicated 

that the selection may be effective to improve the grain yield of maize. Findings were found 

similar  to Dubert (1985); Umakanth et al. (2000); Vaezi et al. (2000); Aguiar et al., (2003); 



 

115 
 

Alvi et al., (2003); Malik et al., (2004); Saleem et al. (2007); Akbar et al. (2007); Wang et 

al., (2007) and Akbar et al., (2009). 

4.2.1.2.5. Correlation between cob weight with other indicated traits  

It was shown from table 4.2.1.2.3 and 4.2.1.2.3a that cob weight had a positive significant 

genotypic and phenotypic correlation with cob diameter, cob length, stover weight, cobs per 

plant, grain rows per cob, leaves per plant, chlorophyll contents, plant height, stem diameter, 

total dry matter and grain yield per plant. Significant correlation between cob weight with all 

other traits indicated that the selection may be effective to improve the grain yield of maize. 

Findings were found similar  to Dubert (1985); Umakanth et al. (2000); Vaezi et al. (2000); 

Aguiar et al., (2003); Alvi et al., (2003); Malik et al., (2004); Saleem et al. (2007); Akbar et 

al. (2007); Wang et al., (2007) and Akbar et al., (2009). 

4.2.1.2.6. Correlation between 100-seed weight with other indicated traits  

It was indicated from table 4.2.1.2.3 and 4.2.1.2.3a that100-seed weight showed a positive 

significant genotypic and phenotypic correlation with cob weight, cob length and grain yield 

per plant. A negative genotypic and phenotypic correlation was found for chlorophyll 

contents. Significant correlation between 100-seed weight with cob weight, cob length and 

grain yield per plant indicated that the selection may be effective to improve the grain yield 

of maize. Findings were found similar  to Dubert (1985); Umakanth et al. (2000); Vaezi et al. 

(2000); Aguiar et al., (2003); Alvi et al., (2003); Malik et al., (2004); Saleem et al. (2007); 

Akbar et al. (2007); Wang et al., (2007) and Akbar et al., (2009). 

4.2.1.2.7. Correlation between stover weight with other indicated traits  

It was suggested from table 4.2.1.2.3 and 4.2.1.2.3a that stover weight had a positive 

significant genotypic and phenotypic correlation with cob weight, cob diameter, chlorophyll 

contents, leaves per plant, plant height, stem diameter, cob length and grain yield per plant. 

Significant correlation between stover weight with cob weight, cob diameter, chlorophyll 

contents, leaves per plant, plant height, stem diameter, cob length and grain yield per plant 

indicated that the selection may be effective to improve the grain yield of maize. Findings 

were found similar  to Dubert (1985); Vaezi et al. (2000); Aguiar et al., (2003); Alvi et al., 

(2003); Malik et al., (2004); Saleem et al. (2007); Akbar et al. (2007); Wang et al., (2007) 

and Akbar et al., (2009). 
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4.2.1.2.8. Correlation between grain yield per plant with other indicated traits  

It was suggested from table 4.2.1.2.3 and 4.2.1.2.3a that grain yield per plant had a positive 

significant genotypic and phenotypic correlation with stover weight, cob weight, cob 

diameter, chlorophyll contents, grain rows peer cob, leaves and cobs per plant, plant height, 

total dry matter, stem diameter, cob length, 100-seed weight and grain yield per plant. 

Significant correlation between grain yield per plant with all traits indicated that the selection 

may be effective to improve the grain yield of maize. Findings were found similar  to Dubert 

(1985); Umakanth et al. (2000); Vaezi et al. (2000); Aguiar et al., (2003); Alvi et al., (2003); 

Malik et al., (2004); Saleem et al. (2007); Akbar et al. (2007); Wang et al., (2007) and Akbar 

et al., (2009). 

4.2.1.2.9. Correlation between total dry matter with other indicated traits  

It was found from table 4.2.1.2.3 and 4.2.1.2.3a that total dry matter showed a positive 

significant genotypic and phenotypic correlation with cob weight, cob diameter, chlorophyll 

contents, grain rows peer cob, cobs per plant, plant height, stem diameter, cob length and 

grain yield per plant. Significant correlation between total dry matter with other indicated 

traits indicated that the selection may be effective to improve the grain yield of maize. 

Findings were found similar  to Dubert (1985); Umakanth et al. (2000); Vaezi et al. (2000); 

Aguiar et al., (2003); Alvi et al., (2003); Malik et al., (2004); Saleem et al. (2007); Akbar et 

al. (2007); Wang et al., (2007) and Akbar et al., (2009). 

4.2.1.2.10. Correlation between chlorophyll contents with other indicated traits  

It was revealed from table 4.2.1.2.3 and 4.2.1.2.3a that chlorophyll contents had a positive 

significant genotypic and phenotypic correlation with total dry matter, cob weight, cob 

diameter, grain rows peer cob, cobs per plant, plant height, stem diameter, cob length and 

grain yield per plant. A negative genotypic and phenotypic correlation was found for 100-

seed weight. Negative correlation indaicted the reduction in seed size showed reduction in 

100-seed weight. Significant correlation between chlorophyll contents with other traits 

indicated that the selection may be effective to improve the grain yield of maize. Findings 

were found similar to Malik et al., (2004); Saleem et al. (2007); Akbar et al. (2007); Wang et 

al., (2007) and Akbar et al., (2009). 
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4.2.1.2.11. Correlation between leaves per plant with other indicated traits  

It was found from table 4.2.1.2.3 and 4.2.1.2.3a that leaves per plant showed a positive 

significant genotypic and phenotypic correlation with cob weight, stover weight, plant height, 

stem diameter and grain yield per plant. Significant correlation between numbefr of leaves 

per plant with cob weight, stover weight, plant height, stem diameter and grain yield per 

plant indicated that the selection may be effective to improve the grain yield of maize. 

Findings were found similar  to Dubert (1985); Umakanth et al. (2000); Vaezi et al. (2000); 

Aguiar et al., (2003); Alvi et al., (2003); Malik et al., (2004); Saleem et al. (2007); Akbar et 

al. (2007); Wang et al., (2007) and Akbar et al., (2009). 

4.2.1.2.12. Correlation between plant height with other indicated traits  

It was shown from table 4.2.1.2.3 and 4.2.1.2.3a that plant height had a positive significant 

genotypic and phenotypic correlation with leaves and cobs per plant, cob weight, chlorophyll 

contents, grain rows per cob, cob length, stover weight, stem diameter and grain yield per 

plant. Significant correlation between numbefr of leaves per plant with cob weight, stover 

weight, plant height, stem diameter and grain yield per plant indicated that the selection may 

be effective to improve the grain yield of maize. Findings were found similar to Aguiar et al., 

(2003); Malik et al., (2004); Saleem et al. (2007); Akbar et al. (2007); Wang et al., (2007) 

and Akbar et al., (2009). 

4.2.1.2.13. Correlation between stem diameter with other indicated traits  

It was persuaded from table 4.2.1.2.3 and 4.2.1.2.3a that stem diameter showed a positive 

significant genotypic and phenotypic correlation with plant height, leaves per plant, cob 

weight, chlorophyll contents, cob length, stover weight, stem diameter and grain yield per 

plant. Significant correlation between stem diameter with other traits indicated that the 

selection may be effective to improve the grain yield of maize. Findings were found similar 

to Vaezi et al. (2000); Malik et al., (2004); Saleem et al. (2007); Akbar et al. (2007); Wang 

et al., (2007) and Akbar et al., (2009). 
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Table: 4.2.1.2.2. Genotypic correlations among various morphological and physiological traits in maize 

Traits  NLP   PH   SD   LW  SW   GFY    LSWR  LL LW    LA    LT   A     gs    E Ci WUE 

Ch.C 0.0105ns 0.3515* 0.2899* 0.3729* 0.1782* 0.2204* 0.1801* 0.2464* 0.1457* 0.2395* 0.0280 ns 0.1499* -0.0428 ns -0.0825 ns 0.0213* -0.1834* 

NLP  0.5525* 0.2791* 0.3135* 0.1546* 0.1854* 0.0665 ns 0.1668* -0.0233 ns 0.0937** 0.1631 ns -0.0446 ns 0.0374 ns -0.0164 ns0.1337* 0.1152* 

PH   0.3991* 0.5437* 0.5761* 05945* -0.2367* 0.3551* 0.3857* 0.4710* 0.3481* -0.0069 ns -0.2920* -0.0629 ns 0.0244* -0.1654* 

SD    0.6120* 0.5552* 0.5858* -0.1188 ns 0.3285* 0.2769** 0.3800* 0.0372 ns 0.1531* -0.0468 ns -0.2841* 0.1512* -0.0462 ns 

LW     0.7300* 0.8132* 0.0693 ns 0.3139* 0.4716* 0.5087* 0.2427* 0.1142* -0.2116* -0.2555* 0.1190* -0.1077 ns 

SW      0.9927* -0.5581* 0.2867* 0.5410* 0.5310* 0.1045* -0.0052 ns -0.0974 ns -0.0724 ns 0.0251** -0.0501 ns 

GFY       -0.4610* 0.3037* 0.5503* 0.5489* 0.1435* 0.0134* -0.1280 ns -0.1151 ns 0.0416** -0.0611 ns 

LSWR        -0.1615 ns -0.2742* -0.2661* 0.2099* 0.2696* -0.1610 ns -0.2713* 0.1154* -0.1426 ns 

LL         0.2999* 0.7658* 0.0859* 0.1207* -0.0646 ns -0.0560 ns 0.0255* -0.0262 ns 

LW          0.8409* 0.2289* -0.069* -0.3132* -0.2769* -0.0326 ns -0.0692 ns 

LA           0.2064* 0.0256* -0.2412* -0.2137* -0.0066 ns -0.0647 ns 

LT            -0.1240 -0.9624* -0.9865* 0.0642* -0.3014* 

A             0.0360 ns 0.0489* 0.0185** -0.7508* 

gs              0.9690* -0.0455 ns 0.4127* 

E              -0.0359 ns 0.3578* 

Ci               -0.1136 ns 

** = Significant at 5% significance level, * = Significant at 1% significance level, ns = Non-significant 

NLP = leaves per plant, PH = Plant height, SD = Stem diameter, LW = Leaf weight, SW = Stem weight, GFY = Green fodder 

yield, LSWR = Leaf to stem weight ratio, LL = Leaf length, LW = Leaf width, LA = Leaf area, A = Photosynthetic rate, LT = Leaf 

temperature, Chl. C = Chlorophyll contents, gs = Stomata conductance, E = Transpiration rate, Ci = Sub-stomata CO2 

concentration, WUE = Photosynthetic water use efficiency     
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Table: 4.2.1.2.2a. Phenotypic correlations among various morphological and physiological traits in maize 

Traits  NLP   PH   SD   LW  SW  GFY    LSWR  LL LW    LA    LT   A     Gs   E Ci WE 

Ch.C 0.0097 ns 0.3480* 0.2878* 0.3706* 0.1774** 0.2190* 0.1785** 0.2452* 0.1448* 0.2383* 0.0248 ns 0.1486* -0.0427 ns -0.0818 ns 0.0210* -0.1821* 

NLP  0.5342* 0.2735* 0.3050* 0.1515** 0.1811** 0.0643 ns 0.1613** -0.0182 0.0938** 0.1446 ns -0.0429 ns 0.0364 ns -0.0163 ns 0.1288* 0.1110* 

PH   0.3965* 0.5406* 0.5738* 0.5923* 0.2355* 0.3538* 0.3838* 0.4688* 0.3364* -0.0068 -0.2982* -0.2830** 0.0242** -0.1646* 

SD    0.6086* 0.5527* 0.5830* -0.1182 ns 0.3260* 0.2752* 0.3779* 0.0356 ns 0.1521** -0.0463 ns -0.0627 0.1501** -0.0461 ns 

LW     0.7271* 0.8103* 0.0734 ns 0.3128* 0.4696* 0.5076* 0.2323* 0.1140** -0.2105* -0.2543** 0.1184* -0.1075 ns 

SW      0.9908* -0.5567* 0.2856* 0.5392* 0.5297* 0.1002** -0.0052 ns -0.0969 ns -0.0723 ns 0.0250** -0.0504 ns 

GFY      -0.4591 ns 0.3028* 0.5485* 0.5476* 0.1365* 0.0131** -0.1279 ns -0.1150 ns 0.0417** -0.0611 ns 

LSWR       -0.1607 ns -0.2729* -0.2651* 0.2019* 0.2687* -0.1600 ns 0.2704** 0.1150* -0.1423 ns 

LL        0.2987* 0.7645* 0.0859** 0.1207** -0.0648 ns -0.0557 ns 0.0253** -0.0265 ns 

LW         0.8406* 0.2179* -0.0685 -0.3126* -0.2757** -0.0326 ns -0.0692 ns 

LA          0.1965* 0.0259** -0.2409** -0.2132 ns -0.0068 ns -0.0649 ns 

LT           -0.1198 ns -0.9184* -0.9451** 0.0609** -0.2892** 

A            0.0360 ns 0.0491** 0.0183** -0.7501** 

Gs             0.9659* -0.0455 ns 0.4114** 

E             -0.0360 ns 0.3574** 

Ci              -0.1136 ns 

** = Significant at 5% significance level, * = Significance at 1% significance level, ns = Non-significant 

NLP = leaves per plant, PH = Plant height, SD = Stem diameter, LW = Leaf weight, SW = Stem weight, GFY = Green fodder 

yield, LSWR = Leaf to stem weight ratio, LL = Leaf length, LW = Leaf width, LA = Leaf area, A = Photosynthetic rate, LT = Leaf 

temperature, Chl. C = Chlorophyll contents, gs = Stomata conductance, E = Transpiration rate, Ci = Sub-stomata CO2 

concentration, WUE = Photosynthetic water use efficiency  
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Table: 4.2.1.2.3. Genotypic correlations among various morphological, physiological and grain yielding traits in maize 
Traits Grain 

rows 
per cob 

Cob 
length 

Cob 
diameter 

Cob 
weight 

100-seed 
weight 

Stover 
weight 

Stem 
diameter 

Total 
drymatter 

Chlorophyll 
contents 

Leaves 
per plant 

Plant 
height 

Grain yield 

per plant 

Cobs per 
plant 

0.2100* 0.3165* 0.2157* 0.3681* 0.0052 ns 0.0456 ns 0.0946 ns 0.1540** 0.2183* -0.0093 ns 0.2293* 0.4293* 

Grain rows 
per cob 

 0.0075 ns 0.6601* 0.5194* -0.0518 ns -0.1355 ns -0.0264 ns 0.1828** 0.3290* 0.0866 ns 0.1856* 0.4842* 

Cob length   0.3100* 0.5053* 0.2751* 0.3319* 0.4676* 0.0183** 0.1249** 0.1120 ns 0.2304* 0.4041* 

Cob 
diameter 

   0.7783* 0.0694 ns 0.2267* 0.1760* 0.1041** 0.4275* 0.1383 ns 0.1168** 0.6664* 

Cob weight     0.2419* 0.3504* 0.3447* 0.1020** 0.4398* 0.2137* 0.2146* 0.9104* 

100-seed 
weight 

     0.0117 ns 0.1201 ns -0.1100 ns -0.1652** 0.0047 ns -0.0338 0.2032* 

Stover 
weight 

      0.4125* -0.0620 ns 0.1316** 0.3322* 0.0874** 0.1550* 

Stem 
diameter 

      0.0674* 0.2959* 0.2934* 0.4023* 0.2638* 

Total 
drymatter 

       0.1814** -0.0635 ns 0.1890* 0.0205** 

Chlorophyll 
contents 

        0.0152 ns 0.3528* 0.3513* 

Leaves per 
plant 

         0.5505* 0.1325** 

Plant 
height 

          0.1750* 

 
** = Significant at 5% significance level, * = Significant at 1% significance level, ns = Non-significant 
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Table: 4.2.1.2.3a. Phenotypic correlations among various morphological, physiological and grain yielding traits in maize 
Traits Grain 

rows 
per cob 

Cob 
length 

Cob 
diameter 

Cob 
weight 

100-
seed 
weight 

Stover 
weight 

Stem 
diameter 

Total 
drymatter 

Chlorophyll 
contents 

Leaves 
per plant 

Plant 
height 

Grain yield 

per plant 

Cobs per 
plant 

0.2086* 0.3145* 0.2140* 0.3671* 0.0031 ns 0.0455 ns 0.0932 ns 0.1534** 0.2161** -0.0096 ns 0.2263** 0.4276* 

Grain rows 
per cob 

 0.0075 ns 0.6532* 0.5187* -0.0515 ns -0.1352 ns -0.0258 ns 0.1824** 0.3271* 0.08400 ns 0.1839* 0.4835* 

Cob length   0.3064* 0.5032* 0.2738* 0.3312* 0.4635** 0.0179** 0.1239** 0.1096 ns 0.2290** 0.4036* 

Cob 
diameter 

   0.7697* 0.0689 ns 0.2239* 0.1735* 0.1023** 0.4214* 0.1353 ns 0.1137* 0.6590* 

Cob weight     0.2404* 0.3498* 0.3421** 0.1029** 0.4371* 0.2067* 0.2129* 0.9091* 

100-seed 
weight 

     0.0118 ns 0.1185 ns -0.1090 ns -0.1638** 0.0079 ns -0.0328 0.2032* 

Stover 
weight 

      0.4091** -0.0619 ns 0.1308** 0.3218* 0.0867** 0.1551* 

Stem 
diameter 

       0.0665** 0.2936** 0.2822** 0.3974** 0.2619** 

Total 
drymatter 

        0.1807** -0.0610 ns 0.1872* 
0.0202** 

Chlorophyll 
contents 

         0.0137 ns 0.3494** 
0.3489* 

Leaves per 
plant 

          0.5347* 
0.1288** 

Plant height            0.1747* 

** = Significant at 5% significance level, * = Significant at 1% significance level, ns = Non-significant 
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4.4.1.3. North Carolina matting Design-II  

The data was subjected to North Carolina matting design-II analysis to calculate the gene 

action (additive and dominance effects) for various morpho-physiological, grain and fodder 

yielding traits of maize. The results are given in tables 4.2.1.3.4, 4.2.1.3.4a, and 4.2.1.3.4b. 

4.2.1.3.1. Leaves per plant  

It was suggested that significant differences were found for leaves per plant. The results 

indicated that higher additive variance for male × female interaction was 0.405 following 

female additive variance (0.168) and male additive variance was (0.026). The additive effect 

was recorded as 0.259 but higher dominance effect 1.618 was recorded for leaves per plant. 

The degree of dominance was recorded as 2.502 (Table 4.2.1.3.4). Higher values of 

dominance effect and degree of dominance indicated that over type of dominance gene action 

was shown for leaves per plant. The over dominance and higher degree of dominance 

indicated that selection on the basis of leaves per plant may be helpful for the development of 

hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh et al. (2000); 

Vafias and Ipilandis (2005); Welcker et al. (2005); Saleem et al. (2007); Akbar et al. (2007); 

Wang et al., (2007); Ahsan et al. (2008); Akbar et al., (2009) and Wali et al., (2010). 

4.2.1.3.2. Plant height (cm) 

It was revealed that significant differences were found for plant height. The results indicated 

that higher additive variance for female was 688.43, following male × female interaction 

additive variance (548.71) and male additive variance was (14.22). The additive effect was 

recorded as 936.85 but higher dominance effect 2194.85 was recorded for plant height. The 

degree of dominance was recorded as 1.531 (Table 4.2.1.3.4). Higher values of dominance 

effect and degree of dominance indicated that over type of dominance gene action was shown 

for plant height. The over dominance and higher degree of dominance indicated that selection 

on the basis of plant height may be helpful for the development of hybrid seed. Findings 

were found similar  to Parkash et al. (2000); Rameeh et al. (2000); Vafias and Ipilandis 

(2005); Welcker et al. (2005); Saleem et al. (2007); Akbar et al. (2007); Wang et al., (2007); 

Ahsan et al. (2008); Akbar et al., (2009) and Wali et al., (2010). 

4.2.1.3.3. Stem diameter (cm) 

It was revealed that significant differences were found for stem diameter. The results 

indicated that higher additive variance for male × female interaction was 0.014, following 
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female additive variance (0.005) and negative male additive variance was (-0.002). The 

additive effect was recorded as 0.004 but higher dominance effect 0.058 was recorded for 

plant height. The degree of dominance was recorded as 3.689 (Table 4.2.1.3.4). Higher 

values of dominance effect and degree of dominance indicated that over type of dominance 

gene action was shown for stem diameter. The over dominance and higher degree of 

dominance indicated that selection on the basis of stem diameter may be helpful for the 

development of hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh 

et al. (2000); Vafias and Ipilandis (2005); Welcker et al. (2005); Saleem et al. (2007); Akbar 

et al. (2007); Wang et al., (2007); Ahsan et al. (2008); Akbar et al., (2009) and Wali et al., 

(2010). 

4.2.1.3.4. Leaf weight (g) 

It was suggested that significant differences were found for leaf weight was significantly 

differed from each other. The results indicated that higher additive variance for male × 

female interaction was 775.72, following female additive variance (34.33) and negative male 

additive variance was (-99.44). The additive effect was recorded as -86.81 but higher 

dominance effect 3102.87 was recorded for leaf weight. The degree of dominance was 

recorded as -5.979 (Table 4.2.1.3.4). Higher values of dominance effect and degree of 

dominance indicated that over type of dominance gene action was shown for leaf weight. The 

over dominance and higher degree of dominance indicated that selection on the basis of leaf 

weight may be helpful for the development of hybrid seed. Findings were found similar  to 

Parkash et al. (2000); Rameeh et al. (2000); Vafias and Ipilandis (2005); Welcker et al. 

(2005); Saleem et al. (2007); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. (2008); 

Akbar et al., (2009) and Wali et al., (2010). 

4.2.1.3.5. Stem weight (g) 

It was persuaded from table 4.2.1.3.4 that significant differences were found for stem weight. 

The results indicated that higher additive variance for male × female interaction was 9869.4, 

following female additive variance (2300.2) and male additive variance was (853.8). The 

additive effect was recorded as 4205.4 but higher dominance effect 39477.6 was recorded for 

stem weight. The degree of dominance was recorded as 3.064. Higher values of dominance 

effect and degree of dominance indicated that over type of dominance gene action was shown 

for stem weight. The over dominance and higher degree of dominance indicated that 
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selection on the basis of stem weight may be helpful for the development of hybrid seed. 

Findings were found similar  to Parkash et al. (2000); Rameeh et al. (2000); Vafias and 

Ipilandis (2005); Welcker et al. (2005); Saleem et al. (2007); Akbar et al. (2007); Wang et 

al., (2007); Ahsan et al. (2008); Akbar et al., (2009) and Wali et al., (2010). 

4.2.1.3.6. Green fodder yield (g) 

It was suggested from table 4.2.1.3.4 that significant differences were found for green fodder 

yield. The results indicated that higher additive variance for male × female interaction was 

14120.7, following female additive variance (2871.5) and male additive variance was 

(894.8). The additive effect was recorded as 5021.8 but higher dominance effect 56482.7 was 

recorded for green fodder yield. The degree of dominance was recorded as 3.354. Higher 

values of dominance effect and degree of dominance indicated that over type of dominance 

gene action was shown for green fodder yield. The over dominance and higher degree of 

dominance indicated that selection on the basis of green fodder yield may be helpful for the 

development of hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh 

et al. (2000); Vafias and Ipilandis (2005); Welcker et al. (2005); Saleem et al. (2007); Akbar 

et al. (2007); Wang et al., (2007); Ahsan et al. (2008); Akbar et al., (2009) and Wali et al., 

(2010). 

4.2.1.3.7. Leaf/stem weight ratio 

It was shown from table 4.2.1.3.4 that significant differences were found for leaf/stem weight 

ratio. The results indicated that higher additive variance for male × female interaction was 

0.012, following female additive variance (0.001) and negative male additive variance was (-

0.0001). The additive effect was recorded as 0.002 but higher dominance effect 0.048 was 

recorded for leaf/stem weight ratio. The degree of dominance was recorded as 5.519. Higher 

values of dominance effect and degree of dominance indicated that over type of dominance 

gene action was shown for leaf/stem weight ratio. The over dominance and higher degree of 

dominance indicated that selection on the basis of leaf/stem weight ratio may be helpful for 

the development of hybrid seed. Findings were found similar  to Parkash et al. (2000); 

Rameeh et al. (2000); Vafias and Ipilandis (2005); Welcker et al. (2005); Saleem et al. 

(2007); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. (2008); Akbar et al., (2009) 

and Wali et al., (2010). 
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4.2.1.3.8. Leaf length (cm) 

It was found from table 4.2.1.3.4 that significant differences were for leaf length. The results 

indicated that higher additive variance for male × female interaction was 35.172, following 

female additive variance (17.288) and negative male additive variance was (-4.317). The 

additive effect was recorded as 17.264 but higher dominance effect 140.689 was recorded for 

leaf length. The degree of dominance was recorded as 2.855. Higher values of dominance 

effect and degree of dominance indicated that over type of dominance gene action was shown 

for leaf length. Higher leaf length also indicated that photosynthetic rate, sub-stomata CO2 

concentration, photosynthetic water use efficiency, chlorophyll contents and stomata 

conductance will also be higher. The over dominance and higher degree of dominance 

indicated that selection on the basis of leaf length may be helpful for the development of 

hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh et al. (2000); 

Mehmood et al. (2003); Malik et al. (2004); Vafias and Ipilandis (2005); Welcker et al. 

(2005); Saleem et al. (2007); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. (2008); 

Akbar et al., (2009) and Wali et al., (2010). 

4.2.1.3.9. Leaf width (cm) 

It was suggested from table 4.2.1.3.4 that significant differences were for leaf width. The 

results indicated that higher additive variance for male × female interaction was 0.945, 

following female additive variance (0.062) and negative male additive variance was (-0.142). 

The additive effect was recorded as 0.107 but higher dominance effect 3.782 was recorded 

for leaf width. The degree of dominance was recorded as -5.946. Higher values of dominance 

effect and degree of dominance indicated that over type of dominance gene action was shown 

for leaf width. Higher leaf width also indicated that photosynthetic rate, sub-stomata CO2 

concentration, photosynthetic water use efficiency, chlorophyll contents and stomata 

conductance will also be higher. The over dominance and higher degree of dominance 

indicated that selection on the basis of leaf width may be helpful for the development of 

hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh et al. (2000); 

Mehmood et al. (2003); Malik et al. (2004); Vafias and Ipilandis (2005); Welcker et al. 

(2005); Saleem et al. (2007); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. (2008); 

Akbar et al., (2009) and Wali et al., (2010). 
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4.2.1.3.10. Leaf area (cm2) 

It was suggested from table 4.2.1.3.4a that significant differences were found for leaf area. 

The results indicated that higher additive variance for male × female interaction was 6505.9, 

following female additive variance (4204.1) and negative male additive variance was (-

901.8s). The additive effect was recorded as 4403.1 but higher dominance effect 26023.8 was 

recorded for leaf area. The degree of dominance was recorded as 2.431. Higher values of 

dominance effect and degree of dominance indicated that over type of dominance gene action 

was shown for leaf area. Higher leaf width also indicated that photosynthetic rate, sub-

stomata CO2 concentration, photosynthetic water use efficiency, chlorophyll contents and 

stomata conductance will also be higher. The over dominance and higher degree of 

dominance indicated that selection on the basis of leaf area may be helpful for the 

development of hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh 

et al. (2000); Mehmood et al. (2003); Malik et al. (2004); Vafias and Ipilandis (2005); 

Welcker et al. (2005); Saleem et al. (2007); Akbar et al. (2007); Wang et al., (2007); Ahsan 

et al. (2008); Akbar et al., (2009) and Wali et al., (2010). 

4.2.1.3.11. Chlorophyll contents (mg g-1 fr. wt.)  

It was revealed from table 4.2.1.3.4a that significant differences were found for chlorophyll 

contents. The results indicated that higher additive variance for male × female interaction 

was 26.652 following female additive variance (5.874) and male additive variance was 

(1.270). The additive effect was recorded as 9.526 but higher dominance effect 106.607 was 

recorded for chlorophyll contents. The degree of dominance was recorded as 3.345. Higher 

values of dominance effect and degree of dominance indicated that over type of dominance 

gene action was shown for chlorophyll contents. Higher chlorophyll contents also indicated 

that photosynthetic rate, sub-stomata CO2 concentration, photosynthetic water use efficiency 

and stomata conductance will also be higher. The over dominance and higher degree of 

dominance indicated that selection on the basis of chlorophyll contents may be helpful for the 

development of hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh 

et al. (2000); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Wang 

et al., (2007); Ahsan et al. (2008); Akbar et al., (2009) and Moulin et al., (2009). 
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4.2.1.3.12. Leaf temperature (°C)  

It was indicated from table 4.2.1.3.4a that significant differences were found for leaf 

temperature. The results indicated that higher additive variance for male × female interaction 

was 0.362 following female additive variance (0.015) and male additive variance was 

(0.057). The additive effect was recorded as 0.096 but higher dominance effect 1.449 was 

recorded for leaf temperature. The degree of dominance was recorded as 3.889. Higher 

values of dominance effect and degree of dominance indicated that over type of dominance 

gene action was shown for leaf temperature. Higher leaf temperature also indicated that 

photosynthetic rate, sub-stomata CO2 concentration, Photosynthetic water use efficiency, 

chlorophyll contents and stomata conductance will also be higher. The over dominance and 

higher degree of dominance indicated that selection on the basis of leaf temperature may be 

helpful for the development of hybrid seed. Findings were found similar  to Parkash et al. 

(2000); Rameeh et al. (2000); Welcker et al. (2005); Akbar et al. (2007); Wang et al., 

(2007); Ahsan et al. (2008); Akbar et al., (2009) and Moulin et al., (2009). 

4.2.1.3.13. Photosynthetic rate (μg CO2 s−1) 

It was shown from table 4.2.1.3.4a that significant differences were found for photosynthetic 

rate. The results indicated that higher additive variance for male × female interaction was 

67.383 following female additive variance (-9.326) and male additive variance was (16.048). 

The additive effect was recorded as 8.962 but higher dominance effect 269.533 was recorded 

for photosynthetic rate. The degree of dominance was recorded as 5.484. Higher values of 

dominance effect and degree of dominance indicated that over type of dominance gene action 

was shown for photosynthetic rate. Higher photosynthetic rate also indicated that sub-stomata 

CO2 concentration, photosynthetic water use efficiency, chlorophyll contents and stomata 

conductance will also be higher. The over dominance and higher degree of dominance 

indicated that selection on the basis of photosynthetic rate may be helpful for the 

development of hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh 

et al. (2000); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Wang 

et al., (2007); Ahsan et al. (2008); Akbar et al., (2009) and Moulin et al., (2009). 

4.2.1.3.14. Stomata conductance (mmol m-2 s-1) 

It was suggested from table 4.2.1.3.4a that significant differences were found for stomata 

conductance was. The results indicated that higher additive variance for male × female 
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interaction was 0.0069 following female additive variance (-0.0001) and male additive 

variance was (0.0001). The additive effect was recorded as -0.0002 but higher dominance 

effect 0.0278 was recorded for stomata conductance. The degree of dominance was recorded 

as 12.926. Higher values of dominance effect and degree of dominance indicated that over 

type of dominance gene action was shown for stomata conductance. Higher stomata 

conductance also indicated that sub-stomata CO2 concentration, photosynthetic water use 

efficiency, photosynthetic rate and chlorophyll contents will also be higher. The over 

dominance and higher degree of dominance indicated that selection on the basis of stomata 

conductance may be helpful for the development of hybrid seed. Findings were found similar  

to Parkash et al. (2000); Rameeh et al. (2000); Vafias and Ipilandis (2005); Welcker et al. 

(2005); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. (2008); Akbar et al., (2009) 

and Moulin et al., (2009). 

4.2.1.3.15. Transpiration rate (mm day-1) 

It was persuaded from table 4.2.1.3.4a that significant differences were found for 

transpiration rate. The results indicated that higher additive variance for male × female 

interaction was 7.344 following female additive variance (-0.463) and male additive variance 

was (-0.139). The additive effect was recorded as -0.802 but higher dominance effect 29.374 

was recorded for transpiration rate. The degree of dominance was recorded as -6.052. Higher 

values of dominance effect and degree of dominance indicated that over type of dominance 

gene action was shown for transpiration rate. Higher transpiration rate also indicated that 

stomata conductance, sub-stomata CO2 concentration, photosynthetic water use efficiency, 

photosynthetic rate and chlorophyll contents will also be higher. The over dominance and 

higher degree of dominance indicated that selection on the basis of transpiration rate may be 

helpful for the development of hybrid seed. Findings were found similar  to Parkash et al. 

(2000); Rameeh et al. (2000); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. 

(2007); Wang et al., (2007); Ahsan et al. (2008); Akbar et al., (2009) and Moulin et al., 

(2009). 

4.2.1.3.16. Sub-stomata CO2 concentration (μmol mol−1 CO2) 

It was suggested from table 4.2.1.3.4a that significant differences were found for sub-stomata 

CO2 concentration. The results indicated that higher additive variance for male × female 

interaction was 3116.0 following female additive variance (50.0) and male additive variance 
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was (1234.7). The additive effect was recorded as 1712.8 but higher dominance effect 

12464.1 was recorded for sub-stomata CO2 concentration. The degree of dominance was 

recorded as 2.698. Higher values of dominance effect and degree of dominance indicated that 

over type of dominance gene action was shown for sub-stomata CO2 concentration. Higher 

sub-stomata CO2 concentration also indicated that transpiration rate, stomata conductance, 

photosynthetic water use efficiency, photosynthetic rate and chlorophyll contents will also be 

higher. The over dominance and higher degree of dominance indicated that selection on the 

basis of sub-stomata CO2 concentration may be helpful for the development of hybrid seed. 

Findings were found similar  to Parkash et al. (2000); Rameeh et al. (2000); Vafias and 

Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. 

(2008); Akbar et al., (2009) and Moulin et al., (2009). 

4.2.1.3.17. Photosynthetic water use efficiency (%) 

It was found from table 4.2.1.3.4a that significant differences were found for photosynthetic 

water use efficiency. The results indicated that higher additive variance for male × female 

interaction was 4281.1 following female additive variance (-361.3) and male additive 

variance was (201.3). The additive effect was recorded as -213.3 but higher dominance effect 

17124.4 was recorded for photosynthetic water use efficiency. The degree of dominance was 

recorded as -8.960. Higher values of dominance effect and degree of dominance indicated 

that over type of dominance gene action was shown for photosynthetic water use efficiency. 

Higher photosynthetic water use efficiency also indicated that transpiration rate, stomata 

conductance, sub-stomata CO2 concentration, photosynthetic rate and chlorophyll contents 

will also be higher. The over dominance and higher degree of dominance indicated that 

selection on the basis of photosynthetic water use efficiency may be helpful for the 

development of hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh 

et al. (2000); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Wang 

et al., (2007); Ahsan et al. (2008); Akbar et al., (2009) and Moulin et al., (2009). 

4.2.1.3.18. Cobs per plant  

It was shown from table 4.2.1.3.4a that significant differences were found for cobs per plant. 

The results indicated that higher additive variance for male × female interaction was 0.149 

following female additive variance (0.045) and male additive variance was (0.029). The 

additive effect was recorded as 0.099 but higher dominance effect 0.598 was recorded for 
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cobs per plant. The degree of dominance was recorded as 2.461. Higher values of dominance 

effect and degree of dominance indicated that over type of dominance gene action was shown 

for cobs per plant. Higher cobs per plant indicated that grain per cob, 100-seed weight, cob 

length, cob weight, stover weight, grain yield per plant and cob diameter will also be higher 

and will also be higher. The over dominance and higher degree of dominance indicated that 

selection on the basis of cobs per plant may be helpful for the development of hybrid seed. 

Findings were found similar  to Parkash et al. (2000); Rameeh et al. (2000); Vafias and 

Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. 

(2008); Akbar et al., (2009); Ahsan et al., (2010) and Ahsan et al., (2013). 

4.2.1.3.19. Grain rows per cob  

It was suggested from table 4.2.1.3.4b that significant differences were found for grain rows 

per cob. The results indicated that higher additive variance for male × female interaction was 

4.413 following female additive variance (0.029) and male additive variance was (-0.076). 

The additive effect was recorded as -0.063 but higher dominance effect 17.653 was recorded 

for grain rows per cob. The degree of dominance was recorded as -16.713. Higher values of 

dominance effect and degree of dominance indicated that over type of dominance gene action 

was shown for grain rows per cob. Higher grain rows per cob indicated that grain per cob, 

100-seed weight, cob length, cob weight, stover weight, grain yield per plant and cob 

diameter will also be higher. The over dominance and higher degree of dominance indicated 

that selection on the basis of grain rows per cob may be helpful for the development of 

hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh et al. (2000); 

Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Wang et al., (2007); 

Ahsan et al. (2008); Akbar et al., (2009); Ahsan et al., (2010) and Ahsan et al., (2013). 

4.2.1.3.20. Cob length (cm) 

It was persuaded from table 4.2.1.3.4b that significant differences were found for cob length. 

The results indicated that higher additive variance for male × female interaction was 7.029 

following female additive variance (-0.430) and male additive variance was (-0.430). The 

additive effect was recorded as -1.148 but higher dominance effect 28.118 was recorded for 

cob length. The degree of dominance was recorded as -4.949. Higher values of dominance 

effect and degree of dominance indicated that over type of dominance gene action was shown 

for cob length. Higher cob length indicated that grain per cob, grain rows per cob, 100-seed 
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weight, cob length, cob weight, stover weight, grain yield per plant and cob diameter will 

also be higher. The over dominance and higher degree of dominance indicated that selection 

on the basis of cob length may be helpful for the development of hybrid seed. Findings were 

found similar  to Parkash et al. (2000); Rameeh et al. (2000); Vafias and Ipilandis (2005); 

Welcker et al. (2005); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. (2008); Akbar et 

al., (2009); Ahsan et al., (2010) and Ahsan et al., (2013). 

4.2.1.3.21. Cob diameter (cm) 

It was suggested from table 4.2.1.3.4b that significant differences were found for cob 

diameter. The results indicated that higher additive variance for male × female interaction 

was 0.022 following female additive variance (0.002) and male additive variance was (-

0.002). The additive effect was recorded as -0.001 but higher dominance effect 0.087 was 

recorded for cob diameter. The degree of dominance was recorded as -9.669. Higher values 

of dominance effect and degree of dominance indicated that over type of dominance gene 

action was shown for cob diameter. Higher cob diameter indicated that grain per cob, grain 

rows per cob, 100-seed weight, cob length, cob weight, stover weight, grain yield per plant 

and cob length will also be higher. The over dominance and higher degree of dominance 

indicated that selection on the basis of cob diameter may be helpful for the development of 

hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh et al. (2000); 

Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Wang et al., (2007); 

Ahsan et al. (2008); Akbar et al., (2009); Ahsan et al., (2010) and Ahsan et al., (2013). 

4.2.1.3.22. Cob weight (g) 

It was found from table 4.2.1.3.4b that significant differences were found for cob weight. The 

results indicated that higher additive variance for male × female interaction was 1150.53 

following female additive variance (100.26) and male additive variance was (151.78). The 

additive effect was recorded as 336.05 but higher dominance effect 4602.13 was recorded for 

cob weight. The degree of dominance was recorded as 3.701. Higher values of dominance 

effect and degree of dominance indicated that over type of dominance gene action was shown 

for cob weight. Higher cob weight indicated that grain per cob, grain rows per cob, 100-seed 

weight, cob length, cob diameter, stover weight, grain yield per plant and cob length will also 

be higher. The over dominance and higher degree of dominance indicated that selection on 

the basis of cob weight may be helpful for the development of hybrid seed. Findings were 
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found similar  to Parkash et al. (2000); Rameeh et al. (2000); Vafias and Ipilandis (2005); 

Welcker et al. (2005); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. (2008); Akbar et 

al., (2009); Ahsan et al., (2010) and Ahsan et al., (2013). 

4.2.1.3.23. 100-seed weight (g) 

It was shown from table 4.2.1.3.4b that significant differences were found for 100-seed 

weight. The results indicated that higher additive variance for male × female interaction was 

7.217 following female additive variance (-0.303) and male additive variance was (1.522). 

The additive effect was recorded as 1.626 but higher dominance effect 28.867 was recorded 

for 100-seed weight. The degree of dominance was recorded as 4.213. Higher values of 

dominance effect and degree of dominance indicated that over type of dominance gene action 

was shown for 100-seed weight. Higher 100-seed weight indicated that grain per cob, grain 

rows per cob, cob weight, cob length, cob diameter, stover weight, grain yield per plant and 

cob length will also be higher. The over dominance and higher degree of dominance 

indicated that selection on the basis of 100-seed weight may be helpful for the development 

of hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh et al. (2000); 

Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Wang et al., (2007); 

Ahsan et al. (2008); Akbar et al., (2009); Ahsan et al., (2010) and Ahsan et al., (2013). 

4.2.1.3.24. Stover weight (g) 

It was found from table 4.2.1.3.4b that significant differences were found for stover weight. 

The results indicated that higher additive variance for male × female interaction was 74.482 

following female additive variance (0.979) and male additive variance was (-5.034). The 

additive effect was recorded as -5.407 but higher dominance effect 297.930 was recorded for 

stover weight. The degree of dominance was recorded as -7.423. Higher values of dominance 

effect and degree of dominance indicated that over type of dominance gene action was shown 

for stover weight. Higher stover weight indicated that grain per cob, grain rows per cob, cob 

weight, cob length, cob diameter, 100-seed weight, grain yield per plant and cob length will 

also be higher. The over dominance and higher degree of dominance indicated that selection 

on the basis of stover weight may be helpful for the development of hybrid seed. Findings 

were found similar  to Parkash et al. (2000); Rameeh et al. (2000); Vafias and Ipilandis 

(2005); Welcker et al. (2005); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. (2008); 

Akbar et al., (2009); Ahsan et al., (2010) and Ahsan et al., (2013). 
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4.2.1.3.25. Grain yield per plant (g) 

It was suggested from table 4.2.1.3.4b that significant differences were found for grain yield 

per plant. The results indicated that higher additive variance for male × female interaction 

was 794.43 following female additive variance (72.27) and male additive variance was 

(6.42). The additive effect was recorded as 104.91 but higher dominance effect 3177.73 was 

recorded for grain yield per plant. The degree of dominance was recorded as 5.504. Higher 

values of dominance effect and degree of dominance indicated that over type of dominance 

gene action was shown for stover weight. Higher grain yield per plant indicated that grain per 

cob, grain rows per cob, cob weight, cob length, cob diameter, 100-seed weight, stover 

weight and cob length will also be higher. The over dominance and higher degree of 

dominance indicated that selection on the basis of grain yield per plant may be helpful for the 

development of hybrid seed. Findings were found similar  to Parkash et al. (2000); Rameeh 

et al. (2000); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Wang 

et al., (2007); Ahsan et al. (2008); Akbar et al., (2009); Ahsan et al., (2010) and Ahsan et al., 

(2013). 

4.2.1.3.26. Total dry matter (g) 

It was persuaded from table 4.2.1.3.4b that significant differences were found for total dry 

matter. The results indicated that higher additive variance for male × female interaction was 

76573 following female additive variance (-4285) and male additive variance was (77944). 

The additive effect was recorded as 98212 but higher dominance effect 306293 was recorded 

for total dry matter. The degree of dominance was recorded as 1.766. Higher values of 

dominance effect and degree of dominance indicated that over type of dominance gene action 

was shown for total dry matter. Higher total dry matter indicated that leaves per plant, leaf 

weight, stem weight, leaf/stem weight ratio and green fodder yield will also be higher. The 

over dominance and higher degree of dominance indicated that selection on the basis of grain 

yield per plant may be helpful for the development of hybrid seed. Findings were found 

similar  to Parkash et al. (2000); Rameeh et al. (2000); Vafias and Ipilandis (2005); Welcker 

et al. (2005); Akbar et al. (2007); Wang et al., (2007); Ahsan et al. (2008); Akbar et al., 

(2009); Ahsan et al., (2010) and Ahsan et al., (2013). 
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Table: 4.2.1.3.4. (a). Analysis of variance for morphological traits in maize (North Carolina matting design-II) 

SOV/Traits leaves 

per plant  

Plant 

height 

(cm) 

Stem 

diameter 

(cm) 

Leaf 

weight (g) 

Stem 

weight (g) 

Green 

fodder 

yield (g) 

Leaf/stem 

weight 

ratio 

Leaf 

length 

(cm) 

Leaf width 

(cm) 

Replication 0.1398ns     0.1ns 0.00003ns   11.4**     4ns    71** 0.0003ns   0.60ns 0.0302ns 

Males 1.7780*  1917.0* 0.016019*  551.6* 45050* 58602* 0.0351**  28.20* 0.2992** 

Females 4.3503* 14052.8* 0.128175* 2959.5* 71086* 94184* 0.0589** 416.70* 3.9595** 

M × F 1.3189*  1661.1* 0.043411* 2341.5* 29682* 42496* 0.0363** 105.91* 2.8512** 

Error 0.1051    15.0 0.000012   14.4    73   134 0.0002   0.40 0.0149 

(b). Various genetic components for morphological traits in maize (North Carolina matting design-II) 

SOV/Traits leaves 

per plant  

Plant 

height 

(cm) 

Stem 

diameter 

(cm) 

Leaf 

weight (g) 

Stem 

weight (g) 

Green 

fodder 

yield (g) 

Leaf/stem 

weight 

ratio 

Leaf 

length 

(cm) 

Leaf width 

(cm) 

2
m   0.026   14.22 -0.002  -99.44   853.8   894.8 -0.001  -4.317 -0.142 

2
f   0.168  688.43  0.005   34.33  2300.2  2871.5  0.002  17.266  0.062 

2
m×f 0.405  548.71  0.014  775.72  9869.4 14120.7  0.012  35.172  0.945 

2
D 0.259  936.85  0.004  -86.81  4205.4  5021.8  0.001  17.264 -0.107 

2
H   1.618 2194.85  0.058 3102.87 39477.6 56482.7  0.048 140.689  3.782 

[2
H/2

D]1/2   2.502 1.531  3.689 -5.979 3.064 3.354 5.519 2.855 -5.946 

* = Significant at 1 % significance level, ** = Significant at 5 % significance level, ns = Non-significant 

2
m   = male additive variance, 2

f = Female additive variance, 2
m×f = m×f interaction additive variance, 2

H = Dominace variance, 

2
D = commulative additive variance, [2

H/2
D]1/2 = Degree of dominance      
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Table: 4.2.1.3.4a. (a). Analysis of variance for morpho-physiological and grain yielding traits in maize (North Carolina matting design-II) 

(b). Various genetic components for morpho-physiological and grain yielding traits in maize (North Carolina matting design-II) 

* = Significant at 1 % significance level, ** = Significant at 5 % significance level, ns = Non-significant 

2
m   = male additive variance, 2

f = Female additive variance, 2
m×f = m×f interaction additive variance, 2

H = Dominace 

variance, 2
D = commulative additive variance, [2

H/2
D]1/2 = Degree of dominance      

SOV/Traits Leaf area 

(cm2)  

Chlorophyll 

contents (mg 

g-1 fr. wt.)  

Leaf 

temperature 

(°C) 

Photosynthetic 

rate 

(μg CO2 s−1) 

Stomata 

conductance 

(mmol m-2 s-1) 

Transpiration 

rate (mm day-

1) 

Sub-stomata CO2 

concentration 

(μmol mol−1 CO2) 

Photosynthetic 

water use 

efficiency (%) 

cobs 

per 

plant 

Replication    22ns   0.344ns 0.4734ns   1.81ns 0.00015ns  0.019ns    28ns     5ns 0.0073
ns 

Males  3388* 104.107** 1.4043* 492.26* 0.02115** 19.574* 31591* 16491* 0.9743
** 

Females 95294* 186.982* 2.1541*  35.53* 0.01845** 13.750** 10267*  6365* 1.2621
* 

M × F 19620*  81.241** 1.1319* 203.40* 0.02092** 22.076*  9368* 12868* 0.4523
** 

Error   102   1.286 0.0447   1.25 0.00007  0.045    19    25 0.0041 

SOV/Traits Leaf area 

(cm2)  

Chlorophyll 

contents (mg 

g-1 fr. wt.)  

Leaf 

temperature 

(°C) 

Photosynthetic 

rate 

(μg CO2 s−1) 

Stomata 

conductance 

(mmol m-2 s-1) 

Transpiration 

rate (mm day-

1) 

Sub-stomata CO2 

concentration 

(μmol mol−1 CO2) 

Photosynthetic 

water use 

efficiency (%) 

cobs 

per 

plant 

2
m    -901.8   1.270 0.015  16.048  0.0001 -0.463  1234.7   201.3 0.029 

2
f    4204.1   5.874 0.057  -9.326 -0.0001  7.344    50.0  -361.3 0.045 

2
m×f  6505.9  26.652 0.362  67.383  0.0069 -0.802  3116.0  4281.1 0.149 

2
D  4403.1   9.526 0.096   8.962 -0.0002 29.374  1712.8  -213.3 0.099 

2
H   26023.8 106.607 1.449 269.533  0.0278 -0.462 12464.1 17124.4 0.598 

[2
H/2

D]1/2   2.431 3.345 3.889 5.484 12.926 -6.052 2.698 -8.960 2.461 
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Table: 4.2.1.3.4b. (a). Analysis of variance for grain yielding traits in maize (North Carolina matting design-II) 

SOV/Traits grain rows 

per cob 

Cob length 

(cm) 

Cob 

diameter 

(cm) 

Cob 

weight (g) 

100-seed 

weight (g) 

Stover 

weight (g) 

Grain yield per 

plant (g) 

Total dry 

matter (g)

Replication  0.040ns  0.086ns 0.0014ns    3.0ns  0.071ns   0.03ns    7.9ns      31ns 

Males 11.895* 13.405** 0.0239** 5264.0* 49.258* 133.05* 2502.5* 1633028* 

Females 13.779* 13.403** 0.0976* 6191.3* 16.416** 241.29** 3687.9*  152917* 

M × F 13.264* 21.150* 0.0670** 3459.3* 21.861** 223.67** 2387.0*  230040* 

Error  0.024  0.062 0.0018    7.7  0.211   0.22    3.7     320 

(b). Various genetic components for grain yielding traits in maize (North Carolina matting design-II) 

SOV/Traits grain rows 

per cob 

Cob length 

(cm) 

Cob 

diameter 

(cm) 

Cob 

weight (g) 

100-seed 

weight (g) 

Stover 

weight (g) 

Grain yield per 

plant (g) 

Total dry 

matter (g)

2
m   -0.076 -0.430  0.002  100.26  1.522  -5.034    6.42  77944 

2
f    0.029 -0.430  0.022  151.78 -0.303   0.979   72.27  -4285 

2
m×f  4.413  7.029 -0.001 1150.53  7.217  74.482  794.43  76573 

2
D -0.063 -1.148  0.087  336.05  1.626  -5.407  104.91  98212 

2
H   17.658 28.118  0.002 4602.13 28.867 297.930 3177.73 306293 

[2
H/2

D]1/2   -16.713 -4.949 -9.669 3.701 4.213 -7.423 5.504 1.766 

* = Significant at 1 % significance level, ** = Significant at 5 % significance level, ns = Non-significant 

2
m   = male additive variance, 2

f = Female additive variance, 2
m×f = m×f interaction additive variance, 2

H = Dominace 

variance, 2
D = commulative additive variance, [2

H/2
D]1/2 = Degree of dominance      
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4.2.1.4. Combining ability analysis 

Combining ability analysis was carried out to evaluate the parents and crosses for general 

combining ability (GCA) and specific combining ability (SCA) for grain and fodder yield. 

Heterosis and heterobeltiosis were recorded to evaluate the performance of F1 hybrids over 

parents. The results regarding GCA and SCA are given in tables 4.2.1.4.5, 4.2.1.4.5a, 

4.2.1.4.5b and 4.2.1.4.5c. The description of results is given as following: 

4.2.1.4.1. Leaves per plant 

It was suggested from tables 4.2.1.4.5 that higher and positive GCA effects were recorded for 

EV-347 (0.544) and E-336 (0.413) followed by F-96 (0.315) and EV-340 (0.003) while 

negative GCA effects were recorded for B-316 (-0.646) and Pop/209 (-0.538). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and 

Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5 that higher SCA was recorded for 

crosses E-336 × F-96 (0.786), Raka-poshi × EV-347 (0.751), E-336 × Pop/209 (0.740), E-

336 × EV-340 (1.183) and B-327 × EV-347 (0.634) while negative SCA was recorded for 

Raka-poshi × B-316 (-0.759), Raka-poshi × EV-340 (-0.674) and E-336 × EV-347 (-1.953). 

The higher SCA showed that the crosses have higher dominance effects. The selection of 

hybrids on the basis of leaves per plant will be helpful for the development of hybrids 

through heterosis breeding. Additive variance was recorded as 0.026 but higher dominance 

variance was 1.828 for leaves per plant. The lower contribution of female (34.193) and male 

(7.739) was recorded as compared to male × female interaction was (58.066). Findings were 

found similar to Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); 

Akhtar (2002); Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.2. Plant height (cm) 

It was revealed from tables 4.2.1.4.5 that higher and positive GCA effects were recorded for 

EV-340 (25.263) and E-322 (15.178) followed by B-11 (2.054) and Pop/209 (4.518) while 

negative GCA effects were recorded for B-316 (-53.879) and Sh-139 (-14.184). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and 
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Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5 that higher SCA was recorded for 

crosses E-336 × B-316 (36.598), E-336 × Pop/209 (42.553), Sh-139 × E-322 (27.251) and B-

327 × EV-347 (39.906) while negative SCA was recorded for Sh-139 × Pop/209 (-23.953), 

Sh-139 × B-316 (-33.922) and E-336 × EV-347 (-56.321). The higher SCA showed that the 

crosses have higher dominance effects. The selection of hybrids on the basis of plant height 

will be helpful for the development of hybrids through heterosis breeding. Additive variance 

was recorded as 123.58 but higher dominance variance was 2475.17 for plant height. The 

lower contribution of female (57.89) and male × female interaction (38.70) was recorded as 

compared to was male (3.41). Findings were found similar to Dronavalli and Kang (1992); 

Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and Ahsan et 

al. (2013).  

4.2.1.4.3. Stem diameter (cm) 

It was found from tables 4.2.1.4.5 that higher and positive GCA effects were recorded for B-

327 (0.046) and E-322 (0.131) followed by F-96 (0.038) and EV-340 (0.038) while negative 

GCA effects were recorded for B-316 (-0.089) and Pop/209 (-0.071). Higher GCA effects 

indicated additive type of gene action and the performance of the parents. Findings were 

found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and Kang (1992); 

Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and Ahsan et 

al. (2013). It was indicated from tables 4.2.1.4.5 that higher SCA was recorded for crosses E-

336 × EV-340 (0.199), B-327 × E-322 (0.205), Raka-poshi × EV-340 (0.116) and EV-1097 × 

EV-347 (0.164) while negative SCA was recorded for B-11 × B-316 (-0.147), B-327 × F-96 

(-0.159) and B-327 × EV-340 (-0.143). The higher SCA showed that the crosses have higher 

dominance effects. The selection of hybrids on the basis of stem diameter will be helpful for 

the development of hybrids through heterosis breeding. Additive variance was recorded as 

0.001 but higher dominance variance was 0.059 for stem diameter. The lower contribution of 

female (35.480) and male (1.984) was recorded as compared to male × female interaction 

(62.535). Findings were found similar to Dronavalli and Kang (1992); Rehman et al. (1994); 

Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.4. Leaf weight (g) 

It was suggested from tables 4.2.1.4.5 that higher and positive GCA effects were recorded for 

EV-340 (23.250) and EV-1097 (5.014) followed by Sh-139 (3.902) and EV-347 (3.968) 
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while negative GCA effects were recorded for B-316 (-12.919) and E-336 (-9.360). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and 

Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5 that higher SCA was 

recorded for crosses E-336 × B-316 (30.908), B-327 × B-316 (30.989), Sh-139 × E-322 

(31.903) and Sh-139 × F-96 (31.649) while negative SCA was recorded for E-336 × EV-347 

(-52.144), Sh-139 × Pop/209 (-46.351) and Sh-139 × B-316 (-34.532). The higher SCA 

showed that the crosses have higher dominance effects. The selection of hybrids on the basis 

of leaf weight will be helpful for the development of hybrids through heterosis breeding. 

Additive variance was recorded as -17.76 but higher dominance variance was 3187.21 for 

leaf weight. The lower contribution of female (19.45) and male (1.62) was recorded as 

compared to male × female interaction (78.93). Findings were found similar to Dronavalli 

and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013).  

4.2.1.4.5. Stem weight (g) 

It was revealed from tables 4.2.1.4.5 that higher and positive GCA effects were recorded for 

EV-347 (49.867) and EV-1097 (49.533) followed by Sh-139 (48.610) and E-322 (45.221) 

while negative GCA effects were recorded for B-316 (-107.111) and E-336 (-81.942). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar to Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); 

Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from Table 4.4.1.4 that higher 

SCA was recorded for crosses E-336 × Pop/209 (123.006), E-336 × B-316 (106.108), Sh-139 

× EV-340 (119.787) and Sh-139 × E-322 (114.941) while negative SCA was recorded for B-

11 × B-316 (-135.346), B-327 × EV-340 (-134.666) and Sh-139 × Pop/209 (-197.006). The 

higher SCA showed that the crosses have higher dominance effects. The selection of hybrids 

on the basis of stem weight will be helpful for the development of hybrids through heterosis 

breeding. Additive variance was recorded as 248.5 but higher dominance variance was 

46039.5 for stem weight. The lower contribution of female (26.9) and male (7.7) was 

recorded as compared to male × female interaction (65.4). Findings were found similar to 
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Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); 

Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.6. Green fodder yield (g) 

It was found from tables 4.2.1.4.5 that higher and positive GCA effects were recorded for 

EV-340 (75.928) and EV-1097 (55.482) followed by Sh-139 (54.715) and EV-347 (53.448) 

while negative GCA effects were recorded for B-316 (-119.096) and E-336 (-95.922). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and 

Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5 that higher SCA was 

recorded for crosses E-336 × Pop/209 (150.676), E-336 × B-316 (137.637), Sh-139 × E-322 

(145.965) and Sh-139 × F-96 (117.931) while negative SCA was recorded for E-336 × F-96 

(-165.982), Sh-139 × B-316 (-157.048) and Sh-139 × Pop/209 (-244.515). The higher SCA 

showed that the crosses have higher dominance effects. The selection of hybrids on the basis 

of green fodder yield will be helpful for the development of hybrids through heterosis 

breeding. Additive variance was recorded as 291.4 but higher dominance variance was 

65661.9 for green fodder yield. The lower contribution of female (25.8) and male (6.6) was 

recorded as compared to male × female interaction (67.6). Findings were found similar to 

Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); 

Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.7. Leaf/stem weight ratio 

It was suggested from tables 4.2.1.4.5a that higher and positive GCA effects were recorded 

for B-316 (0.096) and E-336 (0.061) followed by B-327 (0.048) and EV-340 (0.039) while 

negative GCA effects were recorded for E-322 (-0.058) and Sh-139 (-0.047). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and 

Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5a that higher SCA was recorded for 

crosses B-11 × EV-347 (0.128), E-336 × E-322 (0.302), EV-1097 × B-316 (0.254) and Sh-

139 × EV-347 (0.073) while negative SCA was recorded for B-11 × B-316 (-0.110), B-327 × 

EV-347 (-0.220) and EV-1097 × E-322 (-0.101). The higher SCA showed that the crosses 
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have higher dominance effects. The selection of hybrids on the basis of leaf/stem weight ratio 

will be helpful for the development of hybrids through heterosis breeding. Additive variance 

was recorded as -0.0001 but higher dominance variance was 0.053 for leaf/stem weight ratio. 

The lower contribution of female (22.359) and male (6.254) was recorded as compared to 

male × female interaction (72.386). Findings were found similar to Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and 

Ahsan et al. (2013).  

4.2.1.4.8. Leaf length (cm) 

It was persuaded from tables 4.2.1.4.5a that higher and positive GCA effects were recorded 

for Pop/209 (3.440) and EV-340 (4.035) followed by E-322 (2.429) and EV-347 (2.029) 

while negative GCA effects were recorded for B-316 (-7.753) and F-96 (-4.181). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and 

Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5a that higher SCA was 

recorded for crosses B-11 × B-316 (14.209), E-336 × EV-340 (10.359), Sh-139 × Pop/209 

(6.970) and Sh-139 × EV-347 (7.720) while negative SCA was recorded for B-11 × Pop/209 

(-9.507), B-327 × EV-347 (-5.113) and Sh-139 × B-316 (-11.413). The higher SCA showed 

that the crosses have higher dominance effects. The selection of hybrids on the basis of leaf 

length will be helpful for the development of hybrids through heterosis breeding. Additive 

variance was recorded as 2.354 but higher dominance variance was 144.581 for leaf length. 

The lower contribution of female (42.761) and male (1.341) was recorded as compared to 

male × female interaction (55.898). Findings were found similar to Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and 

Ahsan et al. (2013).  

4.2.1.4.9. Leaf width (cm) 

It was found from tables 4.2.1.4.5a that higher and positive GCA effects were recorded for 

Pop/209 (0.160) and EV-340 (0.649) followed by E-322 (0.328) and Sh-139 (0.081) while 

negative GCA effects were recorded for B-316 (-0.653) and F-96 (-0.252). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar to Herbet (1990); Rehman et al. (1994); Singh et al. (1997); Akhtar 
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(2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5a 

that higher SCA was recorded for crosses EV-1097 × F-96 (0.941), E-336 × EV-347 (1.854), 

Raka-poshi × E-322 (1.703) and Sh-139 × EV-340 (1.511) while negative SCA was recorded 

for E-336 × F-96 (-2.141), Raka-poshi × EV-347 (-1.303) and Sh-139 × B-316 (-1.199). The 

higher SCA showed that the crosses have higher dominance effects. The selection of hybrids 

on the basis of leaf width will be helpful for the development of hybrids through heterosis 

breeding. Additive variance was recorded as -0.018 but higher dominance variance was 

3.828 for leaf width. The lower contribution of female (21.385) and male (0.723) was 

recorded as compared to male × female interaction (77.891). Findings were found similar to 

Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); 

Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.10. Leaf area (cm2) 

It was revealed from tables 4.2.1.4.5a that higher and positive GCA effects were recorded for 

Pop/209 (39.189) and EV-340 (84.217) followed by E-322 (44.817) and Raka-poshi (12.555) 

while negative GCA effects were recorded for B-316 (-113.694) and F-96 (-53.917). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and 

Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5a that higher SCA was 

recorded for crosses B-11 × B-316 (78.056), E-336 × EV-347 (92.306), Raka-poshi × E-322 

(144.483) and Sh-139 × EV-340 (100.894) while negative SCA was recorded for E-336 × F-

96 (-167.306), EV-1097 × E-322 (-107.217) and Sh-139 × B-316 (-107.511). The higher 

SCA showed that the crosses have higher dominance effects. The selection of hybrids on the 

basis of leaf area will be helpful for the development of hybrids through heterosis breeding. 

Additive variance was recorded as 632.2 but higher dominance variance was 6631.3 for leaf 

area. The lower contribution of female (48.4) and male (0.8) was recorded as compared to 

male × female interaction (50.8). Findings were found similar to Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and 

Ahsan et al. (2013).  
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4.4.1.4.11. Chlorophyll contents (mg g-1 fr. wt.) 
It was indicated from tables 4.2.1.4.5a that higher and positive GCA effects were recorded 

for E-336 (3.653) and EV-340 (4.282) followed by E-322 (1.352) and Raka-poshi (1.108) 

while negative GCA effects were recorded for EV-347 (-5.027) and B-11 (-2.801). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and 

Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5a that higher SCA was 

recorded for crosses B-11 × Pop/209 (7.957), B-11 × EV-347 (7.180), E-336 × Pop/209 

(8.407) and E-336 × E-322 (5.744) while negative SCA was recorded for B-11 × F-96 (-

6.086), E-336 × EV-347 (-7.270) and EV-1079Q × Pop/209 (-10.162). The higher SCA 

showed that the crosses have higher dominance effects. The selection of hybrids on the basis 

of chlorophyll contents will be helpful for the development of hybrids through heterosis 

breeding. Additive variance was recorded as 0.572 but higher dominance variance was 

121.646 for chlorophyll contents. The lower contribution of female (26.815) and male 

(7.033) was recorded as compared to male × female interaction (66.152). Findings were 

found similar to Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); 

Akhtar (2002); Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.12. Leaf temperature (°C) 

It was suggested from tables 4.2.1.4.5a that higher and positive GCA effects were recorded 

for F-96 (0.343) and EV-340 (0.221) followed by EV-347 (0.299) and B-327 (0.393) while 

negative GCA effects were recorded for Pop/209 (-0.339) and B-316 (-0.473). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar to Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); 

Akhtar (2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from tables 

4.2.1.4.5a that higher SCA was recorded for crosses B-11 × EV-340 (0.756), Sh-139 × EV-

340 (0.950), EV-1097 × B-316 (1.212) and E-336 × E-322 (1.128) while negative SCA was 

recorded for Sh-139 × B-316 (-0.899), E-336 × EV-340 (-0.743) and EV-1079Q × F-96 (-

0.832). The higher SCA showed that the crosses have higher dominance effects. The 

selection of hybrids on the basis of leaf temperature will be helpful for the development of 

hybrids through heterosis breeding. Additive variance was recorded as 0.002 but higher 
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dominance variance was 1.581 for leaf temperature. The lower contribution of female 

(23.368) and male (6.610) was recorded as compared to male × female interaction (70.021). 

Findings were found similar to Dronavalli and Kang (1992); Rehman et al. (1994); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.13. Photosynthetic rate (μg CO2 s−1) 

It was persuaded from tables 4.2.1.4.5b that higher and positive GCA effects were recorded 

for E-336 (6.991) and B-327 (5.106) followed by EV-347 (1.877) and Pop/209 (1.432) while 

negative GCA effects were recorded for EV-1097 (-5.728) and Sh-139 (-4.273). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and 

Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5b that higher SCA was recorded for 

crosses Sh-139 × Pop/209 (9.798), EV-1097 × EV-340 (12.024), EV-1097 × B-316 (9.277) 

and Sh-139 × EV-347 (11.148) while negative SCA was recorded for Sh-139 × B-316 (-

13.613), B-327 × F-96 (-11.129) and EV-1079Q × F-96 (-11.574). The higher SCA showed 

that the crosses have higher dominance effects. The selection of hybrids on the basis of 

photosynthetic rate will be helpful for the development of hybrids through heterosis 

breeding. Additive variance was recorded as -2.660 but higher dominance variance was 

338.529 for photosynthetic rate. The lower contribution of female (2.300) and male (15.201) 

was recorded as compared to male × female interaction (82.499). Findings were found 

similar to Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.14. Stomata conductance (mmol m-2 s-1) 
It was indicated from tables 4.2.1.4.5b that higher and positive GCA effects were recorded 

for B-316 (0.055) and E-336 (0.029) followed by EV-1097 (0.025) and Raka-poshi (0.027) 

while negative GCA effects were recorded for B-11 (-0.046) and B-327 (-0.037). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and 

Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5b that higher SCA was 

recorded for crosses E-336 × F-96 (0.085), E-336 × EV-340 (0.147), EV-1097 × E-322 
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(0.104) and Sh-139 × B-316 (0.142) while negative SCA was recorded for B-11 × EV-340 (-

0.113), E-336 × F-96 (-0.135) and EV-1079Q × B-316 (-0.155). The higher SCA showed that 

the crosses have higher dominance effects. The selection of hybrids on the basis of stomata 

conductance will be helpful for the development of hybrids through heterosis breeding. 

Additive variance was recorded as -0.0002 but higher dominance variance was 0.031 for 

stomata conductance. The lower contribution of female (12.792) and male (6.665) was 

recorded as compared to male × female interaction (80.541). Findings were found similar to 

Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); 

Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.15. Transpiration rate (mm day-1) 
It was suggested from tables 4.2.1.4.5b that higher and positive GCA effects were recorded 

for B-316 (1.271) and E-336 (0.670) followed by Pop/209 (0.752) and Raka-poshi (1.012) 

while negative GCA effects were recorded for B-11 (-1.351) and B-327 (-1.292). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar to Herbet (1990); Cross (1991); Ajala (1992); Dronavalli and 

Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5b that higher SCA was 

recorded for crosses Sh-139 × Pop/209 (3.470), E-336 × EV-340 (3.142), EV-1097 × E-322 

(3.472) and Sh-139 × B-316 (4.285) while negative SCA was recorded for B-11 × EV-340 (-

3.611), E-336 × E-322 (-4.189) and EV-1079Q × B-316 (-6.104). The higher SCA showed 

that the crosses have higher dominance effects. The selection of hybrids on the basis of 

transpiration rate will be helpful for the development of hybrids through heterosis breeding. 

Additive variance was recorded as -0.288 but higher dominance variance was 32.262 for 

transpiration rate. The lower contribution of female (9.568) and male (6.098) was recorded as 

compared to male × female interaction (84.333). Findings were found similar to Dronavalli 

and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013).  

4.2.1.4.16. Sub-stomata CO2 concentration (μmol mol−1 CO2) 
It was shown from tables 4.2.1.4.5b that higher and positive GCA effects were recorded for 

EV-340 (19.759) and EV-347 (34.259) followed by B-327 (46.759) and Sh-139 (38.148) 

while negative GCA effects were recorded for EV-1097 (-53.296) and Raka-poshi (-46.685). 

Higher GCA effects indicated additive type of gene action and the performance of the 
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parents. Findings were found similar to Herbet (1990); Cross (1991); Ajala (1992); 

Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); 

Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5b that 

higher SCA was recorded for crosses B-11 × EV-347 (83.741), E-336 × F-96 (61.352), B-

327 × EV-347 (74.907) and Sh-139 × Pop/209 (110.574) while negative SCA was recorded 

for B-11 × B-316 (-67.481), Sh-139 × EV-347 (-99.537) and EV-1079Q × E-322 (-85.981). 

The higher SCA showed that the crosses have higher dominance effects. The selection of 

hybrids on the basis of transpiration rate will be helpful for the development of hybrids 

through heterosis breeding. Additive variance was recorded as -15.5 but higher dominance 

variance was 17138.6 for transpiration rate. The lower contribution of female (11.6) and male 

(15.9) was recorded as compared to male × female interaction (72.6). Findings were found 

similar to Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.17. Photosynthetic water use efficiency (%) 
It was suggested from tables 4.2.1.4.5b that higher and positive GCA effects were recorded 

for B-316 (26.013) and EV-1097 (39.598) followed by Raka-poshi (10.051) and Sh-139 

(22.265) while negative GCA effects were recorded for E-336 (-30.433) and B-327 (-

38.479). Higher GCA effects indicated additive type of gene action and the performance of 

the parents. Findings were found similar to Herbet (1990); Cross (1991); Ajala (1992); 

Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); 

Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5b that 

higher SCA was recorded for crosses E-336 × EV-340 (165.009), EV-1097 × Pop/209 

(107.845), B-327 × F-96 (103.805), Raka-poshi × EV-347 (91.818) and Sh-139 × B-316 

(84.430) while negative SCA was recorded for B-11 × EV-340 (-54.115), E-336 × F-96 (-

55.241) and EV-1079Q × EV-340 (-79.258). The higher SCA showed that the crosses have 

higher dominance effects. The selection of hybrids on the basis of photosynthetic water use 

efficiency will be helpful for the development of hybrids through heterosis breeding. 

Additive variance was recorded as -171.5 but higher dominance variance was 19522.7 for 

photosynthetic water use efficiency. The lower contribution of female (7.3) and male (8.6) 

was recorded as compared to male × female interaction (84.1). Findings were found similar 



 

147 
 

to Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); 

Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.18. Cobs per plant 
It was suggested from tables 4.2.1.4.5b that higher and positive GCA effects were recorded 

for EV-340 (0.329) and E-336 (0.312) while negative GCA effects were recorded for EV-347 

(-0.398) and Sh-139 (-0.342). Higher GCA effects indicated additive type of gene action and 

the performance of the parents. Findings were found similar to Herbet (1990); Cross (1991); 

Ajala (1992); Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from tables 4.2.1.4.5b 

that higher SCA was recorded for crosses E-336 × Pop/209 (0.548), E-336 × EV-340 (0.514) 

and Sh-139 × B-316 (84.430) while negative SCA was recorded for B-11 × Pop/209 (-0.546), 

B-327 × Pop/209 (-0.496) and Raka-poshi × Pop/209 (-0.457). The higher SCA showed that 

the crosses have higher dominance effects. The selection of hybrids on the basis of cobs per 

plant will be helpful for the development of hybrids through heterosis breeding. Additive 

variance was recorded as -0.006 but higher dominance variance was 0.741 for cobs per plant. 

The lower contribution of female (28.057) and male (9.669) was recorded as compared to 

male × female interaction (62.272). Findings were found similar to Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and 

Ahsan et al. (2013).  

4.2.1.4.19. Grain rows per cob  
It was revealed from table 4.2.1.4.5b that higher and positive GCA effects were recorded for 

EV-340 (1.122) and E-336 (1.250) while negative GCA effects were recorded for F-96 (-

1.238) and B-11 (-0.692). Higher GCA effects indicated additive type of gene action and the 

performance of the parents. Findings were found similar to Herbet (1990); Cross (1991); 

Ajala (1992); Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from table 4.2.1.4.5b 

that higher SCA was recorded for crosses E-336 × Pop/209 (3.175), B-11 × B-316 (4.164) 

and Sh-139 × F-96 (2.393) while negative SCA was recorded for B-11 × Pop/209 (-5.049), 

E-336 × F-96 (-2.461) and Sh-139 × B-316 (-4.045). The higher SCA showed that the 

crosses have higher dominance effects. The selection of hybrids on the basis of grain rows 

per cob will be helpful for the development of hybrids through heterosis breeding. Additive 

variance was recorded as -0.115 but higher dominance variance was 19.474 for grain rows 
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per cob. The lower contribution of female (14.978) and male (5.505) was recorded as 

compared to male × female interaction (79.516). Findings were found similar to Dronavalli 

and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013).  

4.2.1.4.20. Cob length (cm)  
It was suggested from table 4.2.1.4.5c that higher and positive GCA effects were recorded for 

F-96 (0.961) and B-11 (1.511) while negative GCA effects were recorded for Sh-139 (-

0.912) and B-316 (-1.479). Higher GCA effects indicated additive type of gene action and 

the performance of the parents. Findings were found similar to Rehman et al. (1994); Singh 

et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated 

from table 4.2.1.4.5c that higher SCA was recorded for crosses E-336 × EV-340 (2.290), B-

11 × F-96 (2.438) and Raka-poshi × F-96 (2.482) while negative SCA was recorded for B-

327 × F-96 (-6.927), E-336 × EV-347 (-4.570) and Raka-poshi × B-316 (-5.340). The higher 

SCA showed that the crosses have higher dominance effects. The selection of hybrids on the 

basis of cob length will be helpful for the development of hybrids through heterosis breeding. 

Additive variance was recorded as -0.288 but higher dominance variance was 30.093 for cob 

length. The lower contribution of female (10.110) and male (4.480) was recorded as 

compared to male × female interaction (85.409). Findings were found similar to Dronavalli 

and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013).  

4.2.1.4.21. Cob diameter (cm)  
It was indicated from table 4.2.1.4.5c that higher and positive GCA effects were recorded for 

Pop/209 (0.089) and E-322 (0.074) while negative GCA effects were recorded for F-96 (-

0.067) and EV-347 (-0.093). Higher GCA effects indicated additive type of gene action and 

the performance of the parents. Findings were found similar to Herbet (1990); Cross (1991); 

Ajala (1992); Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from table 4.2.1.4.5c 

that higher SCA was recorded for crosses B-11 × EV-347 (0.194), E-336 × B-316 (0.200) 

and Sh-139 × Pop/209 (0.174) while negative SCA was recorded for E-336 × F-96 (-0.230), 

E-336 × EV-347 (-0.264) and Raka-poshi × B-316 (-0.237). The higher SCA showed that the 

crosses have higher dominance effects. The selection of hybrids on the basis of cob diameter 

will be helpful for the development of hybrids through heterosis breeding. Additive variance 
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was recorded as -0.001 but higher dominance variance was 0.091 for cob diameter. The 

lower contribution of female (21.364) and male (2.436) was recorded as compared to male × 

female interaction (76.198). Findings were found similar to Dronavalli and Kang (1992); 

Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and Ahsan et 

al. (2013).  

4.2.1.4.22. Cob weight (g)  
It was suggested from table 4.2.1.4.5c that higher and positive GCA effects were recorded for 

E-336 (21.511) and E-322 (19.709) while negative GCA effects were recorded for F-96 (-

22.256) and Sh-139 (-28.745). Higher GCA effects indicated additive type of gene action and 

the performance of the parents. Findings were found similar to Herbet (1990); Cross (1991); 

Ajala (1992); Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from table 4.2.1.4.5c 

that higher SCA was recorded for crosses E-336 × EV-340 (68.438), B-327 × B-316 (40.049) 

and Raka-poshi × F-96 (37.967) while negative SCA was recorded for Raka-poshi × EV-340 

(-47.121), E-336 × EV-347 (-60.433) and Raka-poshi × B-316 (-58.083). The higher SCA 

showed that the crosses have higher dominance effects. The selection of hybrids on the basis 

of cob weight will be helpful for the development of hybrids through heterosis breeding. 

Additive variance was recorded as 5.50 but higher dominance variance was 5372.98 for cob 

weight. The lower contribution of female (21.53) and male (8.27) was recorded as compared 

to male × female interaction (70.20). Findings were found similar to Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. (2007) and 

Ahsan et al. (2013).  

4.2.1.4.23. 100-seed weight (g)  
It was indicated from table 4.2.1.4.5c that higher and positive GCA effects were recorded for 

B-11 (1.451) and B-327 (1.907) while negative GCA effects were recorded for EV-1097 (-

2.753) and EV-340 (-1.224). Higher GCA effects indicated additive type of gene action and 

the performance of the parents. Findings were found similar to Herbet (1990); Cross (1991); 

Ajala (1992); Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from table 4.2.1.4.5c 

that higher SCA was recorded for crosses B-327 × E-322 (3.242), Sh-139 × EV-340 (3.403) 

and Raka-poshi × F-96 (4.175) while negative SCA was recorded for Raka-poshi × EV-340 

(-7.974), B-11 × E-322 (-2.929) and B-327 × F-96 (-3.012). The higher SCA showed that the 
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crosses have higher dominance effects. The selection of hybrids on the basis of 100-seed 

weight will be helpful for the development of hybrids through heterosis breeding. Additive 

variance was recorded as -0.197 but higher dominance variance was 36.446 for 100-seed 

weight. The lower contribution of female (9.381) and male (11.939) was recorded as 

compared to male × female interaction (78.678). Findings were found similar to Dronavalli 

and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013).  

4.2.1.4.24. Stover weight (g)  
It was persuaded from table 4.2.1.4.5c that higher and positive GCA effects were recorded 

for E-322 (6.879) and EV-1097 (4.434) while negative GCA effects were recorded for B-316 

(-3.265) and Raka-poshi (-1.224). Higher GCA effects indicated additive type of gene action 

and the performance of the parents. Findings were found similar to Herbet (1990); Cross 

(1991); Ajala (1992); Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); 

Akhtar (2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from table 

4.2.1.4.5c that higher SCA was recorded for crosses B-11 × Pop/209 (11.576), E-336 × EV-

340 (19.126) and B-327 × B-316 (21.865) while negative SCA was recorded for EV-1097 × 

EV-340 (-9.340), B-11 × B-316 (-9.184) and B-11 × E-322 (-8.079). The higher SCA 

showed that the crosses have higher dominance effects. The selection of hybrids on the basis 

of stover weight will be helpful for the development of hybrids through heterosis breeding. 

Additive variance was recorded as -1.963 but higher dominance variance was 317.690 for 

stover weight. The lower contribution of female (16.165) and male (3.953) was recorded as 

compared to male × female interaction (79.882). Findings were found similar to Dronavalli 

and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); Grzesiak et al. 

(2007) and Ahsan et al. (2013).  

4.2.1.4.25. Grain yield per plant (g)  
It was indicated from table 4.2.1.4.5c that higher and positive GCA effects were recorded for 

E-336 (14.618) and Pop/209 (11.899) while negative GCA effects were recorded for F-96 (-

21.142) and Sh-139 (-20.042). Higher GCA effects indicated additive type of gene action and 

the performance of the parents. Findings were found similar to Herbet (1990); Cross (1991); 

Ajala (1992); Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from table 4.2.1.4.5c 

that higher SCA was recorded for crosses Raka-poshi × Pop/209 (31.209), E-336 × EV-340 
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(56.680) and Raka-poshi × B-316 (41.784) while negative SCA was recorded for EV-1097 × 

Pop/209 (-36.957), Raka-poshi × B-316 (-47.451) and Raka-poshi × EV-340 (-40.763). The 

higher SCA showed that the crosses have higher dominance effects. The selection of hybrids 

on the basis of grain yield per plant will be helpful for the development of hybrids through 

heterosis breeding. Additive variance was recorded as -6.08 but higher dominance variance 

was 3552.11 for grain yield per plant. The lower contribution of female (20.35) and male 

(6.07) was recorded as compared to male × female interaction (73.58). Findings were found 

similar to Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar 

(2002); Grzesiak et al. (2007) and Ahsan et al. (2013).  

4.2.1.4.26. Total dry matter (g)  
It was suggested from table 4.2.1.4.5c that higher and positive GCA effects were recorded for 

B-11 (217.888) and Raka-poshi (313.988) while negative GCA effects were recorded for B-

316 (-134.515) and EV-1097 (-272.457). Higher GCA effects indicated additive type of gene 

action and the performance of the parents. Findings were found similar to Herbet (1990); 

Cross (1991); Ajala (1992); Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. 

(1997); Akhtar (2002); Grzesiak et al. (2007) and Ahsan et al. (2013). It was indicated from 

table 4.2.1.4.5c that higher SCA was recorded for crosses B-11 × E-322 (571.918), EV-1097 

× B-316 (234.454) and Sh-139 × EV-347 (352.318) while negative SCA was recorded for 

EV-1097 × E-322 (-287.443), Sh-139 × B-316 (-708.168) and E-336 × EV-340 (-606.924). 

The higher SCA showed that the crosses have higher dominance effects. The selection of 

hybrids on the basis of total dry matter will be helpful for the development of hybrids 

through heterosis breeding. Additive variance was recorded as 696 but higher dominance 

variance was 546883 for total dry matter. The lower contribution of female (5) and male (25) 

was recorded as compared to male × female interaction (70). Findings were found similar to 

Dronavalli and Kang (1992); Rehman et al. (1994); Singh et al. (1997); Akhtar (2002); 

Grzesiak et al. (2007) and Ahsan et al. (2013).  
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Table: 4.2.1.4.5: Combining ability analysis for various morphological traits in maize   

Source of variation/ 

Traits 

leaves per plant Plant height 

(cm) 

Stem 

diameter 

(cm) 

   Leaf weight     

     (g) 

Stem weight (g) Green fodder 

yield (g) 

GCA        
Pop/209 -0.538   4.518 -0.071  -9.150  -31.598  -39.813 
B-316   -0.646 -53.879 -0.089 -12.919 -107.111 -119.096 
EV-340   0.003  25.263  0.038  23.250   51.742   75.928 
E-322    0.322  15.178  0.131  -1.617   45.221   38.983 
F-96     0.315  10.447  0.038  -3.530   -8.121  -10.716 
EV-347   0.544  -1.529 -0.047   3.968   49.867   54.715 
B-11 -0.411   2.054 -0.020 -3.834 -13.573 -16.528 
E-336  0.413   6.702 -0.040 -9.360 -81.942 -95.922 
EV-1097  0.322  14.281 -0.001  5.014  49.533  55.482 
B-327 -0.062  -8.844  0.046  1.310 -21.254 -19.008 
Raka-poshi -0.054  -0.009  0.000  2.967  18.626  22.528 
Sh-139 -0.207 -14.184  0.014  3.902  48.610  53.448 

SCA       
B-11×Pop/209 -0.190   1.581  0.045  16.890   55.292   71.303 
B-11×B-316  0.128   9.206 -0.147 -23.546   13.604   -5.323 
B-11×EV-340 -0.367  18.451 -0.055 -11.768  -62.401  -75.105 
B-11×E-322 -0.362 -17.449 -0.010 -28.397  -29.761  -59.093 
B-11×F-96  0.786   5.952  0.088  18.412   46.725   64.202 
B-11×EV-347  0.005 -17.743  0.079  28.409  -23.459    4.016 
E-336×Pop/209  0.740  42.553  0.098  28.549  123.006  150.676 
E-336×B-316 -0.170  36.598  0.090  30.908  106.108  141.637 
E-336×EV-340  1.183  -9.096  0.199  14.300  -20.767   -7.402 
E-336×E-322  0.305   6.762 -0.077  19.338  -64.914  -46.511 
E-336×F-96 -0.106 -20.496 -0.100 -40.952 -124.094 -165.982 
E-336×EV-347 -1.953 -56.321 -0.209 -52.144  -19.339  -72.418 
EV-1097×Pop/209 -0.066  -3.726 -0.059   6.959   62.453   68.532 
EV-1097×B-316 -0.224  -8.527  0.011  -0.451 -135.346 -131.177 
EV-1097×EV-340  0.199  -2.532 -0.046  12.896   24.606   36.567 
EV-1097×E-322 -0.081  -1.937 -0.125 -20.659  -26.000  -47.594 
EV-1097×F-96 -0.199  -5.814  0.055  -6.013  -29.814  -36.762 
EV-1097×EV-347  0.372  22.538  0.164   7.268  104.101  110.434 
B-327×Pop/209 -0.608  -8.131  0.024   7.540   33.707   45.924 
B-327×B-316  0.457 -10.199  0.067  30.989   83.475   91.308 
B-327×EV-340  0.104  -6.151 -0.143 -24.235 -134.666 -154.281 
B-327×E-322 -0.513  -5.389  0.205   1.715   29.821   36.157 
B-327×F-96 -0.074 -10.034 -0.159 -18.508  -55.026  -68.914 
B-327×EV-347  0.634  39.906  0.006   2.496   42.689   49.806 
Raka-poshi×Pop/209  0.065  -8.323 -0.072 -13.589  -77.451  -91.921 
Raka-poshi×B-316 -0.759   6.844  0.005  -3.367   59.350   60.603 
Raka-poshi×EV-340 -0.445  -3.590  0.116  18.527   73.442   91.034 
Raka-poshi×E-322  0.606  -9.238 -0.012  -3.901  -24.087  -28.924 
Raka-poshi×F-96 -0.218  15.599  0.088  15.411   75.049   89.525 
Raka-poshi×EV-347  0.751  -1.292 -0.124 -13.080 -106.302 -120.318 
Sh-139×Pop/209  0.059 -23.953 -0.036 -46.351 -197.006 -244.515 
Sh-139×B-316  0.568 -33.922 -0.026 -34.532 -127.191 -157.048 
Sh-139×EV-340 -0.674   2.919 -0.070 -9.720  119.787 109.187 
Sh-139×E-322  0.044  27.251  0.022 31.903  114.941 145.965 
Sh-139×F-96 -0.187  14.793  0.027 31.649   87.160 117.931 
Sh-139×EV-347  0.188  12.911  0.084 27.051    2.309  28.481 
Additive variance 0.0264 123.58 0.0005 -17.76 248.5 219.4 
Dominance Variance 1.8286 2475.17 0.0598 3187.21 46039.5 65661.9 
Contribution of males 34.193 57.89 35.480 19.45 26.9 25.8 
Contribution of 
Females 

 7.739  3.41  1.984  1.62  7.7  6.6 

Contribution of M×F 58.066 38.70 62.535 78.93 65.4 67.6 
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Table: 4.2.1.4.5a: Combining ability analysis for various morpho-physiological traits in maize   

Source of variation/ 
Traits 

Leaf/stem 
weight ratio 

Leaf length 
(cm) 

Leaf width 
(cm) 

 Leaf area 
(cm2) 

Leaf 
temperature 
(°C) 

Chlorophyll 
contents (mg g-1 
fr. wt.) 

GCA        
Pop/209 -0.024  3.440  0.160   39.189 -0.339  1.730 
B-316    0.096 -7.753 -0.653 -113.694 -0.473 -1.786 
EV-340   0.039  4.035  0.649   84.217  0.221  4.282 
E-322   -0.058  2.429  0.328   44.817 -0.050  1.352 
F-96    -0.017 -4.181 -0.252  -53.917  0.343 -0.551 
EV-347  -0.034  2.029 -0.231   -0.611  0.299 -5.027 
B-11 -0.015 -2.514  0.089 -18.005  0.287 -2.801 
E-336  0.061  0.368 -0.222 -13.788 -0.284  3.653 
EV-1097 -0.031  0.779  0.078  12.072 -0.034 -2.363 
B-327  0.048  0.429 -0.092  -3.411  0.393 -0.438 
Raka-poshi -0.015  0.201  0.066  12.555 -0.134  1.108 
Sh-139 -0.047  0.735  0.081  10.577 -0.228  0.842 

SCA       
B-11×Pop/209  0.022 -9.507  0.101  -77.761  0.001   7.957 
B-11×B-316 -0.110 14.209 -0.579   78.056  0.239  -1.631 
B-11×EV-340  0.025 -3.035  0.269   -5.472  0.756  -3.180 
B-11×E-322 -0.092 -1.951 -0.719  -67.222 -0.571  -4.238 
B-11×F-96  0.025 -0.624  0.687   41.411 -0.210  -6.086 
B-11×EV-347  0.128  0.909  0.240   30.989 -0.215   7.180 
E-336×Pop/209 -0.067  1.220  0.822   65.056  0.367   8.407 
E-336×B-316 -0.044 -2.229  0.450   13.872 -0.160  -2.881 
E-336×EV-340  0.031 10.359 -1.206   -1.289 -0.743   1.836 
E-336×E-322  0.302 -2.290  0.220   -2.639  1.128   5.744 
E-336×F-96 -0.001 -4.329 -2.141 -167.306 -0.510  -5.836 
E-336×EV-347 -0.220 -2.729  1.854   92.306 -0.082  -7.270 
EV-1097×Pop/209 -0.051  2.764  0.546   67.211 -0.126 -10.162 
EV-1097×B-316  0.254 -0.785 -0.271  -27.839  1.212   1.715 
EV-1097×EV-340 -0.019  1.403 -0.275   -7.167 -0.371   2.646 
EV-1097×E-322 -0.100 -4.813 -0.868 -107.217 -0.832  -0.438 
EV-1097×F-96 -0.022  0.814  0.941   72.783 -0.137   2.534 
EV-1097×EV-347 -0.060  0.614 -0.071    2.228  0.256   3.703 
B-327×Pop/209  0.010  1.470  0.123   23.278  0.012  -0.195 
B-327×B-316 -0.006 -0.746  0.251   12.061 -0.349   0.945 
B-327×EV-340  0.038 -2.157  0.118  -11.067 -0.099   2.330 
B-327×E-322 -0.048  5.525  0.155   63.450  0.139  -1.828 
B-327×F-96 -0.004  1.020 -0.087   -3.050  0.001  -0.375 
B-327×EV-347  0.009 -5.113 -0.561  -84.672  0.295  -0.876 
Raka-poshi×Pop/209  0.048 -2.918 -0.395  -49.789  0.517  -4.895 
Raka-poshi×B-316 -0.087  0.964  0.336   31.361 -0.043   3.782 
Raka-poshi×EV-340 -0.002 -5.479 -0.417  -75.900 -0.493   1.600 
Raka-poshi×E-322 -0.016  3.037  1.703  144.483 -0.154  -2.524 
Raka-poshi×F-96 -0.012  5.798  0.076   48.450  0.173   5.141 
Raka-poshi×EV-347  0.069 -1.401 -1.303  -98.606  0.000  -3.105 
Sh-139×Pop/209  0.037  6.970 -1.199  -27.994 -0.771  -1.111 
Sh-139×B-316 -0.005 -11.413 -0.187 -107.511 -0.899  -1.930 
Sh-139×EV-340 -0.073 -1.090  1.511  100.894  0.950  -5.232 
Sh-139×E-322 -0.045  0.492 -0.490  -30.856  0.289   3.285 
Sh-139×F-96  0.014 -2.679  0.523    7.711  0.684   4.621 
Sh-139×EV-347  0.073  7.720 -0.157   57.756 -0.254   0.367 
Additive variance -0.0001 2.354 -0.0186 632.2 0.002 0.572 
Dominance Variance 0.0531 144.581 3.828 26525.2 1.5817 121.646 
Contribution of males 21.359 42.761 21.385 48.4 23.368 26.815 
Contribution of 
Females 

 6.254  1.341  0.723  0.8  6.610  7.033 

Contribution of M×F 72.386 55.898 77.891 50.8 70.021 66.152 
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Table: 4.2.1.4.5b: Combining ability analysis for various morpho-physiological traits in maize   
Source of variation/ 
Traits 

Photosynthetic 
rate (μg CO2 

s−1) 

Stonatal 
conductance 
(mmol m-2 s-1)

Transpiration 
rate (mm day-1) 

Sub-stomata CO2 

concentration 
(μmol mol−1 CO2) 

Photosynthetic 
water use 
efficiency (%) 

cobs per 
plant 

grain rows 
per cob 

GCA        
Pop/209  1.432  0.013  0.752 -15.018 -20.550  0.190  0.880 
B-316    0.000  0.055  1.271 -29.129  26.013  0.096 -0.421 
EV-340  -0.500 -0.007 -0.756  19.759   8.969  0.329  1.122 
E-322   -1.188 -0.005  0.136   4.148   9.400 -0.192 -0.066 
F-96    -1.621 -0.036 -0.872 -14.018  -1.516 -0.025 -1.238 
EV-347   1.877 -0.019 -0.532  34.259 -22.316 -0.398 -0.277 
B-11 -3.110 -0.046 -1.351   7.370  -3.001  0.151 -0.692 
E-336  6.991  0.029  0.670   7.703 -30.433  0.312  1.250 
EV-1097 -5.728  0.025  0.439 -53.296  39.598 -0.048 -0.693 
B-327  5.106 -0.037 -1.292  46.759 -38.479 -0.153 -0.443 
Raka-poshi  1.013  0.027  1.012 -46.685  10.051  0.079  0.745 
Sh-139 -4.273  0.001  0.521  38.148  22.265 -0.342 -0.166 

SCA        
B-11×Pop/209  -2.966 -0.001  0.288   4.185  17.045 -0.546 -5.049 
B-11×B-316  -1.005  0.001  0.359 -67.481  18.802  0.225  4.164 
B-11×EV-340   2.921 -0.113 -3.611 -13.481 -54.115  0.387  0.175 
B-11×E-322  -9.653  0.087  2.843  28.796  62.923 -0.140 -1.241 
B-11×F-96   9.236  0.005  0.231 -35.759 -30.280  0.125 -0.296 
B-11×EV-347   1.466  0.021 -0.111  83.741 -14.375 -0.051  2.247 
E-336×Pop/209  -2.187 -0.057 -1.803 -50.037 -38.473  0.548  3.175 
E-336×B-316   3.016 -0.022  0.297  13.296 -32.986  0.120  1.032 
E-336×EV-340  -6.919  0.147  3.142 -11.037 165.009  0.514  0.143 
E-336×E-322   5.649 -0.135 -4.189  34.907 -49.042 -0.412 -0.272 
E-336×F-96   5.298  0.085  2.635  61.352 -55.241 -0.446 -2.461 
E-336×EV-347  -4.858 -0.018 -0.083 -48.481  10.732 -0.324 -1.617 
EV-1097×Pop/209  -9.510 -0.001  0.501   1.407 107.845  0.248 -1.402 
EV-1097×B-316   9.277 -0.155 -6.104 -10.593 -49.071  0.120  0.721 
EV-1097×EV-340  12.024  0.057  2.247  46.074 -79.258 -0.451  0.699 
EV-1097×E-322  -1.960  0.104  3.472 -85.981   4.337  0.287  1.182 
EV-1097×F-96 -11.574 -0.001  0.284   1.463  64.605 -0.012  0.527 
EV-1097×EV-347   1.742 -0.004 -0.401  47.630 -48.459 -0.190 -1.728 
B-327×Pop/209   3.900 -0.015 -1.161 -45.981 -43.875 -0.496  0.619 
B-327×B-316   2.201  0.035  0.779  14.685 -15.446  0.342 -0.789 
B-327×EV-340  -1.187 -0.034 -0.158 -28.315 -19.517  0.070 -0.845 
B-327×E-322   9.167 -0.014 -0.543  11.630 -25.731  0.142 -0.261 
B-327×F-96 -11.129  0.050  1.401 -26.926 103.805 -0.024  0.182 
B-327×EV-347  -2.953 -0.020 -0.317  74.907   0.764 -0.035  1.093 
Raka-poshi×Pop/209   0.964 -0.020 -1.296 -20.148 -30.416  0.437  1.792 
Raka-poshi×B-316   0.122  0.001  0.381  30.185  -5.730 -0.457 -1.083 
Raka-poshi×EV-340  -0.006  0.046  1.983  45.852  -5.616 -0.396 -1.039 
Raka-poshi×E-322   5.064 -0.002 -0.041 -16.204 -12.080 -0.257  0.010 
Raka-poshi×F-96   0.400 -0.031 -1.060  18.574 -37.976  0.475 -0.345 
Raka-poshi×EV-347  -6.545  0.007  0.033 -58.259  91.818  0.198  0.666 
Sh-139×Pop/209   9.798  0.095  3.470 110.574 -12.127 -0.190  0.864 
Sh-139×B-316 -13.613  0.142  4.285  19.907  84.430 -0.351 -4.045 
Sh-139×EV-340  -6.833 -0.103 -3.602 -39.093  -6.504 -0.124  0.866 
Sh-139×E-322  -8.268 -0.039 -1.541  26.852  19.592  0.381  0.582 
Sh-139×F-96   7.768 -0.108 -3.492 -18.704 -44.913 -0.118  2.393 
Sh-139×EV-347  11.148  0.014  0.880 -99.537 -40.479  0.403 -0.661 
Additive variance -2.660 -0.0002 -0.288 -15.5 -171.5 0.0064 -0.1157 
Dominance Variance 338.529 0.0309 32.262 17138.6 19522.7 0.7406 19.474 
Contribution of males  2.300 12.792  9.568 11.6  7.3 28.057 14.978 
Contribution of 
Females 

15.201  6.665  6.098 15.9  8.6  9.669  5.505 

Contribution of M×F 82.499 80.541 84.333 72.6 84.1 62.272 79.516 
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Table: 4.2.1.4.5c: Combining ability analysis for various grain yielding traits of maize   

Source of variation/ 
Traits 

Cob length 
      (cm) 

Cob diameter 
     (cm) 

   Cob weight  
       (g) 

100-seed weight  
        (g) 

 Stover 
weight (g) 

Grain yield 
per plant (g) 

Total dry 
matter (g) 

GCA        
Pop/209  0.638  0.089  11.759  0.596 -2.070  11.899    6.960 
B-316   -1.479  0.008  -6.682 -0.487 -3.265   0.779 -134.515 
EV-340   0.020 -0.010  16.759 -1.559  0.167  10.390   66.221 
E-322    0.238  0.074  19.709  1.224  6.879  11.791   59.888 
F-96     0.961 -0.067 -19.290  0.035  0.421 -21.142   91.171 
EV-347  -0.379 -0.093 -22.256  0.190 -2.132 -13.717  -89.724 
B-11  1.511  0.006 10.132  1.451 -1.243 -0.876  217.888 
E-336 -0.583  0.048 21.511 -0.042  1.451 14.618   66.057 
EV-1097  0.092 -0.048 -5.384 -2.753  4.434  4.163 -272.457 
B-327  0.299 -0.019 -3.140  1.907  0.345 -4.378 -459.379 
Raka-poshi -0.407  0.033  5.626  0.029 -3.228  6.515  313.988 
Sh-139 -0.912 -0.020 -28.745 -0.592 -1.759 -20.042  133.904 

SCA        
B-11×Pop/209 -1.079 -0.195 -29.621 -1.674 11.576 -36.699  -137.582 
B-11×B-316 -1.484  0.135 -12.000 -0.046 -9.184  -3.827    -1.085 
B-11×EV-340 -0.161 -0.030  -0.071  1.731 -5.301  26.894  -145.704 
B-11×E-322 -1.158 -0.079  -3.448 -2.929 -8.079   0.856   571.918 
B-11×F-96  2.438 -0.022  23.351  2.681  5.595   8.875  -223.315 
B-11×EV-347  1.444  0.194  21.790  0.237  5.393   3.900   -64.232 
E-336×Pop/209 -0.294  0.142  17.855 -0.257 -3.662  -2.979   -20.974 
E-336×B-316  1.733  0.200  11.519 -0.829 -7.456  19.426   131.707 
E-336×EV-340  2.290  0.150  68.438 -0.085 19.126  56.680   171.904 
E-336×E-322 -1.116  0.001   3.627  0.787  2.282 -19.277   148.460 
E-336×F-96  1.957 -0.230 -41.006  0.664 -3.243 -26.004   175.826 
E-336×EV-347 -4.570 -0.264 -60.433 -0.279 -7.045 -27.846  -606.924 
EV-1097×Pop/209 -0.294 -0.092 -43.121  1.348  3.004 -36.957    54.124 
EV-1097×B-316  0.833 -0.124  12.032 -1.690 -3.790  14.548   234.454 
EV-1097×EV-340 -1.842 -0.090 -23.071  0.553 -9.340 -26.963   -49.065 
EV-1097×E-322  0.050  0.130  24.684 -0.774  4.815  21.178  -287.443 
EV-1097×F-96 -0.509  0.147   4.517 -2.029  4.389   3.251   -17.410 
EV-1097×EV-347  1.762  0.027  24.956  2.592  0.920  24.942    65.340 
B-327×Pop/209  1.353 -0.077   4.229 -0.701 -7.240  19.675   -39.643 
B-327×B-316  2.089  0.090  40.049 -0.774 21.865  12.980   128.654 
B-327×EV-340 -1.427  0.077  -4.954  2.370  2.015  -0.424   -32.599 
B-327×E-322  3.432 -0.127 -11.832  3.242 -1.629 -13.622  -245.776 
B-327×F-96 -6.927 -0.001 -20.398 -3.012 -8.388 -12.149  -15.376 
B-327×EV-347  1.478  0.036  -7.093 -1.124 -6.623  -6.458  204.740 
Raka-poshi×Pop/209  1.277  0.048  25.662  1.520  0.517  31.209   27.307 
Raka-poshi×B-316 -5.340 -0.237 -58.083  0.914 -2.076 -47.451  214.438 
Raka-poshi×EV-340 -0.050 -0.066 -47.121 -7.974 -6.460 -40.763  -70.015 
Raka-poshi×E-322 -0.124  0.147  17.367  0.531  7.028   5.478 -170.126 
Raka-poshi×F-96  2.482  0.038  37.967  4.175 -2.676  41.784  -50.360 
Raka-poshi×EV-347  1.755  0.068  24.206  0.831  3.667   9.742   48.757 
Sh-139×Pop/209 -0.961  0.174  24.995 -0.235 -4.195  25.751  116.768 
Sh-139×B-316  2.167 -0.064   6.482  2.425  0.643   4.323 -708.168 
Sh-139×EV-340  1.190 -0.040   6.779  3.403 -0.040 -15.422  125.479 
Sh-139×E-322 -1.083 -0.073 -30.398 -0.857 -4.418   5.386  -17.032 
Sh-139×F-96  0.557  0.067  -4.432 -2.479  4.323 -15.757  130.635 
Sh-139×EV-347 -1.870 -0.062  -3.426 -2.257  3.687  -4.282  352.318 
Additive variance -0.288 -0.0003 5.50 -0.197 -1.963 -6.08 696 
Dominance Variance 30.0939 0.0910 5372.98 36.446 317.690 3552.11 546883 
Contribution of males 10.110 21.364 21.53  9.381 16.165 20.35  5 
Contribution of 
Females 

 4.480  2.436  8.27 11.939  3.953  6.07 25 

Contribution of M×F 85.409 76.198 70.20 78.678 79.882 73.58 70 
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Experiment 2 (Evaluation of parents and F1 hybrids) 

4.2.2. Evaluation for grain and fodder quality traits 

The present study was carried out in the fields of the Department of Plant Breeding and 

Genetics, University of Agriculture, Faisalabad Pakistan to evaluate the selected maize 

parents and F1 hybrids for grain and fodder quality traits at maturity during crop growing 

season 2012. The samples were collected from the field at anthesis stage and various quality 

traits were recorded (AOAC, 1996) in the Animal Nutrition Labortary, Institute of Animal 

Nutrition University of Agriculture Faisalabad. The data was statistically analyzed and the 

results are discussed trait wise as under: 

4.2.2.1.1. Grain protein (%) 

It was suggested that significant differences were recorded for grain protein percentage. The 

mean performance of parents and F1 hybrids indicated that average grain protein percentage 

was recorded as 9.7396±0.0712% (Table 4.2.2.1.1). It was also persuaded from table 

4.2.2.1.1 that higher heritability (96.70%) and lower genetic advance (3.619%) was recorded 

for grain protein percentage. It was suggested from Appendix 4.2.2.1.1 that higher grain 

protein percentage was recorded for EV-1097 × EV-347 (10.77%), EV-1097 × F-96 

(10.67%), B-327 × Pop/209 (10.33%) and EV-1097 × EV-340 (10.33%) while lower grain 

protein percentage was recorded for Sh-139 × B-316 (9.267%), Sh-139 × E-322 (9.200%), 

Sh-139 × EV-340 (9.200%) and Raka-poshi × Pop/209 (9.167%). The higher values of grain 

protein percentage for F1 hybrids EV-1097 × EV-347, EV-1097 × F-96, B-327 × Pop/209 

and EV-1097 × EV-340  indicated that selection of EV-1097, B-327, EV-347, F-96 and EV-

340 may be used for developing higher grain protein percentage hybrids. Findings were 

reported similar to Halim et al. (1990); Sa (1990); Viana et al. (1990); Li and Liu (1994); 

Bertolini et al. (1995); Hussain et al. (1995); Yung et al. (1996); Cheesbrough et al. (1997) 

and Khalil et al. (2000).   

4.2.2.1.2. Grain oil (%) 

It was found from table 4.2.2.1.1 that significant differences were recorded for grain oil 

percentage. The mean performance of parents and F1 hybrids indicated that average grain oil 

percentage was recorded as 4.85±0.0619%. It was also persuaded from table 4.2.2.1.1 that 

higher heritability (96.30%) and lower genetic advance (8.98%) was recorded for grain oil 

percentage. It was indicated from Appendix 4.4.2.1.1 that higher grain oil percentage was 
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recorded for B-327 × B-316 (5.27%), Raka-poshi × B-316 (5.37%), E-336 × Pop/209 

(5.40%) and Raka-poshi × EV-340 (5.33%) while lower grain oil percentage was recorded 

for Sh-139 (4.13%), E-322 (4.20%), B-11 × EV-340 (4.27%) and F-96 (4.03%). The higher 

values of grain oil percentage for F1 hybrids B-327 × B-316, Raka-poshi × B-316, E-336 × 

Pop/209 and Raka-poshi × EV-340 indicated that selection of Raka-poshi, B-327, Pop/209, 

B-316 and EV-340 may be used for developing higher grain oil percentage hybrids. Findings 

were reported similar to Viana et al. (1990); Li and Liu (1994); Hussain et al. (1995); Yung 

et al. (1996); Cheesbrough et al. (1997); Seo et al. (1998); Campbell et al. (2000); Khalil et 

al. (2000); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001) and Dubey et 

al. (2001). 

4.2.2.1.3. Grain crude fibre (%) 

It was indicated from table 4.2.2.1.1 that significant differences were recorded for grain 

crude fibre percentage. The mean performance of parents and F1 hybrids indicated that 

average grain crude fibre percentage was recorded as 9.4392±0.0579%. It was also persuaded 

from table 4.2.2.1.1 that higher heritability (91.30%) and lower genetic advance (2.66%) was 

recorded for grain crude fibre percentage. It was suggested from Appendix 4.4.2.1.1 that 

higher grain crude fibre percentage was recorded for E-336 × B-316 (9.87%), E-336 × E-322 

(9.80%), EV-1097 (9.80%) and E-336 × EV-340 (9.77%) while lower grain crude fibre 

percentage was recorded for Sh-139 (9.13%), B-316 (9.12%), E-336 × EV-347 (9.10%) and 

B-11 (9.10%). The higher values of grain crude fibre percentage for F1 hybrids E-336 × B-

316, E-336 × E-322 and E-336 × EV-340 indicated that selection of EV-1097, E-336, B-316, 

E-322 and EV-340 may be used for developing higher grain crude fibre percentage hybrids. 

Findings were reported similar to Viana et al. (1990); Li and Liu (1994); Hussain et al. 

(1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf 

and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004) and Xiang et 

al. (2010). 

4.2.2.1.4. Grain starch (%) 

It was shown from table 4.2.2.1.1 that significant differences were recorded for grain starch 

percentage. The mean performance of parents and F1 hybrids indicated that average grain 

starch percentage was recorded as 71.966±0.1313%. It was also persuaded from table 

4.2.2.1.1 that higher heritability (91.10%) and lower genetic advance (1.25%) was recorded 
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for grain starch percentage. It was suggested from Appendix 4.2.2.1.1 that higher grain starch 

percentage was recorded for B-11 × B-316 (74.20%), B-11 × Pop/209 (73.17%), Sh-139 

(73.63%) and Raka-poshi (73.20%) while lower grain starch percentage was recorded for 

Raka-poshi × EV-347 (71.17%), E-336 (71.20%), Raka-poshi × E-322 (71.20%) and B-11 × 

F-96 (71.17%). The higher values of grain starch percentage for F1 hybrids B-11 × B-316 and 

B-11 × Pop/209 indicated that selection of B-11, B-316, Raka-poshi and Sh-139 may be used 

for developing higher grain starch percentage hybrids. Findings were reported similar to Sa 

(1990); Viana et al. (1990); Li and Liu (1994); Hussain et al. (1995); Yung et al. (1996); Seo 

et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et 

al. (2001); Dubey et al. (2001); Rai et al. (2004) and Xiang et al. (2010). 

4.2.2.1.5. Grain embryo (%) 

It was found from table 4.2.2.1.1 that significant differences were recorded for grain embryo 

percentage. The mean performance of parents and F1 hybrids indicated that average grain 

embryo percentage was recorded as 11.77±0.1120%. It was also indicated from table 

4.2.2.1.1 that higher heritability (77.30%) and lower genetic advance (2.16%) was recorded 

for grain embryo percentage. It was suggested from Appendix 4.2.2.1.1 that higher grain 

embryo percentage was recorded for B-11 × EV-347 (12.60%), E-336 × Pop/209 (12.20%), 

E-336 (12.13%) and EV-1097 (12.20%) while lower grain embryo percentage was recorded 

for Raka-poshi × F-96 (11.50%), Sh-139 × EV-347 (11.20%), Raka-poshi × E-322 (11.57%) 

and Sh-139 × F-96 (11.37%). The higher values of grain embryo percentage for F1 hybrids 

B-11 × EV-347 and E-336 × Pop/209 indicated that selection of B-11, E-336, EV-347 and 

EV-1097 may be used for developing higher grain embryo percentage hybrids. Greater 

embryo percentage indicated the heleath of the seed and higher vigour. Sa (1990); Viana et 

al. (1990); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. (1996); Seo et al. (1998); 

Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001); 

Dubey et al. (2001); Rai et al. (2004) and Xiang et al. (2010) reported similar reults. 

4.2.2.1.6. Fodder acid detergent fibre (ADF %) 

It was indicated from table 4.2.2.1.1 that significant differences were recorded for fodder 

acid detergent fibre percentage. The mean performance of parents and F1 hybrids indicated 

that average fodder acid detergent fibre percentage was recorded as 22.899±0.2528%. It was 

also persuaded from table 4.2.2.1.1 that higher heritability (96.50%) and lower genetic 
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advance (8.01%) was recorded for fodder acid detergent fibre percentage. It was suggested 

from Appendix 4.2.2.1.1a that higher fodder acid detergent fibre percentage was recorded for 

E-336 × EV-347 (26.10%), B-11 × EV-340 (25.03%), B-11 (25.03%) and E-336 (24.87%) 

while lower fodder acid detergent fibre percentage was recorded for Raka-poshi × F-96 

(19.97%), E-336 (20.80%), Raka-poshi × Pop/209 (20.37%) and B-327 × F-96 (20.63%). 

The higher values of fodder acid detergent fibre percentage for F1 hybrids E-336 × EV-347 

and B-11 × EV-340 indicated that selection of E-336, B-11, EV-347 and EV-340 may be 

used for developing good quality fodder acid detergent fibre percentage hybrids. Higher 

fodder acid detergent fibre indicated better quality of maize fodder. Findings were reported 

similar to Sa (1990); Viana et al. (1990); Li and Liu (1994); Bertolini et al. (1995); Hussain 

et al. (1995); Yung et al. (1996); Seo et al. (1998); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004) and Xiang et al. (2010). 

4.2.2.1.7. Fodder neutral detergent fibre (NDF %) 

It was suggested from table 4.2.2.1.1 that significant differences were recorded for fodder 

neutral detergent fibre percentage. The mean performance of parents and F1 hybrids indicated 

that average fodder neutral detergent fibre percentage was recorded as 51.696±0.3078%. It 

was also persuaded from table 4.2.2.1.1 that higher heritability (99.30%) and lower genetic 

advance (9.66%) was recorded for fodder neutral detergent fibre percentage. It was indicated 

from Appendix 4.2.2.1.1a that higher fodder neutral detergent fibre percentage was recorded 

for EV-1097 × EV-340 (56.83%), EV-1097 ×  E-322 (58.87%), EV-1097 × F-96 (57.97%), 

Sh-139 × EV-340 (55.76%) and B-327 × EV-340 (55.67%) while lower fodder neutral 

detergent fibre percentage was recorded for B-327 × E-322 (40.10%), B-327 × F-96 

(43.60%), Raka-poshi × Pop/209 (45.03%) and B-327 × EV-347 (45.40%). The lower values 

of fodder neutral detergent fibre percentage for F1 hybrids B-327 × E-322, B-327 × F-96, 

Raka-poshi × Pop/209 and B-327 × EV-347 indicated that selection of B-327, E-322, EV-

347, Raka-poshi and F-96 may be used for developing good quality fodder neutral detergent 

fibre percentage hybrids. Lower fodder neutral detergent fibre percentage indicated better 

quality of maize fodder. Findings were reported similar to Viana et al. (1990); Li and Liu 

(1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. (1996); Seo et al. (1998); 

Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001); 

Dubey et al. (2001); Rai et al. (2004) and Xiang et al. (2010). 
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4.2.2.1.8. Fodder cellulose (%) 

It was shown from table 4.2.2.1.1 that significant differences were recorded for fodder 

cellulose percentage. The mean performance of parents and F1 hybrids indicated that average 

fodder cellulose percentage was recorded as 28.797±0.2755%. It was also persuaded from 

table 4.2.2.1.1 that higher heritability (99.40%) and moderate genetic advance (16.79%) was 

recorded for fodder cellulose percentage. It was suggested from Appendix 4.2.2.1.1a that 

higher fodder cellulose percentage was recorded for EV-1097 × EV-340 (33.97%), EV-1097 

×  E-322 (36.43%), EV-1097 × F-96 (34.33%) and B-327 × EV-340 (33.53%) while lower 

fodder cellulose percentage was recorded for B-327 × E-322 (17.20%), B-327 × F-96 

(22.97%), EV-1097 (24.47%) and B-327 × EV-347 (24.40%). The lower values of fodder 

cellulose percentage for F1 hybrids B-327 × E-322, B-327 × F-96 and B-327 × EV-347 

indicated that selection of B-327, E-322, EV-347, EV-1097 and F-96 may be used for 

developing good quality fodder cellulose percentage hybrids. Lower fodder cellulose 

percentage indicated better quality of maize fodder. Findings were reported similar to Viana 

et al. (1990); Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. 

(1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004) and Xiang et al. (2010). 

4.2.2.1.9. Fodder dry matter (%) 

It was indicated from table 4.2.2.1.1 that significant differences were recorded for fodder dry 

matter percentage. The mean performance of parents and F1 hybrids indicated that average 

fodder dry matter percentage was recorded as 40.178±0.2442%. It was also persuaded from 

table 4.2.2.1.1 that higher heritability (91.30%) and lower genetic advance (2.64%) was 

recorded for fodder dry matter percentage. It was suggested from Appendix 4.2.2.1.1a that 

higher fodder dry matter percentage was recorded for EV-1097 × Pop/209 (41.67%), EV-

1097 ×  EV-347 (41.33%), EV-1097 ×  E-322 (41.40%), E-336 × F-96 (41.57%) and Sh-139 

× Pop/209 (41.40%) while lower fodder dry matter percentage was recorded for Raka-poshi 

× B-316 (39.10%), EV-340 (38.93%), EV-347 (38.13%) and E-322 (38.03%). The higher 

values of fodder dry matter percentage for F1 hybrids EV-1097 × Pop/209, EV-1097 ×  EV-

347, EV-1097 ×  E-322, E-336 × F-96 and Sh-139 × Pop/209 indicated that selection of E-

336, E-322, Sh-139, EV-1097 and F-96 may be used for developing good quality fodder dry 

matter percentage hybrids. Higher fodder dry matter percentage indicated better quality of 
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maize fodder. Findings were reported similar to Li and Liu (1994); Bertolini et al. (1995); 

Hussain et al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. 

(2001); Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. 

(2004) and Xiang et al. (2010). 

4.2.2.1.10. Fodder crude fibre (%) 

It was found from table 4.2.2.1.1 that significant differences were recorded for fodder crude 

fibre percentage. The mean performance of parents and F1 hybrids indicated that average 

fodder crude fibre percentage was recorded as 26.845±0.1080%. It was also persuaded from 

table 4.2.2.1.1 that higher heritability (99.40%) and lower genetic advance (7.02%) was 

recorded for fodder crude fibre percentage. It was suggested from Appendix 4.2.2.1.1a that 

higher fodder crude fibre percentage was recorded for EV-1097 (28.50%), B-327 (29.31%), 

Raka-poshi (28.99%), EV-1097 × F-96 (28.40%) and Sh-139 × EV-347 (28.50%) while 

lower fodder crude fibre percentage was recorded for E-336 × EV-340 (24.30%), B-11 

(24.31%) and E-336 (24.10%). The higher values of fodder crude fibre percentage for F1 

hybrids EV-1097 × F-96 and Sh-139 × EV-347  indicated that selection of B-327, EV-347, 

Raka-poshi, Sh-139, EV-1097 and F-96 may be used for developing good quality fodder 

crude fibre percentage hybrids. Higher fodder crude fibre percentage indicated better quality 

of maize fodder. Findings were reported similar to Li and Liu (1994); Hussain et al. (1995); 

Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and 

Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004) and Xiang et al. 

(2010). 

4.2.2.1.11. Fodder crude protein (%) 

It was suggested from table 4.2.2.1.1 that significant differences were recorded for fodder 

crude protein percentage. The mean performance of parents and F1 hybrids indicated that 

average fodder crude protein percentage was recorded as 10.353±0.1072%. It was also 

persuaded from table 4.2.2.1.1b that higher heritability (99.30%) and moderate genetic 

advance (17.30%) was recorded for fodder crude protein percentage. It was suggested from 

Appendix 4.2.2.1.1b that higher fodder crude protein percentage was recorded for Sh-139 

(12.69%), Raka-poshi (13.20%), E-336 × Pop/209 (12.69%), B-11 × B-316 (11.81%) and E-

336 × E-322 (11.96%) while lower fodder crude protein percentage was recorded for B-11 × 

Pop/209 (8.82%), B-327 × EV-340 (8.53%), B-327 × F-96 (7.81%) and EV-1097 × EV-347 
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(7.73%). The higher values of fodder crude protein percentage for F1 hybrids E-336 × 

Pop/209, B-11 × B-316, and E-336 × E-322 indicated that selection of E-336, Raka-poshi, 

Sh-139, EV-1097 and Pop/209 may be used for developing good quality fodder crude protein 

percentage hybrids. Higher fodder crude protein percentage indicated better quality of maize 

fodder. Findings were reported similar to Li and Liu (1994); Bertolini et al. (1995); Hussain 

et al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004) and 

Xiang et al. (2010). 

4.2.2.1.12. Fodder moisture (%) 

It was found from table 4.2.2.1.1 that significant differences were recorded for fodder 

moisture percentage. The mean performance of parents and F1 hybrids indicated that average 

fodder moisture percentage was recorded as 9.0951±0.0142%. It was also persuaded from 

table 4.2.2.1.1 that higher heritability (99.30%) and lower genetic advance (2.55%) was 

recorded for fodder moisture percentage. It was suggested from Appendix 4.2.2.1.1b that 

higher fodder moisture percentage was recorded for B-327 (9.24%), E-336 (9.24%), E-336 × 

E-322 (9.22%), E-336 × F-96 (9.24%) and B-327 × EV-340 (9.21%) while lower fodder 

moisture percentage was recorded for B-11 × Pop/209 (8.79%), B-11 × B-316 (8.92%), B-

316 (8.15%) and EV-1097 × Pop/209 (8.91%). The higher values of fodder moisture 

percentage for F1 hybrids E-336 × E-322, E-336 × F-96 and B-327 × EV-340 indicated that 

selection of E-336 and B-327 may be used for developing good quality fodder moisture 

percentage hybrids. Higher fodder moisture percentage indicated better quality of maize 

fodder. Findings were reported similar to Li and Liu (1994); Bertolini et al. (1995); Yung et 

al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004) and Xiang et al. (2010). 

4.2.2.1.13: Fodder ether extractable fat (%) 

It was revealed from table 4.2.2.1.1 that significant differences were recorded for fodder 

ether extractale fat percentage. The mean performance of parents and F1 hybrids indicated 

that average fodder ether extractale fat percentage was recorded as 2.9055±0.0262%. It was 

also persuaded from table 4.2.2.1.1 that higher heritability (92.00%) and lower genetic 

advance (9.09%) was recorded for fodder ether extractale fat percentage. It was suggested 

from Appendix 4.2.2.1.1b that higher fodder ether extractale fat percentage was recorded for 
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F-96 (3.103%), B-327 × EV-347 (3.027%), B-327 × F-96 (3.017%) and Sh-139 × B-316 

(3.007%) while lower fodder ether extractale fat percentage was recorded for B-11 × F-96 

(2.727%), Raka-poshi (2.753%), B-327 (2.710%) and EV-1097 (2.747%). The higher values 

of fodder ether extractale fat percentage for F1 hybrids B-327 × EV-347, B-327 × F-96 and 

Sh-139 × B-316 indicated that selection of E-336, F-96, B-316 and B-327 may be used for 

developing good quality fodder ether extractale fat percentage hybrids. Higher fodder ether 

extractale fat percentage indicated better quality of maize fodder. Findings were found 

similar to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. 

(1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004) and Xiang et al. (2010). 

4.2.2.1.14: Fodder nitrogen free extract (Carbohydrate %) 

It was shown from table 4.2.2.1.1 that significant differences were recorded for fodder 

nitrogen free extract percentage. The mean performance of parents and F1 hybrids indicated 

that average fodder nitrogen free extract percentage was recorded as 41.861±0.3720%. It was 

also persuaded from table 4.2.2.1.1 that higher heritability (91.75%) and lower genetic 

advance (9.143%) was recorded for fodder nitrogen free extract percentage. It was suggested 

from Appendix 4.2.2.1.1b that higher fodder ether extractale fat percentage was recorded for 

E-336 (46.11%), B-11 × Pop/209 (46.28%), B-327 × F-96 (46.28%) and E-336 × E-322 

(46.18%) while lower fodder nitrogen free extract percentage was recorded for B-327 × 

Pop/209 (39.11%), Raka-poshi (37.84%), EV-347 (39.56%) and Sh-139 (38.84%). The 

higher values of fodder nitrogen free extract percentage for F1 hybrids B-11 × Pop/209, B-

327 × F-96 and E-336 × E-322 indicated that selection of E-336, F-96, B-11 and B-327 may 

be used for developing good quality fodder nitrogen free extract percentage hybrids. Higher 

fodder nitrogen free extract percentage indicated better quality of maize fodder. Findings 

were found similar to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung 

et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004) and Xiang et al. (2010). 

4.2.2.1.15. Fodder ash (%) 

It was indicated from table 4.2.2.1.1 that significant differences were recorded for fodder ash 

percentage. The mean performance of parents and F1 hybrids indicated that average fodder 

ash percentage was recorded as 8.9026±0.100%. It was also persuaded from table 4.2.2.1.1 
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that higher heritability (94.91%) and moderate genetic advance (14.362%) was recorded for 

fodder ash percentage. It was suggested from Appendix 4.2.2.1.1b that higher fodder ash 

percentage was recorded for EV-1097 × F-96 (9.69%), EV-1097 × E-322 (9.80%), B-11 × 

EV-340 (9.91%) and B-11 × E-322 (11.17%) while lower fodder ash percentage was 

recorded for B-11 × F-96 (8.14%), Raka-poshi (8.06%), B-11 × EV-347 (8.05%) and Sh-139 

(8.11%). The higher values of fodder ash percentage for F1 hybrids EV-1097 × F-96, EV-

1097 × E-322, B-11 × EV-340 and B-11 × E-322 indicated that selection of EV-1097, F-96, 

B-11 and EV-340 may be used for developing good quality fodder ash percentage hybrids. 

Higher fodder ash percentage indicated better quality of maize fodder. Findings were found 

similar to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. 

(1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004) and Xiang et al. (2010). 
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Table: 4.2.2.1.1. Genetic components for various grain and fodder quality traits in maize 
Source of 
vartiation 

Grain 
protein 
% 

Grain 
oil % 

Grain 
crude 
fibre % 

Grain 
starch 
% 

Embryo 
% 

Acid 
detergent
fibre  %

Neutral 
detergent 
fibre % 

Fodder                
Cellulose % 

Fodder 
dry 
matter 
%  

Fodder    
crude fibre 
  % 

Fodder 
crude 
protein 
% 

Fodder 
moisture
% 

M.S.S 0.463** 0.313** 0.115** 1.332* 0.165* 5.532* 38.761* 36.316* 2.058* 5.500** 4.980* 0.083* 
G.M±SE 9.7396± 

0.0712 
4.85± 
0.0619 

9.4392± 
0.0579 

71.966± 
0.1313 

11.77± 
0.1120 

22.899± 
0.2528 

51.696± 
0.3078 

28.797± 
0.2755 

40.178± 
0.2442 

26.845± 
0.1080 

10.353± 
0.1072 

9.0951± 
0.0142 

G.V 0.510 0.101 o.o35 0.427 0.043 1.780 12.826 11.996 0.627 1.822 1.649 0.028 
GCV 3.971 6.542 1.987 0.908 1.756 5.826 6.928 12.027 1.970 5.028 12.402 1.830 
PV 0.155 0.104 0.039 0.444 0.055 1.844 12.920 12.072 0.686 1.833 1.660 0.028 
PCV 4.038 6.665 2.080 0.926 1.997 5.930 6.953 12.065 2.062 5.044 12.445 1.837 
EV 0.005 0.004 0.003 0.017 0.013 0.064 0.095 0.076 0.060 0.012 0.011 0.0001 
ECV 0.731 1.277 0.614 0.182 0.951 1.104 0.595 0.957 0.608 0.402 1.035 0.157 
h2

bs % 96.70 96.30 91.30 0.177 77.30 96.50 99.30 99.40 91.30 99.40 99.30 99.30 
S.E h2

bs  0.299 0.364 0.607 96.10 0.524 0.087 0.033 0.034 0.144 0.086 0.091 0.700 
GA % 3.619 8.98 2.66 1.25 2.16 8.01 9.66 16.79 2.64 7.02 17.30 2.55 
Source of variation Ether extractable  

fat  % 
Nitrogen free extract % Fodder ash %  

Mean Sum of Squares (M.S.S)    0.025** 10.760* 1.148** 
Grand mean (G.M)  2.9055 41.861 8.9026 
Standard error (S.E)  0.0262 0.3720 0.100 
Genotypic variance (GV)   0.008 5.183 0.559 
Genotypic coefficient of variance (GCV %) 
  

3.049 5.439 6.282 

Phenotypic variance (PV)  0.009 5.649 0.589 
Phenotypic coefficient of variance (PCV %) 
  

3.179 5.678 6.619 

Environmental Variance (EV) 0.001 0.466 0.029 
Environmental coefficient of variance (ECV %) 
  

0.900 1.113 0.337 

Broad sense heritability (h2
bs %) 92.00 91.70 94.90 

Standard error for broad sense heritability (S.E 1.289 1.453 0.789 
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h2
bs) 

Genetic advance (GA %)  9.09 9.143 14.362 
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4.2.2.2. Correlation analysis 

The genotypic (rg) and phenotypic (rp) coefficients of correlation were estimated for maize 

grain and fodder quality traits (tables 4.2.2.2, 4.2.2.2a). The genotypic and phenotypic 

correlations are discussed as under: 

4.2.2.2.1. Correlation between grain protein percentage with other indicated traits    

It was found that a positive significant genotypic and phenotypic correlation was found 

between grain protein percentage and grain oil percentage, embryo percentage, neutral 

detergent fibre, cellulose percentage and dry matter percentage while a significant and 

negative correlation was found for fodder crude protein and ether extractable fat percentage 

at both genotypic and phenotypic levels (Tables 4.2.2.2 and 4.2.2.2a). Significant correlations 

indicated that selection of good grain and fodder quality may be helpful for improving maize 

germplasm. Findings were found similar  to Yousaf and Saleem (2001); Mazur et al. (2001); 

Dubey et al. (2001); Rai et al. (2004); Xiang et al. (2010); Ali et al (2011b) and Ali et al 

(2012).  

4.2.2.2.2. Correlation between grain oil percentage with other indicated traits    

It was suggested that a positive significant genotypic and phenotypic correlation was found 

between grain oil percentage and grain protein percentage, embryo percentage and nitrogen 

free extract percentage while a significant and negative correlation was found for grain starch 

percentage, foddr crude protein and ether extractable fat percentage at both genotypic and 

phenotypic levels. Significant correlations indicated that selection of good grain and fodder 

quality may be helpful for improving maize germplasm (Tables 4.2.2.2 and 4.2.2.2a). 

Findings were found similar  to Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); 

Xiang et al. (2010); Ali et al (2011b) and Ali et al (2012). 

4.2.2.2.3. Correlation between grain crude fibre percentage with other indicated traits    

It was revealed from tables 4.2.2.2 and 4.2.2.2a that a positive significant genotypic and 

phenotypic correlation was found between grain crude fibre percentage and embryo 

percentage and fodder moisture percentage. Significant correlations indicated that selection 

of good grain and fodder quality may be helpful for improving maize germplasm. Findings 

were found similar  to Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); 

Rai et al. (2004); Xiang et al. (2010) and Ali et al (2012). 
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4.2.2.2.4. Correlation between grain starch percentage with other indicated traits    

It was suggested that a negative significant genotypic and phenotypic correlation was found 

between grain starch percentage and grain oil percentage, neutral detergent fibre, cellulose 

percentage, fodder moisture percentage and nitrogen free extract percentage (Tables 4.2.2.2 

and 4.2.2.2a). Significant correlations indicated that selection of good grain and fodder 

quality may not be helpful for improving maize germplasm. Findings were found similar  to 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Xiang 

et al. (2010); Ali et al (2011b) and Ali et al (2012). 

4.2.2.2.5. Correlation between embryo percentage with other indicated traits    

It was persuaded from tables 4.2.2.2 and 4.2.2.2a that a positive significant genotypic and 

phenotypic correlation was found between embryo percentage and grain oil and protein 

percentage, grain crude fibre percentage, acid detergent fibre and fodder moisture percentage 

while a significant and negative correlation was found for neutral detergent fibre, cellulose 

percentage, fodder ash percentage and ether extractable fat percentage at both genotypic and 

phenotypic levels. Significant correlations indicated that selection of good grain and fodder 

quality may be helpful for improving maize germplasm. Findings were found similar  to 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Xiang 

et al. (2010); Ali et al (2011b) and Ali et al (2012). 

4.2.2.2.6. Correlation between acid detergent fibre with other indicated traits    

It was found that a positive significant genotypic and phenotypic correlation was found 

between acid detergent fibre and embryo percentage, neutral detergent fibre, fodder crude 

protein percentage and fodder moisture percentage while a significant and negative 

correlation was found for nitrogen free extract percentage at both genotypic and phenotypic 

levels (Tables 4.2.2.2 and 4.2.2.2a). Significant correlations indicated that selection of good 

grain and fodder quality may be helpful for improving maize germplasm. Findings were 

found similar  to Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Xiang et al. 

(2010); Ali et al (2011b) and Ali et al (2012). 

4.2.2.2.7. Correlation between neutral detergent fibre with other indicated traits    

It was revaled that a positive significant genotypic and phenotypic correlation was found 

between neutral detergent fibre and grain protein percentage, acid detergent fibre, fodder 

crude fibre percentage, cellulose percentage and fodder dry matter percentage while a 
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significant and negative correlation was found for embryo percentage, grain starch 

percentage and nitrogen free extract percentage at both genotypic and phenotypic levels 

(Tables 4.2.2.2 and 4.2.2.2a). Significant correlations indicated that selection of good grain 

and fodder quality may be helpful for improving maize germplasm. Findings were found 

similar  to Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. 

(2004); Xiang et al. (2010); Ali et al (2011b) and Ali et al (2012). 

4.2.2.2.8. Correlation between cellulose percentage with other indicated traits    

It was suggested that a positive significant genotypic and phenotypic correlation was found 

between cellulose percentage and neutral detergent fibre, grain protein percentage, fodder 

crude fibre percentage and fodder dry matter percentage while a significant and negative 

correlation was found for embryo percentage, grain starch percentage and fodder moisture 

percentage at both genotypic and phenotypic levels (Tables 4.2.2.2 and 4.2.2.2a). Significant 

correlations indicated that selection of good grain and fodder quality may be helpful for 

improving maize germplasm. Findings were found similar  to Yousaf and Saleem (2001); 

Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Xiang et al. (2010); Ali et al 

(2011b) and Ali et al (2012). 

4.2.2.2.9. Correlation between fodder dry matter percentage with other indicated traits    

It was revaeled that a positive significant genotypic and phenotypic correlation was found 

between fodder dry matter percentage and cellulose percentage, neutral detergent fibre, grain 

protein percentage and fodder ash percentage while a significant and negative correlation was 

found for nitrogen free extract percentage at both genotypic and phenotypic levels (Tables 

4.2.2.2 and 4.2.2.2a). Significant correlations indicated that selection of good grain and 

fodder quality may be helpful for improving maize germplasm. Findings were found similar  

to Yousaf and Saleem (2001); Mazur et al. (2001); Rai et al. (2004); Xiang et al. (2010); Ali 

et al (2011b) and Ali et al (2012). 

4.2.2.2.10. Correlation between fodder crude fibre percentage with other indicated 

traits    

It was suggested from tables 4.2.2.2 and 4.2.2.2a that a positive significant genotypic and 

phenotypic correlation was found between fodder crude fibre percentage and cellulose 

percentage and neutral detergent fibre while a significant and negative correlation was found 

for ether extractable fat percentage and nitrogen free extract percentage at both genotypic and 



 

170 
 

phenotypic levels. Significant correlations indicated that selection of good grain and fodder 

quality may be helpful for improving maize germplasm. Findings were found similar  to 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Xiang 

et al. (2010); Ali et al (2011b) and Ali et al (2012). 

4.2.2.2.11. Correlation between fodder crude protein percentage with other indicated 

traits    

It was shown from results that a positive significant genotypic and phenotypic correlation 

was found between fodder crude protein percentage and acid detergent fibre while a 

significant and negative correlation was found for grain protein and oil percentage and 

nitrogen free extract percentage at both genotypic and phenotypic levels (Tables 4.2.2.2 and 

4.2.2.2a). Significant correlations indicated that selection of good grain and fodder quality 

may be helpful for improving maize germplasm. Findings were found similar  to Yousaf and 

Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Xiang et al. 

(2010); Ali et al (2011b) and Ali et al (2012). 

4.2.2.2.12. Correlation between fodder moisture percentage with other indicated traits    

It was indicated from results that a positive significant genotypic and phenotypic correlation 

was found between fodder moisture percentage and grain crude fibre percentage, embryo 

percentage and acid detergent fibre while a significant and negative correlation was found for 

grain starch percentage, cellulose percentage and fodder ash percentage at both genotypic 

and phenotypic levels (Tables 4.2.2.2 and 4.2.2.2a). Significant correlations indicated that 

selection of good grain and fodder quality may be helpful for improving maize germplasm. 

Findings were found similar  to Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. 

(2001); Rai et al. (2004); Xiang et al. (2010); Ali et al (2011b) and Ali et al (2012). 

4.2.2.2.13. Correlation between fodder ether extractable fat percentage and other 
                          traits   
It was persuaded from tables 4.2.2.2 and 4.2.2.2a that a negative significant genotypic and 

phenotypic correlation was found between fodder ether extractable fat percentage and fodder 

moisture percentage and grain protein, oil, starch, embryo percentage, fodder dry matter 

percentage and fodder crude fibre percentage. Significant correlations indicated that selection 

of good grain and fodder quality may not be helpful for improving maize germplasm. 

Findings were found similar  to Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. 

(2001); Rai et al. (2004); Xiang et al. (2010); Ali et al (2011b) and Ali et al (2012). 
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4.2.2.2.14. Correlation between fodder nitrogen free extract percentage and other 
                     traits   
It was suggested from tables 4.2.2.2 and 4.2.2.2a that a positive significant genotypic and 

phenotypic correlation was found between fodder nitrogen free extract percentage and grain 

oil percentage while a significant and negative correlation was found for acid detergent fibre, 

neutral detergent fibre, fodder crude fibre percentage and fodder crude protein percentage at 

both genotypic and phenotypic levels. Significant correlations indicated that selection of 

good grain and fodder quality may be helpful for improving maize germplasm. Findings were 

found similar  to Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et 

al. (2004); Xiang et al. (2010); Ali et al (2011b) and Ali et al (2012). 

4.2.2.2.15: Correlation between fodder ash percentage with other indicated traits    

It was suggested from tables 4.2.2.2 and 4.2.2.2a that a positive significant genotypic and 

phenotypic correlation was found between fodder ash percentage and fodder dry matter 

percentage while a significant and negative correlation was found for embryo percentage and 

fodder moisture percentage (Rai et al. (2004); Ali et al (2011b) and Ali et al (2012)). 
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Table: 4.2.2.2. Genotypic correlations of various grain and fodder quality traits in maize 

Traits Grain 

oil % 

Grain 
crude 
fibre % 

Grain 
starch 
% 

Embryo 
% 

Acid 
detergent 
fibre % 

Neutral 
detergent 
fibre % 

Fodder 
cellulose 
% 

Fodder 
dry matter
% 

Fodder 
crude fibre 
% 

Fodder 
crude 
protein
% 

Fodder 
moisture 
% 

Ether free 
extractabl
e fat % 

Nitrogen 
free 
extract % 

Fodder ash 

% 

Grain protein
% 

0.2720* -0.0697ns -0.0935 ns 0.3933* 0.0290 ns 0.2508* 0.2496* 0.2275* 0.0209 ns -0.1758* -0.1148 ns -0.4623* 0.1425 ns 0.0603 ns 

Grain oil %  0.1297ns -0.4201* 0.4926* -0.1297 ns -0.0526 ns -0.0039 ns 0.1213 ns -0.1118 ns -0.2289* 0.1293 ns -0.2092*   0.2744* -0.1114 ns 

Grain crude 
fibre % 

 -0.0361ns 0.2656* 0.0444 ns -0.0094 ns -0.0269 ns 0.1711 ns 0.0265 ns 0.0546 ns 0.3566* 0.0119 ns -0.1296 ns 0.1279 ns 

Grain starch 
% 

  -0.0585 0.0432 ns -0.2298* -0.2574* -0.1118 ns -0.0226 ns 0.0546 ns -0.1845* -0.2160* 0.0094 ns 0.1049 ns 

Embryo %     0.2031* -0.2479* -0.3396* -0.0089 ns -0.0974 ns 0.0430 ns 0.2589* -0.2803* 0.1019 ns -0.1814* 

Acid 
detergent 
fibre % 

    0.2812* -0.1050 ns -0.0442 ns -0.0037 ns 0.2892* 0.2204* -0.0784 ns -0.1912* 0.0280 ns 

Neutral 
detergent 
fibre % 

    0.9316* 0.2118* 0.2973* -0.0203 ns -0.1344 ns -0.1152 ns -0.2055* 0.0242 ns 

Fodder 
cellulose % 

    0.2373* 0.3100* -0.1324 ns -0.2229* -0.0860 ns -0.1379 ns 0.0155 ns 

fodder dry 
matter % 

    0.1075 ns 0.0594 ns -0.1092 ns -0.2512* -0.1293 ns 0.2077* 

fodder crude 
fibre % 

     0.0069 ns 0.0743 ns -0.4358* -0.6903* -0.1061 ns 

Fodder crude
protein% 

      0.0809 ns 0.0898 ns -0.6668* -0.1366 ns 

Fodder 
moisture % 

       -0.0809 ns -0.1449 ns -0.1829* 

Ether free 
extractable 
fat % 

        0.1664 ns 0.1029 ns 

Nitrogen free
extract % 

         -0.1232 ns 

** = Significant at 5% significane level, * = Significant at 1% significane level, ns = Non-signifiant 
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Table: 4.2.2.2a. Phenotypic correlations among various grain and fodder quality traits in maize 

Traits Grain oil 
% 

Grain 
crude 
fibre % 

Grain 
starch 
% 

Embryo 
% 

Acid 
detergent 
fibre % 

Neutral 
detergent 
fibre % 

Fodder 
cellulose 
% 

Fodder dry
matter % 

Fodder 
crude 
fibre % 

Fodder 
crude 
protein% 

Fodder 
moisture 
% 

Ether free 
extractable 
fat % 

Nitrogen 
free 
extract % 

Fodder 
ash % 

Grain 
protein 
% 

0.2690** 
-0.0603 

ns 

-0.0918 

ns 
0.3456** 0.0270 ns 0.2464** 0.2448** 0.2170** 0.0183 ns -0.1747* -0.1137 ns 0.4333** 0.1425 ns 0.0544 ns 

Grain oil %  0.1220 ns -0.4013** 0.4389** -0.1290 ns -0.0520 ns -0.0030 ns 0.1128 ns -0.1102 ns -0.2276** 0.1266 ns -0.1883* 0.2648** -0.1036 ns 

Grain crude 
fibre % 

  -0.0530 ns 0.2056* 0.0371 ns -0.0131 ns -0.0280 ns 0.1548 ns 0.0248 ns 0.0516 ns 0.3327** 0.0226 ns -0.1190 ns 0.1178 ns 

Grain 
starch % 

   -0.0584 ns 0.0427 ns -0.2225** -0.2469** -0.1035 ns -0.0218 ns 0.0533 ns -0.1766* -0.1985* 0.0085 ns 0.1012 ns 

Embryo %     0.1722* -0.2259** -0.3008** -0.0219 ns -0.0888 ns 0.0400 ns 0.2235** -0.2487** 0.0849 ns -0.1642* 

Acid 
detergent 
fibre % 

     -0.2765** -0.1050 ns -0.0421 ns -0.0032 ns 0.2822** 0.2148** -0.0701 ns -0.1792 ns 0.0255 ns 

Neutral 
detergent 
fibre % 

      0.9267** 0.2058* 0.2961** -0.0209 ns -0.1315 ns -0.1096 ns -0.1971* 0.0241 ns 

Fodder 
cellulose %

       0.2301** 0.3077** -0.1324 ns -0.2200** -0.0864 ns 0.1338 ns 0.0152 ns 

Fodder dry
matter % 

        0.1023 ns -0.0579 ns -0.1092 ns -0.2257** -0.1182 ns 0.1948* 

Fodder 
crude 
fibre % 

         0.0072 ns 0.0743 ns -0.4149** -0.6648** -0.1044 ns 

Fodder 
crude 
protein% 

          0.0793 ns 0.0840 ns -0.6559** -0.1332 ns 

Fodder 
moisture %

           -0.0783 -0.1409 ns -0.1798 ns 

Ether free 
extractable 
fat % 

            0.1599 ns 0.0932 ns 

Nitrogen 
free 
extract % 

             -0.1284 ns 

** = Significant at 5% significane level, * = Significant at 1% significane level, ns = Non-significant 
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4.2.1.2.1. North Carolina mating Design-II 

The data was subjected to North Carolina matting design-II analysis to calculate the gene 

action (additive and dominance effects) for various morpho-physiological, grain and fodder 

yielding traits of maize. The results are given in tables 4.2.1.2.1 and 4.2.1.2.1a. 

4.2.1.2.1.1. Grain protein (%)  

It was suggested from results given in table 4.2.1.2.1 that significant differences were found 

for grain protein percentage. The results also indicated that higher additive variance for male 

× female interaction was 0.068 following female additive variance (0.106) and male additive 

variance was (-0.002). The additive effect was recorded as 0.138 but higher dominance effect 

0.271 was recorded for grain protein percentage. The degree of dominance was recorded as 

1.403. Higher values of dominance effect and degree of dominance indicated that over type 

of dominance gene action was shown for grain protein percentage. The over dominance and 

higher degree of dominance indicated that selection on the basis of grain protein percentage 

may be helpful for the development of hybrid seed with better grain quality. Findings were 

found similar to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. 

(1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Vafias and Ipilandis 

(2005); Welcker et al. (2005); Akbar et al. (2007); Akbar et al., (2009); Wali et al., (2010) 

and Xiang et al. (2010). 

4.2.1.2.1.2. Grain oil (%)  

It was indicated from table 4.2.1.2.1 that significant differences were found for grain oil 

percentage. The results also indicated that higher additive variance for male × female 

interaction was 0.064 following female additive variance (0.017) and male additive variance 

was (-0.003). The additive effect was recorded as 0.017 but higher dominance effect 0.255 

was recorded for grain oil percentage. The degree of dominance was recorded as 3.827. 

Higher values of dominance effect and degree of dominance indicated that over type of 

dominance gene action was shown for grain oil percentage. The over dominance and higher 

degree of dominance indicated that selection on the basis of grain oil percentage may be 

helpful for the development of hybrid seed with better grain quality. Findings were found 

similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. 

(1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 
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(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Vafias and Ipilandis 

(2005); Welcker et al. (2005); Akbar et al. (2007); Akbar et al., (2009); Wali et al., (2010) 

and Xiang et al. (2010). 

4.2.1.2.1.3. Grain crude fibre (%)  

It was suggested from results given in table 4.2.1.2.1 that significant differences were found 

for grain crude fibre percentage. The results also indicated that higher additive variance for 

male × female interaction was 0.029 following female additive variance (0.001) and male 

additive variance was (0.002). The additive effect was recorded as 0.004 but higher 

dominance effect 0.119 was recorded for grain crude fibre percentage. The degree of 

dominance was recorded as 5.479. Higher values of dominance effect and degree of 

dominance indicated that over type of dominance gene action was shown for grain crude 

fibre percentage. The over dominance and higher degree of dominance indicated that 

selection on the basis of grain crude fibre percentage may be helpful for the development of 

hybrid seed with better grain quality. Findings were found similar  to Li and Liu (1994); 

Bertolini et al. (1995); Hussain et al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et 

al. (2000); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. 

(2001); Rai et al. (2004); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. 

(2007); Akbar et al., (2009); Wali et al., (2010) and Xiang et al. (2010). 

4.2.1.2.1.4. Grain starch (%)  

It was persuaded from table 4.2.1.2.1 that significant differences were found for grain starch 

percentage. The results also indicated that higher additive variance for male × female 

interaction was 0.297 following female additive variance (0.116) and male additive variance 

was (0.013). The additive effect was recorded as 0.172 but higher dominance effect 1.189 

was recorded for grain starch percentage. The degree of dominance was recorded as 2.627. 

Higher values of dominance effect and degree of dominance indicated that over type of 

dominance gene action was shown for grain starch percentage. The over dominance and 

higher degree of dominance indicated that selection on the basis of grain starch percentage 

may be helpful for the development of hybrid seed with better grain quality. Findings were 

found similar to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. 

(1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Vafias and Ipilandis 
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(2005); Welcker et al. (2005); Akbar et al. (2007); Akbar et al., (2009); Wali et al., (2010) 

and Xiang et al. (2010). 

4.2.1.2.1.5. Embryo (%)  

It was revealed from the results given in the table 4.2.1.2.1 that significant differences were 

found for embryo percentage was. The results also indicated that higher additive variance for 

male × female interaction was 0.037 following female additive variance (0.009) and male 

additive variance was (-0.001). The additive effect was recorded as 0.012 but higher 

dominance effect 0.147 was recorded for embryo percentage. The degree of dominance was 

recorded as 3.350. Higher values of dominance effect and degree of dominance indicated that 

over type of dominance gene action was shown for embryo percentage. The over dominance 

and higher degree of dominance indicated that selection on the basis of embryo percentage 

may be helpful for the development of hybrid seed with better grain quality. Findings were 

found similar to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. 

(1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Vafias and Ipilandis 

(2005); Welcker et al. (2005); Akbar et al. (2007); Akbar et al., (2009); Wali et al., (2010) 

and Xiang et al. (2010). 

4.2.1.2.1.6. Acid detergent fibre (%)  

It was suggested from results significant differences were found for acid detergent fibre 

percentage. The results also indicated that higher additive variance for male × female 

interaction was 1.017 following female additive variance (0.836) and male additive variance 

was (0.049). The additive effect was recorded as 1.181 but higher dominance effect 4.068 

was recorded for acid detergent fibre percentage. The degree of dominance was recorded as 

1.856. Higher values of dominance effect and degree of dominance indicated that over type 

of dominance gene action was shown for acid detergent fibre percentage (Table 4.2.1.2.1). 

The over dominance and higher degree of dominance indicated that selection on the basis of 

acid detergent fibre percentage may be helpful for the development of hybrid seed with better 

grain quality. Findings were found similar to Li and Liu (1994); Bertolini et al. (1995); 

Hussain et al. (1995); Yung et al. (1996); Seo et al. (1998); Dubey et al. (2001); Rai et al. 

(2004); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Akbar et al., 

(2009); Wali et al., (2010) and Xiang et al. (2010). 
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4.2.1.2.1.7. Neutral detergent fibre (%)  

It was revealed from results that significant differences were found for neutral detergent fibre 

percentage. The results also indicated that higher additive variance for male × female 

interaction was 8.478 following female additive variance (7.607) and male additive variance 

was (0.534). The additive effect was recorded as 10.854 but higher dominance effect 33.911 

was recorded for neutral detergent fibre percentage. The degree of dominance was recorded 

as 1.768 (Table 4.2.1.2.1). Higher values of dominance effect and degree of dominance 

indicated that over type of dominance gene action was shown for neutral detergent fibre 

percentage. The over dominance and higher degree of dominance indicated that selection on 

the basis of neutral detergent fibre percentage may be helpful for the development of hybrid 

seed with better grain quality. Findings were found similar  to Bertolini et al. (1995); Hussain 

et al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); 

Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Akbar et al., (2009); 

Wali et al., (2010) and Xiang et al. (2010). 

4.2.1.2.1.8. Fodder cellulose (%)  

It was revealed from results that significant differences were found for fodder cellulose 

percentage. The results also indicated that higher additive variance for male × female 

interaction was 7.422 following female additive variance (7.557) and male additive variance 

was (-0.205). The additive effect was recorded as 9.803 but higher dominance effect 29.688 

was recorded for fodder cellulose percentage. The degree of dominance was recorded as 

1.740 (Table 4.2.1.2.1). Higher values of dominance effect and degree of dominance 

indicated that over type of dominance gene action was shown for fodder cellulose 

percentage. The over dominance and higher degree of dominance indicated that selection on 

the basis of fodder cellulose percentage may be helpful for the development of hybrid seed 

with better grain quality. Findings were found similar  to Li and Liu (1994); Bertolini et al. 

(1995); Hussain et al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); 

Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai 

et al. (2004); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Akbar 

et al., (2009); Wali et al., (2010) and Xiang et al. (2010). 
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4.2.1.2.1.9. Fodder dry matter (%)  

It was persuaded from table 4.2.1.2.1a that significant differences were found for fodder dry 

matter percentage. The results also indicated that higher additive variance for male × female 

interaction was 0.326 following female additive variance (0.197) and male additive variance 

was (-0.013). The additive effect was recorded as 0.246 but higher dominance effect 1.306 

was recorded for fodder dry matter percentage. The degree of dominance was recorded as 

2.305. Higher values of dominance effect and degree of dominance indicated that over type 

of dominance gene action was shown for fodder dry matter percentage. The over dominance 

and higher degree of dominance indicated that selection on the basis of fodder dry matter 

percentage may be helpful for the development of hybrid seed with better grain quality. 

Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. 

(1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf 

and Saleem (2001); Mazur et al. (2001); Rai et al. (2004); Vafias and Ipilandis (2005); Akbar 

et al. (2007); Akbar et al., (2009); Wali et al., (2010) and Xiang et al. (2010). 

4.2.1.2.1.10. Fodder crude fibre (%)  

It was found from table 4.2.1.2.1a that significant differences were found for fodder crude 

fibre percentage. The results also indicated that higher additive variance for male × female 

interaction was 0.799 following female additive variance (0.776) and male additive variance 

was (-0.033). The additive effect was recorded as 0.990 but higher dominance effect 3.197 

was recorded for fodder crude fibre percentage. The degree of dominance was recorded as 

1.797. Higher values of dominance effect and degree of dominance indicated that over type 

of dominance gene action was shown for fodder crude fibre percentage. The over dominance 

and higher degree of dominance indicated that selection on the basis of fodder crude fibre 

percentage may be helpful for the development of hybrid seed with better grain quality. 

Findings were found similar  to Bertolini et al. (1995); Hussain et al. (1995); Yung et al. 

(1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Vafias and Ipilandis (2005); Welcker et al. 

(2005); Akbar et al. (2007); Akbar et al., (2009); Wali et al., (2010) and Xiang et al. (2010). 

4.2.1.2.1.11. Fodder crude protein (%)  

It was suggested from table 4.2.1.2.1a that significant differences were found for fodder 

crude protein percentage. The results also indicated that higher additive variance for male × 
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female interaction was 1.409 following female additive variance (0.277) and male additive 

variance was (-0.121). The additive effect was recorded as 0.208 but higher dominance effect 

5.637 was recorded for fodder crude protein percentage. The degree of dominance was 

recorded as 5.206. Higher values of dominance effect and degree of dominance indicated that 

over type of dominance gene action was shown for fodder crude protein percentage. The over 

dominance and higher degree of dominance indicated that selection on the basis of fodder 

crude protein percentage may be helpful for the development of hybrid seed with better grain 

quality. Findings were found similar  to Bertolini et al. (1995); Hussain et al. (1995); Seo et 

al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. 

(2001); Rai et al. (2004); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. 

(2007); Akbar et al., (2009); Wali et al., (2010) and Xiang et al. (2010). 

4.2.1.2.1.12. Fodder moisture (%)  

It was shown from results that significant differences were found or fodder moisture 

percentage was significantly differed from each other. The results also indicated that higher 

additive variance for male × female interaction was 0.006 following female additive variance 

(0.002) and male additive variance was (0.002). The additive effect was recorded as 0.005 

but higher dominance effect 0.026 was recorded for fodder moisture percentage. The degree 

of dominance was recorded as 2.251 (Table 4.2.1.2.1a). Higher values of dominance effect 

and degree of dominance indicated that over type of dominance gene action was shown for 

fodder moisture percentage. The over dominance and higher degree of dominance indicated 

that selection on the basis of fodder moisture percentage may be helpful for the development 

of hybrid seed with better grain quality. Findings were found similar  to Li and Liu (1994); 

Bertolini et al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. 

(2001); Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. 

(2004); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Akbar et al., 

(2009); Wali et al., (2010) and Xiang et al. (2010). 

4.2.1.2.1.13. Fodder ether extractable fat (%)  

It was revealed from results given in table 4.2.1.2.1a that significant differences were found 

for fodder ether extractable fat percentage was significantly differed from each other. The 

results also indicated that higher additive variance for male × female interaction was 0.005 

following female additive variance (0.002) and male additive variance was (-0.001). The 



 

180 
 

additive effect was recorded as 0.001 but higher dominance effect 0.021 was recorded for 

fodder ether extractable fat percentage. The degree of dominance was recorded as 3.786. 

Higher values of dominance effect and degree of dominance indicated that over type of 

dominance gene action was shown for fodder ether extractable fat percentage. The over 

dominance and higher degree of dominance indicated that selection on the basis of fodder 

ether extractable fat percentage may be helpful for the development of hybrid seed with 

better grain quality. Findings were found similar  to Bertolini et al. (1995); Hussain et al. 

(1995); Yung et al. (1996); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. 

(2001); Rai et al. (2004); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. 

(2007); Akbar et al., (2009); Wali et al., (2010) and Xiang et al. (2010). 

4.2.1.2.1.14. Fodder nitrogen free extract (Carbohydrate %)  

It was indicated from table 4.2.1.2.1a that significant differences were found for fodder 

nitrogen free extract percentage. The results were shown higher additive variance for male × 

female interaction was 2.973 following female additive variance (0.164) and male additive 

variance was (-0.297). The additive effect was recorded as -0.177 but higher dominance 

effect 11.899 was recorded for fodder nitrogen free extract percentage. The negative degree 

of dominance was recorded as -8.194. Higher values of dominance effect and degree of 

dominance indicated that over type of dominance gene action was shown for fodder nitrogen 

free extract percentage. The over dominance and higher degree of dominance indicated that 

selection on the basis of fodder nitrogen free extract percentage may be helpful for the 

development of hybrid seed with better grain quality. Findings were found similar  to Li and 

Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. (1996); Seo et al. 

(1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. 

(2001); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Akbar et al., 

(2009); Wali et al., (2010) and Xiang et al. (2010). 

4.2.1.2.1.15. Fodder ash (%)  

It was revealed from results that significant differences were found the analysis of variance 

for fodder ash percentage. The results also persuaded that higher additive variance for male × 

female interaction was 0.391 following female additive variance (0.031) and male additive 

variance was (0.019). The additive effect was recorded as 0.066 but higher dominance effect 

1.563 was recorded for fodder ash percentage. The negative degree of dominance was 
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recorded as 4.881 (Table 4.2.1.2.1a). Higher values of dominance effect and degree of 

dominance indicated that over type of dominance gene action was shown for fodder ash 

percentage. The over dominance and higher degree of dominance indicated that selection on 

the basis of fodder ash percentage may be helpful for the development of hybrid seed with 

better grain quality. Findings were found similar  to Li and Liu (1994); Bertolini et al. 

(1995); Hussain et al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); 

Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001);Dubey et al. (2001); Rai 

et al. (2004); Vafias and Ipilandis (2005); Welcker et al. (2005); Akbar et al. (2007); Akbar 

et al., (2009); Wali et al., (2010) and Xiang et al. (2010). 
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Table: 4.2.1.2.1. (a). Analysis of variance for grain and fodder quality traits in maize (North Carolina matting design-II) 

SOV/Traits Grain 

protein % 

Grain oil 

% 

Grain crude 

fibre % 

Grain 

starch % 

Embryo % Acid detergent 

fibre % 

Neutral 

detergent 

fibre % 

Fodder 

cellulose % 

Replication 0.0056ns 0.0403ns 0.0192ns 0.0604ns 0.0278ns  0.2973ns   0.111ns    0.022ns 

Males 0.1714** 0.1474** 0.1340* 1.1781* 0.1363**  4.1819*  35.281*   18.827* 

Females 2.1185* 0.4896* 0.1185* 3.0277* 0.3305* 18.3353* 162.591*  158.548* 

M × F 0.2161* 0.2011* 0.0993* 0.9400** 0.1536**  3.2882*  25.672*   22.520** 

Error 0.01317 0.0101 0.0095 0.0482 0.0433  0.2369   0.239   0.255 

 (b). Various genetic components for grain and fodder quality traits in maize (North Carolina matting design-II) 

SOV/Traits Grain 

protein % 

Grain oil 

% 

Grain crude 

fibre % 

Grain 

starch % 

Embryo % Acid detergent 

fibre % 

Neutral 

detergent 

fibre % 

Fodder 

cellulose % 

2
m   -0.002 -0.003 0.002 0.013 -0.001 0.049  0.534 -0.205 

2
f    0.106  0.016 0.001 0.116  0.009 0.836  7.607  7.557 

2
m×f  0.068  0.064 0.029 0.297  0.037 1.017  8.478  7.422 

2
D  0.138  0.017 0.004 0.172  0.012 1.181 10.854  9.803 

2
H    0.271  0.255 0.119 1.189  0.147 4.068 33.911 29.688 

[2
H/2

D]1/2   1.403 3.827 5.479 2.627 3.350 1.856 1.768 1.740 

* = Significant at 1 % significance level, ** = Significant at 5 % significance level, ns = Non-signifiant 

2
m   = male additive variance, 2

f = Female additive variance, 2
m×f = m×f interaction additive variance, 2

H = Dominace 
variance, 2

D = commulative additive variance, [2
H/2

D]1/2 = Degree of dominance      
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Table: 4.2.1.2.1a. (a). Analysis of variance for fodder quality traits of maize (North Carolina matting design-II) 

SOV/Traits Fodder dry 

matter % 

Fodder crude 

fibre % 

Fodder crude 

protein % 

Fodder 

moisture % 

Fodder ether 

extractable 

fat % 

Fodder nitrogen 

free extract 

(Carbohydrate %) 

Fodder ash (%) 

Replication 0.4504ns  0.0306ns 0.0263ns 0.0002ns 0.0016ns  0.5738ns 0.0370ns 

Males 0.8319*  1.8399* 2.0761** 0.0501** 0.0041**  4.1020* 1.5453* 

Females 4.6045* 16.4070* 9.2478* 0.0572** 0.0521* 12.4019* 1.7604* 

M × F 1.0589**  2.4384* 4.2583* 0.0195** 0.0181*  9.4472* 1.2101* 

Error 0.0797  0.0403 0.0304 0.0002 0.0020  0.5298 0.0381 

 (b). Various genetic components for fodder quality traits of maize (North Carolina matting design-II) 

SOV/Traits Fodder dry 

matter % 

Fodder crude 

fibre % 

Fodder crude 

protein % 

Fodder 

moisture % 

Fodder ether 

extractable 

fat % 

Fodder nitrogen 

free extract 

(Carbohydrate %) 

Fodder ash (%) 

2
m   -0.013 -0.033 -0.121 0.002 -0.001 -0.297 0.019 

2
f    0.197  0.776  0.277 0.002  0.002  0.164 0.031 

2
m×f  0.326  0.799  1.409 0.006  0.005  2.973 0.391 

2
D  0.246  0.990  0.208 0.005  0.001 -0.177 0.066 

2
H    1.306  3.197  5.637 0.026  0.021 11.889 1.563 

[2
H/2

D]1/2    2.305 1.797 5.206 2.251 3.786 -8.194 4.881 

* = Significant at 1 % significance level, ** = Significant at 5 % significance level ns = Non-signifiant 

2
m   = male additive variance, 2

f = Female additive variance, 2
m×f = m×f interaction additive variance, 2

H = Dominace 
variance, 2

D = commulative additive variance, [2
H/2

D]1/2 = Degree of dominance      
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4.2.1.2.2. Combining ability analysis 

Combining ability analysis was carried out to evaluate the parents and crosses for general 

combining ability (GCA) and specific combining ability (SCA) for grain and fodder quality. 

The results regarding GCA and SCA are given in tables 4.4.1.2.2, 4.4.1.4a and 4.4.1.4b. The 

description of results is given as following: 

4.2.1.2.2.1. Grain protein (%) 

It was suggested from table 4.2.1.2.2 that higher and positive GCA effects were recorded for 

EV-340 (0.553) and E-322 (0.148) followed by Raka-poshi (0.120) and Sh-139 (0.070) while 

negative GCA effects were recorded for F-96 (-0.290) and EV-347 (-0.418). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung 

et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Vafias and Ipilandis (2005) and Xiang et al. (2010). It was 

indicated from table 4.2.1.2.2 that higher SCA was recorded for crosses E-336 × Pop/209 

(0.368), EV-1097 × EV-340 (0.396), B-327 × Pop/209 (0.446) and Raka-poshi × E-322 

(0.368) while negative SCA was recorded for B-11 × E-322 (-0.303), EV-1097 × Pop/209 (-

0.559) and B-327 × EV-347 (-0.431). The higher SCA showed that the crosses have higher 

dominance effects. The selection of hybrids on the basis of grain protein percentage will be 

helpful for the development of hybrids through heterosis breeding. Additive variance was 

recorded as 0.019 but higher dominance variance was 0.290 for grain protein percentage. The 

lower contribution of male × female interaction (34.564) and male (2.588) was recorded as 

compared to female was (62.846). Findings were found similar  to Dronavalli and Kang 

(1992); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. 

(2001); Khan et al. (2001); Desai and Singh (2001); Alvi et al. (2003); Rai et al. (2004); 

Vafias et al. (2005); Vafias and Ipilandis (2005); Welcker et al. (2005) and Grzesiak et al. 

(2007). 

4.2.1.2.2.2. Grain oil (%) 

It was suggested from table 4.2.1.2.2 that higher and positive GCA effects were recorded for 

F-96 (0.282) and B-11 (0.093) followed by B-316 (0.054) and E-336 (0.087) while negative 

GCA effects were recorded for EV-1097 (-0.134) and EV-347 (-0.212). Higher GCA effects 

indicated additive type of gene action and the performance of the parents. Findings were 
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found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung et al. 

(1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Rai et al. (2004); Vafias and Ipilandis (2005) and Xiang et al. 

(2010). It was indicated from table 4.2.1.2.2 that higher SCA was recorded for crosses B-11 

× F-96 (0.317), B-11 × EV-347 (0.350), B-11 × Pop/209 (0.356) and EV-1097 × EV-347 

(0.328) while negative SCA was recorded for B-11 × EV-340 (-0.487), Raka-poshi × EV-347 

(-0.304) and B-327 × EV-347 (-0.321). The higher SCA showed that the crosses have higher 

dominance effects. The selection of hybrids on the basis of grain oil percentage will be 

helpful for the development of hybrids through heterosis breeding. Additive variance was 

recorded as 0.0013 but higher dominance variance was 0.275 for grain oil percentage. The 

lower contribution of female (29.804) and male (3.742) was recorded as compared to male × 

female interaction was (62.453). Findings were found similar  to Dronavalli and Kang 

(1992); Rehman et al. (1994); Singh et al. (1997); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Khan et al. (2001); Akhtar (2002); Alvi et al. (2003); Rai et al. 

(2004); Vafias et al. (2005); Vafias and Ipilandis (2005) and Grzesiak et al. (2007).  

4.2.1.2.2.3. Grain crude fibre (%) 

It was indicated from table 4.2.1.2.2 that higher and positive GCA effects were recorded for 

EV-340 (0.026) and B-316 (0.132) followed by E-336 (0.126) and B-327 (0.071) while 

negative GCA effects were recorded for F-96 (-0.117) and Raka-poshi (-0.101). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung 

et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Vafias and Ipilandis 

(2005) and Xiang et al. (2010). It was indicated from Table 4.2.1.2.1 that higher SCA was 

recorded for crosses EV-1097 × F-96 (0.245), E-336 × EV-340 (0.162), Raka-poshi × 

Pop/209 (0.173) and B-327 × EV-347 (0.262) while negative SCA was recorded for EV-

1097 × B-316 (-0.237), E-336 × EV-347 (-0.437) and Raka-poshi × E-322 (-0.215). The 

higher SCA showed that the crosses have higher dominance effects. The selection of hybrids 

on the basis of grain crude fibre percentage will be helpful for the development of hybrids 

through heterosis breeding. Additive variance was recorded as -0.0007 but higher dominance 

variance was 0.1417 for grain crude fibre percentage. The lower contribution of female 
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(15.814) and male (6.552) was recorded as compared to male × female interaction was 

(77.633). Findings were found similar  to Dronavalli and Kang (1992); Rehman et al. (1994); 

Singh et al. (1997); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001); 

Khan et al. (2001); Akhtar (2002); Desai and Singh (2001); Alvi et al. (2003); Rai et al. 

(2004); Vafias et al. (2005); Vafias and Ipilandis (2005); Welcker et al. (2005); Grzesiak et 

al. (2007) and Ahsan et al. (2013). 

4.2.1.2.2.4. Grain starch (%) 

It was suggested from table 4.2.1.2.2 that higher and positive GCA effects were recorded for 

Pop/209 (0.614) and E-336 (0.259) followed by B-11 (0.225) and E-322(0.370) while 

negative GCA effects were recorded for B-316 (-0.446) and Sh-139 (-0.346). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung 

et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Rai et al. (2004); Vafias and Ipilandis (2005) and Xiang et al. 

(2010). It was indicated from table 4.2.1.2.2 that higher SCA was recorded for crosses B-11 

× B-316 (1.412), EV-1097 × F-96 (0.651), EV-1097 × EV-347 (0.624) and Raka-poshi × 

Pop/209 (0.496) while negative SCA was recorded for B-11 × B-316 (-0.948), EV-1097 × 

Pop/209 (-0.781) and EV-1097 × B-316 (-0.581). The higher SCA showed that the crosses 

have higher dominance effects. The selection of hybrids on the basis of grain starch 

percentage will be helpful for the development of hybrids through heterosis breeding. 

Additive variance was recorded as 0.015 but higher dominance variance was 1.359 for grain 

starch percentage. The lower contribution of female (33.997) and male (5.835) was recorded 

as compared to male × female interaction was (60.167). Findings were found similar  to 

Singh et al. (1997); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001); 

Dubey et al. (2001); Khan et al. (2001); Akhtar (2002); Desai and Singh (2001); Alvi et al. 

(2003); Rai et al. (2004); Vafias et al. (2005); Vafias and Ipilandis (2005); Welcker et al. 

(2005) and Grzesiak et al. (2007). 

4.2.1.2.2.5. Embryo (%) 

It was indicated from table 4.2.1.2.2 that higher and positive GCA effects were recorded for 

B-316 (0.056) and Sh-139 (0.084) followed by B-11 (0.084) and E-322(0.189) while 

negative GCA effects were recorded for EV-347 (-0.215) and Raka-poshi (-0.121). Higher 
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GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. 

(1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf 

and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Vafias and Ipilandis (2005) and 

Xiang et al. (2010). It was indicated from table 4.2.1.2.2 that higher SCA was recorded for 

crosses B-11 × EV-347 (0.699), Sh-139 × E-322 (0.260), Sh-139 × EV-340 (0.204) and E-

336 × Pop/209 (0.293) while negative SCA was recorded for B-11 × B-316 (-0.201), B-11 × 

Pop/209 (-0.334) and Sh-139 × EV-347 (-0.434). The higher SCA showed that the crosses 

have higher dominance effects. The selection of hybrids on the basis of embryo percentage 

will be helpful for the development of hybrids through heterosis breeding. Additive variance 

was recorded as 0.0009 but higher dominance variance was 0.170 for embryo percentage. 

The lower contribution of female (26.757) and male (6.291) was recorded as compared to 

male × female interaction was (66.951). Findings were found similar  to Dronavalli and Kang 

(1992); Singh et al. (1997); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. 

(2001); Dubey et al. (2001); Khan et al. (2001); Akhtar (2002); Desai and Singh (2001); Alvi 

et al. (2003); Rai et al. (2004); Vafias et al. (2005); Vafias and Ipilandis (2005) and Grzesiak 

et al. (2007).  

4.2.1.2.2.6. Acid detergent fibre (%) 

It was revealed from results given in table 4.2.1.2.2a that higher and positive GCA effects 

were recorded for B-316 (1.196) and EV-347 (0.812) followed by E-336 (0.507) and Pop/209 

(0.557) while negative GCA effects were recorded for F-96 (-1.353) and E-322 (-0.853). 

Higher GCA effects indicated additive type of gene action and the performance of the 

parents. Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et 

al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); 

Vafias and Ipilandis (2005) and Xiang et al. (2010). It was indicated from table 4.2.1.2.2a 

that higher SCA was recorded for crosses B-11 × EV-340 (1.387), EV-1097 × F-96 (1.603), 

B-327 × E-322 (1.287) and E-336 × EV-347 (1.759) while negative SCA was recorded for E-

336 × EV-340 (-2.218), E-336 × E-322 (-1.362) and B-327 × EV-347 (-1.290). The higher 

SCA showed that the crosses have higher dominance effects. The selection of hybrids on the 

basis of acid detergent fibre percentage will be helpful for the development of hybrids 
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through heterosis breeding. Additive variance was recorded as 0.1376 but higher dominance 

variance was 4.805 for acid detergent fibre percentage. The lower contribution of female 

(47.063) and male (4.217) was recorded as compared to male × female interaction was 

(48.719). Findings were found similar  to Dronavalli and Kang (1992); Rehman et al. (1994); 

Singh et al. (1997); Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001); 

Dubey et al. (2001); Khan et al. (2001); Akhtar (2002); Desai and Singh (2001); Alvi et al. 

(2003); Rai et al. (2004); Vafias et al. (2005); Vafias and Ipilandis (2005) and Welcker et al. 

(2005). 

4.2.1.2.2.7. Neutral detergent fibre (%) 

It was persuaded from results given in table 4.2.1.2.2a that higher and positive GCA effects 

were recorded for EV-347 (2.70) and EV-340 (4.105) followed by E-336 (1.116) and EV-

1097 (2.088) while negative GCA effects were recorded for B-11 (-1.577) and E-322 (-

4.288). Higher GCA effects indicated additive type of gene action and the performance of the 

parents. Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et 

al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); 

Vafias and Ipilandis (2005) and Xiang et al. (2010). It was indicated from table 4.2.1.2.2a 

that higher SCA was recorded for crosses B-327 × B-316 (2.566), EV-1097 × E-322 (4.316), 

B-327 × E-340 (6.227) and Raka-poshi × E-322 (2.872) while negative SCA was recorded 

for E-336 × EV-340 (-4.188), B-327 × E-322 (-6.055) and Raka-poshi × Pop/209 (-4.677). 

The higher SCA showed that the crosses have higher dominance effects. The selection of 

hybrids on the basis of neutral detergent fibre percentage will be helpful for the development 

of hybrids through heterosis breeding. Additive variance was recorded as 1.3203 but higher 

dominance variance was 39.127 for neutral detergent fibre percentage. The lower 

contribution of male × female interaction was (45.411) and male (4.749) was recorded as 

compared to female (49.838). Findings were found similar  to Dronavalli and Kang (1992); 

Rehman et al. (1994); Singh et al. (1997); Awan et al. (2001); Yousaf and Saleem (2001); 

Mazur et al. (2001); Dubey et al. (2001); Khan et al. (2001); Akhtar (2002); Desai and Singh 

(2001); Alvi et al. (2003); Rai et al. (2004); Vafias et al. (2005); Vafias and Ipilandis (2005); 

Welcker et al. (2005); Grzesiak et al. (2007) and Ahsan et al. (2013). 
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4.2.1.2.2.8. Fodder cellulose (%) 

It was indicated from results given in table 4.2.1.2.2a that higher and positive GCA effects 

were recorded for EV-347 (1.886) and EV-340 (4.469) followed by F-96 (1.002) and EV-

1097 (1.736) while negative GCA effects were recorded for B-316 (-2.002) and E-322 (-

3.436). Higher GCA effects indicated additive type of gene action and the performance of the 

parents. Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et 

al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); 

Vafias and Ipilandis (2005) and Xiang et al. (2010). It was indicated from Table 4.2.1.2.1a 

that higher SCA was recorded for crosses E-336 × B-316 (1.925), EV-1097 × E-322 (3.980), 

B-327 × E-340 (6.330) and Raka-poshi × E-322 (1.947) while negative SCA was recorded 

for EV-1097 × B-316 (-2.547), B-327 × E-322 (-7.347) and Raka-poshi × Pop/209 (-4.308). 

The higher SCA showed that the crosses have higher dominance effects. The selection of 

hybrids on the basis of fodder cellulose percentage will be helpful for the development of 

hybrids through heterosis breeding. Additive variance was recorded as 1.3024 but higher 

dominance variance was 32.603 for fodder cellulose percentage. The lower contribution of 

male × female interaction was (42.555) and male (2.769) was recorded as compared to 

female (54.676). Findings were found similar  to Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Khan et al. (2001); Akhtar (2002); Desai 

and Singh (2001); Alvi et al. (2003); Rai et al. (2004); Vafias et al. (2005); Vafias and 

Ipilandis (2005) and Grzesiak et al. (2007). 

4.2.1.2.2.9. Fodder dry matter (%) 

It was revealed from results given in table 4.2.1.2.2a that higher and positive GCA effects 

were recorded for B-11 (0.323) and EV-340 (0.817) followed by B-316 (0.384) and B-327 

(0.078) while negative GCA effects were recorded for Pop/209 (-0.476) and E-322 (-0.426). 

Higher GCA effects indicated additive type of gene action and the performance of the 

parents. Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et 

al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); 

Vafias and Ipilandis (2005) and Xiang et al. (2010). It was indicated from table 4.2.1.2.2a 

that higher SCA was recorded for crosses E-336 × F-96 (0.799), Raka-poshi × F-96 (0.665), 
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Raka-poshi × E-340 (1.087) and Sh-139 × Pop/209 (0.837) while negative SCA was recorded 

for Raka-poshi × B-316 (-0.884), E-336 × Pop/209 (-0.762) and Raka-poshi × Pop/209 (-

1.028). The higher SCA showed that the crosses have higher dominance effects. The 

selection of hybrids on the basis of fodder dry matter percentage will be helpful for the 

development of hybrids through heterosis breeding. Additive variance was recorded as 

0.0303 but higher dominance variance was 1.286 for fodder dry matter percentage. The lower 

contribution of female was (42.909) and male (3.789) was recorded as compared to male × 

female interaction (53.301). Findings were found similar  to Awan et al. (2001); Yousaf and 

Saleem (2001); Mazur et al. (2001); Khan et al. (2001); Akhtar (2002); Desai and Singh 

(2001); Alvi et al. (2003); Rai et al. (2004); Vafias et al. (2005); Vafias and Ipilandis (2005); 

Welcker et al. (2005) and Grzesiak et al. (2007). 

4.2.1.2.2.10. Fodder crude fibre (%) 

It was suggested from results given in table 4.2.1.2.2a that higher and positive GCA effects 

were recorded for EV-347 (1.147) and EV-340 (1.153) followed by Raka-poshi (0.263) and 

Sh-139 (0.318) while negative GCA effects were recorded for Pop/209 (-1.018) and B-316 (-

0.871). Higher GCA effects indicated additive type of gene action and the performance of the 

parents. Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et 

al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); 

Vafias and Ipilandis (2005) and Xiang et al. (2010). It was indicated from Table 4.2.1.2.1a 

that higher SCA was recorded for crosses B-11 × F-96 (1.194), E-336 × Pop/209 (1.949), B-

11 × E-347 (1.336) and B-327 × B-316 (1.212) while negative SCA was recorded for B-327 

× F-96 (-1.436), B-327 × EV-347 (-1.597) and B-11 × Pop/209 (-1.413). The higher SCA 

showed that the crosses have higher dominance effects. The selection of hybrids on the basis 

of fodder crude fibre percentage will be helpful for the development of hybrids through 

heterosis breeding. Additive variance was recorded as 0.1347 but higher dominance variance 

was 3.441 for fodder crude fibre percentage. The lower contribution of male × female 

interaction was (42.979) and male (3.119) was recorded as compared to female (53.901). 

Findings were found similar  to Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. 

(2001); Dubey et al. (2001); Khan et al. (2001); Akhtar (2002); Desai and Singh (2001); Alvi 
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et al. (2003); Rai et al. (2004); Vafias et al. (2005); Welcker et al. (2005) and Grzesiak et al. 

(2007). 

4.2.1.2.2.11. Fodder crude protein (%) 

It was indicated from table 4.2.1.2.2b that higher and positive GCA effects were recorded for 

Pop/209 (0.688) and B-316 (0.991) followed by B-11 (0.359) and E-336 (0.492) while 

negative GCA effects were recorded for E-322 (-0.915) and EV-347 (-0.478). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung 

et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Vafias and Ipilandis 

(2005) and Xiang et al. (2010). It was indicated from table 4.2.1.2.2b that higher SCA was 

recorded for crosses EV-1097 × Pop/209 (1.252), E-336 × Pop/209 (1.112), EV-1097 × E-

340 (1.730) and B-327 × EV-347 (1.798) while negative SCA was recorded for EV-1097 × 

EV-340 (-2.295), E-336 × EV-340 (-2.133) and B-11 × Pop/209 (-2.451). The higher SCA 

showed that the crosses have higher dominance effects. The selection of hybrids on the basis 

of fodder crude protein percentage will be helpful for the development of hybrids through 

heterosis breeding. Additive variance was recorded as 0.0149 but higher dominance variance 

was 5.910 for fodder crude protein percentage. The lower contribution of female was 

(28.354) and male (3.156) was recorded as compared to male × female interaction (68.489). 

Findings were found similar  to Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. 

(2001); Dubey et al. (2001); Khan et al. (2001); Desai and Singh (2001); Alvi et al. (2003); 

Rai et al. (2004); Vafias et al. (2005); Vafias and Ipilandis (2005); Welcker et al. (2005) and 

Grzesiak et al. (2007). 

4.2.1.2.2.12. Fodder moisture (%) 

It was shown from table 4.2.1.2.2b that higher and positive GCA effects were recorded for E-

322 (0.068) and B-316 (0.042) followed by B-327 (0.042) and Raka-poshi (0.054) while 

negative GCA effects were recorded for B-11 (-0.079) and EV-340 (-0.068). Higher GCA 

effects indicated additive type of gene action and the performance of the parents. Findings 

were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. (1995); Yung 

et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf and Saleem 

(2001); Mazur et al. (2001); Vafias and Ipilandis (2005) and Xiang et al. (2010). It was 
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indicated from table 4.2.1.2.2b that higher SCA was recorded for crosses B-11 × F-96 

(0.110), E-336 × Pop/209 (0.082), Sh-139 × Pop/209 (0.065) and B-11 × EV-347 (0.142) 

while negative SCA was recorded for E-336 × EV-347 (-0.200), B-11 × EV-340 (-0.095) and 

B-11 × Pop/209 (-0.165). The higher SCA showed that the crosses have higher dominance 

effects. The selection of hybrids on the basis of fodder moisture percentage will be helpful 

for the development of hybrids through heterosis breeding. Additive variance was recorded 

as 0.0004 but higher dominance variance was 0.031 for fodder moisture percentage. The 

lower contribution of female was (27.939) and male (12.398) was recorded as compared to 

male × female interaction (59.661). Findings were found similar  to Awan et al. (2001); 

Yousaf and Saleem (2001); Mazur et al. (2001); Khan et al. (2001); Alvi et al. (2003); Rai et 

al. (2004); Vafias et al. (2005); Vafias and Ipilandis (2005); Welcker et al. (2005) and 

Grzesiak et al. (2007). 

4.2.1.2.2.13. Fodder ether extractable fat (%) 

It was revealed from results given in table 4.2.1.2.2b that higher and positive GCA effects 

were recorded for F-96 (0.052) and B-316 (0.048) followed by EV-347 (0.042) and B-327 

(0.022) while negative GCA effects were recorded for Pop/209 (-0.039) and EV-340 (-

0.067). Higher GCA effects indicated additive type of gene action and the performance of the 

parents. Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et 

al. (1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); 

Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); 

Vafias and Ipilandis (2005) and Xiang et al. (2010). It was indicated from table 4.2.1.2.2b 

that higher SCA was recorded for crosses B-11 × E-322 (0.065), EV-1097 × Pop/209 

(0.090), B-327 × F-96 (0.162) and B-327 × EV-347 (0.149) while negative SCA was 

recorded for E-336 × B-316 (-0.115), E-336 × EV-340 (-0.115), B-11 × F-96 (-0.124) and B-

327 × Pop/209 (-0.121). The higher SCA showed that the crosses have higher dominance 

effects. The selection of hybrids on the basis of fodder ether extractable fat percentage will 

be helpful for the development of hybrids through heterosis breeding. Additive variance was 

recorded as 0.0002 but higher dominance variance was 0.021 for fodder ether extractable fat 

percentage. The lower contribution of female was (35.502) and male (2.264) was recorded as 

compared to male × female interaction (62.232). Findings were found similar  to Awan et al. 

(2001); Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Khan et al. 
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(2001); Akhtar (2002); Alvi et al. (2003); Rai et al. (2004); Vafias et al. (2005); Vafias and 

Ipilandis (2005); Welcker et al. (2005) and Grzesiak et al. (2007). 

4.2.1.2.2.14. Fodder nitrogen free extract (Carbohydrate %) 

It was suggested from table 4.2.1.2.2b that higher and positive GCA effects were recorded 

for Pop/209 (0.326) and E-322 (1.089) followed by EV-1097 (0.549) and E-336 (0.383) 

while negative GCA effects were recorded for Sh-139 (-0.680) and EV-340 (-1.374). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. 

(1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf 

and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Vafias and 

Ipilandis (2005) and Xiang et al. (2010). It was indicated from table 4.2.1.2.2b that higher 

SCA was recorded for crosses B-11 × Pop/209 (4.076), EV-1097 × EV-347 (3.013), E-336 × 

EV-340 (3.555) and B-327 × F-96 (2.872) while negative SCA was recorded for B-327 × B-

316 (-1.177), EV-1097 × EV-340 (-1.506), Raka-poshi × EV-347 (-1.898) and E-336 × 

Pop/209 (-2.797). The higher SCA showed that the crosses have higher dominance effects. 

The selection of hybrids on the basis of fodder nitrogen free extract percentage will be 

helpful for the development of hybrids through heterosis breeding. Additive variance was 

recorded as -0.070 but higher dominance variance was 12.793 for fodder nitrogen free extract 

percentage. The lower contribution of female was (19.457) and male (2.016) was recorded as 

compared to male × female interaction (78.526). Findings were found similar  to Awan et al. 

(2001); Yousaf and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Khan et al. 

(2001); Akhtar (2002); Desai and Singh (2001); Alvi et al. (2003); Rai et al. (2004); Vafias 

et al. (2005); Vafias and Ipilandis (2005); Welcker et al. (2005) and Grzesiak et al. (2007). 

4.2.1.2.2.15. Fodder ash (%) 

It was persuaded from table 4.2.1.2.2b that higher and positive GCA effects were recorded 

for Pop/209 (0.187) and EV-340 (0.534) followed by EV-1097 (0.129) and B-327 (0.491) 

while negative GCA effects were recorded for E-336 (-0.304) and EV-347 (-0.291). Higher 

GCA effects indicated additive type of gene action and the performance of the parents. 

Findings were found similar  to Li and Liu (1994); Bertolini et al. (1995); Hussain et al. 

(1995); Yung et al. (1996); Seo et al. (1998); Khalil et al. (2000); Awan et al. (2001); Yousaf 

and Saleem (2001); Mazur et al. (2001); Dubey et al. (2001); Rai et al. (2004); Vafias and 
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Ipilandis (2005) and Xiang et al. (2010). It was indicated from table 4.2.1.2.2b that higher 

SCA was recorded for crosses B-11 × E-322 (1.527), Raka-poshi × Pop/209 (0.822), E-336 × 

EV-347 (0.765) and E-336 × F-96 (1.077) while negative SCA was recorded for B-11 × F-96 

(-0.799), B-11 × EV-347 (-1.164), Raka-poshi × E-322 (-0.586) and E-336 × E-322 (-0.675). 

The higher SCA showed that the crosses have higher dominance effects. The selection of 

hybrids on the basis of fodder ash percentage will be helpful for the development of hybrids 

through heterosis breeding. Additive variance was recorded as -0.004 but higher dominance 

variance was 1.810 for fodder ash percentage. The lower contribution of female was (18.815) 

and male (6.999) was recorded as compared to male × female interaction (74.185). Findings 

were found similar  to Awan et al. (2001); Yousaf and Saleem (2001); Mazur et al. (2001); 

Dubey et al. (2001); Khan et al. (2001); Akhtar (2002); Desai and Singh (2001); Alvi et al. 

(2003); Rai et al. (2004); Vafias et al. (2005); Vafias and Ipilandis (2005); Welcker et al. 

(2005) and Grzesiak et al. (2007). 
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Table: 4.2.1.2.2. Combining ability analysis for various grain quality traits of maize   

Source of variation/ Traits Grain protein (%) Grain oil (%) Grain crude fibre (%)    Grain starch (%) Embryo (%) 
GCA      

Pop/209  0.014 -0.006 -0.023  0.614  0.051 
B-316   -0.007  0.054  0.132 -0.446  0.056 
EV-340   0.553 -0.084  0.026 -0.057 -0.032 
E-322    0.148 -0.034 -0.001  0.370  0.189 
F-96    -0.290  0.282 -0.117 -0.301 -0.049 
EV-347  -0.418 -0.212 -0.017 -0.179 -0.215 
B-11 -0.007  0.093 -0.050  0.225  0.084 
E-336 -0.051  0.087  0.126  0.259  0.051 
EV-1097  0.025 -0.134  0.010  0.164 -0.021 
B-327 -0.157  0.032  0.071 -0.062 -0.076 
Raka-poshi  0.120 -0.073 -0.101 -0.241 -0.121 
Sh-139  0.070 -0.006 -0.056 -0.346  0.084 

SCA      
B-11×Pop/209 -0.120 -0.149 -0.154  0.412 -0.334 
B-11×B-316 -0.075 -0.243 -0.165  1.412 -0.200 
B-11×EV-340  0.012 -0.487  0.050  0.474 -0.028 
B-11×E-322 -0.303  0.212  0.156 -0.231 -0.106 
B-11×F-96  0.185  0.317  0.128 -1.120 -0.028 
B-11×EV-347  0.301  0.350 -0.015 -0.948  0.699 
E-336×Pop/209  0.368  0.356  0.123 -0.325  0.293 
E-336×B-316  0.212  0.062  0.145 -0.292  0.160 
E-336×EV-340 -0.064  0.017  0.162  0.035 -0.134 
E-336×E-322 -0.114 -0.082  0.134  0.029 -0.145 
E-336×F-96 -0.292 -0.110 -0.126  0.074 -0.001 
E-336×EV-347 -0.109 -0.243 -0.437  0.479 -0.173 
EV-1097×Pop/209 -0.559 -0.271 -0.237 -0.781 -0.117 
EV-1097×B-316 -0.081 -0.232  0.050 -0.581 -0.050 
EV-1097×EV-340  0.007  0.089 -0.032 -0.287 -0.112 
EV-1097×E-322 -0.009 -0.010 -0.093  0.374  0.076 
EV-1097×F-96  0.246  0.095  0.245  0.651  0.187 
EV-1097×EV-347  0.396  0.328  0.067  0.624  0.015 
B-327×Pop/209  0.446  0.278 -0.010 -0.109 -0.039 
B-327×B-316 -0.042  0.317 -0.054 -0.309  0.126 
B-327×EV-340  0.179 -0.026 -0.037 -0.081 -0.001 
B-327×E-322  0.029 -0.126  0.034  0.146 -0.012 
B-327×F-96 -0.181 -0.121 -0.193  0.390 -0.001 
B-327×EV-347 -0.431 -0.321  0.262 -0.037 -0.073 
Raka-poshi×Pop/209 -0.281 -0.071  0.173  0.496  0.165 
Raka-poshi×B-316 -0.003  0.100 -0.037 -0.037 -0.034 
Raka-poshi×EV-340  0.018  0.289 -0.187 -0.009  0.071 
Raka-poshi×E-322  0.368 -0.043 -0.215 -0.348 -0.073 
Raka-poshi×F-96 -0.009  0.028  0.123 -0.003 -0.095 
Raka-poshi×EV-347 -0.092 -0.304  0.145 -0.098 -0.034 
Sh-139×Pop/209  0.146 -0.143  0.106  0.307  0.032 
Sh-139×B-316 -0.009 -0.004  0.062 -0.192 -0.001 
Sh-139×EV-340 -0.153  0.117  0.045 -0.131  0.204 
Sh-139×E-322  0.029  0.050 -0.015  0.029  0.260 
Sh-139×F-96  0.051 -0.210 -0.176  0.007 -0.062 
Sh-139×EV-347 -0.064  0.189 -0.021 -0.020 -0.434 
Additive variance 0.0193 0.0013 -0.0007 0.0156 0.0009 
Dominance Variance 0.2905 0.2758 0.1417 1.3599 0.1704 
Contribution of males 62.846 29.804 15.814 33.997 26.757 
Contribution of Females  2.588  3.742  6.552  5.835  6.291 
Contribution of M×F 34.564 66.453 77.633 60.167 66.951 
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Table: 4.2.1.2.2a. Combining ability analysis for various fodder quality traits of maize   

Source of variation/ Traits Acid detergent 
fibre (%) 

Neutral detergent 
fibre (%) 

Cellulose (%)    Dry matter (%) Crude fibre 
(%) 

GCA       
Pop/209  0.557 -1.361 -1.919 -0.476 -1.018 
B-316    1.196 -0.805 -2.002  0.384 -0.871 
EV-340  -0.359  4.105  4.469  0.817  1.153 
E-322   -0.853 -4.288 -3.436 -0.426 -0.088 
F-96    -1.353 -0.350  1.002 -0.215 -0.322 
EV-347   0.812  2.700  1.886 -0.082  1.147 
B-11 -0.648 -1.577 -0.930  0.323  0.128 
E-336  0.507  1.116  0.608 -0.187 -0.447 
EV-1097  0.351  2.088  1.736 -0.282 -0.341 
B-327 -0.270 -1.194 -0.919  0.078  0.077 
Raka-poshi -0.348 -0.516 -0.169 -0.004  0.263 
Sh-139  0.407  0.083 -0.325  0.073  0.318 

SCA      
B-11×Pop/209 -0.446  0.200  0.647  0.399 -1.413 
B-11×B-316 -0.401 -0.827 -0.425  0.210 -0.763 
B-11×EV-340  1.387 -0.533 -1.919  0.471 -0.003 
B-11×E-322 -0.324  0.350  0.669 -0.056 -0.349 
B-11×F-96 -0.579 -0.194  0.386 -0.373  1.194 
B-11×EV-347  0.364  1.005  0.641 -0.650  1.336 
E-336×Pop/209  0.914  2.344  1.430 -0.762  1.949 
E-336×B-316  0.159  2.083  1.925 -0.050 -0.537 
E-336×EV-340 -2.218 -4.188 -1.969 -0.489 -1.163 
E-336×E-322 -1.362  0.194  1.552  0.149 -0.223 
E-336×F-96  0.748 -0.516 -1.263  0.799 -0.176 
E-336×EV-347  1.759  0.083 -1.675  0.354  0.152 
EV-1097×Pop/209 -0.896 -1.900 -1.008  0.137 -0.542 
EV-1097×B-316 -0.785 -3.327 -2.547 -0.150 -0.026 
EV-1097×EV-340  0.137 -1.001 -1.141 -0.289 -0.129 
EV-1097×E-322  0.359  4.316  3.980  0.115  0.424 
EV-1097×F-96  1.603  2.738  1.130  0.132  0.304 
EV-1097×EV-347 -0.418 -0.827 -0.413  0.054 -0.030 
B-327×Pop/209  0.264  2.527  2.263  0.415  0.582 
B-327×B-316  0.742  2.566  1.825  0.526  1.212 
B-327×EV-340 -0.101  6.227  6.330  0.321  1.019 
B-327×E-322  1.287 -6.055 -7.347 -0.073  0.219 
B-327×F-96 -0.901 -3.233 -2.330 -0.623 -1.436 
B-327×EV-347 -1.290 -2.033 -0.741 -0.567 -1.597 
Raka-poshi×Pop/209 -0.368 -4.677 -4.308 -1.028 -0.536 
Raka-poshi×B-316  0.142 -0.338 -0.480 -0.884  0.283 
Raka-poshi×EV-340  0.831  0.255 -0.575  0.110  0.400 
Raka-poshi×E-322  0.920  2.872  1.947  0.049 -0.005 
Raka-poshi×F-96 -1.068  0.661  1.730  0.665  0.074 
Raka-poshi×EV-347 -0.457  1.227  1.686  1.087 -0.216 
Sh-139×Pop/209  0.531  1.505  0.975  0.837 -0.039 
Sh-139×B-316  0.142 -0.155 -0.297  0.349 -0.166 
Sh-139×EV-340 -0.035 -0.761 -0.725 -0.123 -0.122 
Sh-139×E-322 -0.879 -1.677 -0.802 -0.184 -0.065 
Sh-139×F-96  0.198  0.544  0.347 -0.600  0.038 
Sh-139×EV-347  0.042  0.544  0.502 -0.278 0.356 
Additive variance 0.1376 1.3203 1.3024 0.0303 0.1347 
Dominance Variance 4.8058 39.1273 32.6031 1.2867 3.4419 
Contribution of males 47.063 49.838 54.676 42.909 53.901 
Contribution of Females  4.217  4.749  2.769  3.789  3.119 
Contribution of M×F 48.719 45.411 42.555 53.301 42.979 
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Table: 4.2.1.2.2b. Combining ability analysis for various fodder quality traits of maize   

Source of variation/ Traits Crude protein (%) Moisture (%) Ether extractable fat 
(%) 

   Nitrogen free extract 
(Carbohydrate %) 

Ash (%) 

GCA       
Pop/209  0.688 -0.066 -0.039  0.326  0.187 
B-316    0.991  0.042  0.048  0.030 -0.165 
EV-340  -0.102 -0.068 -0.067 -1.374  0.534 
E-322   -0.915  0.060 -0.036  1.089 -0.031 
F-96    -0.183 -0.003  0.052  0.324 -0.234 
EV-347  -0.478  0.035  0.042 -0.395 -0.291 
B-11  0.359 -0.079  0.006 -0.163 -0.174 
E-336  0.492 -0.047  0.001  0.383 -0.304 
EV-1097 -0.261  0.007 -0.005  0.549  0.129 
B-327 -0.198  0.042  0.022 -0.357  0.491 
Raka-poshi -0.296  0.054 -0.023  0.269 -0.208 
Sh-139 -0.096  0.022 -0.001 -0.680  0.066 

SCA      
B-11×Pop/209 -2.451 -0.165 -0.001  4.076 -0.123 
B-11×B-316  0.402 -0.071  0.001  0.428 -0.076 
B-11×EV-340  0.652 -0.095  0.063 -1.327  0.636 
B-11×E-322  0.157  0.079  0.065 -1.553  1.527 
B-11×F-96  1.044  0.110 -0.124 -1.487 -0.799 
B-11×EV-347  0.194  0.142 -0.004 -0.137 -1.164 
E-336×Pop/209  1.112  0.082  0.030 -2.797 -0.453 
E-336×B-316 -0.477 -0.010  0.015  1.238 -0.302 
E-336×EV-340 -2.133  0.051  0.022  3.555 -0.410 
E-336×E-322  0.937  0.033 -0.029 -0.120 -0.675 
E-336×F-96  0.164  0.044 -0.006 -1.164  1.077 
E-336×EV-347  0.397 -0.200 -0.032 -0.711  0.765 
EV-1097×Pop/209  1.252 -0.042  0.090 -0.843  0.009 
EV-1097×B-316  0.759  0.040  0.038 -1.093  0.207 
EV-1097×EV-340  1.730 -0.001 -0.031 -1.506 -0.137 
EV-1097×E-322 -0.955 -0.048 -0.032  0.723 -0.188 
EV-1097×F-96 -0.491 -0.007  0.023 -0.293  0.403 
EV-1097×EV-347 -2.295  0.058 -0.089  3.013 -0.294 
B-327×Pop/209 -0.043  0.038 -0.121 -0.343 -0.187 
B-327×B-316  0.259  0.012 -0.115 -1.177 -0.270 
B-327×EV-340 -0.520  0.040 -0.115 -0.857  0.352 
B-327×E-322 -0.285 -0.017  0.039 -0.053  0.020 
B-327×F-96 -1.208 -0.059  0.162  2.872 -0.386 
B-327×EV-347  1.798 -0.014  0.149 -0.440  0.471 
Raka-poshi×Pop/209 -0.776  0.022  0.016  0.821  0.822 
Raka-poshi×B-316 -0.836 -0.007  0.011  0.587  0.332 
Raka-poshi×EV-340  0.057  0.011  0.018  0.117 -0.241 
Raka-poshi×E-322  0.068 -0.026 -0.016  0.931 -0.586 
Raka-poshi×F-96  0.899 -0.022  0.006 -0.558 -0.017 
Raka-poshi×EV-347  0.586  0.023 -0.036 -1.898 -0.308 
Sh-139×Pop/209  0.906  0.065 -0.013 -0.912 -0.067 
Sh-139×B-316 -0.107  0.036  0.048  0.017  0.109 
Sh-139×EV-340  0.213 -0.007  0.041  0.017 -0.198 
Sh-139×E-322  0.077 -0.019 -0.026  0.071 -0.096 
Sh-139×F-96 -0.408 -0.065 -0.063  0.631 -0.277 
Sh-139×EV-347 -0.681 -0.009  0.013  0.174  0.531 
Additive variance 0.0149 0.0004 0.0002 -0.0704 -0.0040 
Dominance Variance 5.9108 0.0318 0.0217 12.7939 1.8109 
Contribution of males 28.354 27.939 35.502 19.457 18.815 
Contribution of Females  3.156 12.398  2.264  2.016  6.999 
Contribution of M×F 68.489 59.661 62.232 78.526 74.185 
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Chapter 5 
Summary 

-------------------------------------------------------------------------------------------------- 

The present study was carried out in the experimental area of the Department of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad Pakistan to evaluate the maize 

accessions for grain, fodder yield and quality traits. The germplasm of maize was collected 

from the Department of Plant Breeding and Genetics, University of Agriculture Faisalabad, 

Maize and Millet Research Institute, Sahiwal and National Agriculture Research Centre, 

Islamabad. The germplasm was consisted of 80 accessions including ten check varieties. 

These accessions were grown in the field for screening of the genotypes. The genotypes were 

selected on the basis of better performance and higher genotypic correlation, heritability and 

genetic advance of cob length, cob diameter, grain rows per cob, 100-seed weight, grain yield 

per plant, green fodder yield, photosynthetic rate, chlorophyll contents, Photosynthetic water 

use efficiency and were crossed following North Carolina mating design II.  

The parents and F1 hybrids were grown in the experimental area for their grain, 

fodder yield and quality traits evaluation. Significant differences and higher heritability 

estimates were found for all traits. Genetic advance was found higher for plant height, leaf 

weight, stem weight, leaf/stem weight ratio, green fodder yield, leaf length, leaf area, 

photosynthetic rate, stomata conductance, transpiration rate, sub-stomata CO2 concentration, 

photosynthetic water use efficiency, cobs per plant, cob weight, stover weight and total dry 

matter while moderate genetic advance for fodder cellulose percentage, fodder crude protein 

percentage and ash percentage. High heritability and genetic advance indicated that selection 

may be useful to improve grain, fodder yield and quality traits. Genotypic and phenotypic 

correlations were found high among chlorophyll contents, leaves per plant, plant height, leaf 

weight stem weight, green fodder yield, leaf area and transpiration rate. From grain yield, 

high genotypic and phenotypic correlations were found among cob weight, grain rows per 

cob, grain yield per plant, chlorophyll contents and cob diameter. In case of grain and fodder 

quality traits higher genotypic and phenotypic correlations were found among grain oil 

percentage, embryo percentage, neutral detergent fibre percentage, fodder crude protein 

percentage and fodder moisture percentage. Highly significant correlations indicated that 
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selection on the basis of these traits may be helpful to improve grain, fodder yield and 

quality. 

Male additive effects were found higher for plant height, stem weight, green fodder 

yield, chlorophyll contents, Photosynthetic water use efficiency, sub-stomata CO2 

concentration, photosynthetic rate, cob weight, grain yield per plant, total dry matter, acid 

detergent fibre percentage, neutral detergent fibre percentage and fodder ash percentage. 

Female additive effects, male × female interaction and cumulative additive effects were also 

found higher for plant height, stem weight, green fodder yield, leaf weight, leaf length, leaf 

area, chlorophyll contents, sub-stomata CO2 concentration, transpiration rate, cob weight, 

stover weight, grain yield per plant, fodder crude fibre percentage, fodder crude protein 

percentage, nitrogen free extract percentage, acid detergent fibre percentage, neutral 

detergent fibre percentage and fodder cellulose percentage. Dominance and degree of 

dominance was also found higher for leaf area, leaf temperature, leaf length, stem weight, 

green fodder yield, chlorophyll contents, photosynthetic rate, cob weight, 100-seed weight, 

grain yield per plant, fodder nitrogen free extract percentage, fodder crude fibr and protein 

percentage, fodder ash percentage, grain starch percentage, acid detergent fibre percentage, 

neutral detergent fibre percentage and fodder cellulose percentage. These additive effects 

indicated that selection may be helpful to develop synthetics with higher grain, fodder yield 

and quality parameters while higher dominance and degree of dominance indicated that 

heterosis breeding should be proceeded to improve grain, fodder yield and quality. 

It was found that higher vales of general combining ability was found for EV-347, E-

336, F-96, EV-340, Sh-139, B-327, Raka-poshi and EV-1097 for grain, fodder yield and 

quality traits. The higher specific combining ability was found for E-336 × F-96, Raka-poshi 

× EV-347, E-336 × Pop/209, E-336 × EV-340 and B-327 × EV-347 for leaves per plant 

while E-336 × B-316, E-336 × Pop/209, Sh-139 × E-322 and B-327 × EV-347 for plant 

height. Higher SCA was found for E-336 × EV-340, B-327 × E-322, Raka-poshi × EV-340 

and EV-1097× EV-347 for stem diameter while E-336 × B-316, B-327 × B-316, Sh-139 × E-

322 and Sh-139 × F-96 for leaf weight. Higher SCA was found for E-336 × Pop/209, E-336 

× B-316, Sh-139 × EV-340 and Sh-139 × E-322 for stem weight while E-336 × Pop/209, E-

336 × B-316, Sh-139 × E-322 and Sh-139 × F-96 for green fodder yield. Higher SCA was 

found for B-11 × EV-347, E-336 × E-322, EV-1097 × B-316 and Sh-139 × EV-347 for 



 

200 
 

leaf/stem weight ratio while B-11 × B-316, E-336 × EV-340, Sh-139 × Pop/209 and Sh-139 

× EV-347 for leaf length. Higher SCA was found for EV-1097× F-96, E-336 × EV-347, 

Raka-poshi × E-322 and Sh-139 × EV-340 for leaf width while B-11 × B-316, E-336 × EV-

347, Raka-poshi × E-322 and Sh-139 × EV-340 for leaf area. Higher SCA was found for B-

11 × Pop/209, B-11 × EV-347, E-336 × Pop/209 and E-336 × E-322 for chlorophyll contents, 

B-11 × EV-340, Sh-139 × EV-340, EV-1097× B-316 and E-336 × E-322 for leaf 

temperature, Sh-139 × Pop/209, EV-1097× EV-340, EV-1097× B-316 and Sh-139 × EV-347 

for photosynthetic rate, E-336 × F-96, E-336 × EV-340, EV-1097× E-322 and Sh-139 × B-

316 for stomata conductance, Sh-139 × Pop/209, E-336 × EV-340, EV-1097× E-322 and Sh-

139 × B-316 for transpiration rate, B-11 × EV-347, E-336 × F-96, B-327 × EV-347 and Sh-

139 × Pop/209 for sub-stomata CO2 concentration and E-336 × EV-340, EV-1097× Pop/209, 

B-327 × F-96, Raka-poshi × EV-347 and Sh-139 × B-316 for photosynthetic water use 

efficiency. Higher SCA of grain yield was found for E-336 × Pop/209, E-336 × EV-340 and 

Sh-139 × B-316 for cobs per plant, E-336 × Pop/209, B-11 × B-316 and Sh-139 × F-96 for 

grain rows per cob, E-336 × EV-340, B-11 × F-96 and Raka-poshi × F-96 for cob length, B-

11 × EV-347, E-336 × B-316 and Sh-139 × Pop/209 for cob diameter, E-336 × EV-340, B-

327 × B-316 and Raka-poshi × F-96 for cob weight, B-327 × E-322, Sh-139 × EV-340 and 

Raka-poshi × F-96 for 100-seed weight, B-11 × Pop/209, E-336 × EV-340 and B-327 × B-

316 for stover weight, Raka-poshi × Pop/209, E-336 × EV-340 and Raka-poshi × B-316 for 

grain yield per plant, B-11 × E-322, EV-1097× B-316 and Sh-139 × EV-347 for total dry 

matter.  

Higher SCA of grain and fodder quality was found for E-336 × Pop/209, EV-1097× 

EV-340, B-327 × Pop/209 and Raka-poshi × E-322 for grain protein percentage, B-11 × F-

96, B-11 × EV-347, B-11 × Pop/209 and EV-1097× EV-347 for grain oil percentage, EV-

1097× F-96, E-336 × EV-340, Raka-poshi × Pop/209 and B-327 × EV-347 for grain crude 

fibre percentage, B-11 × B-316, EV-1097× F-96, EV-1097× EV-347 and Raka-poshi × 

Pop/209 for grain starch percentage, B-11 × EV-347, Sh-139 × E-322, Sh-139 × EV-340 and 

E-336 × Pop/209 for embryo percentage, B-11 × EV-340, EV-1097× F-96, B-327 × E-322 

and E-336 × EV-347 for acid detergent fibre percentage, B-327 × B-316, EV-1097× E-322, 

B-327 × E-340 and Raka-poshi × E-322 for neutral detergent fibre percentage, E-336 × B-

316, EV-1097× E-322, B-327 × E-340 and Raka-poshi × E-322 for fodder crude fibre 
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percentage, E-336 × F-96, Raka-poshi × F-96, Raka-poshi × E-340 and Sh-139 × Pop/209 for 

fodder dry matter percentage, B-11 × F-96, E-336 × Pop/209, B-11 × E-347 and B-327 × B-

316 for fodder crude fibre percentage, EV-1097× Pop/209, E-336 × Pop/209, EV-1097× E-

340 and B-327 × EV-347 for fodde crude protein percentage, B-11 × F-96, E-336 × Pop/209, 

Sh-139 × Pop/209 and B-11 × EV-347 for fodder moisture percentage, B-11 × E-322, EV-

1097 × Pop/209, B-327 × F-96 and B-327 × EV-347 for ether extractable fat percentage, B-

11 × Pop/209, EV-1097× EV-347, E-336 × EV-340 and B-327 × F-96 fro nitrogen free 

extract percentage and B-11 × E-322, Raka-poshi × Pop/209, E-336 × EV-347 and E-336 × 

F-96 for fodder as percentage. Higher SCA indicated that all of the respective F1 hybrids may 

be used for their respective traits to improve grain, fodder yield and quality traits. 

It was concluded from present study that by selecting the genotypes on the basis of 

their better performance for cob length, cob diameter, grain rows per cob, 100-seed weight, 

grain yield per plant, green fodder yield, photosynthetic rate, chlorophyll contents, 

Photosynthetic water use efficiency and leaf temperature at maturity for grain and green 

fodder yield while fodder cellulose percentage, fodder crude protein percentage, ash 

percentage, grain oil percentage, embryo percentage, neutral detergent fibre percentage and 

fodder moisture percentage as quality may be improved by improving morphological, 

physiological, grain yield, fodder yield and quality traits of maize genotypes. The inbred 

lines B-316, F-96, B-11, Sh-139 and EV-340, Pop/209, E-322, E-336 and EV1097Q showed 

higher GCA for most grain, fodder and quality traits which indicated that these lines may be 

used for the development of synthetic varieties. The F1 hybrids B-11 × E-322, EV-1097 × 

Pop/209, B-327 × F-96, E-336 × B-316, EV-1097 × E-322, B-327 × E-340, Sh-139 × 

Pop/209, EV-1097 × EV-340, EV-1097 × B-316, Raka-poshi × Pop/209, E-336 × EV-347, 

E-336 × Pop/209, EV-1097 ×  Pop/209, B-316 ×  E-340, Raka-poshi ×  F-96, B-327 ×  

Pop/209 showed higher SCA for most of grain, fodder and quality traits which indicated that 

these lines may be used for the development of hybrids and heterosis breeding programe.  
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Appendices 
Appendix: 4.2.1.3. Statistical significance of parents and F1 hybrids of maize for various 

morphological and physiological traits  

Genotypes 
Chlorophyll 
contents (mg 
g-1 fr. wt.) 

leaves per plant Plant height 
(cm) 

Stem 
diameter 
(cm) 

Leaf weight 
(g) 

Stem weight 
(g) 

Pop/209   52.90 DE            10.89 IJKLMN   179.2 EFGHIJK 0.821KLMNO  99.08MN       341.9 P    

B-316     43.97 MNOP     10.89 IJKLMN   180.0 EFGHIJ  0.949FG        102.5KLMN   371.5 MN 

EV-340    46.93 JK            11.89 BCD       170.3 KLMNO  0.648U       75.83 QR        237.9 WX 
E-322     37.77 ST      9.780  QR       85.99   W     0.614V      70.93 R         198.9 Y    
F-96      44.77 LMN        11.44 DEFGHI   206.8  AB         0.765QR        131.7 C           425.2 JK  
EV-347    57.77 A              10.56 LMNOP     198.7  BC         0.836KLM      117.0EFG       596.6 A    
B-11   54.90 B               11.14 GHIJKL   142.2  S         0.908HI        132.3 C           374.2 MN 
E-336   44.77 LMN        11.62 CDEFG     195.0 CD          1.003 C        167.9 A           553.1 B    
EV-1097Q   47.53 IJK           11.82 BCDE      195.3 CD          1.079 B        130.8 C           505.4 E    
B-327   48.83 HI             9.500  RS       131.1 T        0.953EFG       109.7HIJ        520.9 D    
Raka-poshi   57.87 A              11.48CDEFGH    211.1 A             0.746 RS        105.8IJKL      356.3 O    
Sh-139   53.87 BCD         9.140   S       121.0 U       0.837KLM       81.91  PQ       202.4 Y    
B-11×Pop/209   51.97 EF            10.00 PQR       169.2 LMNO     0.786OPQ       101.8KLMN  341.7 P    
B-11×B-316   48.83 HI             11.14 GHIJKL   181.4 EFGHI    0.573 W      55.81 ST       231.6 X    
B-11×EV-340   41.27 R        10.56 LMNOP     198.3  C            0.705 T         81.97 PQ        287.1 RS  
B-11×E-322   42.13 PQR        10.18 OPQ       139.3 ST        0.797NOPQ     61.63 S        249.0 VW 
B-11×F-96   41.83 QR        11.33 EFGHIJ   171.5 JKLMN   0.851JK         110.1 HIJ       365.3 NO  
B-11×EV-347   54.83 B               10.40 MNOP      133.6 T        0.855 JK        121.0DE         325.1 Q    
E-336×Pop/209   48.90 HI             10.82 IJKLMN    151.8  R          0.821KLMNO  109.7HIJ        333.9 PQ  
E-336×B-316   44.07 MNO        10.74 KLMNO    150.4  R          0.793 NOPQ    106.5HIJK     248.6 VW 
E-336×EV-340   42.77 OPQR      12.00  BC       112.3 V      0.942 FG        104.3JKLM   253.2 UV  
E-336×E-322   48.60 HIJ           10.74 KLMNO    105.1 V      0.712ST         105.6IJKLM  138.3 [    

E-336×F-96   38.57 S       10.33 NOPQ      86.64 W     0.643 UV       46.97  U      119.0 \    

E-336×EV-347   36.87 ST      8.330  T        36.64 X    0.548 W      36.71  V     253.7 UV  
EV-1097Q×Pop/209   36.40 T      10.67 KLMNO     184.6 EFG         0.792 NOPQ    124.3  D         432.2 J    
EV-1097Q×B-316   54.73 BC            11.33 EFGHIJ   184.5 EFG         0.843 KL        111.3 GHI      166.0 Z    
EV-1097Q×EV-340   49.65 GH           11.67 CDEF      198.0  C            0.824 KLMN    139.0  B         457.5 HI   
EV-1097Q×E-322   48.49 HIJ           11.00 GHIJKLM  175.5 GHIJKL  0.792 NOPQ    101.8 KLMN 336.1 PQ  
EV-1097Q×F-96   53.01 CDE         10.89 HIJKLMN   180.5 EFGHIJ  0.928 GH        118.1 EF        372.1 MN 
EV-1097Q×EV-347   53.91 BCD         11.31 EFGHIJK  194.6 CD          1.051 B         132.3 C          536.0 C    
B-327×Pop/209   43.44 NOPQ      10.44  MNOP     170.1 KLMNO  0.967DEF       99.96 KLMN 396.9 L    
B-327×B-316   51.03 FG            12.33 AB        172.7 IJKLMN  0.991CD         117.9 EF        378.3 MN 
B-327×EV-340   46.40 KL            11.89 BCD       184.3  EFG        0.819KLMNO  77.03 QR       291.7 RS  
B-327×E-322   44.17 MNO        10.89 HIJKLMN   162.0 OPQ        1.216A          99.28 LMN    385.4 LM  

B-327×F-96   47.17 IJK           11.33 DEFGHIJ   166.2 MNOP     0.805MNOP     80.71 PQ        340.4 P    

B-327×EV-347   46.40 KL            11.89 BCD       201.9 BC          0.985CDE       102.7 KLMN 468.1 GH  
Raka-poshi×Pop/209   36.83 ST      11.11 FGHIJKL   165.2 NOP        0.779PQR       76.92 QR       232.4 X    
Raka-poshi×B-316   51.97 EF            11.11 FGHIJKL   185.0 EF           0.836KLM       81.61 PQ        300.9 R    
Raka-poshi×EV-340   43.77 NOP         11.33 DEFGHIJ   182.2 EFGH      0.987CDE       117.9 EF        446.4 I    
Raka-poshi×E-322   41.57 QR        12.00  BC       153.4 R          0.906HI         91.75 O          278.1 ST  
Raka-poshi×F-96   50.78 FG            11.18 FGHIJKL  187.1 DE          0.961DEFG     112.7 FGH     417.1 K    
Raka-poshi×EV-347   42.27 OPQR      12.00  BC       156.0 QR          0.761 QR        85.16  P          265.8 TU  

Sh-139×Pop/209   36.14 T      11.33 DEFGHIJ   137.6 ST        0.728 ST        51.65 TU      170.9 Z    

Sh-139×B-316   41.78 QR        12.67 A         132.3 T        0.718ST         57.95 S        172.3 Z    
Sh-139×EV-340   32.46 U     11.33 DEFGHIJ   176.7FGHIJKL 0.714 ST        97.13 NO       550.8 B    

Sh-139×E-322   42.90 OPQR      11.67 CDEF      177.9EFGHIJKL 0.854JK         135.1 BC        475.1 FG  

Sh-139×F-96   45.78 KLM        11.44 CDEFGHI   174.3HIJKLM   0.814LMNOP  136.5 BC        487.2 F    

Sh-139×EV-347   41.26 R        11.67 CDEF      158.2 PQR      0.884 IJ         132.8 C          432.4 J    
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Appendix: 4.2.1.3a. Statistical significance of parents and F1 hybrids of maize for 
various morphological and physiological traits  

Genotypes 
Green fodder 
yield (g) 

Leaf –to-stem 
weight ratio 

Leaf length 
(cm) 

Leaf width 
(cm) 

Leaf area 

(cm2) 
Leaf temperature  
(°C) 

Pop/209  441.0 N   0.290KLMNOP 73.87IJKL   9.140 JK   674.9K   49.53AB     

B-316    474.0 KL  0.276OPQR   70.87 OP    8.950 KL   634.0MN  48.80DEFGHI 

EV-340   313.7 R   0.319GHIJ   63.07 ST    7.840 T    494.4X   49.57AB     
E-322    269.8 T   0.357EF     66.00 R     7.990 ST   527.3VW  48.40GHIJK  
F-96     556.9 G   0.310HIJKL  72.07 NO    10.20 C    735.1DEF 48.63EFGHIJ 
EV-347   713.6 A   0.196YZ     64.10 S     8.530 OPQ  547.0U   47.63MNOP   
B-11  506.5 I   0.354EF     79.77 C     9.420 FGHI 751.4D   49.20ABCDEF 
E-336  720.9 A   0.304JKLMN  76.80 EFG   11.18 A    858.9A   48.70EFGHI  
EV-1097Q  637.8 CD  0.259RSTUV  77.90  DE   9.470 FGH  738.0DEF 48.27HIJKL  
B-327  629.0 D   0.297JKLMNO 73.00KLMN   9.710 DE   708.6HI  47.63 MNOP  
Raka-poshi  462.1 LM  0.405 D     78.00 DE    10.25 C    799.8B   48.67EFGHI  
Sh-139  284.4 ST  0.298JKLMNO 78.73CD     7.850  T   618.3NOP 48.63EFGHIJ 
B-11×Pop/209  443.5 N   0.241  UV   62.10TU     9.330 GHIJ 579.2ST  48.33GHIJKL 
B-11×B-316  287.5 ST  0.285 MNOPQ 88.70 A     8.330 QR   739.2DEF 48.00JKLMN  
B-11×EV-340  369.1 PQ  0.248  STUV 71.87 NO    9.480 FGH  681.5K   48.77DEFGHI 
B-11×E-322  310.6 R   0.301 JKLMN 72.60 LMN   8.320 QR   604.3PQR 47.87 KLMNO 
B-11×F-96  475.4 KL  0.372   E   73.70 IJKLM 9.890 D    728.9 FG 47.70 LMNOP 
B-11×EV-347  446.2 MN  0.328  GHI  75.77   GH  9.460 FGH  716.5GHI 47.60 MNOP  
E-336×Pop/209  443.6 N   0.428  C    61.63   U   9.230 IJ   569.1T   48.57 FGHIJ 
E-336×B-316  355.1 Q   0.412  CD   61.07  U    8.550 OP   522.1VW  47.47  NOP  
E-336×EV-340  357.5 Q   0.764 A     74.07 IJK   7.190  V   532.8UV  47.13   P   
E-336×E-322  243.9 U   0.395 D     61.07 U     8.450 PQ   516.0VW  49.43 ABC   

E-336×F-96  166.0 W   0.145 [    58.80  V    6.250 W    367.3Y   47.27  OP   

E-336×EV-347  290.5 S   0.287LMNOPQ 60.93  U    10.26 C    624.9NO  47.60 MNOP  
EV-1097Q×Pop/209  556.5 G   0.670 B     74.97 HI    10.26 C    769.2 C  48.77DEFGHI 
EV-1097Q×B-316  277.3 ST  0.304JKLMN  74.30 IJK   9.130 JK   678.3 K  49.53 AB    
EV-1097Q×EV-340  596.5 F   0.303JKLMN  76.90 EFG   9.430 FGHI 724.9FGH 48.20 IJKLM 
EV-1097Q×E-322  437.8 NO  0.317 GHIJ  70.33  P    8.660  NO  609.3OPQ 48.17 IJKLM 
EV-1097Q×F-96  490.2 IJK 0.247TUV    75.73  GH   10.63  B   805.3 B  48.33GHIJKL 
EV-1097Q×EV-347  668.3  B  0.252STUV   76.07  FGH  9.630  EF  732.8EFG 48.63EFGHIJ 
B-327×Pop/209  496.9 IJ  0.312 HIJK  72.07  NO   9.520  EFG 685.8K   48.63EFGHIJ 
B-327×B-316  462.9 LM  0.264QRSTU  72.73 LMN   9.330 GHIJ 678.8K   47.70 LMNOP 
B-327×EV-340  368.7 PQ  0.258RSTUV  71.73 NO    9.500 FGH  681.6K   48.20 IJKLM 
B-327×E-322  484.6 JK  0.237 VW    79.07 CD    9.370 GHI  740.6DEF 48.87CDEFGH 

B-327×F-96  421.1  O  0.219 WX    74.33 IJ    9.280 HIJ  690.1JK  48.20IJKLM  

B-327×EV-347  570.8  G  0.331 GH    68.73 Q     8.820 LMN  606.5PQ  48.40GHIJK  
Raka-poshi×Pop/209  309.4  R  0.271PQRS   61.07 U     8.420 PQ   514.0W   49.53 AB    
Raka-poshi×B-316  382.5 P   0.264QRSTU  67.83 Q     8.840 LMN  599.4QR  48.40GHIJK  
Raka-poshi×EV-340  564.3 G   0.330 GHI   61.80 U     8.380 PQ   518.0VW  48.20IJKLM  
Raka-poshi×E-322  369.9 PQ  0.270PQRST  69.97 P     10.33 C    722.9FGH 48.97BCDEFG 
Raka-poshi×F-96  529.8 H   0.320GHIJ   72.50 MN    8.870 LM   642.8LM  48.77DEFGHI 
Raka-poshi×EV-347  350.9 Q   0.303JKLMN  65.83 R     7.500 U    493.8X   48.50GHIJK  

Sh-139×Pop/209  222.2 V   0.336 FG    77.17 EF    7.630 U    589.1RS  48.20IJKLM  

Sh-139×B-316  230.3 UV  0.176 Z     61.67 U     8.330 QR   513.8W   47.50 NOP   
Sh-139×EV-340  647.9 C   0.284MNOPQ  72.40 MN    10.33 C    748.1DE  49.60 A     

Sh-139×E-322  610.2 EF  0.280NOPQR  73.63 JKLM  8.160 RS   600.9QR  49.37ABCD   

Sh-139×F-96  623.7 DE  0.307IJKLM  70.23 P     9.330 GHIJ 655.4L   49.23ABCDE  

Sh-139×EV-347  565.2 G   0.290KLMNOP 81.17 B     8.670 MNO  703.5IJ  48.20 IJKLM 
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Appendix: 4.2.1.3b. Statistical significance of parents and F1 hybrids of maize for 
various physiological and grain yielding traits  

Genotypes 

Photosynthe
tic rate (μg 
CO2 s−1) 

Stomata 
conductance 
(mmol m-2 s-1)

Transpiration    
rate (mm day-1)

Sub-stomata 
CO2 
concentration 
(μmol mol−1 
CO2) 

Photosynthe
tic water use 
efficiency 
(%) 

cobs per 
plant 

grain rows 
per cob 

Pop/209 9.060 T   0.070 Z[\ 5.990XY  90.00RS  66.13JK    2.200EF   14.53H    

B-316   8.420 T   0.080 Z   6.350W   137.7 J  75.50 I    3.533 A   9.100S    

EV-340  11.84 S   0.060 \]  5.870XY  49.00 Y  49.55MNO   2.233 E   14.33H    
E-322   20.29 LM  0.160NOPQ 9.820MN  126.3 K  48.40MNOPQ 2.100 F   12.37P    
F-96    9.040 T   0.153PQRS 9.310 O  254.0 B  102.9 G    1.800 G   12.70 O   
EV-347  29.80CDE  0.283  D  12.32C   121.0 KL 41.33OPQRS 1.533IJ   13.20KLMN 
B-11 6.100 VW  0.120VWX  7.170UV  202.0 E  117.9  F   2.200EF   17.37  B  
E-336 21.23 L   0.153PQRS 8.920PQ  78.00 T  42.03 OPQR 2.567B    14.27 HI  
EV-1097Q 30.82 BC  0.190 KL  10.36 L  65.33 UV 33.62  STU 2.333CD   15.33 F   
B-327 32.21 AB  0.220 HI  11.93DEF 75.33  T 37.06  RST 2.100 F   14.47 H   
Raka-poshi 14.93OPQ  0.143RST  8.930PQ  92.33QRS 59.85 KL   2.533 B   13.97 J   
Sh-139 18.90 M   0.123VW   8.610 Q  35.67 Z  45.56NOPQR 2.267CDE 14.90 G   
B-11×Pop/209 12.72 RS  0.147QRST 9.550NO  126.0 K  75.11 I    1.600 HI  9.280 S   
B-11×B-316 24.78HIJ  0.223 HI  11.65FGH 54.67WXY 49.44MNOP 2.533 B   20.43 A   
B-11×EV-340 15.99NOP  0.107 XY  7.440TU  47.67 Y  46.55 NOPQ 2.333CD   14.50 H   
B-11×E-322 14.25PQR  0.243 EF  12.17CD  190.0 F  85.51  H   1.700GH   13.33 KL  
B-11×F-96 29.05DEF  0.227 GH  11.86DEF 32.00 Z  40.84 PQRS 2.200EF   15.47 F   
B-11×EV-347 15.99NOP  0.217 HI  11.03 IJ 236.3 D  68.96 IJ   1.600HI   17.10 C   
E-336×Pop/209 12.07 S   0.133 TUV 7.980 RS 57.67 WX 66.16  JK  2.600 B   16.20 E   
E-336×B-316 27.37 FG  0.243 EF  12.10CDE 121.3 KL 44.22NOPQR 2.333CD   16.00 E   
E-336×EV-340 4.720 WX  0.410A    14.72 A  36.00  Z 312.2 A    2.367C    13.17KLMN 
E-336×E-322 28.12 EF  0.063 [\  5.650 Y  182.0 G  20.11  W   1.333LM   13.00 N   

E-336×F-96 23.68IJK  0.350 B   14.78 A  115.0 LM 62.45 JKL  1.533IJ   12.00 Q   

E-336×EV-347 8.230 TU  0.220 HI  11.57FGH 90.00 RS 140.6  E   1.233 M   11.93 Q   
EV-1097Q×Pop/209 4.240 X   0.127UVW  8.260 R  158.0 H  195.4  C   2.533 B   13.17KLMN 
EV-1097Q×B-316 33.13 A   0.047 ]  3.670 Z  146.3 I  11.09 X    2.567 B   17.23 BC  
EV-1097Q×EV-340 23.16 JK  0.257 E   11.79EFG 142.0 IJ 50.93 MN   1.633HI   15.27 F   
EV-1097Q×E-322 20.01 LM  0.240 FG  11.29 HI 110.0 MN 56.45 LM   2.267CDE 16.00 E   
EV-1097Q×F-96 6.300 VW  0.200JK   10.40 KL 104.0NOP 165.3  D   2.200 EF  16.53 D   
EV-1097Q×EV-347 14.33OPQR 0.170MNO  9.230 OP 235.0 D  64.40  JK  1.600 HI  13.37 K   
B-327×Pop/209 16.97 N   0.113WXY  7.490 TU 95.00 QR 44.14NOPQR 1.267 LM  14.00 IJ  
B-327×B-316 25.37 HI  0.240 FG  11.45 GH 156.0 H  45.14NOPQR 2.267CDE 14.53 H   
B-327×EV-340 9.260 T   0.167MNOP 10.28 L  52.00 XY 111.1  F   1.633 HI  12.53 OP  
B-327×E-322 30.45 CD  0.123VW   8.160 R  192.0  F 26.81 UVW  1.600 HI  13.37 K   

B-327×F-96 6.060 VW  0.253EF   12.41 C  60.00 VW 204.9  B   1.667 H   15.00 G   

B-327×EV-347 8.950 T   0.157OPQR 10.20 L  246.7 C  114.1  F   1.233 M   15.00 G   
Raka-poshi×Pop/209 13.60QRS  0.077 Z[  6.340 W  102.7 OP 46.69NOPQ  2.367 C   14.00 IJ  
Raka-poshi×B-316 22.86 K   0.173 MN  10.04 LM 153.3 H  43.94NOPQR 1.633 HI  13.07LMN  
Raka-poshi×EV-340 10.01 T   0.217 HI  11.41 H  108.0 NO 114.1  F   1.333 LM  11.17 R   
Raka-poshi×E-322 25.91 GH  0.103 Y   7.660 ST 146.0 I  29.55 TUV  1.367 KL  12.47 OP  
Raka-poshi×F-96 17.16 N   0.140STU  8.940 PQ 87.33 S  52.18 MN   2.333 CD  13.30KLM  
Raka-poshi×EV-347 4.920VWX  0.153PQRS 9.550 NO 95.33 QR 194.2 C    1.633 HI  13.40 K   

Sh-139×Pop/209 25.93 GH  0.210 IJ  11.45 GH 281.7 A  44.18NOPQR 1.367 KL  14.03 IJ  

Sh-139×B-316 12.62 RS  0.333 C   14.29  B 191.3 F  113.3 F    1.367 KL  11.07 R   
Sh-139×EV-340 6.680 UV  0.083 Z   6.170 WX 71.33 TU 92.40 H    1.233 M   14.03 IJ  

Sh-139×E-322 16.08 NO  0.083 Z   6.500 W  237.3 D  40.42 QRS  1.633 HI  14.00 IJ  

Sh-139×F-96 28.02 F   0.080 Z   6.850 V  98.33 PQ 24.44 VW   1.367 KL  17.00 C   

Sh-139×EV-347 26.12 GH  0.177LM   10.73 JK 102.3 OP 41.09OPQRS 1.467 JK  13.03 MN  
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Appendix: 4.2.1.3c. Statistical significance of parents and F1 hybrids of maize for 
various grain yielding traits 

Genotypes 
Cob length 

(cm) 
Cob diameter 
(cm) 

Cob weight (g) 100-seed 
weight (g) 

Stover 
weight (g) 

Grain yield 
per plant (g)

Total dry 
matter (g) 

Pop/209 20.43E    1.580 EF 152.8HI  31.80KLMN 27.00ST   124.2FG  1229.0FGHI 

B-316   22.19B    1.210 M  61.33 V  31.33LMNO 34.07HI   55.27 V  1205.0HIJ  

EV-340  18.80JKL  1.527FGH 121.4 O  30.93 OP   23.40 V   100.2MN  721.3 M    
E-322   14.63 S   1.233 M  65.80 U  32.17JKL   23.40 V   64.63 T  1257.0F    
F-96    14.37 S   1.143 N  68.53 U  31.43LMNO 26.60 T   65.23 T  1236.0FGH  
EV-347  19.93 FG  1.570EFG 156.1 GH 33.83 FG   28.33 Q   126.4EF  1210.0HIJ  
B-11 21.47 C   1.663BCD 206.5 A  31.37LMNO 33.67 IJ  162.2 A  1203.0HIJ  
E-336 19.92 FG  1.490HI  177.4 BC 34.90 CD   29.90 P   160.0 A  1189.0 J   
EV-1097Q 19.40 H   1.637CDE 167.7 D  33.90 EF   28.10 Q   137.2 C  773.7 L    
B-327 19.93 FG  1.597 DE 163.8 DE 32.90HIJ   26.70 T   135.0CD  1250.0FG   
Raka-poshi 18.47 LM  1.610CDE 133.3 MN 27.50 V    27.53QRS  105.5JK  1211.0HIJ  
Sh-139 22.90 A   1.620CDE 150.9 IJ 29.70QRS   42.10 D   107.2 J  1204.0HIJ  
B-11×Pop/209 19.37 HI  1.410JK  115.9 PQ 32.03KLMN 40.97 E   67.00ST  1223.0GHIJ 
B-11×B-316 16.87 OP  1.783 A  144.9 K  32.17 JKL  22.90 V   115.4 I  1208.0HIJ  
B-11×EV-340 18.87IJKL 1.520FGH 129.9 N  31.23 MNO  29.77 P   135.6 C  724.9  M   
B-11×E-322 18.08  M  1.500GHI 128.8 N  31.23 MNO  22.90 V   101.1LMN 1256.0FG   
B-11×F-96 20.97  D  1.610CDE 164.4 DE 34.97  C   33.00JK   120.0 H  1234.0FGHI 
B-11×EV-347 19.47 GH  1.773 A  128.4 N  31.90KLMN 34.27GHI  88.43 O  1213.0HIJ  
E-336×Pop/209 18.03 M   1.667BCD 144.9 K  32.37IJK   24.53 U   89.60 O  1198.0 IJ  
E-336×B-316 17.97 M   1.767 A  150.0 IJ 30.30PQ    23.43 V   127.5 E  1199.0 IJ  
E-336×EV-340 19.20 HIJ 1.620CDE 180.0  B 28.33TU    53.00 B   154.3 B  901.0 K    
E-336×E-322 16.00  Q  1.500GHI 117.4 OP 33.87EF    32.07 LM  69.80 RS 690.6 N    

E-336×F-96 18.37 LM  1.320 L  81.57  T 31.87KLMN 22.97 V   73.97 Q  1491.0BC   

E-336×EV-347 11.33  U  1.233 M  27.77  X 30.30  PQ  20.63 W   45.57 W  528.5 P    
EV-1097Q×Pop/209 19.53 GH  1.413JK  107.4  R 32.90 HIJ  34.63 GH  65.23 T  1474.0 BC  
EV-1097Q×B-316 18.57 L   1.423 JK 173.9  C 28.37 TU   30.53 OP  132.2 D  1503.0ABC  
EV-1097Q×EV-340 16.57 P   1.360 KL 111.9  Q 27.90 UV   27.97 QR  80.27 P  880.8 K    
EV-1097Q×E-322 18.67KL   1.610CDE 161.9 EF 31.23 MNO  38.03 F   119.9 H  455.5 R    
EV-1097Q×F-96 17.40 N   1.680 BC 150.5 IJ 28.10 UV   34.03 HI  112.8 I  1499.0BC   
EV-1097Q×EV-347 19.17HIJ  1.507GHI 136.6 LM 32.10JKL   32.03 LM  108.0 J  1402.0DE   
B-327×Pop/209 21.40 CD  1.513FGH 157.7 FG 33.63FGH   31.10 NO  123.3 G  1374.0 E   
B-327×B-316 20.04 EF  1.723 AB 204.9 A  32.07JKLM  62.90 A   132.1 D  1391.0DE   
B-327×EV-340 17.20 NO  1.613CDE 133.0 MN 32.50 IJK  46.03 C   108.2 J  890.9 K    
B-327×E-322 22.27  B  1.437 IJ 128.4  N 38.03 A    38.30 F   86.47 O  490.8 Q    

B-327×F-96 11.20  U  1.617CDE 128.6  N 29.90 QR   27.97 QR  98.83MN  1495.0BC   

B-327×EV-347 19.10HIJK 1.600 DE 107.5  R 31.17 NO   31.20 NO  77.97 P  1535.0A    
Raka-poshi×Pop/209 22.05 B   1.497GHI 140.1  L 34.67CDE   32.40 KLM 101.9LM  1472.0 C   
Raka-poshi×B-316 13.33 T   1.253 M  67.77  U 32.57 IJK  32.50 KLM 38.70 X  1508.0AB   
Raka-poshi×EV-340 19.30 HIJ 1.327 L  51.83 W  20.97   W  31.10 NO  34.93 Y  884.8 K    
Raka-poshi×E-322 19.43 GH  1.570EFG 118.6 OP 34.13 DEF  40.50 E   72.63QR  597.7 O    
Raka-poshi×F-96 21.33 CD  1.513FGH 147.9 JK 35.90 B    27.22 RST 119.8 H  1491.0 BC  
Raka-poshi×EV-347 20.10 EF  1.490 HI 99.80 S  31.93 LMN 35.03  G  61.23 U  1410.0 D   

Sh-139×Pop/209 18.47 LM  1.597 DE 136.5 LM 33.07 GHI  25.13  U  103.8 KL 1381.0DE   

Sh-139×B-316 19.50 GH  1.400 JK 129.4 N  34.23 CDEF 32.67 KL  97.90 N  404.2 S    
Sh-139×EV-340 19.20 HIJ 1.327 L  102.8 S  32.50 IJK  34.97  G  67.70 ST 899.4 K    

Sh-139×E-322 17.13 NO  1.323 L  67.83 U  32.90 HIJ  26.50 T   79.97 P  569.9 O    

Sh-139×F-96 18.07 M   1.517FGH 102.6 S  29.40 RS   31.67 MN  69.72 RS 1491. 0 BC   

Sh-139×EV-347 15.13 R   1.333 L  69.20 U  29.00 ST   32.50 KLM 54.63 V  1533.0  A    
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Appendix: 4.2.2.1.2. Statistical significance of parents and F1 hybrids of maize for 
various grain quality traits 

Genotypes Grain protein % Grain oil % Grain crude fibre % Grain starch % Embryo % 

Pop/209 10.20 BC     5.200ABCD  9.490DEFGHI  71.53JKLMNO 11.77CDEFGH  

B-316   10.07 CD     4.800FGH   9.120   NO   71.77HIJKL  11.60  FGHI  

EV-340  9.800 EFG    4.770FGHI  9.350HIJKLM  72.27 DEF   11.60  FGHI  
E-322   9.400LMNOPQ  4.200 MN   9.430 FGHIJ  72.33 DE    11.57   GHI  
F-96    9.433KLMNOP  4.030 N    9.520DEFGH   72.17DEFGH  11.60  FGHI  
EV-347  9.433KLMNOP  4.730FGHIJ 9.310IJKLMN  71.50JKLMNO 11.67DEFGHI  
B-11 10.27  BC    5.070  DE  9.100    O   71.50JKLMNO 12.03  BCD   
E-336 10.30  BC    5.230ABCD  9.270 JKLMNO 71.20   O   12.13  BC    
EV-1097Q 9.367MNOPQ   5.100 D    9.800 AB     72.20DEFGH  12.20  B     
B-327 9.333MNOPQ   4.730FGHIJ 9.600 CDEF   72.20DEFGH  11.80CDEFGH  
Raka-poshi 9.400LMNOPQ  4.570 IJK  9.330HIJKLM  73.20  C    11.77CDEFGH  
Sh-139 9.633FGHIJKL 4.130  MN  9.130  NO    73.63  B    11.67DEFGHI  
B-11×Pop/209 9.633FGHIJKL 4.830 FGH  9.230 KLMNO  73.17  C    11.57   GHI  
B-11×B-316 9.633FGHIJKL 4.730FGHIJ 9.400FGHIJK  74.20  A    11.67DEFGHI  
B-11×EV-340 9.800   EFG  4.270 LM   9.500 DEFGHI 73.17  C    11.77CDEFGH  
B-11×E-322 9.300 NOPQ   5.130 CD   9.670 BCD    72.23 DEFG  11.63 EFGHI  
B-11×F-96 10.07  CD    5.130 CD   9.470 EFGHI  71.17  O    11.67DEFGHI  
B-11×EV-347 10.13 BC     5.230ABCD  9.370 GHIJKL 71.23  NO   12.60 A      
E-336×Pop/209 10.10 BCD    5.400 A    9.670  BCD   71.37 LMNO  12.20  B     
E-336×B-316 9.900  DE    5.100 D    9.870 A      71.43KLMNO  12.03  BCD   
E-336×EV-340 9.700EFGHIJ  4.830FGH   9.770 ABC    71.67JKLMN  11.67DEFGHI  
E-336×E-322 9.467JKLMNO  4.900 EF   9.800 AB     71.43KLMNO  11.60  FGHI  

E-336×F-96 9.567GHIJKLM 4.770FGHI  9.370GHIJKL  71.30  MNO  11.70DEFGHI  

E-336×EV-347 9.700EFGHIJ  4.700FGHIJ 9.100  O    71.60JKLMNO 11.73DEFGHI  
EV-1097Q×Pop/209 9.733  EFGHI 4.630  HIJ 9.200 LMNO   71.30  MNO  11.70DEFGHI  
EV-1097Q×B-316 10.17 BC     4.670 GHIJ 9.670 BCD    71.53JKLMNO 11.73DEFGHI  
EV-1097Q×EV-340 10.33  B     4.770 FGHI 9.470 EFGHI  71.73IJKLM  11.60  FGHI  
EV-1097Q×E-322 10.13  BC    4.830  FGH 9.470 EFGHI  72.17DEFGH  11.73DEFGHI  
EV-1097Q×F-96 10.67 A      4.830  FGH 9.630 BCDE   72.27  DEF  11.80CDEFGH  
EV-1097Q×EV-347 10.77 A      5.130  CD  9.500DEFGHI  72.13DEFGHI 11.83BCDEFGH 
B-327×Pop/209 10.33 B      5.230 ABCD 9.400FGHIJK  72.40  D    12.00  BCDE  
B-327×B-316 9.800 EFG    5.270 ABCD 9.530DEFGH   72.23DEFG   12.13  BC    
B-327×EV-340 10.10 BCD    4.700FGHIJ 9.430FGHIJ   72.37  D    11.93BCDEFG  
B-327×E-322 9.767EFGH    4.770 FGHI 9.570 DEFG   72.37  D    11.87BCDEFGH 

B-327×F-96 9.833 EF     4.670 GHIJ 9.170 MNO    72.43  D    11.83BCDEFGH 

B-327×EV-347 9.533HIJKLMN 4.530 JK   9.670 BCD    71.90EFGHIJ 11.97 BCDEF  
Raka-poshi×Pop/209 9.167   Q    5.200ABCD  9.470EFGHI   72.33 DE    11.97 BCDEF  
Raka-poshi×B-316 9.400 LMNOPQ 5.370 AB   9.430 FGHIJ  71.83FGHIJK 11.73DEFGHI  
Raka-poshi×EV-340 9.500IJKLMNO 5.330 ABC  9.170 MNO    71.77HIJKL  11.77CDEFGH  
Raka-poshi×E-322 9.667EFGHIJK 5.170 BCD  9.200 LMNO   71.20  O    11.57   GHI  
Raka-poshi×F-96 9.567GHIJKLM 5.130 CD   9.370GHIJKL  71.37LMNO   11.50   HIJ  
Raka-poshi×EV-347 9.433KLMNOP  4.870 FG   9.430 FGHIJ  71.17  O    11.77CDEFGH  

Sh-139×Pop/209 9.467 JKLMNO 4.630 HIJ  9.500DEFGHI  72.27 DEF   11.67DEFGHI  

Sh-139×B-316 9.267  OPQ   4.770FGHI  9.630 BCDE   71.80GHIJKL 11.60  FGHI  
Sh-139×EV-340 9.200  PQ    4.670 GHIJ 9.500DEFGHI  71.77HIJKL  11.73DEFGHI  

Sh-139×E-322 9.200   PQ   4.770 FGHI 9.500DEFGHI  71.70IJKLM  11.73DEFGHI  

Sh-139×F-96 9.500IJKLMNO 4.400 KL   9.170 MNO    71.50JKLMNO 11.37  IJ   

Sh-139×EV-347 9.333MNOPQ   4.870 FG   9.370GHIJKL  71.37LMNO   11.20  J   
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Appendix: 4.2.2.1.2a. Statistical significance of parents and F1 hybrids of maize for 
various fodder quality traits 

Genotypes 
Acid detergent 

fibre % 
Neutral detergent 
fibre % 

Fodder cellulose     
        % 

Fodder dry matter 
% 

Fodder crude 
fibre % 

Pop/209 21.50RST      51.57MNOP  30.07 FG  39.33OPQ      28.35 CD  

B-316   20.80TUV     53.43GHIJ  32.63 C   40.27GHIJKLM  27.37 F   

EV-340  24.00DEFGH    53.77 GHI  29.77 GH  38.93   Q     27.39 F   
E-322   24.27BCDE     55.43  D   31.13 DE  38.03 R     27.27 F   
F-96    22.60KLMNOPQ  53.27 HIJ  30.67 EF  39.47MNOPQ    26.26 JK  
EV-347  23.23GHIJKLM  51.47MNOP  28.23 I   38.13 R     27.89 E   
B-11 25.03  B      49.83 RST  24.80 LM  39.40NOPQ     24.31 QR  
E-336 24.87  BC     55.50  D   30.63 EF  40.00IJKLMNO  24.10 R   
EV-1097Q 24.37  BCDE   48.83 UV   24.47 M   40.87ABCDEFGH 28.58 C   
B-327 23.37FGHIJKL  50.77 OPQ  27.40 IJK 40.27GHIJKLM  29.31 A   
Raka-poshi 23.20HIJKLMN  49.90 QRS  26.70 K   40.00IJKLMNO  28.99 B   
Sh-139 23.40FGHIJKL  48.63 UV   25.23 LM  39.90JKLMNOP  28.38 CD  
B-11×Pop/209 22.20  PQR    48.90TUV   26.70 K   40.63DEFGHIJ  24.37 QR  
B-11×B-316 23.40FGHIJKL  50.57 PQR  27.17 JK  39.93JKLMNO   24.45 Q   
B-11×EV-340 25.03   B     51.83 LMN  26.80 K   40.10HIJKLMNO 25.31 O   
B-11×E-322 22.70KLMNOPQ  49.43 STU  26.73 K   39.93  JKLMNO 25.39 NO  
B-11×F-96 22.37 NOPQ    49.57 STU  27.20 JK  39.53  LMNOPQ 27.12 FG  
B-11×EV-347 24.07 CDEFG   51.37MNOP  27.30 JK  39.33     OPQ 27.31 F   
E-336×Pop/209 24.20  CDEF   51.60 MNO  27.40 IJK 40.33  GHIJKL 27.88 E   
E-336×B-316 24.60  BCD    54.03 GH   29.43 GH  40.53 EFGHIJK 24.82 P   
E-336×EV-340 22.07  PQRS   48.73  UV  26.67  K  40.00 IJKLMNO 24.30 QR  
E-336×E-322 22.30  OPQR   49.83 RST  27.53 IJK 41.00 ABCDEFG 25.66 MN  

E-336×F-96 24.33  BCDE   49.80 RST  25.47  L  41.57  AB     25.89 LM  

E-336×EV-347 26.10  A      51.00 NOP  24.90 LM  41.20  ABCDEF 26.28 J   
EV-1097Q×Pop/209 20.83 TUV     52.27KLM   31.43 DE  41.67  A      27.42 F   
EV-1097Q×B-316 22.10 PQRS    53.53GHIJ  31.43 DE  40.87ABCDEFGH 27.36 F   
EV-1097Q×EV-340 22.87JKLMNOPQ 56.83 C    33.97  B  40.63DEFGHIJ  27.36 F   
EV-1097Q×E-322 22.47  MNOPQ  58.87 A    36.43  A  41.40ABCD     28.33 CD  
EV-1097Q×F-96 23.63  EFGHIJ 57.97  B   34.33  B  41.33 ABCDE   28.40 CD  
EV-1097Q×EV-347 22.37  NOPQ   55.00 DEF  32.63  C  41.33 ABCDE   28.12 DE  
B-327×Pop/209 21.50   RST   48.30  V   26.80  K  40.70CDEFGHIJ 27.30 F   
B-327×B-316 23.13IJKLMNO  51.03 NOP  27.90 IJ  40.30GHIJKLM  27.35 F   
B-327×EV-340 22.13   PQRS  55.67 D    33.53  B  40.00 IJKLMNO 27.27 F   
B-327×E-322 22.90 JKLMNOP 40.10  Y   17.20  O  39.97  JKLMNO 26.89 GH  

B-327×F-96 20.63     UVW 43.60 X    22.97  N  39.33   OPQ   25.42 NO  

B-327×EV-347 21.00    TUV  45.40  W   24.40  M  39.47  MNOPQ  25.31 O   
Raka-poshi×Pop/209 20.37 VW    45.03  W   24.67 LM  39.47  MNOPQ  25.95 KLM 
Raka-poshi×B-316 22.03 QRS     52.07 KLM  30.03 FG  39.10   PQ    26.19 JKL 
Raka-poshi×EV-340 22.57 LMNOPQ  53.63 GHI  31.07 DE  40.00 IJKLMNO 26.41 IJ  
Raka-poshi×E-322 22.03    QRS  52.97 IJK  30.93 DE  40.30 GHIJKLM 26.43 IJ  
Raka-poshi×F-96 19.97     W   51.43 MNOP 31.47 DE  40.83BCDEFGHI 26.69 HI  
Raka-poshi×EV-347 21.33    STU  52.60  JKL 31.27 DE  41.33ABCDE    26.46 IJ  

Sh-139×Pop/209 23.43 FGHIJK  54.27  FG  30.83 EF  41.47 ABC     27.91 E   

Sh-139×B-316 24.20  CDEF   55.30   DE 31.10 DE  40.47FGHIJK   27.21 F   
Sh-139×EV-340 23.87 DEFGHI  55.67  D   31.80  D  39.90JKLMNOP  27.36 F   

Sh-139×E-322 22.40 MNOPQ   51.47 MNOP 29.07  H  40.20GHIJKLMN 27.84 E   

Sh-139×F-96 23.40 FGHIJKL 54.37 EFG  30.97 DE  39.70KLMNOPQ  28.13 DE  

Sh-139×EV-347 24.00 DEFGH   54.97 DEF  30.97 DE  40.10HIJKLMNO 28.50 C   
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Appendix: 4.2.2.1.2b. Statistical significance of parents and F1 hybrids of maize for 
various fodder quality traits 

Genotypes 
Fodder crude 

protein % 
Fodder moisture 
% 

Fodder ether 
extractable fat % 

Fodder nitrogen 
free extract 
(Carbohydrate %) 

Fodder ash % 

Pop/209 9.630OPQ  9.190BCDE 2.867IJKL     41.36JKLMNO     8.600MNOPQ  

B-316   8.970 S   8.150  P  2.903EFGHIJK  43.46  BC       9.130HIJK   

EV-340  9.770NOP  9.120GHIJ 2.950BCDEFGHI 41.63HIJKLMN    9.140GHIJK  
E-322   11.81 CD  9.090 IJ  3.000  BCD    39.89    QRS    8.930JKLM   
F-96    11.01 IJ  9.090 IJ  3.103 A       41.78GHIJKLM    8.760 LMNO  
EV-347  11.81 CD  9.120GHIJ 2.917DEFGHIJK 39.56   RS      8.700 MNO   
B-11 11.01 IJ  9.160DEFG 2.940BCDEFGHI 43.31 BCDE      9.270 FGHI  
E-336 9.480 PQ  9.240A    2.810   LMNO  46.11 A         8.270QRSTU  
EV-1097Q 9.630OPQ  9.200ABCD 2.747    OP   40.69MNOPQR     9.170FGHIJ  
B-327 9.770NOP  9.240 A   2.710     P   40.34  OPQR     8.630 MNOP  
Raka-poshi 13.20 A   9.170CDEF 2.753  NOP    37.84   T     8.060  U    
Sh-139 12.69 B   9.140FGH  2.840  KLM    38.84  ST     8.110  TU   
B-11×Pop/209 8.820 ST  8.790  O  2.880 GHIJKL  46.28  A        8.850 KLMN  
B-11×B-316 11.81 CD  8.920 N   2.877 HIJKL   43.18BCDEF      8.770 LMNO  
B-11×EV-340 11.31FGHI 8.950 MN  2.933CDEFGHIJ 41.59HIJKLMNO   9.910  B    
B-11×E-322 10.87JK   9.160DEFG 2.963BCDEFGH  40.46 NOPQR     11.17  A    
B-11×F-96 11.66CDE  9.200ABCD 2.727 OP     41.15 KLMNOP    8.140 TU    
B-11×EV-347 11.01 IJ  9.200ABCD 2.870  IJKL   41.55IJKLMNO    8.050  U    
E-336×Pop/209 12.69  B  9.150EFGH 3.000  BCD    39.11   S      8.170 STU   
E-336×B-316 11.23GHI  9.090IJ   2.980  BCDE   43.70   B       8.190 RSTU  
E-336×EV-340 8.820 ST  9.200ABCD 2.980  BCDE   46.18  A        8.510 OPQR  
E-336×E-322 11.96  C  9.220 AB  2.957BCDEFGHI 41.60HIJKLMNO   8.610 MNOP  

E-336×F-96 11.09HIJ  9.240 A   2.933CDEFGHIJ 41.18KLMNOP     9.660 BCD   

E-336×EV-347 11.52DEFG 8.970 M   2.930CDEFGHIJ 40.68 MNOPQR    9.630BCDE   
EV-1097Q×Pop/209 11.74  CD 8.910 N   2.943BCDEFGHI 39.66 RS      9.330EFGHI  
EV-1097Q×B-316 11.38EFGH 9.030 L   2.887 FGHIJKL 39.96 PQRS      9.400DEFGH  
EV-1097Q×EV-340 11.59 DEF 9.040 KL  2.810    LMNO 39.71   RS      9.490 CDEF  
EV-1097Q×E-322 8.970  S  9.030 L   2.837    KLMN 41.04LMNOPQ     9.800  BC   
EV-1097Q×F-96 9.340 QR  9.080 JK  2.847    JKL  40.65MNOPQR     9.690 BCD   
EV-1097Q×EV-347 7.730 U   9.110 HIJ 2.757  MNOP   43.00BCDEFG     9.270 FGHI  
B-327×Pop/209 9.630 OPQ 9.120GHIJ 2.763  MNOP   42.63BCDEFGHI   8.570 NOPQ  
B-327×B-316 10.06 MN  9.130FGHI 2.763  MNOP   42.34CDEFGHIJK  8.350PQRSTU 
B-327×EV-340 8.530 T   9.210 ABC 2.757  MNOP   42.83BCDEFGH    9.410DEFGH  
B-327×E-322 8.830 ST  9.190BCDE 2.940BCDEFGHI 42.72BCDEFGHI   9.440DEFGH  

B-327×F-96 7.810 U   9.160DEFG 3.017  BC     46.28  A        8.330PQRSTU 

B-327×EV-347 11.01 IJ  9.170CDEF 3.027  B      42.01FGHIJKL    9.470 DEFG  
Raka-poshi×Pop/209 9.630 OPQ 9.040  KL 2.990 BCDE    43.03BCDEFG     9.370DEFGHI 
Raka-poshi×B-316 9.700 OP  9.040  KL 2.980 BCDE    43.34 BCD       8.750LMNO   
Raka-poshi×EV-340 9.840 MNO 9.120GHIJ 2.980 BCDE    43.04BCDEFG     8.610 MNOP  
Raka-poshi×E-322 9.910 MNO 9.110 HIJ 2.973 BCDEF   42.94BCDEFG     8.630 MNOP  
Raka-poshi×F-96 10.65 KL  9.130FGHI 2.950BCDEFGHI 42.08DEFGHIJKL  8.500OPQRS  
Raka-poshi×EV-347 10.53  L  9.140 FGH 2.930CDEFGHIJ 39.79  RS      8.480 OPQRS 

Sh-139×Pop/209 11.01 IJ  9.120GHIJ 2.950BCDEFGHI 40.57 MNOPQR    8.430OPQRST 

Sh-139×B-316 10.13  M  9.130FGHI 3.007 BCD     42.05EFGHIJKL   8.470 OPQRS 
Sh-139×EV-340 9.700 OP  9.140 FGH 2.993 BCDE    42.22CDEFGHIJKL 8.600 MNOPQ 

Sh-139×E-322 9.630 OPQ 9.160DEFG 2.953BCDEFGHI 41.36  JKLMNO   9.060  IJKL 

Sh-139×F-96 9.040 RS  9.130FGHI 2.870   IJKL  42.55BCDEFGHIJ  8.180  RSTU 

Sh-139×EV-347 8.970 S   9.150EFGH 2.970 BCDEFG  41.14  KLMNOP   9.270  FGHI 
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