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ABSTRACT 

 
This study was conducted to determine the heterosis and combining ability of seven 

maize genotypes. Analysis of variance showed the presence of significant heterosis for all the 
traits evaluated  

Grain yield showed high relative mid-parent heterosis that varied from 142.30 to 

328.77%. Better-parent heterosis for grain yield varied from 130.00 to 301.51% and standard 
heterosis ranged from -26.50 to 34.37.  Quality characteristics such as protein, fat, fiber and 

starch contents exhibited significant to highly significant variations among the cross 
combinations. Variable better parent heterosis was obtained for protein and starch contents. 

Variances due to general combining ability (GCA) and specific combining ability (SCA) were highly 
significant for all the traits studied except in plant height. Thus, both kinds of gene effects were 

important in controlling the inheritance of all the characters studied.  

However, the GCA:SCA ratio mostly favored SCA in most of the traits, indicating the 
preponderance of non-additive gene effects in the genetic control of the traits.  The estimates of 

GCA effects revealed that four inbred lines were the best general combiners for grain yield and 
were good to average combiners for most of the yield component as well as quality traits. These 

parental lines also produced cross combinations that exhibited significant SCA effects for grain 

yield and quality traits. Variation due to non-additive type of gene action was greater than the 
variation due to additive type of gene action for most of the economically important traits 

evaluated.   
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INTRODUCTION 

 
Corn (Zea mays L.) is one of the major crops of the world. It is used either as food or 

feed. In the Philippines, 20 % of the population use corn as food especially the white corn variety 
while sixty to seventy percent of the yellow corn is used in feed formulation for animals (Robles 

et al. 2003). In the USA, over 90 % of the corn goes to animal feed either as feed grain or silage, 

while most countries in Africa use corn as their main staple food (Robles and Valencia, 2003). 
World wide, maize ranks first in terms of production among cereals just ahead of wheat 

and significantly ahead of paddy rice. Globally, 561 million tons (m t) of corn was harvested from 
140 million hectares (m ha) (FAO, 2001). In the Philippines, the average yield of the local corn 

variety is about 2 tons/ha, while most of the Asian countries records an average of 3-4 ton/ha 
(CIMMYT, 1999). 

It is projected that by the year 2020, demand for maize in developing countries will 

surpass the demand for both wheat and rice. This is attributed to the rising cost of incomes and 
the subsequent growth in meat and poultry consumption which have resulted in the rapid 

increase for maize demand as livestock feed. Globally, maize demand is projected to increase by 
50% from its 1995 level of 558 m t to 837 m t by 2020 (CIMMYT, 1999; FAO, 2001). 

Hybrid cultivars are used for commercial production of a number of plant species. They 

are a desirable type of cultivars because of their ability to capitalize on heterosis. Heterosis is the 
phenomenon in which the cross of two stocks produces a hybrid that is superior in growth, size, 

yield, or general vigor or the increased in vigor of the F1 over the better parent. The use of 
heterosis in breeding programs has been exploited for economic goals as well as for the 

improvement of yield and other agronomic characteristics in crops such as tomatoes, sorghum, 
rice, cotton, wheat, potato, sunflower and corn. Heterosis thus, is the phenotypic result of gene 

interaction in heterozygotes and is confined at least in its maximal amount to increased 

heterozygosity (Fehr, 1987).  
One of the objectives in a hybrid breeding program is the isolation of lines with good 

combining ability. The notion of good combining ability implies the capacity of a parent to 
produce superior progenies when combined with another parent. Thus, lines are mutually 

crossed in order to find out those combinations which will ensure the best heterosis in the F1.  

Information on the general combining ability (GCA) of the lines to be used as parents as well as 
on their specific combining ability (SCA) would be of immense value in formulating efficient 

breeding programs.  
General combining ability (GCA) is the average value of a parent (line) estimated on the 

basis of its performance when crossed with other parents (lines). Thus, it provides adequate and 

significant information on which inbred lines should produce the best hybrids when crossed with  
other lines. Specific combining ability (SCA) is the behavior of a parent (X) when crossed with 

another parent (Y). The average value of that specific combination may diverge from the 
average general combining ability of these two parents. Specific combining ability (SCA) is used 

to designate those cases in which certain cross combinations do relatively better or worse than 
would be expected on the basis of the average performance of the lines involved. Combining 

ability analysis offers a powerful tool for exploiting the potential of hybrid cultivars. 

Diallel analysis of cross-pollinating populations like corn is used to study the genetic 
control of quantitative traits (Hayman, 1958), to assess general and specific combining abilities 

(Griffing, 1956) and to perform heterosis analysis (Gardner and Eberhart, 1966). Diallel analysis 
also allows for the selection of superior pure lines for hybridization as well as to screen 

populations for use in intra- and inter-population breeding programs. Griffing's methodology 

(Griffing, 1956) is certainly the most frequently used because its analysis is easy to perform and 
to interpret. The general combining ability (GCA) effect is an indicator of the relative value of the 

population in terms of frequency of favorable genes and of its divergence, compared to other 
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parents in the diallel. Thus, the analysis of GCA effects allows identification of superior parents to 

be used in intra-population breeding programs. Likewise, the specific combining ability (SCA) 
effect of two populations expresses the differences of gene frequencies between them and their 

divergence compared to the diallel parents. Therefore, the GCA and SCA effects should be 
considered in the selection of populations for hybrid production. In addition to being indicators of 

the divergence of each population compared to the diallel parents, the SCA effects of a 

population with itself allow assessment of the predominant direction of the deviations due to 
dominance (Cruz and Vencovsky, 1989; Viana, 2000). 

Grain corn is the major feed source for dairy, hog and poultry producers. Demand for 
quality feed source is continually high which necessitates the need for the development of corn 

hybrid with good combining ability for quality characteristics. Protein, oil and carbohydrate 
content are major components defining the nutritive value of feeds (PHILSAN, 2003).  

When formulating diets for growing animals, the greatest cost pressure is the cost per 

unit energy, most of which is derived from dietary starch and fat. Identifying the best genotypes 
or combination of genotypes for high dietary protein and energy, and high digestibility would be 

a major step towards integrating feed-quality components, and digestibility as objective criteria in 
genetic improvement of grain and feed quality. Utilization of hybrid corn with higher protein 

content would be more economical because less protein supplement would be required in rations 

to meet the protein requirements of the animal. Furthermore, most temperate corns are high 
yielding and command higher economic market value but have not been evaluated for their 

performance in tropical conditions. 
 Evaluating the combining ability of inbred lines of corn and the subsequent formation of 

heterotic groups in order to utilize the high level of their heterosis for quality characteristics are 
necessary in corn hybrid program. High significant heterosis of the developed heterotic group in 

terms of quantitative and qualitative traits such as yield, protein, fat, and starch concentrations 

will necessitate its acceptability in the local market for feed formulation as well as for other 
industrial products. The Chinese inbred lines used in this study were introduced as a result of 

development agreement between the Philippines, Department of Agriculture (DA) and the 
government of the Peoples Republic of China (Jilin Province).  

Earlier evaluation trials of these Chinese corn inbred lines under Philippine condition have 

resulted in the identification of hybrids that are early maturing (100 days), high yielding (10-
12.mt ha-1) as well as resistant to pests and diseases (Ma et al., 2004 unpublished report).  

Therefore, the need to identify more Chinese corn inbred lines that can combine well to 
form heterotic groups and subsequent evaluation of the hybrids for yield and quality 

characteristics under Philippine condition will be of immense benefit to farmers growing corn for 

feeds and for other industrial purposes. 
The study in general determined the heterosis and combining ability for yield and quality 

characteristics of Chinese corn hybrids. Specifically, this study aimed to: 
1. determine the heterotic response of different corn inbred lines from China under 

Philippine condition in terms of yield and some quality attributes; 
2. determine the general combining ability (GCA) and specific combining ability (SCA) of 

inbred lines of Chinese corn under Philippine condition with respect to yield and quality 

attributes; 

3. estimate the combining ability effects for yield and quality traits of introduced Chinese 
corn inbred lines; and,  

4. partition the components of genetic variance.  
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REVIEW OF LITERATURE 

 
The Concept of Heterosis in Plant Breeding 

 
Hybridity is generally associated with heterozygotes resulting from the cross of two 

genetically divergent parents. The enhanced vigor of such genotype is often referred to as hybrid 

vigor or heterosis. Heterosis phenomenon has been studied in many plant species. Lately, it has 
been exploited for economic goals in crops like, maize, sorghum, pearl millet, wheat and rice 

(Crossa, 1990). 
The phenotypic appearance of a crop is a result of genetic influence, the environment, 

and interaction between genetic factors and environment (P = G + E + GE). The genetic 
influence is determined by gene role which is important in selection decisions while the 

phenotypic value of a genotype is determined by the genetic and environmental factors, and their 

interactions (Falconer and MacKay, 1996; Jain, 1982).  
Heterosis is a biological phenomenon in which the cross of two stocks produces an F1 

hybrid that is superior in growth, size, yield, or general vigor at least over the mid-parent value 
(Virmani, l994). Genetically speaking, heterosis refers to the significant increase or decrease in 

the F1 value over the mid-parent value. However, from the viewpoint of a plant breeder, increase 

over better parent and/or the popular commercial variety is more relevant. Vigor, yield, and most 
agronomic characteristics of economic importance in corn are quantitative in nature and are 

controlled by a large number of genes. These genes may differ greatly in their effects. Gene 
action may be arithmetic, additive, or geometric. The degree or dominance, epistasis, and 

genotype-environmental interaction add to the complexity of the problem of explaining the 
phenomenon of heterosis. Estimating the level of heterosis in a breeding stock is very useful in 

crop improvement (Virmani, 1994). 

Heterosis is measured in three parameters: mid-parent heterosis, heterosbeltiosis and 
standard heterosis. 

Mid-parent heterosis is the expression of heterosis over the mid-parent and is calculated 
by subtracting the average value of parents from F1 

                                          F1 - Mid-Parent 

 Mid-parent heterosis   =  _____________________    x   100 
Mid-Parent 

 

Heterosbeltiosis is the improvement of heterozygotes over the better parent of the cross. 

      F1 - Better Parent 

Heterosbeltiosis   =   _____________________   x   100 

      Better-Parent 

Standard heterosis is the performance of the hybrid in comparison with prevalent variety. 
 

 

F1 – Check Variety 

 Standard heterosis   =     ______________________    x   100 
                                                           Check Variety 
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Heterosis results in a general stimulus to the hybrid plant and affects it in a variety of 

ways. It often results in increased yield, earlier maturity, and greater resistance to insects and 
diseases, taller plants, larger number and weight of fruits and increase in size or number of parts 

or in other external or internal characteristics. Generally, high heterosis values are desirable for 
grain yield and other quality characteristics in maize.  

The three hypotheses proposed to explain heterosis are dominance, over dominance and 

epistasis (Moll and Stuber, 1974). According to dominance hypothesis, heterosis results from 
action and interaction of favorable dominant genes brought together in an F1 hybrid from the two 

parents. This hypothesis assumes that genes that are favorable for vigor and growth are 
dominant and genes that are harmful to the individual are recessive. The dominant genes 

contributed by one parent may complement the dominant genes contributed by the other parent, 
resulting in more favorable combination of dominant genes in the F1 than either parent. 

Theoretically, it should be possible to circumvent inbreeding depression by 

recombination among inbred lines to drive an inbred line with all the desirable dominant alleles. 
If the number of favorable and unfavorable allele pairs differentiating the parents is large, the 

probability of recovering an F2 segregate with all the desired favorable dominant alleles is 
extremely small (Tsaftaris, 1995). Furthermore, linkage of the deleterious recessive genes with 

favorable dominant genes further reduces the possibility of recovering homozygous lines as 

vigorous as the F1 hybrid. 
Over- dominance hypothesis assumes that the heterozygote (Aa) is superior to both the 

homozygotes (AA or aa) and the amount of heterosis depends on the amount of heterozygosity 
in the hybrids. Over-dominance requires a heterozygote at a single locus to be superior to both 

homozygotes; over-dominance at different loci is then added up to form heterosis (Williams, 
1997; Gowen, 1952). 

Heterosis due to over dominance or pseudo-dominance (i.e., tightly-linked 

complementary genes) cannot be fixed by inbreeding (Tsaftaris, 1995).  
 

Manifestation of Heterosis in Plant Breeding 
Heterosis is the superiority of a hybrid over its parents. This superiority may be in yield, 

quality, disease and insect resistance, adaptability, specific parts, growth rate, and enzyme 

activity (Gowen, 1952). 
Commercially, increase in yield is of the greatest importance since higher yields are the 

most important objective of plant breeding. Increase in yield may be measured in terms of grain, 
fruit, seed, leaf, tubers or the whole plant (Crossa, 1990). Other observable manifestations of 

heterosis include; increased reproductive ability, increase in size and general vigor, better quality, 

earlier flowering and maturity, greater resistance to diseases and pests, greater adaptability, 
faster growth rate and increase in the number of plant part (Crossa, 1990). 

Many other characters are also affected by heterosis, e.g. enzyme activities, cell 
division, vitamin content and other biochemical characteristics which may not be so readily 

observable (Singh et al., 1971). 
 

Genetic Basis of Heterosis 

One of the main theories to explain heterosis is the dominance hypothesis.  In simplest 
terms, this hypothesis suggests that at each locus the dominant allele has a favorable effect, 

while the recessive allele has an unfavorable effect. In heterozygous state, the deleterious effects 
of recessive alleles are masked by their dominant alleles. Thus, heterosis results from the 

masking of harmful effects of recessive alleles by their dominant alleles (Singh et al., 1971).  
Therefore, according to dominance hypotheses, heterosis is not the result of heterozygosity; it is 
the result of prevention of expression of harmful recessives by their dominant alleles.  This 

hypothesis may be further explained as follows. In open-pollinated populations, plants are highly 
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heterozygous. As a result, they do not show the harmful effects of the large number of 

deleterious recessive alleles present in the population. Inbreeding increases homozygosity. As a 
result, many recessive alleles become homozygous. Lethal recessive alleles are eliminated by 

natural selection. But recessive alleles with smaller harmful effects survive in the homozygous 
condition. Consequently, such alleles reduce the vigor and fertility of the inbred lines that carry 

them in the homozygous state. Inbred lines are nearly homozygous, and different inbred lines 

receive different proportions of dominant and recessive alleles. Therefore, different inbred lines 
may be expected to vary in vigor and yield.  

Heterosis in an F1 hybrid is a result of the masking of harmful effects of recessive alleles 
present in one parent by the dominant alleles of the concerned genes present in the other parent 

and vice versa. Obviously, heterosis depends upon the genotypes of the two parents. Hybrids 
from parents with similar recessive and dominant alleles show little or no heterosis while those 

with different alleles show heterosis. In practice, some parents produce heterotic progeny, while 

others do not. Generally, parents of diverse origin are more likely to produce heterotic progeny 
than those of similar origin. 

 
Heterosis in Grain Yield and Agronomic Characters in Corn 

Numerous reports show that hybrids are superior to their parents in several attributes. 

Dehghanpour et al. (1996) estimated 152% mid-parent heterosis for grain yield. Larish and 
Brewbaker (1999) reported an average of 55% mid-parent heterosis for variety crosses and 

105% heterosis for inbred crosses in maize.  

Furthermore, Dehghanpour et al. (1996), San-Vicente et al. (1998), Konak et al. (1999), 

Araujo et al. (2001), and Kalla et al. (2001) reported that non-additive gene effects for grain yield 
were found to be significant in maize hybrids. 

In a report from Turkey, mid-parent heterosis ranging from 46.11% to 57.12% was 

obtained from a study on the heterosis of maize inbred lines (Chaudhary et al., 2000). 
Dehghanpour et al. (1996) assessed the performance of 10 promising hybrids to estimate the 

standard heterosis for yield and other agronomic characters. Significant differences existed 
among the hybrids for all characters studied, thus, indicating considerable variability. Thus, grain 

yield is a complex trait influenced by genetically controlled physiological components. 

San-Vicente et al. (1998) investigated the physiological and genetic causes of yield 
superiority in corn hybrids and observed significant heterosis for grain yield and some other yield 

components in some of the hybrids over their parents. Araujo et al. (2001) conducted an 
experiment on heterosis of maize for grain yield and other yield components. Almost all 

combinations gave high mean values and significant heterosis for yield.  Konak et al. (1999) 

studied heterosis effects of eight inbred line crosses for some physiological trait. The 
investigation found positive heterosis for yield in four out of eight crosses. Larish and Brewbaker 

(1999) evaluated some F1 hybrids of 6 parents for grain yield and agronomic characters and 
found out that some of the crosses were intermediate between their parents, while one cross 

exceeded the parental limits. 
San-Vicente et al. (1998) studied the nature and magnitude of heterosis in a cross 

involving eight parental inbreds and 45 hybrids, the result showed significant heterotic effects 

among parents and hybrids for yield and other agronomic traits. 
In another study, Tsaftaris (1995) investigated heterosis in six improved high yielding 

and three local varieties in a diallel system. Results indicated standard heterosis for all 
combinations at varying ranges.  Vasal et al. (1993) evaluated the stability of some promising 

corn hybrids for yield and yield components (plant height, days to tasselling, days to silking, and 

grain weight). They observed highly significant genotype x environment interactions for these 
characters.  
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Grain quality is affected by days to maturity. Depending on the length of the growing 

season, early maturing hybrids are of importance in a breeding program because of their ability 
to overcome the incidence of pest and diseases. However, late maturing hybrids are useful for 

areas of long growing seasons. In an FAO evaluation report, test hybrids showed a relative 
maturity range of 70 to 155 days. (FAO, 2001). In the Philippines, early maturing hybrid ranges 

from 75 to 98 days while late maturing hybrids range from 100 - 110 days.  Singh and Singh 

(1998) evaluated the heterotic effect of 45 single cross hybrids for nine characters in a diallel 
system and found out that GCA component indicated the predominant role of additive gene 

action for plant height, while non-additive gene effect (SCA component) played a major role in 
the inheritance of grain yield and other agronomic characters. Pixley and Bjarnason (2000) 

evaluated 18 single-cross, 18 three-way, and 18 double-cross hybrids, and eight open-pollinated 
cultivars (OPCs) grown at 13 tropical locations in four continents. They reported that the stability 

of grain yield, additive main effects and multiplicative interactions (AMMI) analysis indicated that 

genotype x environment interaction effects for grain yield and endosperm modification score 
were different for hybrids than OPCs; certain environments favored either hybrids or OPCs. 

Furthermore, Hybrids averaged 13% higher grain yield than OPCs (5.97 and 5.17mha-l). 
 

Heterosis in Grain Quality Characters in Corn 

Heterosis is a relative measure of two generations - the parental and the progeny. For a 
given qualitative trait, the amount of heterosis following a cross between two populations is a 

function of the square of the difference of gene frequency between the populations and the 
dominance deviations (Falconer, 1981). 

Grain quality largely depends on its end use. It includes a range of properties that can be 
defined in terms of physical (moisture content, test weight, kernel size, heat damage, broken 

kernels, stress cracking, breakage susceptibility), sanitary (fungi and mycotoxin count, insects 

and insect fragments, toxic seeds, pesticide residue, odor, dust), and intrinsic (milling yield, oil 
content, protein content, hardness, density, starch content, feed value, viability, storability) 

quality characteristics. According to PHILSAN (2003), nutrient composition of corn grain for 
animal and livestock feed ranged from 7.80 to 8.60 % for crude protein, % crude fat 3.10 to 

3.40, crude fiber 1.60 to 2.80% and starch 62 to 70%. The quality properties of a grain are 

affected by its genetic traits, the growing period, timing of harvest, grain harvesting and handling 
equipment, drying system, storage management practices, and transportation procedures.  

Grain corn is a major source of dietary protein and energy in feed formulation. Hibberd et 
al. (1982); Rooney and Pflugfelder (1986).   Kaushik et al. (2004) studied 24 early maturing 

white seeded inbred corn with three testers for quality characteristics. Out of the seventy-two 

crosses, thirty crosses exhibited standard heterosis for quality traits. Furthermore, standard 
heterosis was also observed for quality characteristics such as protein and oil concentrations. The 

heterotic manifestations were studied by Egesel (1997) for grain quality characters in thirty 
hybrids along with their six parents. The characters studied were protein per grain, oil and other 

agronomic characters. Heterosis for these characters was considerably high indicating the 
possibility of exploiting hybrid vigor for their traits. Several other studies have shown significant 

differences among corn inbreds for quality traits. High levels of carotenoid, tocopherol and 

xanthophylls have also been reported in corn hybrids evaluated for their heterosis performance 
(Nass et al., 2000; Rooney and Pflugfelder 1986).   Significant levels of quality traits such as 

provitamin-A, ranging from a trace to 7.3 ug g-1, glutein from 2 to 33 ug g-1 , α-tocopherol 
ranging from 9.1 to 64.6 ug g-1 and γ-tocopherol from 13.6 to 128.7 ug g-1 have also been 

reported from hybrid trials (Egesel, 1997; Forgey, 1974). 

Dudley et al. (2004) reported broad sense heritability estimates for F3 corn hybrids with 
means of 33% for B-carotene, 47% for B-cryptoxanthin. 59% for zeaxanthin, 78% for lutein, 

88% for α-tocopherol, and 87% for γ-tocopherol.  Galliher et al. (1985) obtained broad sense 
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heritability estimates of 62% for α-tocopherol and 68% for γ-tocopherol in S1 families of Illinois 

version of Stiff-Stalk synthetic. Joshi et al. (1998) evaluated 27 hybrids for some quality traits 
such as protein content, and oil concentration. Of the 27 hybrids tested, 17 exhibited high levels 

of protein content. Four hybrids showed increased oil concentrations and three hybrids showed 
intermediate protein content. 

Dudley et al. (2004) studied the performance of Illinois High Protein and Illinois Low 

Protein maize (Zea mays L.).  The strains were crossed with two inbred testers. The S1 lines per 
se and the testcrosses were evaluated for grain protein, starch, and oil concentrations in four 

environments. Genetic variance for protein and starch was reduced from the Syn0 to the Syn4 and 
genetic variance for the S1 lines per se was greater than for the testcrosses. Heritability was 

similar in the Syno and Syn4. With single factor (SF) analysis, the number of significant marker-
QTL associations for protein and starch in the Syn4 was drastically reduced from the number 

found in the Syn4. Multiple regression (MR) analysis supported this result. Very few significant 

marker-QTL associations for oil were found in either the Syn0 or Syn4 Agreement between the 
testers and the S1 lines per se for chromosomal regions identified as associated with QTL for 

starch and protein was high. Pixley and Bjarnason (2000) reported that protein concentration in 
grain of 18 single crosses of corn was 2% greater for the open pollinated cultivar relative to 

hybrid cultivars (94.6 and 92.4 g kg-1). Endosperm modification score and tryptophan 

concentration in protein were similar for all cultivar types. 
 

The Concept of Combining Ability in Plant Breeding 
The concepts of combining ability defined by Sprague and Tatum (1942) have been used 

extensively in breeding of several economic crop species. There are two types of combining 
ability: general and specific combining abilities.  General combining ability (GCA) is the average 

value of a parent (line) estimated on the basis of its performance when crossed with other 

parents (lines). General combining ability provides information on which inbred lines should 
produce the best hybrids when crossed with other lines. Specific combining ability (SCA) is the 

behavior of a parent (X) when crossed with another parent (Y). The concepts of GCA and SCA 
are useful for characterization of inbred lines in crosses and often have been included in the 

description of an inbred line (Hallauer and Miranda Filho, 1988). 

The notion of good combining ability implies the capacity of a parent to produce superior 
progenies when combined with another parent. It is not possible to forsee the combing ability of 

two parents merely on the basis of the knowledge of their traits. Only the combination of 
parental traits may be expected with a degree of certainty. Combining ability is of a paramount 

importance in plant breeding when the objective of a breeding program is to develop superior 

progenies. 
The performance of a hybrid is related to the general (GCA) and specific (SCA) combining 

abilities of the hybrid lines involved in the cross (Sprague and Tatum, 1942). GCA is associated 
with additive effects of the genes, while SCA is related to dominance and epistatic effects (non-

additive effects) of the genes. However, Rojas and Sprague (1952) verified that the variance of 
SCA also contains deviations due to the interaction between genotypes and environments, in 

addition to those that come from dominance and epistasis. However, a high general combining 

ability in a population often ensures a high specific combining ability (Welsh, 1991). 
General combining ability effects are important indicators of the value of inbreds in 

hybrid combinations. Additive, additive x additive and higher order interaction of hybrids are 
generally attributed to GCA effects (Li et al., 1995 and Olmedo et al., 1997). Combining ability 

analysis is useful in selecting the parents and in forming a crossing plan for an efficient plant 

breeding program. Information on the types and relative amounts of genetic variance or type of 
gene action is also important in analyzing and in interpreting based quantitative traits. 
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Diallel analysis of cross-pollinating populations is used to study the genetic control of 

quantitative traits, to assess general and specific combining abilities (Griffing, 1956) and to 
perform heterosis analysis. It allows the selection of superior pure lines for hybridization, and in   

cross-pollinating species to screen populations for use in intra and  inter-population breeding 
programs. 

 

Combining Ability in Grain Yield and Agronomic Characters in Corn 
Nass et al. (2000); Hallauer and Miranda Filho (1988) and Kalla    et al. (2001) reported 

that in combining ability study for grain yield, the additive and non-additive effects contributed 
quite similarly to the control of this character, indicating that both additive and non-additive 

effects were important in the genetic control of grain yield. Furthermore, they also reported that 
the hybrid lines showing the greatest effects of GCA for grain yield also showed high positive GCA 

effect for ear height and plant height, and the cross between them was the most productive 

which showed the second highest SCA for grain yield. This report supports Hallauer and Miranda 
Filho (1988) report which indicates a positive association between plant height and grain yield. 

They also showed that GCA estimates for plant height and ear length accounted for only 4% of 
the mean of these traits at most, while SCA estimates also accounted for only 3% for plant 

height and 4% for ear length means, indicating that the contribution of general (GCA) and 

specific (SCA) combining abilities for the means of these traits were too low to be of any practical 
value. Beck et al. (1990) evaluated maize inbred lines; they found that GCA was relatively more 

important than SCA for unselected inbred lines, whereas SCA was more important than GCA for 
previously selected lines. Crossa et al. (1990) compared estimates GCA and SCA variances for 

yield and their interaction with locations and years. They stressed that the variance of SCA 
includes not only the non-additive deviations due to dominance and epistasis but also a 

considerable portion of the genotype x environment interaction. 

In a similar study of combining ability of corn inbred lines, Ali et al. (1986) reported that 
variations due to lines, testers and lines x testers interaction were significant for all the 

characters studied except in two cases where variation due to the tester for the number of kernel 
rows per ear and number of kernel per ear were not significant indicating the importance of both 

additive and non-additive types of gene action in the control of all the characters studied. 

Furthermore, the general combining ability (GCA) mean squares were greater than the specific 
combining ability (SCA) mean squares for days to tasseling, days to silking and plant height 

suggesting the additive types of gene action for these characters. These reports agree with the 
findings of Singh et al., (1971) that additive effects were larger than the dominance effects for 

the characters, days to silking, plant and ear height, ear number per plant and ear length. 

Eberhart et al. (1966) reported that additive type of gene action accounted for the major 
portion of combining ability effects observed in seven traits in maize. Russel and Eberhart (1970), 

Dhillon and Singh (1977), Stangland et al. (1983) and Logrono and Lantin (1985) reported the 
importance of the dominance type of gene action (non-additive effects) in the genetic control of 

grain yield maize. Combining ability of a genotype is an important criterion in developing 
improved hybrids and useful in testing procedures where the objective is to compare hybrid 

performance of lines (Griffing, 1956). 

In a diallel study of combining ability of corn hybrids, Beck           et al. (1991) and Singh 
et al. (1992) obtained significantly high values of GCA and SCA for yield and other eleven 

agronomic traits. Similarly, Crossa   et al. (1990) and Kalla et al. (2001) reported that plant 
height per plant was mainly affected by GCA effects of the hybrids. Grain yield per plant was 

unaffected by GCA effects of the hybrids. GCA effects of hybrids and the parents played a more 

important role than SCA effects. These results indicated a very close and consistent possessive 
relationship between heterosis and combining ability. This relationship implies that the heterosis 

of hybrids could be predicted reliably by combining ability analysis. Furthermore, Beck et al. 
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(1991) and Nass et al. (2000) analyzed the combining ability of some agronomic traits in corn 

hybrids. Significant differences in combining ability were observed among the hybrids. GCA 
values of the parents were significantly correlated with the level of heterosis in the hybrids. 

Joshi et al. (1998) studied seven high yielding genotypes of corn in diallel system and 
evaluated the parents and F1 progeny for seven physiological and yield characters. They found 

out that high significant mean squares of all traits for GCA and SCA were important for additive 

and non-additive gene action. 
Larish (1999) studied the general combining ability of five lines of high-yielding corn 

varieties and three testers for grain yield in a line x tester mating design. High general combining 
ability was recorded for grain yield in 3 of the lines and 2 lines had desirable general combining 

ability for yield. Khan (1991) studied the general combining ability of six parents and examined 
specific combining ability of 15 direct crosses in a 6 x 6 diallel design. He found good to poor 

combining ability for yield and yield components and significant SCA effects in all the traits 

studied. 
Dhliwayo et al. (2005) and Betran et al. (2003) evaluated grain yield of corn hybrids 

during the summer of 1999-2000 at four locations in Zimbabwe. General combining ability (GCA), 
specific combining ability (SCA), and reciprocal effects were highly significant (P < 0.01) in the F1 

hybrids. The result showed that GCA was more important than SCA for grain yield, indicating that 

yield was controlled mainly by additive gene action among these lines. 
 

Combining Ability in Grain Quality Characters in Corn 
Grain protein in ordinary maize is low and of poor quality because it is low in the amino 

acids lysine and tryptophan  (Bjarnason and Vasal, 1992). Dudley et al. (1996) reported a 
negative correlation between grain yield and protein concentration (r = -0.70) and suggested 

that low protein was dominant to high protein concentration. Boyat et al. (1980) crossed the 

Illinois high protein strains with a French germplasm and developed high protein inbred lines 
having 20 to 90g kg-1 protein higher than checks. Kauffmann and Dudley (1979) using 

germplasm with protein quantity levels nearly representative of standard maize, reported low or 
insignificant genetic and phenotypic correlations between the two traits. Vasal et al. (1993) 

reported that a combining ability study for protein quality concentration of six corn inbred lines 

resulted in significant gains in both protein yields per hectare with no significant changes in yield. 
Dudley and Lambert (1992) reported significant percent increase in protein and oil 

contents with good stability performance of corn inbred lines evaluated at 2 locations. Dudley et 
al. (1996) studied the general combining ability of some maize inbred lines for oil, starch protein 

contents in a line x tester design. They observed high to desired general combining ability for oil 

and starch contents. Bjarnason and Vasal (1992) worked on general combining ability for protein 
and oil traits in maize and found desirable GCA effects. Also, Vasal et al. (1993) reported highly 

significant correlation between protein content and grain weight. This indicated that simultaneous 
improvement of these two quality traits can be made with selection of either one but not both of 

them. Watson et al. (1999) evaluated corn inbred lines in a combining ability study using diallel 
cross analysis. They reported the involvement of one major gene and/or modifiers in governing 

the expression of protein content. Combining ability also showed both additive and non-additive 

gene effects in other important traits studied. The results suggested the importance of choosing 
appropriate parents in making crosses. 

Misevic (1999) studied combining ability effects of increased protein and oil content using 
5 x 5 diallelic cross involving parents differing in the percentage of protein and oil contents. 

Among the varieties studied, 3 parents with high protein content were found to be the best 

general combiners. Furthermore, crosses involving parents of high and low or high and medium 
combining abilities exhibited significant and positive specific combining ability effects. 

Long et al. (2004) reported that variation among 14 southern African-adapted white-
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grained maize inbred lines crossed in a diallel system was highly significant for flour Fe and Zn 

concentration and per kernel Fe and Zn content. General combining ability (GCA) effects for flour 
Fe and Zn concentration were significantly more important than specific combining ability (SCA) 

effects in high yielding environments, indicating that per se line evaluation could identify 
promising lines. Under low nitrogen conditions, one low Fe-Zn parent line had a significant 

positive GCA effect for flour Fe concentration, with no effect on flour Zn concentration. Among 

the inbred trials, one line had low Fe - Zn concentration, however, in hybrid combination one line 
as a highly promising line. 

 
 

MATERIALS AND METHODS 
 

Genotypes 

 
The seven inbred lines were selected based on previous studies indicating their good 

performance on agronomic characteristic like good pollen and survival under prevailing Philippine 
conditions. Subsequently, the two local hybrids were selected based on their average high yield 

(9.2 and 9.7 kg per/ha) and good agronomic characteristics.   

Name and origin of the inbred lines and the local hybrids used in this study are listed in 
Table 1.  

 
 

Table 1.  Names and Origin of Inbred Lines and Check Varieties 
 

               No.       Inbred line 

 

 

 

 

Origin 

 

 

 
1 

 

CIL-1 

 

 Fuhua-Haoyu China 

 
2 

 

CIL-2 

 

 

 

 Fuhua-Haoyu China 

 3 

 

CIL-3 

 

 Fuhua-Haoyu China 

 4 

 

CIL-4 

 

 Fuhua-Haoyu China 

 5 

 

CIL-5  Fuhua-Haoyu China 

 6 

 

CIL-6 

 

 Fuhua-Haoyu China 

 7 

 

CIL-7 

 

 Fuhua-Haoyu China 

                            Local hybrid 

 

 

 

 

8 

 

P3013  Pioneer Philippines 

9 CW1331  Corn World Philippines 
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Planting Methods 

 
Establishment of Parental and Production of Crosses 

Each inbred line was planted in a (7.5 square meter) plot with 0.75 meters space 
between rows and 0.25 meter between hills.  

Pollen was collected by covering the male inflorescence (tassel) with glassine bags and 

the female inflorescence (silk) was hand pollinated with the pollen collected. Crosses were made 
among the seven parents in all possible combinations excluding reciprocals (half diallel fashion). 

Each parent was used either as male or female in the mating process. The total number of 
entries evaluated (21) is equal to p (p - 1)/2 where p is the number of parents involved in the 

mating. The cross combinations are the following: Partial diallel crossing model.
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Legend:  x  = Selfing (parents), c = Direct Crosses

 

CIL-1 CIL-2 CIL-3 CIL-4 CIL-5 CIL-6 CIL-7 

 

CIL-1 

X CIL-2x CIL-1 CIL-3x CIL-1 CIL-4x CIL-1 CIL-5x CIL-1 CIL-6x CIL-1 CIL-7x CIL-1 

CIL-2 

 x CIL-3x CIL-2 CIL-4x CIL-2 CIL-5x CIL-2 CIL-6x CIL-2 CIL-7x CIL-2 

CIL-3 

  x CIL-4x CIL-3 CIL-5x CIL-3 CIL-6x CIL-3 CIL-7x CIL-3 

CIL-4 

   x CIL-5x CIL-4 CIL-6x CIL-4 CIL-7x CIL-4 

CIL-5 

    x CIL-6x CIL-5 CIL-7x CIL-5 

CIL-6 

     x CIL-7x CIL-6 

CIL-7 

      x 



 

Evaluation of Parents and Hybrid Crosses 
 

 
Planting of Hybrid Crosses and Parents 

After thorough land preparation, the 21 resulting crosses, seven (7) parents and two 

local hybrids, Pioneer (P3013) and Corn World (CW1331) as checks were evaluated in a 
Randomized Complete Block Design (RCBD) with three replications. A plot consisted of two rows, 

five meters long and spaced 0.75 m apart. Two seeds were sown at 0.25 m between hills. Two 
weeks after emergence, the plants were thinned to one plant per hill or a plot density of 40 

plants per plot. 
 

 Cultural Management Practices Used in the Evaluation of Hybrids 

Necessary cultural management practices and adequate maintenance  in the production 
of crosses were provided for proper plant growth. 

 
Fertilizer Application  

The plants were fertilized in 3 splits at the final rate of 135 - 35 - 65 kg NPK/ha during 

the growing periods: Basal (3 bags 14-14-14, 1 bag  46-0-0, 1 bag 0-0-60), top dress at 30 days 
after planting (2 bags 14-14-14, 3 bags 46-0-0, I bag 0-0-60), and side dress  at 45 days after 

planting ( 2 bags  46-0-0). 
 

Irrigation 
Irrigation was applied immediately after planting for faster and uniform germination. Six 

subsequent irrigations were applied as the need arises. 

 
Crop Protection 

 
Insects. The plants were protected from insect pests as signs of damage occur by 

spraying recommended rates of pesticides (Regent) in accordance with the techno-guide for corn 

production.  
 

Diseases. Recommended rates of fungicides (Ridomil) were also applied to the plants as 
symptoms occur. 

 

Weeds. Recommended levels (3-4 tbs/16L of water) of herbicides (Atrazin) were applied 
before planting and weeds were removed frequently by hand pulling to maintain proper growth 

of plants. 
 

Hilling-up. Three weeks after planting, hilling-up was done to improve aeration and at 
the same time reduce weed population. 

 

Harvesting, Drying and Threshing 
Plants were harvested manually at maturity as determined by presence of brown husk in 

about 90% of the plants.  Drying was done immediately to a moisture content of 12-15% under 
the sun for 3 days before shelling. Shelled grains were further sun-dried for 3-5 days until a 

moisture content of approximately 12-14% was attained. 
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Data Gathered 

 
Agronomic Characteristics 

 
Plant Height (cm) 

The average plant height in centimeters measured from the ground  

level to the top of the tassel of 10 representative samples selected at random within the 2 row 
per plot were taken. This was measured after pollen shed and when the silk had emerged. 

 
Days to 50% Tasseling 

Days to 50% tasseling was determined by the number of days after emergence (DAE) 
when 50% of the plants in a plot had exerted tassels. 

 

Days to 50% Silking 
Days to 50% silking was determined by the number of days after emergence (DAE) 

when 50% of the plants in each plot had produced silk. 
 

Days to Maturity 

The maturity dates of the hybrids were determined when 90% of the plants in the plot 
had brown husk.  

 
Ear Length (cm) 

The length (cm) of the corn ear from base to tip of the buff was measured. Measurement 
was taken from 10 representative samples of each type of corn plant selected randomly within 

each 2 rows per plot. 

 
Ear Weight (kg) 

Weight of dehusked ear from 10 samples of each corn hybrid selected randomly within 
each 2 rows per plot. was determined using an electronic balance.  Total weight of 10 samples 

was divided by the number of ears to determine the weight of each ear. 

 
Number of Kernel Per Row 

Number of kernels per row was counted from 10 representative samples of each corn 
hybrid selected randomly within each 2 rows per plot. 

 

Number of Kernel Rows Per Ear 
Number of kernel rows per ear was counted from 10 representative samples from each 

hybrid selected at random within each 2 rows per plot. 
 

Weight of 1000 Seeds (g) 
The weight of 1000 grains was determined from representative samples of each corn 

hybrid selected after threshing and sun drying to 12-14% moisture content.  

One thousand grains were weighed using an electronic balance expressed in grams and 
adjusted to 14% moisture content using the formula 

 
  100 - mc 

  __________    x weight of sample in grams 

   86 
 

 
Moisture content of the grains was determined at the same time when the grains were 

weighed. 
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Shelling Percentage (%) 

Grain shelling percentage was determined from 10 representative samples of each corn 
hybrid selected at random within each 2 rows per plot using the following formula; 

 Weight of shelled grains (kg) 
        ____________________________    X 100 

 Field weight of ears (kg) 
 
 

Yield/Ha (kg) 

Yield/ha (kg) was determined by harvesting and weighing all plant grains in each plot at 
physiological maturity. Grain yield was expressed in kg/ha per hectare based on the yield harvest 

area adjusted to 14% moisture content using the following formula: 
 

              Total yield (kg) adjusted to 14% MC 

Grain yield =   __________________________________   x 10,000m2/ha 
           Harvest area (0.25 x 0.75) 

 
 

 
 

Quality Characteristics 

 
The quality characteristics of the hybrids were analyzed at the Central Analytical Services 

Laboratory, National Institute of Molecular Biology and Biotechnology, University of the 
Philippines at Los Baños, College, Laguna, Philippines.  

Grain protein, fats, fiber and starch (carbohydrates) contents in the grains of the hybrids 

were determined from composite seed samples from each entry per replication (Appendix C).  
 

 
Statistical Analysis 

Analysis of Variance for the Design of the Experiment 
The mean data gathered for the quantitative and qualitative characters on parents and 

hybrids (without reciprocals) were subjected to analysis of variance following the analysis of 

Randomized Complete Block Design (RCBD) with the statistical model; 

Yij = µ + Pij + rk + eijk 

Where; 
 µ    =  is the general mean 

Pij   =  is the true effect of the ijth genotype 

rk    =  is the kth replication and 

eijk = is the experimental error associated with eijkth observation and is measured to be 

normally and independently distributed with a  mean zero variance 2 

The mean squares were tested against error variance by the usual "F" test. The standard 

error of difference for comparing any two progeny means was estimated by; √ 2 EMS / r, where 
MS is the estimate of EMS. The Least Significance Difference (LSD) was computed by multiplying 

the standard error of difference with "t" values for (r - 1) (t - 1) degree of freedom at 5% level of 
significance. 
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Analysis of Variance for Combining Ability 

The estimates of variance for general combining ability (GCA) and specific combining 
ability (SCA) and its effects were computed using Griffing's (1956) Model I (fixed effect model) 

and Method 2 (parents + one set of direct crosses). The mathematical model in the analysis of 
variance for combining ability is as follows:                              

Xikj = µ + gi + gj + Sij + eijk/b Where: 

Xikj 
 =   phenotype from crosses of the ith and jth parents, in block k; 

µ   =   population mean; 

gi     =   general combining ability of the ith parents; 
gj   =  general combining ability of the jth parents; 

Sij  =   interaction  (sca effect) 
b    =   number of blocks; and 

eijk =  error term of ijkth observation 

 

The ANOVA table for combining ability analysis was based on the following model; 

SV d.f. SS MS EMS 

                                                                                           1 

g.c.a.             n -1                Sg             Mg   2 +    ( n + 1) (———) gi2  

                                                                                          n -1 

    2 

s.c. a.      n ( n-1)               Ss                  Ms   2    +   _________  Sij
2  

        2                                               n ( n - l ) 

Error        m           Se           Me' 2     

Where; 

    1 

Sg  =  ———   [ ∑ (Xi. + Xii )2 - 4/n x..2]  
                     n + 2 

 
 

                                   1                                           2 

Ss   =  ∑ ∑Xi j 
2  - _____   ∑ ∑ ( Xi. + Xii) 2   +  ——————— X..2 

                                  n + 2           (n + l) (n + 2) 

Me'  =  Error Ms 

                           b 
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m    = Error d.f.  
n     = number of parents 

 
The combining ability mean squares were tested against the error mean square by F-

test. 

The general combining ability estimates for the parents i were computed as; 

1 
gi =    ——   [ ( Xi.+ Xii ) - X...]  

         n + 2 

Where; 

n      = number of parents 

Xi.    = array total of ith parents 

Xii    =  ith parent mean value over the replications 

X..    = total of all observations in diallel tables 

The specific combining ability estimates for crosses i x j (Sij ) were calculated as;  
 

   2  

         Sij        = Xij - (Xi. + Xii + Xj. +  Xjj )  +   _____________   X… 

    (n +l) (n + 2) 

Where; 

Xij    =    mean value of i x j cross over the replication 

Xj     =    array total of jth parent 

Xjj    =     mean of jth parent over the replication 

 

 

The calculated estimates for GCA and SCA were arranged in a diallel table. 
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The standard errors for differences were calculated as follows; 

 

a.     for gca effects: 

S.E (gi)       =        √ (n – l )Me' 

  n (n + 2) 

S.E.(gi - gj) =        √  2Me' 

 n + 2 

   b.    for sca effects: 

  S.E.(Sij)      
=        √ (n2 + n + 2) Me’ 

(n+ l)(n+ 2) 

         for same array: 

S.E. (Sij - Sik) =      √ 2(n + l) Me' 

                                                        (n + 2) 

         for any two effects 

S.E. (sij – skl ) =         √  2n Me'  

     (n + 2) 
 

The critical differences for any two effects were estimated by multiplying the 
corresponding S.E. with the tabular value of “t" at the error d.f. 

 
 

Estimation of Heterosis 

Heterosis was estimated in three (3) different ways; (1) over      mid-parent or Average 
heterosis, (2) over the better-parent or Heterobeltiosis, (3) over commercial hybrid or Standard 

heterosis. 
1. Relative Heterosis (RH) which is the increased or decreased vigor of the F1, over the 

mid-parent was calculated thus; 

F1 - MP 

RH =            ——————   x 100 

  MP 

 

 



 51 

Where; 

 

F1   = is the mean value of F1  

MP = is the mean value of two parents involved in the cross 

 
 

 
 

 

2. Heterobeltiosis (HB) which is the increased or decreased vigor of F1  Hybrid over the 
better-parent value was calculated thus; 

F1 - BP 
HB    =   ——————   x 100 

                        BP 

Where; 

F1 = is the mean value of hybrid 

BP = is the mean value (over replications) of the better-parent of the particular cross. 

3. Standard Heterosis (SH) which is the increased or decreased vigor of F1 hybrid over 

the values of standard varieties was calculated thus; 

  F1 -   SP 

SH  =  —————  x   100 

               SP 

Where; 

F1      =   is the mean value of hybrid 

 

SP   =   is the mean value over replications of the local commercial  
  hybrid (P3013 and CW1331). 

The significance of heterosis was tested using the formula; 

 "t" for relative heterosis (RH) 

RH   =    F1   –   MP 

√ 3/2r 2
e
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"t" for heterobeltiosis (HB) 

HB   = F1 - BP 

√  2/r 2
e 

 

 
 

"t" for standard heterosis (SH) 

HB     = F1 - SP 

√2/r 2
e 

Where; 

 2
e   

= error mean square obtained from ANOVA 
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RESULTS AND DISCUSSION 

 
Agro-Climatic Condition 

 
 The agro-climatic conditions (rainfall, temperature, relative humidity) during the 

experimental period are shown in Figure 3. The rainfall ranged from 6.1mm/ to 10.6 mm/day 

with an average of 8.76 mm/day and relative humidity ranged from 77% to 89% during the 
conduct of the study. The mean monthly temperature ranged from a minimum of 23.9oC to 

24.9oC and a maximum of 31.4oC to 36.5oC. According to Dowswell et al. (1996), corn is a 
versatile crop that adapts easily to a wide range of production environments.  

 Corn grows at latitudes ranging from the equator to slightly above 50° North and South, 
from sea level to over 3,000 meters above sea level, under heavy rainfall and in semi-arid 

conditions, and in temperate and tropical climates. Similarly, Dayanand (1998), cited that 

maximum grain yields have been recorded in locations where temperatures reach 30-32°C during 
the day and drop to 11-18°C at night, but the crop can tolerate wide deviations from this ideal 

range.   Based on the data shown in Figure 3, the rainfall, relative humidity and temperature 
recorded during the period of the study were in the range of standard requirement for corn 

production.  

 

 

 

 

 

 

                          Figure 1. Close view of the experimental area  
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Figure 3. Agro-climatic data during the experimental period (May – September, 2005), PAGASA      
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Based on the soil testing of the experimental area at the soil laboratory of the Fruits and 

Vegetables Seed Center, Central Luzon State University Science City of Munoz, the experimental 
site soil has a soil pH of 6.4, Nitrogen content of 2.0% (Low), phosphorus of 22 ppm (High) and 

potassium 370 ppm.  
These soil analyses recorded during the period of the study were still in the range of 

standard requirement for corn production. Chemical properties of the soil can influence the 

growth, yield and quality traits of corn. Corn grows best in well-aerated, deep, warm loams 
containing an abundance of organic matter, nitrogen, phosphorus and potassium (Singh et al. 
1979).        

As for insect pest, the attack of corn borer was observed in about 25 % of the plants 

during the period of evaluation of the hybrids. Flooding in the experimental area during 
germination was also observed.   

 

Evaluation of Parents and Hybrids 
 

Results of the analysis of variance for yield, agronomic and quality characteristics of the 

seven parents, twenty one hybrids, and two check local commercial varieties are presented in 
Table 2a and b. Highly significant differences were observed from the parents, hybrids and check 

varieties.  
This justified further partitioning of the data collected. In further portioning of the mean 

squares into three components, significant differences were observed among parents, 



 56 

 
 
                            Table 2a.  Analysis of variance for yield, agronomic and quality traits of hybrids and parents 
 

                MEAN SQUARES 

 
SV     D.F.  Plant         Days to  Days to    Days to  Ear length  Ear        No of                    No of 

           height         tasseling silking      maturity  (cm)           weight          Kernels            kernels 
                                                                                                                  (kg)             per row                 per ear 

    
Block     2 3394.81        28.31 46.30     1.64               1.24             0.0060        120.95             9.60 

Treatment 29 1797.87**    15.52** 21.31**  5.40**  22.28** 0.0153**     219.39**              16.24** 

Error    58  266.52         3.61  2.78     1.14               1.37  0.0021          15.26             6.75 
Total    89  835.80         8.05  9.80     2.54               8.18  0.0064          84.15             9.91 

 

 

 
                         Table 2b. Analysis of variance for yield, agronomic and quality traits of hybrids and parents 

 
                         MEAN SQUARES 

 
SV            D.F.   No. of kernels    Weight of         Shelling          Yield/ha      Protein       Fat  Fiber          Starch 

                            per ear          1000 seeds     percentage      (kg)            cont         cont     cont             cont 

      (gm)               (%)         (%)         (%)      (%)             (%) 
  

Block           2     31940.05          3343.49         884.91         1885802.94       0.95 **   1.75**        0.25                5.10 
Treatment  29     78221.16**       2452.05** 214.92       15938307.46**   3.56**    0.48**         0.56**     568.93**  

Error      58    7317.13      483.10 160.78          483669.37       0.22        0.04            0.04      44.16 

Total      89   30974.01  1188.94 194.69         5550958.94      1.32        0.22            0.22              214.27 
 
  * Significant at 5% level  ** Significant at 1% level  
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hybrids and check varieties for all the characters evaluated (plant height, days to 50% tasseling, 

days to 50% silking, days to maturity, ear length, weight of ears, number of kernels per row, 
number of kernel rows per ear, number of kernel per ear, weight of 1000 seeds and grain yield), 

except for percentage of shelling. Analysis of variance for the quality characteristics (% protein 
content, % fat content, % fiber content and    % starch contents also showed significant 

differences among the genotypes (Table 2 a, b).  

The significant difference observed indicated the presence of directional magnitude of 
non-additive effects and that heterotic response for these characters is possible.  Exploitation of 

heterosis for the characters which manifested high heterotic effect can be elucidated. 
 

Plant Height (cm)   
Significant differences were observed among the genotype on plant height. The mean 

values of hybrids ranged from 173. 0 to 226.4. CIL-6 x CIL-3 was the tallest among the hybrids 

(226.4 cm) followed by CIL-6 x CIL-4 (213.7cm). The shortest hybrid was CIL-5 x CIL-4 (173.0 
cm).  Comparing with the check varieties P3013 (207.58) and CW1331 (203.65 a-d), CIL-6 x CIL-

3 was taller than the two check varieties. The mean values of inbred lines ranged from 131.0 to 
164.3. The tallest among the inbred lines was CIL-4 and the shortest inbred line was CIL-2. The 

hybrids were generally taller than the inbred lines (parents) (Table 3 a).  
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                            Table 3a. Mean values of parents, hybrids and check varieties for agronomic traits 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
            

                              Means in a column followed by a common letter are not significantly different at  5% level (DMRT) 

 

Genotypes 

     (Crosses) 

 

Plant height   

      (cm) 

 

Days to tasseling 

 

 

Days to  silking 

  

 

Days to  maturity 

 

 

CIL-2 x CIL-1 192.03b-e 47.33a-d 48.33a 80.00a 

CIL-3 x CIL-1 187.96b-e 48.33a-f  51.00d-g 81.67a-d 

CIL-3 x CIL-2 177.23c-g 49.33c-i  48.33ab 80.67abc 

CIL-4 x CIL-1 186.15b-e 48.33a-g  51.67e-g 82.33bcde 

CIL-4 x CIL-2 193.79b-e 47.67abc  49.33a-d 82.33a-e 

CIL-4 x CIL-3 192.62b-e 49.67c-i  50.67d-g 83.67d-h 

CIL-5 x CIL-1 177.56c-g 50.67d-i  53.33g-j 83.00c-g 

CIL-5 x CIL-2 178.65c-g 47.00a  48.67abc 81.67a-d 

CIL-5 x CIL-3 185.28b-f 47.67a-d  50.67c-f 82.00a-e 

CIL-5 x CIL-4 173.04d-h 50.67d-i  52.00e-h 81.33abc 

CIL-6 x CIL-1 192.80b-e 48.67b-h  52.67e-i 83.00c-g 

CIL-6 x CIL-2 202.85a-d 47.67a-e  48.67abc 81.33abc 

CIL-6 x CIL-3 226.42a 51.33g-i  53.00f-j 81.67a-d 

CIL-6 x CIL-4 213.69ab 51.33f-i  52.67e-j 83.67d-h 

CIL-6 x CIL-5 208.97abc 48.33b-g  51.33e-g 83.33c-g 

CIL-7 x CIL-1 204.20a-d 50.00c-i  51.33e-g 82.67b-e 

CIL-7 x CIL-2 195.37a-e 48.33b-h  50.33b-e 80.33ab 

CIL-7x CIL-3 178.39c-g 52.00g-i  54.33g-j 83.00b-e 

CIL-7 x CIL-4 202.74a-d 49.00c-i  50.67d-g 84.33e-h 

CIL-7 x CIL-5 202.19a-d 48.33b-h  50.33b-e 83.00b-e 

CIL-7 x CIL-6 
 

193.49b-e 
 

50.67d-i 
 

 54.33g-j 83.00b-f 

Mean 218.6 49.2 51.1 82.23 

SD 111.6 1.48 1.8 1.5 
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                   Table 3b. Mean values of parents, hybrids and check varieties for agronomic traits 

 

Means in a column followed by a common letter are not significantly different at 5% level (DMRT) 

    

 

    
 
  

Genotypes (inbred) 
 

 
Plant height         

     (cm) 

 
Days to tasseling 

 
Days to  silking 

 
Days to  maturity 

 

CIL-1 154.82f-i 51.67g-i 56.67ij 84.33e-h 

CIL-2 131.00i 51.33f-i 52.33e-h 82.33b-e 

CIL-3 129.99i 53.00g-i 56.67ij 84.33f-h 

CIL-4 164.33e-h 54.00h-i 56.00hij 84.33e-h 

CIL-5 145.11h-i 52.33h-i 54.00g-j 81.33abc 

CIL-6 153.87g-i 55.33i 57.60j 83.67d-h 

CIL-7 145.34h-i 54.33h-i 57.33 j 83.33d-h 

Mean 
218.6 53.1 55.8 83.4 

SD 177.2 1.47 1.9 1.2 

Check Varieties     

P3013 207.58abc 50.667e-i  52.67e-j 85.33h 

CW1331 203.65a-d  53.333g-i 53.00g-j  84.6gh 

Mean 205.6 52 52.8 85.0 

SD 2.78 1.88 0.24 0.47 

     

GRAND MEAN 183.4 50..27 52.33 82.72 
CV % 8.9 3.77 3.19 1.29 

Standard error 9.43 1.09 .96 .62 

LSD at P = 0.05 26.4 3.07 2.69 1.72 

LSD at P = 0.01 34.9 3.07 3.56 2.28 
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  Table 4a. Mean values of parents, hybrids and check varieties for yield and yield components 

 

 Means in a column followed by a common letter are not significantly different at 5% level (DMRT 
            

       

 
 

 
Genotypes 

(Crosses) 

Ear length 
(cm) 

Ear 
weight   

(kg) 

No. of kernel 
 per row 

 

No of kernel 
row per ear 

No of kernel 
per ear 

Weight of 
1000 seed 

(g) 

Shelling 
percentage (%) Grain 

Yield per/ha 

CIL-2 x CIL-1 17.63 b-d 0.25a-d 38.33bc 14.15b-f 543.02bc 262.5b-g 57.33abc 7555.6b-g 

CIL-3 x CIL-1 17.28 b-d 0.25a-d 35.83bc 15.57a-f 560.26abc 259.3b-h 50.00a-d 6657.91f-j 

CIL-3 x CIL-2 18.33 ab 0.23b-d 34.27bc 14.70a-f 505.58c 271.9a-d 57.33abc 6666.7f-j 

CIL-4 x CIL-1 15.80d 0.28abc 32.20cd 14.97a-f 482.36c 253.4b-h 44.77a-d 6222.2g-k 

CIL-4 x CIL-2 18.33ab 0.25a-d 37.77bc 13.53b-g 511.77c 306.37 a 57.00abc 8015.0b-e 

CIL-4 x CIL-3 20.23a 0.33a 46.47a 15.70a-f 723.41a 288.27ab 50.40a-d 8658.8ab 

CIL-5 x CIL-1 16.13b-d 0.20c-e 35.10bc 14.77a-f 518.57bc 262.6b-g 50.00a-d 5333.3k 

CIL-5 x CIL-2 18.15abc 0.20c-e 35.10bc 19.67a 468.40c 290.4ab 61.33a 6999.9e-j 

CIL-5 x CIL-3 20.10a 0.25a-d 38.23bc 15.80a-f 603.73abc 272.6a-d 60.00ab 8591.8abc 

CIL-5 x CIL-4 16.03b-d 0.17d-f 35.00bc 17.23a-c 616.32abc 251.2b-h 49.03a-d 5777.8j-k 

CIL-6 x CIL-1 17.07b-d 0.28abc 37.20bc 18.40ab 686.06ab 239.9d-i 49.07a-d 6780.2e-j 

CIL-6 x CIL-2 17.77b-d 0.25a-d 37.57bc 13.43b-g 504.07c 268.8a-e 56.67abc 8345.7b-d 

CIL-6 x CIL-3 16.77b-d 0.23b-d 31.37cd 18.10ab 566.77abc 229.4d-i 50.00a-d 7111.1d-j 

CIL-6 x CIL-4 17.80b-d 0.30ab 35.83bc 16.50a-e 590.69abc 284.1abc 50.33a-d 9700.6a 

CIL-6 x CIL-5 17.73b-d 0.28abc 35.80bc 15.80a-f 566.90abc 288.3ab 53.33abc 7773.7b-f 

CIL-7 x CIL-1 15.87g-d 0.25a-d 37.53bc 16.67a-e 623.09abc 205.0ij 49.47a-d 6374.3g-k 

CIL-7 x CIL-2 15.97cd 0.20c-e 36.03bc 14.57a-f 525.06bc 227.5e-j 63.03a 5896.7i-k 

CIL-7x CIL-3 15.90cd 0.13e-f 35.10bc 15.67a-f 550.13bc 194.6j 53.33abc 6000.0h-k 

CIL-7 x CIL-4 17.57b-d 0.25a-d 37.93bc 15.43a-f 585.31abc 247.7b-h 57.00abc 7447.0b-g 

CIL-7 x CIL-5 17.57b-d 0.21c-e 40.20ab 15.37a-f 616.48abc 247.3b-h 56.03abc 6816.7e-j 

CIL-7 x CIL-6 15.73d 0.25a-d 32.10cd 16.60a-e 535.80bc 224.9f-j 44.13a-d 7278.2c-h 

Mean 
17.32 

0.24 
36.4 

15.8 565.9 
256.0 53.3 

7143.00 

SD   1.3 0.44   3.2   1.6   64.2   28.9   5.2 1095.04 
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                  Table 4b. Mean values of parents, hybrids and check varieties for yield and yield components  

 

Means in a column followed by a common letter are not significantly different at 5% level (DMRT)

 

           Genotypes 

           (inbred) 
 

Ear length  

(cm) 
 

   Ear 

weight   
 (kg) 

No. of 

kernels per 
row 

No. of 

kernels  
rows per 

ear 

No of kernel 

per ear 

Weight of 1000 

seed  
 (g) 

Shelling 

percentage (%) 
 

Grain yield 

per/ha 

CIL-1   8.90g 0.09f-g   8.00g   8.9g   74.05e 266.27a-e 27.77d 2181.47L 

CIL-2 11.80ef  0.13e-f 21.97ef 12.1c-g 266.62d 220.27g-j 39.67a-d 1980.53L 

CIL-3 13.47e 0.08g 15.83f 11.9d-g 187.81de 239.03d-i 41.67a-d 2473.63L 

CIL-4 11.60ef 0.10fg 15.87f 11.2fg 181.50de 243.87c-i 60.00abc 2083.60L 

CIL-5 13.10e 0.12fg 26.77de 11.6e-g 308.49d 217.30h-j 42.33a-d 2261.50L 

CIL-6 13.50e 0.12fg 21.56ef 13.7b-g 297.04d 236.67d-i 35.00bcd 2485.07L 

CIL-7 10.10fg 0.10fg 19.60f 12.6c-g 250.20d 189.23j 34.43cd 2510.07L 

Mean 11.78 0.103 18.5 11.7 233.7 230.4 40.1 2282.27 

SD   1.76 0.02   5.98   1.5   82.2   24.3 10.1   212.43 

Check Varieties         

P3013 16.63 b-d 0.28abc 34.53 bc 16.2a-f 560.14a-c 255.80 b-h 49.00 a-d 7221.23d-i 
CW1331 16.97b-d 0.28abc 35.23 bc 16.8a-d 594.59a-c 248.07 b-h 53.00 a-d 8047.33b-e 

Mean  16.8 0.275 34.9 16.5 577.4 251.9 51.0 7634.28 

 SD    0.24 0.055   0.49  0.47   24.4     5.47   2.83   544.14 

GRAND MEAN 15.99     .210 32.14 14.92 486.8 249.75 50.08 6041.58 

CV % 7.31 21.55 12.15 17.41   17.57     8.80 25.32      11.51 

Standard error   .67 2.62   2.26   1.50   49.39   12.68   7.32   401.53 

LSD at P = 0.05 1.89 7.3   6.31   4.20 138.29   35.53 20.49 1124.33 

LSD at P = 0.01 2.49 9.7   8.35   5.55 182.78   46.96 27.09 1486.05 
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              Table 5a. Mean values of parents, hybrids and check varieties for      

                            quality traits 

Means in a column followed by a common letter are not significantly different at 
 5% level (DMRT)

 

Genotypes 

(Crosses) 

protein 
cont. % 

 

Fat  
Cont.% 

 

  

Fiber 
Cont.% 

  

Starch 
Cont.% 

CIL-2 x CIL-1 7.88c-h 2.82d-g 2.22ij 67.21cde 

CIL-3 x CIL-1 8.11c-f 2.94b-g 2.80def 81.61ab 

CIL-3 x CIL-2 7.83c-h 3.09bcd 2.55e-i 85.62a 

CIL-4 x CIL-1 7.51d-i 2.24jk 2.69efg 69.47b-e 

CIL-4 x CIL-2 7.24f-i 3.30ab 2.43f-j 70.28bcd 

CIL-4 x CIL-3 8.04c-g 2.57g-j 3.49ab 68.75c-e 

CIL-5 x CIL-1 7.39e-i 2.20k 2.66efg 78.67abc 

CIL-5 x CIL-2 6.85i 2.73d-h 2.71efg 72.63bcd 

CIL-5 x CIL-3 7.11hi 2.30jk 2.65e-h 65.07def 

CIL-5 x CIL-4 7.37f-i 2.14k 2.58e-i 71.10bcd 

CIL-6 x CIL-1 8.40cd 2.67f-i 2.58e-i 61.94d-g 

CIL-6 x CIL-2 7.29f-i 2.67d-g 2.47f-j 72.59bcd 

CIL-6 x CIL-3 8.48c 3.06bcd 3.29abc 40.48k 

CIL-6 x CIL-4 7.25f-i 2.58g-j 2.79def 54.18f-i 

CIL-6 x CIL-5 7.14g-i 2.97b-f 2.26hij 49.46g-k 

CIL-7 x CIL-1 7.98c-h 2.89c-g 3.11bcd 60.84d-g 

CIL-7 x CIL-2 7.92c-h 3.05b-e 2.81def 44.09i-k 

CIL-7x CIL-3 8.62c 3.24bc 3.31abc 4410i-k 

CIL-7 x CIL-4 7.15g-i 2.68e-i 2.94cde 53.66f-j 

CIL-7 x CIL-5 7.28f-i 2.81d-g 3.58a 48.20h-k 

CIL-7 x CIL-6 8.28cde 2.72e-i 3.25abc 42.10i-k 

Mean 7.57 2.75 2.78 62.00 
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Table  5b. Mean values of parents, hybrids and check varieties for      

            quality traits 

Means in a column followed by a common letter are not significantly different at 5% level 

(DMRT) 

Genotypes 

( Inbred) 

protein cont. % 

 

Fat  
Cont. % 

 

Fiber 
Cont. % 

 

Starch 
Cont. % 

 

CIL-1 11.11a  2.30 jk   2.11j 38.81k 

CIL-2   8.38cd  2.32 i-k   3.32ab 51.67g-k 

CIL-3 10.10b  2.17 k   3.23abc 45.38h-k 

CIL-4   7.40e-i  1.77 l   2.11j 47.61h-k 

CIL-5   7.50d-i  2.40h-k   2.73efg 39.12k 

CIL-6 10.05b  2.59g-j   2.65e-h 41.30jk 

CIL-7 10.70ab  2.43h-k   3.56a 57.42e-i 

Mean 9.24 2.28 2.78 45.9 

SD 1.51 0.26 0.58 6.91 

Check Varieties     

P3013 8.04 c-g 2.67 f-i 2.33g-j 69.46b-e 

CW1331 7.37 f-i 3.60 a 2.36 g-j 61.58 d-g 

Mean 7.61 3.13 2.32 65.52 

SD 0.47 0.65 0.01 5.56 

GRAND MEAN 7.96 2.67 
 
2.76 

 
58.48 

CV % 5.83 7.24 7.41 11.36 

Standard error  .27 .111 .117  3.84 

LSD at P = 0.05 .750 .313 .330 10.74 

LSD at P = 0.01 .992 .413 .436 14.20 
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Days to 50% Tasseling  

Significant differences were observed among the hybrids in days to 50% tasselling. The 
mean value of hybrids ranged from 47 to 52 days. Among the hybrids, CIL-2xCIL-1, CIL-4 x CIL-

2, CIL-5 x CIL-2, and     CIL-6 x CIL-2 were the earliest to produce tassel (47 days), whereas,             
CIL-7xCIL-3 took 52 days to 50% tasseling.  

The two check varieties (P3013 and CW1331) took 51 and 53 days respectively to 50% tasseling. 

Among the inbred lines, CIL-1 and CIL-2 were the earliest to produce tassel (51 days), whereas, 
CIL-6 was the longest to produce tassel (55 days). Early tasseling is an important growth 

parameter in corn production.  Pollen shed from the tassel usually begins 2-3 days before silk 
emergence. In this study, most of the hybrids recorded early tasselling than the parental lines (4 

days) and check variety (Table 3). 
 

Days to 50% Silking        

 Difference between the hybrids on days to 50% silking was found significant. The mean 
values of the parents ranged from 48 to 54 days. Among the hybrids, CIL-2xCIL-1, CIL-5xCIL-2, 

and CIL-6xCIL-2 were the earliest to produce silk (48 days) whereas; CIL-7x CIL-3 and CIL-7 x 
CIL-6 took 54 days to 50% silking. The mean values among the inbred lines ranged from 52 to 

57 days. CIL-6 and CIL-7 took 57 days to produce silk. The check varieties took 52 and 53 days, 

respectively to produce silk.  
 

Days to Maturity         
 The mean values of hybrids for days to maturity ranged from 80 to 84 days. CIL-2xCIL-1, 

CIL-7 x CIL-2 and CIL-3 x CIL-2 were the earliest to mature (80 days) whereas CIL-7 x CIL-4 was 
the longest to days to 90% maturity (84 days). Most of the hybrids matured earlier than their 

parents. The mean values of days to maturity of the parents ranged from 81 to 84 days. The 

check varieties took 84 and 85 to days to maturity. 
  Maturity is an important characteristic in hybrid corn breeding. Hybrids must be 

extremely early in maturity in order to provide a high yield of sound grain within the limits of the 
growing season or for multiple cropping. However, late maturing hybrids are useful for areas of 

long growing seasons. Days to physiological maturity for commercial hybrids ranges from 70 to 

155 days (FAO, 2001). 
 

Ear Length (cm)         
 Ear length was variable among the hybrids. The range of hybrid mean was from 15 to 20 

cm.  The highest value among the hybrids was observed in CIL-4 x CIL-3 and CIL-5 x CIL-3, 

while the lowest value was found in CIL-7 x CIL-6 and CIL-4 x CIL-1.  The check varieties had 
mean values of 16 cm.  For the inbred (Parents), the mean values ranged from 8 to 13. The 

highest mean value was observed in CIL-5, CIL-6 and CIL-3 (13cm). 
 

Ear Weight (without husk) (kg) 
 The mean value of hybrids ranged from 0.13 to 0.33. The heaviest weight was observed 

among CIL-4 x CIL-3 and CIL-6 x CIL-4 with mean values of 0.33 and 0.30 respectively. The 

lowest mean value was observed in CIL-7 x CIL-3 (0.13 kg). The check varieties had mean value 
of 0.28. Among the inbred lines, the mean values ranged from 0.08 to 0.13. The highest mean 

value was observed in CIL-2 (0.13). 
 

Number of Kernels Per Row  

The mean values of parents for number of kernels per row ranged from 31 to 46. CIL-4 x 
CIL-3 produced the highest number of kernel per ear (46), whereas, the lowest number of kernel 

per ear was observed in CIL-6 x CIL-3. The check varieties had mean values of 34 and 35, 
respectively. The means of the inbred lines ranged from 8 to 26. The highest mean value was 

observed in CIL-5 and the lowest mean was observed in CIL-1. 
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Number of Kernel Rows Per Ear  

 Significant variation was observed among the hybrids. The mean values of the hybrids 
ranged from 13 to 19. The highest mean value was manifested in CIL-5 x CIL-2 (19) and the 

lowest mean value was observed in CIL-6 x CIL-2 (13). The check varieties had mean value of 
16. The means of the inbred lines ranged from 8 to 13. The highest mean value was observed in 

CIL-6 (13), whereas, CIL-1 had the lowest mean value (8). 

 
Number of Kernel Per Ear         

 Mean values of hybrids for number of kernel per ear ranged from 723.4 to 468.4. The 
highest mean value was manifested by CIL-4xCIL-3  (723.4) followed by CIL-6xCIL-1 (6860.6), 

CIL-7xCIL-1 (623. 09),  CIL-7xCIL-5 ( 616.5) and CIL-5xCIL-4 (616.3). The check varieties 
(P3013 and CW1331) had mean values of 560.1 and 594.6, respectively. Means of the inbred 

lines ranged from 74.04 to 308.5.  The highest mean value was manifested by CIL-5 (308.5) 

followed by CIL-6 (297.04) and CIL-2 (266.6). The lowest mean value was observed in CIL-1. 
 

Weight of 1000 Seeds (g)  
Significant variation in 1000 grain weight was obtained among the hybrids. The mean 

values of hybrids ranged from 194.6 to 306.3. CIL-4 x CIL-2 was the heaviest (306.3), while 

among the inbred lines the average ranged from 189.2 to 266.2. The means of the check 
varieties were 248 and 255.8, respectively.  

 
Shelling Percentage (%)  

 The difference in shelling percentage was insignificant among the genotypes. The mean 
values of hybrids ranged from 63.0 to 44.1. CIL-7 x CIL-2 showed the highest mean value (63), 

the lowest mean value was shown by CIL-7 x CIL-6 (44.1). The check varieties showed means of 

49.0 and 53.0, respectively. The means of the inbred lines ranged from 27.7 to 60.0. The highest 
mean value was observed in CIL-4 (60.0) while the lowest mean value was shown by CIL-1. Out 

of the 21 hybrids, 8 hybrids performed better than the best check variety (CW1331) in attaining 
higher percentage of shelling. 

 

Grain yield/Ha (kg)  
Significant variation was found among the genotypes for total grain yield per/ha. (Table 

2). The means value of hybrids ranged from 9700.57 to 5333.33. The highest mean value was 
shown by cross combination CIL-6 x CIL-4 (9700.57) followed by cross combinations CIL-4 x CIL-

3 (8658.77), CIL-5 x CIL-3 (8591.77) and CIL-6 x CIL-2 (8345.67). The lowest mean value was 

shown by cross combination of CIL-5 x CIL-4 (5777.77) and CIL-5 x CIL-1 (5333.33). The mean 
values of the inbred lines ranged from 2510.07 to 1980.53. The highest mean value was shown 

by CIL-7 (2510.07) while the lowest mean value was observed in CIL-2 (1980.53). The check 
varieties P3013 and CW1331 had mean values of 7221.23 and 8047.33, respectively. Four (CIL-

6xCIL-4,         CIL-4xCIL-3, CIL-5xCIL-3, CIL-6xCIL-2) out yielded the best yielding check variety 
(CW1331). Other hybrids also performed better than the other check variety (P3013). 

 

% Protein Content  
Significant variation was observed in percentage of protein content among the 

genotypes. The means of the hybrids ranged from 8.5 to 6.7.   The highest mean value among 
the hybrids was shown by CIL-7 x CIL-3 (8.5), while the lowest mean value was observed in CIL-

5 x CIL-2 (6.7). The mean values of the inbred lines ranged from 11.0 to 7.3). The highest mean 

value was shown by CIL-1 while the lowest was shown by CIL-4. The check varieties had mean 
values of 7.9 and 7.2, respectively      (Table 5). 

 
% Fat Content         

 The mean values of hybrids for percentage of fat content ranged from 3.3 to 2.1. The 
highest mean value was observed in CIL-4 x CIL-2 (3.3) while the lowest mean value was shown 
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by CIL-5 x CIL-4 (2.1). Among the inbred lines, the highest mean value was shown by CIL-6 

(2.6) while the lowest mean value was observed in CIL-4 (1.8). The two check varieties (P3013, 
CW1331) had mean values of 3.6 and 2.7, respectively (Table 5). 

 
Fiber Content  

 The mean values of hybrids for percentage of fiber content ranged from 3.6 to 2.2. The 

highest mean value was shown by CIL-7 x CIL-5 (3.6), whereas, the lowest mean value was 
observed in CIL-2 x CIL-1 (2.2). The means of the inbred lines ranged from 3.5 to 2.1. The 

highest mean value was shown by CIL-7(3.5) and the lowest mean value was observed in CIL-
1(2.1). The two check) varieties (P3013, CW1331) showed mean values of 2.33 and 2.36, 

respectively. Most of the hybrids showed higher mean values than the check varieties (Table 5).  
 

% Starch (Carbohydrate) Content      

 Significant variation was also found in the genotypes for % Carbohydrate (Starch) 
content. The mean values of hybrids ranged from 85.6 to 40.5). The highest mean value was 

shown by CIL-3 x CIL-2 (85.6). The lowest mean value was observed in CIL-6 x CIL-3. The mean 
values of the inbred lines ranged from 57.4 to 38.8. The highest mean value was shown by CIL-

7(57.4) while the lowest mean value was observed in CIL-1(38.8). The check varieties (P3013, 

CW1331) had mean values of 69.5 and 61.6, respectively. Compared with the two check varieties 
and the parents, 11 hybrids showed higher mean values. These hybrids can be further used for 

commercial exploitations (Table 5).  
 

Mid-parent, Better-parent and Standard Heterotic Effects on Yield,  

Agronomic and Quality Traits 

 
An important element in hybrid corn development is the potential of a high magnitude of 

heterosis which can be achieved through specific combinations. Heterosis or hybrid vigor simply 
results from the masking of deleterious recessive mutations fixed in one parental line by non-

deleterious alleles found in the other parental line. Since each individual line could be expected to 

be homozygous for a different array of deleterious alleles, the hybrid would contain the fewest 
number of homozygous recessives (Singh, 1983). Heterosis is the manifestation of heterozygosity 

expressed as increased vigor, size, fruitfulness and resistance to disease, insects or climatic 
extremes relative to either the high-parent or the mid-parent value.  Briggle (1963) reported that 

all parental combinations do not result in expression of hybrid vigor, and some do not perform as 

well as either parent involved in the hybrid. Sufficient hybrid vigor would be available only with 
specific parental combinations.  

Virmani and Edwards (1983) reported on 21 studies that supported Briggle’s observations 
that heterosis does exist when compatible parental combinations are made. They also suggest 

that hybrid advantage is a function of three factors: (i) breeding-method efficiency (rate-of-
progress); (ii) negative or positive effects of the system used to produce the hybrid; and (iii) the 

inherent level of heterosis. They also suggest that when genetically diverse ‘pools’ of inbreds are 

available, it is reasonable to assume that consistently higher levels of heterosis will be obtained. 
In this study, mid-parent heterosis was calculated as a deviation of the hybrids from mid-parental 

values of each cross for yield, agronomic and quality characteristics.  
Furthermore, standard heterosis was calculated as the increase or decrease in the means 

of yield, agronomic and quality traits of the hybrids over the values of the standard variety 

CW1331. Similarly, better parent heterosis was calculated as the increase of decrease in yield, 
agronomic and quality traits of hybrids over the better parent. 

Analysis of variance for three heterosis (Relative, heterobeltiosis, standard) on agronomic and 
quality traits are presented in Tables 6, 7 and 8.  The results show significant differences for all 

the traits except for relative heterosis of plant height, days to 50% tasseling, number of kernel 
row per ear and shelling percentage (Table 6). 
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                        Table 6a.  Analysis of variance for mid-parent heterosis (F1- MP) effects for various characters studied 

 

MEAN SQUARES 
 

SV      D.F.   Plant height   Days to  Days to   Days to   
               (cm)     silking  tasselling  maturity   

 
Block       2    4053.27  54.3986  76.5073             2.5086  

Treatment     27    1321.07  51.4634** 44.0446*  5.5283**    

Error      54      613.46  10.0071  13.3264             1.4298     
Total      83      926.53  24.5626  24.8415             2.7891  

 
 

 

Table 6b.  Analysis of variance for mid-parent heterosis (F1- MP) effects for various characters studied 
 

MEAN SQUARES 
 

SV    D.F.   Ear      No. of              No of       No of kernel    Shelling   Grain yield/ha 
   length    kernel            kernel row   per ear percentage     kg) 

    (cm)      per row           per ear    (%) 

 
Block     2 3086.5     621.0            3943.2              5379.9            54103.6    3503.91 

Treatment   27 1767.1**     11943.3**      1293.4              30929.4**  4020.6  33138.20** 
Error    54   251.1          1341.3              683.3              4034.2              2718.7    1526.53 

Total    83   812.6              4772.8              960.3             12815.7              4380.4  11857.49 

 
* Significant at 5% level  ** Significant at 1% level,   RH - Relative heterosis (F1 - MP) 
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Table 6c.  Analysis of variance for mid-parent heterosis (F1- MP) effects for various characters studied 

 
 

MEAN SQUARES 
 

SV     D.F.  Protein  cont   Fat cont  Fiber cont  Starch cont 

                 (%)       (% )               (%)                 (%) 
 

Block       2  808.2526**  134.9596  808.2526**     77.1344 
Treatment    27   562.1981**  786.6093**   562.1981**   3556.2521**   

Error     54    65.9634    71.1118      65.9634     198.4154  
Total     83  245.2756  305.4025  245.2756 1287.8013 

 

* Significant at 5% level ** Significant at 1% level,   RH - Relative heterosis (F1 - MP) 
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                              Table 7a. Analysis of variance of better parent heterosis (F1- BP) for various characters studied 

 
MEAN SQUARES 

        
 SV   D.F.  Plant height  Days to  Days to           Days to    

          (cm)   silking  tasseling          maturity            

 
 Block               2  33.21   12.65   62.04           9.46  

Treatment  27  62.24**             82.53**   68.47**          7.14**     
 Error   54           112.31                8.44       8.89           1.96  

 Total   83           263.92             32.64    29.55           3.83       
 

 

 

                           Table 7b. Analysis of variance of better parent heterosis (F1- BP) for various characters studied 
 

MEAN SQUARES 

 

SV    D.F.   Ear      No. of           No of         No of kernel        Shelling             Grain yield/ha 

   length    kernel         kernel row        per ear          percentage    (kg) 
    (cm)      per row         per ear    (%) 

 
Block     2 1528.8     682.4         4010.4         5305.1      34884.4         4136.8 

Treatment   27 1101.3**          5627.7**        909.4       13525.8**        2491.9  28134.3** 

Error    54   271.3             1030.1           582.6         2886.2        2421.9    1856.6 
Total    83   571.4             2517.3           771.6         6405.6        3226.9  10459.7 

 
* Significant at 5% level ** Significant at 1% level, RH - Relative heterosis (F1 - BP) 
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                         Table 7c. Analysis of variance of better parent heterosis (F1- BP) for various characters studied 

MEAN SQUARES 

 SV    D.F.  Protein  cont Fat cont         Fiber cont  Starch cont 

                    (%)       (%)      (%)      (%) 

 
 Block                2  115.33  488.44*  613.45     232.77 

 Treatment   27   519.24**  528.57**  503.77** 3369.41** 
 Error    54    24.44    67.14      84.30    190.29 

 Total    83  187.59    227.40  233.51  1225.49 
 

* Significant at 5% level     ** Significant at 1% level, HB - Heterobletiosis (F1 - BP) 
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                              Table 8a.  Analysis of variance of standard heterosis (F1 - SP) for various characters studied 

 
MEAN SQUARES 

 
   SV  D.F.   Height of         Days to         Days to         Days to                     

         plant                    silking        tasselling                   maturity      

 
  Block   2    165.06       24.90        20.00          5.38        

  Treatment 29    430.46**      76.53**        60.43**          7.41 **        
  Error  58             60.97         9.79        13.96          1.56          

  Total  89    183.70      31.88        29.24          3.55               
   

 

 
                           Table 8b. Analysis of variance of standard heterosis (F1 - SP) for various characters studied 

 

                                                                                       MEAN SQUARES 

 

 SV    D.F.      Ear    No. of           No of        No of kernel      Shelling                Grain yield/ha 
      length    kernel         kernel row       per ear       percentage       (kg) 

      (cm)      per row        per ear    (%) 
 

 Block        2 2302.7** 2977.8**      2822.0        7889.6          12833.5**     667.5 
 Treatment   27   800.2** 1771.6**        605.7        2292.8**              740.0      084.5** 

 Error    54    58.1              122.2           271.9          252.6   578.6        98.5 

 Total    83  350.4              723.8           438.0        1089.1   912.4    1084.3 
 

* Significant at 5% level ** Significant at 1% level, RH - Standard  heterosis (F1 - SP) 
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                                      Table 8c. Analysis of variance of standard heterosis (F1 - SP) for various characters studied 

 
 

                                                                                                  MEAN SQUARES 

   SV   D.F.  Protein cont   Fat cont Fiber cont    Starch cont 

               (%)        (%)      (%)          (%) 
 

   Block                        2    848.22**    54.76    1936.21**    6736.79** 
   Treatment           29     570.43**  666.28** 1068.89**    1240.93** 

   Error            58      36.12     42.40                80.05                 114.69 
   Total            89    228.52  245.96              443.97                 630.48 

 

 * Significant at 5% level, ** Significant at 1% level, SH - Standard heterosis (F1-SH)



 73 

Heterotic Effects of Hybrids 

 
 The estimates of heterosis effects of hybrids for various agronomic and quality traits 

were estimated on three bases: relative, heterobeltiosis and standard heterosis. The results of 
the estimates are presented in Tables  9 and 10. 

  

Plant Height (cm) 
 

             The relative heterosis for plant height ranged from -22.58   (CIL-5xCIL-4) to 42.43 % 
(CIL-6xCIL-2). The heterobeltiosis ranged from 5.81 (CIL-5xCIL-4) to 45.33 % (CIL-6xCIL-3). 

The standard heterosis effect ranged from -14.88 (CIL-5xCIL-4) to 10.34 % (CIL-6xCIL-3). A 
total of 2 hybrid exhibited significant positive relative heterosis for plant height while 15 hybrids 

showed significant positive heterobeltiosis. All the hybrids were not significant for standard 

heterosis (Table 9). Relative heterosis and heterobeltiosis are generally of genetic interest to the 
breeder, while standard heterosis is for commercial exploitation which in most cases is more 

relevant. Plant height is an essential component that determines grain yield.  
            The choice for tall or short height plant depends on the breeding objective. Generally, 

tall plants are prone to logging. Medium height     (192 -206cm) are preferred for hybrid corn 

breeding.  Significant positive heterosis for plant height indicates that the hybrids grew taller than 
the mid-parent, better parent or check variety.  
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 Table 9a. Estimates of heterosis for various traits (%) 
 

Genotypes 

Plant Height  Days to 50 % Silking Days to 50 % Tasseling 

RH 
 

HB 
 

SH 
 

RH 
 

HB 
 

SH 
 

RH 
   

HB 
 

SH 
   

CIL-2 x CIL-1 34.41 24.54**   -5.65 -11.18** -14.62** -8.75 ** -7.97** -10.60** -11.23** 

CIL-3 x CIL-1 31.90 21.46*   -7.81   -9.90**  -9.90** -3.70   -7.60** -10.49**    -9.38** 

CIL-3 x CIL-2 35.79 30.56** -12.87  -11.13** -14.58** -8.71**   -5.37 -6.93*   -7.53* 
CIL-4 x CIL-1    -16.94   13.52   -8.56   -8.23** -8.75** -2.47   -8.37** -10.49**    -9.38** 

CIL-4 x CIL-2     -5.88 18.46**   -4.64   -8.80** -11.86** -6.86**   -9.46** -11.73**   -10.61** 

CIL-4 x CIL-3     -6.79   17.67   -5.28 -10.04** -10.56** -4.39   -7.16**   -8.03**    -6.86* 

CIL-5 x CIL-1     18.38   14.59 -12.96   -3.56  -5.88*  0.62    -2.46  -6.17*    -5.01  

CIL-5 x CIL-2 29.40  15.74 -12.22   -8.30** -14.05** -8.13**   -9.26** -12.96**    -11.89** 

CIL-5 x CIL-3 35.11  13.18   -8.89   -8.34**   -9.52** -4.39   -9.41** -11.73**    -10.61** 

CIL-5 x CIL-4    -22.58   5.81 -14.88   -5.33   -7.12** -1.85   -4.64  -6.17**   -4.96  

CIL-6 x CIL-1 35.35 21.15*  -5.21   -4.26   -8.69** -0.65   -8.69** -12.02**    -8.74** 
CIL-6 x CIL-2 42.43* 31.98**  -0.36 -11.44** -15.60** -8.10** -10.52** -13.79**   -10.59** 

CIL-6 x CIL-3 35.69 45.33** 10.34   -7.3**   -8.11**  0.00   -5.22    -7.24**   -3.73 

CIL-6 x CIL-4 -2.52 30.25**   4.94   -7.34**  -8.68** -0.62   -6.13*   -7.26**   -3.78 

CIL-6 x CIL-5 40.21 35.99**   2.70   -7.99** -10.98** -3.09  -10.16** -12.59**   -9.38** 

CIL-7 x CIL-1 36.47 32.35**   0.28   -9.93** -11.50** -3.09    -5.66   -8.01**  -6.27* 

CIL-7 x CIL-2 41.42* 32.43**  -3.97   -8.24** -12.22** -5.05   -8.50** -11.04**   -9.38** 

CIL-7x CIL-3 29.85 23.47** -12.2   -4.65   -6.31*  2.58    -3.09   -4.28ns   -2.49 
CIL-7 x CIL-4 -8.45 23.89** -0.29 -10.62** -12.16** -4.43   -9.55**   -9.83**     -8.15** 

CIL-7 x CIL-5 39.72 38.29** -0.78   -9.60** -12.24** -5.01   -9.36** -11.04**     -9.38** 

CIL-7 x CIL-6 29.63 25.73** -4.89   -5.52  -6.35*  2.47   -7.64**  -8.48**   -5.01 

CW1331(check)   0.00   00.00       00.00 

SE 14.30 6.12 4.51 1.83 1.68 1.79 2.11 1.72 2.04 

R.H. – Relative heterosis  (Mid-parent, F1- MP), H.B. – Heterobeltiosis  (Better-parent, F1-BP)  
S.H. – Standard heterosis ( Check Variety, F1-SP)  * Significant at 5% level ,** Significant at 1% level 
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               Thus, selection for tall plant can be done. However, a significant negative heterosis for 

plant height indicates that hybrids performed less than the mid-parent, better parent or check 
variety and selection for medium or short plant height can be done. 

Among the three heterosis estimated for plant height in this study, the cross combination of CIL-
6xCIL-2 showed high significant positive relative heterosis for plant height (42.43) followed by 

the cross  CIL-7xCIL-2 (41.42). Most of the hybrids were not significant for relative heterosis. 

Various cross combinations showed positive heterobletiosis. The cross CIL-6xCIL-3 gave the 
highest magnitude of positive heterobeltiosis (45.33) followed by the cross CIL-7xCIL-5 (38.29) 

and CIL-6xCIL-5 (35.99). Fifteen hybrids showed significant positive heterosis indicating 
dominance over their taller parent. However, all the hybrids were not significant for standard 

heterosis indicating that the hybrids were not taller than the commercial variety. Reports show 
that hybrids are superior to their parents in several attributes. Beck et al. (1990) reported high 

better-parent heterosis for most economic traits.  Gama et al. (1995) observed up to 42.5% 

heterosis for plant height.  
 

Days to 50% Silking 
The relative heterosis for 50% days to silking ranged from -3.56 (CIL-5xCIL-1) to -11.44 

percent (CIL-6xCIL-2). Heterobeltiosis ranged from -5.88 (CIL-5xCIL-1) to -15.60 percent (CIL-

6xCIL-2). Standard heterosis for this character ranged from -1.85 (CIL-5xCIL-4) to 2.58   (CIL-
7xCIL-3). A total of 16, 21 and 5 hybrids recorded significant negative heterosis for relative, 

heterobeltiosis and standard heterosis (Table 9).  
This study revealed that 16 hybrids exhibited significant negative relative heterosis 

indicating early silking over the mid-parent. Likewise, all the hybrids showed significant negative 
better parent heterosis.  Five hybrids (CIL-2xCIL-1, CIL-3xCIL-2, CIL-4xCIL-2, CIL-5xCIL-2,           

CIL-6xCIL-2) exhibited negative standard heterosis (-8.75, -8.71, -6.86,  -8.13, -8.10) indicating 

earliness in silking than the check variety (CW1331). These five hybrids also exhibited significant 
negative relative heterosis and high percentage of heterobeltiosis.  

Results of this study are in agreement with earlier findings of other researchers. Kebede 
Malatu (1989) reported better-parent heterosis for days to silking. Vasal et al. (1993) evaluated 

corn hybrids for yield and yield components (plant height, days to tasselling, days to silking and 

grain weight). They observed highly significant heterosis for these characters. The ability of corn 
plant to exert early silking is an important growth parameter to achieve optimum grain yield. Silk 

emergence occurs 2-5 days after pollen shed. 
 

Days to 50% Tasseling        

 The relative heterosis for 50% days to tasseling ranged from -2.46 (CIL-5xCIL-1) to -
11.44 % (CIL-6xCIL-2). Heterobeltiosis ranged from       -5.88 (CIL-5xCIL-1) to -15.60 % (CIL-

6xCIL-2). Standard heterosis for this character ranged from -1.85 (CIL-5xCIL-4) to 2.58   (CIL-
7xCIL-3) (Table 9). A total of 15, 20 and 15 hybrids recorded significant negative heterosis for 

relative, heterobeltiosis and standard heterosis. Fifteen crosses expressed negative and 
significant relative heterosis for 50% days to tasselling, whereas, heterosis over the better-

parents was observed in 20 crosses for the same trait indicating earliness of the hybrids to exert 

tassel.  
The cross combinations CIL-6xCIL-2 (-10.52), CIL-6xCIL-5  (-10.16) and CIL-6xCIL-2 (-

9.55) showed high relative heterosis. These hybrids also manifested high heterobletiosis 
indicating dominance over the better parent.  Furthermore, 15 hybrids exhibited significant 

negative standard heterosis indicating their high performance in early tasseling compared with 

the commercial variety CW1331. Heterosis above the mid-parent and better -parent for days to 
tasselling was reported by Vasal et al. (1992) and Kebede Malatu (1989).   
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Table 9b. Estimates of heterosis for various traits (%) 
 

Genotypes 
Ear length  No. of kernel per row 

RH HB SH RH HB SH 

CIL-2 x CIL-1 74.48** 51.76** 4.80 156.09**   74.72**    9.24 

CIL-3 x CIL-1 54.59** 29.06* 2.39 204.52** 127.69**    1.67 

CIL-3 x CIL-2 46.07** 29.66* 8.64   81.06**   56.19**   -2.11 
CIL-4 x CIL-1 55.87** 36.84** -5.87 173.23** 114.35**   -8.13 

CIL-4 x CIL-2 60.47** 50.13** 9.28 101.77**   72.23**    7.65 

CIL-4 x CIL-3 61.62** 50.96** 20.02** 205.50** 170.09**  31.59** 

CIL-5 x CIL-1 49.74** 25.18 -4.35 103.84**   31.86    0.14 

CIL-5 x CIL-2 48.42** 40.55** 7.67  43.92**   31.88    0.17 

CIL-5 x CIL-3 51.45** 54.82** 19.42**  80.71**   44.22    8.79 

CIL-5 x CIL-4 30.39** 23.15 -5.14  65.87*   31.26   -0.14 

CIL-6 x CIL-1 36.37** 26.77 1.24  71.99**   76.10**    5.97 

CIL-6 x CIL-2 41.72** 24.17 5.80  73.22*   61.97*    7.23 

CIL-6 x CIL-3 24.56 21.40 -0.53  68.99*   48.52 -10.67 

CIL-6 x CIL-4 41.88** 32.26* 5.37  97.30**   68.86*    2.14 

CIL-6 x CIL-5 33.61** 24.91 5.10  48.82   34.87    2.15 

CIL-7 x CIL-1 70.81** 56.77** -5.42 183.94** 103.27**    7.05* 

CIL-7 x CIL-2 49.55** 40.44** -5.26   75.68*   53.23*    2.66 

CIL-7x CIL-3 35.32** 19.25 -6.03 100.43**   78.75**   -0.46 

CIL-7 x CIL-4 63.19** 51.92** 4.38 114.29**   81.59**    8.13 

CIL-7 x CIL-5 53.28** 36.02** 4.24   74.34*   51.51   14.32 

CIL-7 x CIL-6 33.56** 16.57 -6.40   55.93   31.29   -8.31 

CW1331 (Check)   00       00 

SE 9.15 9.51 4.40 21.15 18.53 6.38 

R.H. – Relative heterosis  (Mid-parent, F1- MP), H.B – Heterobeltiosis  (Better-parent, F1-BP)  

S.H. – Standard heterosis (Check Variety, F1-SP) * Significance at 5% level ** Significance at 1% level   
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       Table 9c. Estimates of heterosis for various traits (%) 

 

Genotypes 

No. of kernel row per ear 
 

No. of kernel per ear  

RH HB SH RH HB SH 

CIL-2 x CIL-1 37.10 18.90  -15.52 226.37** 109.09**   -7.02 

CIL-3 x CIL-1 50.22 31.09    -7.61 333.43** 200.20**   -5.97 

CIL-3 x CIL-2 23.24 16.67  -12.19 124.95*   96.40*  -12.82 

CIL-4 x CIL-1 48.96* 26.98  -10.73 282.55** 187.86**  -17.29 

CIL-4 x CIL-2 16.43  8.46  -19.04 128.66*   91.14*  -11.88 

CIL-4 x CIL-3 36.46 31.83    -6.29 319.76** 257.52**   22.33 

CIL-5 x CIL-1 44.58* 27.81  -12.00 171.91**   67.78  -11.30 

CIL-5 x CIL-2 73.96** 73.99**   20.39   63.56   51.78  -19.64 

CIL-5 x CIL-3 34.65 32.23   -5.93 143.81**   96.23*    2.56 

CIL-5 x CIL-4 52.57* 45.66*    4.64 145.72**   96.59*    9.16 

CIL-6 x CIL-1 43.55* 34.92  10.03 145.83** 138.57**  17.75 
CIL-6 x CIL-2  4.33 -3.75 -19.88   79.70   59.31 -13.42 

CIL-6 x CIL-3 41.53 32.26    7.69 137.42**   97.91*   -3.64 

CIL-6 x CIL-4 33.12 20.58   -1.77 160.12** 104.54**    0.70 

CIL-6 x CIL-5 25.17 15.58   -5.69   87.05   73.29   -2.65 

CIL-7 x CIL-1 56.27** 32.56   -0.92 315.92** 173.09**    6.14 

CIL-7 x CIL-2 19.02 15.83 -13.17 112.60*   89.66* -10.40 

CIL-7x CIL-3 28.36 22.44   -6.56 154.14** 118.28**   -7.00 

CIL-7 x CIL-4 30.15 21.24   -8.04 172.17** 120.08**   -0.05 

CIL-7 x CIL-5 27.72 23.01   -8.30 123.66*   93.34*    5.06 

CIL-7 x CIL-6 26.94 20.23   -0.87   97.10   58.01   -7.71 

CW1331 (Check)       00   00 

SE 15.09 13.94 9.52 36.67 31.02 9.18 

R.H. – Relative heterosis  (Mid-parent, F1- MP), H.B. – Heterobeltiosis  (Better-parent, F1-BP)  

S.H. – Standard heterosis (Check Variety, F1-SP)  * Significant at 5% level , ** Significant at 1% level  
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Days to tasseling and days to silking are important growth parameters for grain yield. In 

this study, hybrids that exhibited significant days to tasselling also showed significant days 
silking. 

 
Days to Maturity 

The relative heterosis for days to maturity ranged from -3.99    (CIL-2xCIL-1) to 1.02 % 

(CIL-6xCIL-5). Heterobeltiosis ranged from -5.12 (CIL-2xCIL-1) to -15.60 % (CIL-6xCIL-5). 
Standard heterosis for this character ranged from -5.51 (CIL-2xCIL-1) to 0.39 (CIL-7xCIL-4).   A 

total of 4, 7 and 9 hybrids recorded significant negative heterosis for relative, heterobeltiosis and 
standard heterosis respectively (Table 9). 

Plant maturity is an important characteristic of a good hybrid. Early maturing hybrids are 
usually of interest to circumvent the incidence of pest and disease. The estimates of heterotic 

effects for days maturity indicate that 4 cross combinations via; CIL-2xCIL-1(-3.99), CIL-3xCIL-1, 

(-3.16), CIL-3xCIL-2, (-3.19) and CIL-7xCIL-2 (-3.02) exhibited high significant relative heterosis 
indicating dominance over their early maturing parent. These hybrids were also found to exhibit 

early silkng and tasseling as well as high mean values. 
 Estimates of heterobeltiosis effects show that 7 cross combinations exhibited high 

significant negative heterosis indicating their dominance over the better-parent. The cross 

combination           CIL-2xCIL-1 recorded the highest significant negative heterosis (-5.12) 
followed by cross combinations CIL-3xCIL-2 (-4.34), CIL-3xCIL-1 (-3.92), CIL-7xCIL-2 (-3.60), 

CIL-5xCIL-4 (-3.54) and CIL-6xCIL-3 (-3.16). These hybrids also exhibited early silking and 
tasseling.  

 
Ear Length  

Relative heterosis for ear length ranged from 24.56 (CIL-6xCIL-3) to 74.48 CIL-2xCIL-1). 

Heterobeltiosis ranged from 16.57 (CIL-7xCIL-6) to 54.82 (CIL-5xCIL-3). Standard heterosis for 
this character ranged from    -6.40 (CIL-7xCIL-6) to 20.02 (CIL-4xCIL-3) (Table 9). Out of the 21 

cross combinations, 20 exhibited significant positive relative heterosis. Significant positive 
heterosis was also reported by Vasal et al., 1992; Kebede Malatu (1989).  Estimates of 

heterobeltiosis effects show that 2 cross combinations (CIL-4xCIL-3, CIL-5xCIL-3) exhibited 

significant positive effects indicating dominance over their better parent. Estimates of standard 
heterosis shows that 13 hybrids exhibited significant positive heterosis over the check variety 

(CW1331). Similar findings have also been reported by Vasal et al. 1992; Kebede Malatu 1989; 
Beck et al., 1990 and Gama et al. (1995). 

 

Number of Kernel per Row 
 Relative heterosis for number of kernel per row ranged from 43.92 (CIL-5xCIL-2) to 

205.50 CIL-4xCIL-3). Heterobeltiosis ranged from 31.26 (CIL-5xCIL-4) to 127.69 (CIL-3xCIL-1). 
Standard heterosis for this character ranged from -10.67 (CIL-6xCIL-3) to 31.59 (CIL-4xCIL-3)    

(Table 9). Significant positive relative heterotic values over the            mid-parent were observed 
in 18 cross combinations out of 21. Significant positive better parent heterosis was also observed 

in 13 hybrids out the 21 for this character indicating better performance over the better parent of 

the cross. Larish and Brewbaker (1999) also reported significant heterosis for number of kernel 
per row. These results also agree with the reports of Araujo et al.  (2001) and Kalla et al. (2001). 

 Estimates of standard heterosis shows that only one cross combination exhibited significant 
positive heterosis indicating that most of the hybrids did not give relatively higher performance 

over the check variety (CW1331) for this character. 

 
Number of Kernel Row Per Ear 

 Estimates of heterotic effects for number of kernel row per ear are presented in Table 9. 
Relative heterosis for number of kernel row per ear ranged from 4.33 (CIL-6xCIL-2) to 73.96 CIL-

5xCIL-2). Heterobeltiosis ranged from 8.46 (CIL-4xCIL-2) to 45.66 (CIL-5xCIL-4). Standard 
heterosis for this character ranged from -19.88 (CIL-6xCIL-2) to 20.39 (CIL-5xCIL-2). Out of the 
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21 hybrids, 7 cross combinations showed significant positive relative heterosis over their mid-

parental values with CIL-5xCIL-2 ranking as the highest (73.96) followed by CIL-7xCIL-3 (56.27), 
CIL-5xCIL-4 (52.57) and CIL-3xCIL-1 (50.22) respectively. Estimates of heterobeltiosis effects 

showed that 2 hybrids (CIL-5xCIL-2, CIL-5xCIL-4) exhibited significant positive effects (73.99, 
45.66) over the better-parent for this character. Significant heterosis for number of kernel row 

per ear have also been reported by Tsaftaris, 1995; Kalla et al. 2001. Estimates of standard 

heterosis effect showed that none of the hybrids exhibited significant effect for number of kernel 
row per ear over the check variety.  

 
Number of Kernel Per Ear 

 Estimates of heterotic effects for number of kernel per ear are presented in Table 9. 
Relative heterosis for number of kernel per ear ranged from 63.56 (CIL-5xCIL-2) to 333.43 CIL-

3xCIL-1). Heterobeltiosis ranged from 51.78 (CIL-5xCIL-2) to 257.52 (CIL-4xCIL-3). Standard 

heterosis for this character ranged from -19.54 (CIL-5xCIL-2) to 22.33 (CIL-4xCIL-3). 
Significant positive relative heterosis over mid-parental values was observed in 17 cross 

combinations out of 21. Similarly, 16 hybrids also exhibited significant positive better parent 
heterosis with  CIL-4xCIL-3 ranking as the highest (257.52) followed by CIL-3xCIL-1, (200.20),       

CIL-4xCIL-1 (187.86) and CIL-7xCIL-1 (173.09) respectively.  

The number of kernel per ear is an important yield component. These hybrids with significant 
positive heterosis indicate their potentials for hybrid exploitations of this character. Similar 

findings have also been reported by San-Vicente et al. (1998) and Chaudhary et al. (2000). 
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Table 9d. Estimates of heterosis for various traits (%) 
 

Genotypes 
Days to maturity Shelling percentage Grain yield/ha  

RH HB SH RH HB SH RH HB SH 

CIL-2 x CIL-1 -3.99** -5.12** -5.51 **    86.35*    51.30  10.02 262.70** 245.82**    5.09 

CIL-3 x CIL-1 -3.16** -3.92** -3.54 *    50.51    30.05   -3.87 187.12** 171.22**   -7.83 

CIL-3 x CIL-2 -3.19** -4.34** -4.71 **  109.37**    83.50*    8.08 198.11** 167.77**   -6.82 

CIL-4 x CIL-1 -2.34  -2.73 -2.76     18.30    -6.36 -15.50 192.83** 185.82** -12.68 

CIL-4 x CIL-2 -1.20  -2.36 -2.75    58.64    24.25    8.05 294.98** 285.92**   11.54 

CIL-4 x CIL-3 -0.79  -1.57 -1.18    19.94     9.98  -3.16 281.46** 251.63**   21.17* 

CIL-5 x CIL-1  0.20  -1.57 -1.96    49.97   32.05  -5.01 142.30** 130.00**  -26.50** 

CIL-5 x CIL-2 -0.20  -3.14** -3.54*    81.07   63.28  15.68 232.69** 198.33**   -2.51 

CIL-5 x CIL-3 -1.01  -2.75 -3.15*    63.37   -9.33  14.44 262.92** 266.66**   19.11* 

CIL-5 x CIL-4 -1.81  -3.54** -3.93*    -2.27  -27.32   -5.93 165.38** 144.04**  -19.35* 

CIL-6 x CIL-1 -0.01  -1.97 -1.96    83.37*   45.91   -7.25 209.54** 179.99**    -5.55 

CIL-6 x CIL-2 -2.01  -2.78 -3.93* 102.93**   71.67    8.03 282.59** 252.25**   16.36 

CIL-6 x CIL-3 -2.78  -3.16** -3.54*   65.43   55.56   -5.01 193.99** 172.50**   -0.78 

CIL-6 x CIL-4 -0.39  -1.57 -1.18   17.38     2.58   -2.48 328.77** 301.51**   34.37** 

CIL-6 x CIL-5  1.02  -0.36 -1.57s   63.10   41.11    0.94 231.63** 194.46**     8.21 

CIL-7 x CIL-1 -1.39  -1.95 -2.36   61.31   30.49   -5.51 171.57** 154.90**  -11.89 

CIL-7 x CIL-2 -3.02 ** -3.60** -5.12** 103.09   73.07   21.45 162.65** 135.88**  -18.45* 

CIL-7x CIL-3 -0.99  -1.58 -1.97   69.35   48.95    0.94 199.00** 180.66**     3.47 

CIL-7 x CIL-4  0.60 -0.38 -0.39    46.72   23.22    8.62 162.37** 143.31**  -16.26 

CIL-7 x CIL-5  0.81 -0.39 -1.96   54.57   29.75    6.33 187.99** 162.58**   -5.76 

CIL-7 x CIL-6 -0.59 -1.18 -1.96   51.36   29.61 -17.04 198.84** 187.47**    1.22 

CW1331(Check) 
  00.00    00.00 

  00.00 

SE .69 .81 .73 30.10 28.41 13.99 67.64 66.33 7.82 

R.H. – Relative heterosis  (Mid-parent, F1- MP), H.B – Heterobeltiosis  (Better-parent, F1-BP)  S.H – Standard heterosis (Check Variety, 

F1-SP)  * Significance at 5% level  ** Significance at 1% level



 81 

Shelling Percentage 

 Estimates of heterotic effects for shelling percentage are presented in Table 9. Relative 
heterosis for shelling percentage ranged from 17.38 (CIL-6xCIL-4) to 109.37 CIL-3xCIL-2). 

Heterobeltiosis ranged from 2.58 (CIL-6xCIL-4) to 73.07 (CIL-7xCIL-2). Standard heterosis for 
this character ranged from -17.04 (CIL-7xCIL-6) to 21.45 (CIL-7xCIL-2). Out of 21 cross 

combinations, 5 hybrids showed significant positive relative heterosis over their mid-parental 

values. Estimates of heterobeltiosis effects showed that only one cross combination (CIL-3xCIL-2) 
exhibited significant positive heterosis over the better parent of the cross. No significant standard 

heterotic effect was observed in the entire cross combinations for this trait indicating that these 
hybrids did not perform beter than the check variety in terms of shelling percentage. 

 
Grain Yield/Ha  

The relative heterosis for total grain yield ranged from 142.30  (CIL-5xCIL-1) to 

328.77(CIL-6xCIL-4). Heterobeltiosis ranged from 130.00 (CIL-5xCIL-1) to 301.51 % (CIL-6xCIL-
4). Standard heterosis for this character ranged from -26.50 CIL-5xCIL-1) to 34.37 (CIL-6xCIL-4)    

(Table 9).   All the 21 hybrids recorded significant positive heterosis for relative heterosis as well 
as heterobeltiosis while 3 hybrids exhibited significant positive standard heterosis. Similarly, 3 

hybrids showed significant negative standard heterosis. The magnitude and the crosses showing 

desirable response to grain yield are presented in table 9. Significant positive relative heterosis 
recorded by all the hybrids indicates that these hybrids performed better than the mid-parents in 

terms of grain yield which further revealed their potentials for heterosis exploitation.  
Similar finding has been reported by Larish and Brewbaker  (1999); Dehghanpour et al. 

(1996); San-Vicente et al. (1998); Konak et al. (1999); Araujo et al. (2001); Kalla et al. (2001). 
The highest relative heterosis for grain yield was manifested by CIL-6xCIL-4 (328.77). Other 

cross combinations showing significant positive heterosis over the mid-parent were CIL-4xCIL-2 

(294.98), CIL-6xCIL-2 (282.59), CIL-4xCIL-3 (281.46), CIL-5xCIL-3 (262.92), CIL-2xCIL-1 
(262.70), CIL-5xCIL-2.  

 Heterosis in yield could be attributed to increase in number of kernels per ear. The study 
of Vasal et al. (1993) pointed out that number of kernels per ear contribute directly of indirectly 

to corn grain yield. CIMMYT (1998) also reported that the number of ear per plant and the 

number of kernels per ear determines corn yield. The increase in yield depends on the increase in 
the expression of one or more of the yield components. Most of the hybrids that exhibited high 

grain yield also showed high mean values in number of kernels per row, number of kernel rows 
per ear and plant height. These observations suggest that to successfully exploit heterosis in corn 

yield, parent genotypes need to be selected based on yield components for greater 

compensation. 
Estimates of heterobeltiosis show that all the 21 crosses combinations showed significant 

positive heterosis. The highest significant performance over the better parent was exhibited by 
the cross CIL-6xCIL-4 (301.51). Significant positive heterosis was also observed in other cross 

combinations, namely; showing CIL-4xCIL-2 (285.92),       CIL-5xCIL-3 (266.66), CIL-6xCIL-2 
(252.25), CIL-4xCIL-3 (251.63) and CIL-22xCIL-1 (245.82). The results of these hybrids indicate 

dominance over the better parent. Araujo et al. (2001); Konak et al. (1999); Vasal et al. (1993), 

also  reported significant better parent heterosis in maize for grain yield as well as in yield 
components.  

The standard heterosis estimates showed preponderance of significant positive and 
negative heterosis. Among the cross combinations, only three hybrid (CIL-4xCIL-3, CIL-5xCIL-3, 

CIL-6xCIL-4) exhibited significant positive standard heterosis indicating superiority over the 

commercial variety (Table 9). Similarly, 3 hybrids showed significant negative standard heterosis 
indicating less performance compared with the check variety in terms of gain yield. In similar 

finding, Tsaftaris (1995) reported significant varying levels standard heterosis in grain yield.  
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% Protein Content 
Significant differences in heterosis for percent protein content were observed among the 

different crosses (Table 10). The relative heterosis ranged from -1.85 (CIL-5xCIL-4) to -36.79 
(CIL-7xCIL-1). Heterobeltiosis ranged from -3.83 (CIL-5xCIL-4) to -38.30 (CIL-5xCIL-2). Standard 

heterosis for this character ranged from -6.68 (CIL-5xCIL-2) to 17.63 (CIL-7xCIL-3).   A total of 

19 hybrids exhibited significant negative relative heterosis. Similarly, 20 hybrids also showed 
significant negative heterobeltiosis while 5 hybrids recorded significant positive standard 

heterosis. 
Majority of the cross combinations showed significant negative heterosis. The cross 

combinations, CIL-5xCIL-2 (-38.30), CIL-5xCIL-1     (-33.32), CIL-4xCIL-1 (-32.31) and CIL-
7xCIL-4(32.30) gave the highest negative effects. None of the crosses manifested significant 

positive relative heterosis indicating that dominance is towards the lower parent. This trend 

suggests that heterotic effects for protein content are directed towards the parent with lower 
protein content. Generally, heterosis of hybrids from parents with high protein concentration was 

slightly higher than those hybrids from parents with low protein contents. Considering the 
negative heterotic effect of crosses in this study, it is therefore better to make use of parents 

with high protein contents to develop genotypes with high protein content. 
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                                 Table 10a. Estimates of heterosis for various quality traits (%) 

 

Genotypes 
Protein Cont. Fat Cont. 

RH HB SH RH HB SH 

CIL-2 x CIL-1 -19.10** -29.09** 7.21s 22.28** 15.98* -20.27 ** 

CIL-3 x CIL-1 -23.58** -26.96**  10.67 *  32.68**   26.70** -16.41** 

CIL-3 x CIL-2 -15.27** -22.68** 6.63 37.79** 33.26** -12.00** 

CIL-4 x CIL-1 -19.00** -32.31** 2.51  10.64   -0.79 -36.30** 

CIL-4 x CIL-2 -8.26* -12.88**   -1.14 61.64**  41.91** -8.07 * 

CIL-4 x CIL-3 -8.47* -20.63** 9.32  30.86**   18.89** -26.27** 

CIL-5 x CIL-1 -20.63** -33.32** 1.26  -5.83 -9.18 -37.86** 

CIL-5 x CIL-2 -13.77** -38.30** -6.68 15.28** 12.28 -23.55** 

CIL-5 x CIL-3 -19.52**  -7.07  -3.09    0.93 -3.63 -34.58** 

CIL-5 x CIL-4 -1.85  -3.83  -0.05 3.12  -10.05 -38.77** 

CIL-6 x CIL-1 -8.79* -24.32**   14.69** 8.89 3.76 -24.25** 

CIL-6 x CIL-2 -20.87** -27.28** -0.87 15.59**   10.17 -19.53** 

CIL-6 x CIL-3 -15.96** -18.08**   15.63** 28.64**  18.55** -13.62** 

CIL-6 x CIL-4 -17.06** -27.77** -1.39 18.33** -0.21 -27.33** 

CIL-6 x CIL-5 -18.93** -28.78** -3.08 19.06** 14.71* -16.63** 

CIL-7 x CIL-1 -26.80** -29.36**  8.56 23.14**  20.10** -19.08** 

CIL-7 x CIL-2 -16.77** -25.75**  7.71 29.15**  20.97** -13.50** 

CIL-7x CIL-3 -16.99** -19.82**   17.63** 41.44** 32.94** -8.77** 

CIL-7 x CIL-4 -20.82** -32.30** -2.28 28.64**  12.91 -23.93** 

CIL-7 x CIL-5 
CIL-7 x CIL-6 

-20.52** -32.10** -1.43 18.23** 13.75 -19.80** 

-20.29** -24.93** 12.68 10.32**   5.83 -22.39** 

CW1331(Check)    00.00   00.00 

SE 2.75 2.85 3.53 4.87 4.73 2.66 

R.H. – Relative heterosis  (Mid-parent, F1- MP), H.B. – Heterobeltiosis  (Better-parent, F1-BP)  

S.H. – Standard heterosis ( Check Variety, F1-SP)  * Significant at 5% level ,** Significant at 1% level   
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                              Table 10b.  Estimates of heterosis for various quality traits (%) 
 

Genotypes 
Fiber Cont Starch Cont 

RH HB SH RH HB SH 

CIL-2 x CIL-1 -18.51 ** -33.51**  -5.94 48.56 ** 30.38**    11.71 

CIL-3 x CIL-1     4.96  -13.39 19.14 ** 93.88** 79.90**  36.46** 

CIL-3 x CIL-2 -22.32 **    -23.87**   7.99 76.69** 66.05** 42.49** 

CIL-4 x CIL-1 28.13**  26.99  14.72 61.73** 46.68**     18.43 

CIL-4 x CIL-2    -10.84      -27.23   3.19 41.60** 35.67**     19.68 

CIL-4 x CIL-3 31.20**        8.31  48.89** 47.89** 43.83**     15.24 

CIL-5 x CIL-1 10.28** -2.17   13.26 101.97** 93.80** 30.43** 

CIL-5 x CIL-2    -10.45 -0.38   15.39** 59.62** 78.70** 23.65** 

CIL-5 x CIL-3    -11.03 -2.64   12.74 54.62** 36.47**     7.46 

CIL-5 x CIL-4      7.15 -5.00     9.99 63.85** 50.20** 21.52** 

CIL-6 x CIL-1    -13.31* -0.25     9.89 33.31** 49.97**       3.66 
CIL-6 x CIL-2    -17.19 **   -26.07**     4.96 56.10** 40.47**     22.21* 

CIL-6 x CIL-3     12.59 2.04    40.24** -6.50    -10.67    -33.15** 

CIL-6 x CIL-4     19.06** 8.30    19.00**   21.53     13.19    -12.20 

CIL-6 x CIL-5    -15.99**     -19.35*    -4.19 23.48**     19.60  -18.60 

CIL-7 x CIL-1      9.87     -12.75    32.58** 26.73**      6.42     1.15 

CIL-7 x CIL-2   -18.40**     -21.21     19.22**   -19.23    -24.19*   -26.91** 

CIL-7x CIL-3     -2.47      -7.10     41.22 **   -13.82    -22.19  -25.42* 

CIL-7 x CIL-4     3.50     -17.83*     25.25 **  3.91     -4.20    -7.13 

CIL-7 x CIL-5   14.04** 0.47     52.92 **  0.32    -14.41  -17.45 

CIL-7 x CIL-6     4.87**       -8.69     38.46 **     -14.66    -26.35**  -29.99** 

CW1331 (Check)       00.00     00.00 

SE 4.69 5.30 5.08 8.13 7.96 7.25 

R.H. – Relative heterosis  (Mid-parent, F1- MP), H.B. – Heterobeltiosis  (Better-parent, F1-BP)  

S.H. – Standard heterosis ( Check Variety, F1-SP)  * Significant at 5% level ,** Significant at 1% level 
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Estimates of heterobeltiosis effects also revealed significant negative heterosis for 19 

crosses. The highest heterobeltiosis effect was recoded by the CIL-5xCIL-2 (-38.30) indicating 
that heterotic effect is directed toward the better parent with low protein content. Other cross 

combinations with high significant negative effects over the               better-parent were CIL-
5xCIL-1(-33.32), CIL-4xCIL-1(32.31), CIL-xCIL-4), CIL-5xCIL-2 (-32.31) and CIL-7xCIL-5 (32.10). 

 Standard heterosis estimates for % protein content showed that only five hybrids exhibited 

significant positive heterosis over the commercial variety. Severn hybrids showed positive 
heterosis but were not significant. Significant high heterosis in %protein is very essential in corn 

hybrids used for animal feeds. Dado (1999) stated that 7-8% protein content in grain corn is 
essential for corn hybrids seeds used for feeds of animals.  

Heterosis is the superiority of a hybrid over its parents. This superiority may be in yield, 
quality, disease and insect resistance, adaptability, specific parts, growth rate, enzyme activity, 

etc.  (Gowen, 1952).  Protein is qualitative character that is governed by dominance gene action 

because of the masking effect of the recessive alleles, thus, hybrids are generally superior in 
quality characteristics than their parental lines.  

 
 

% Fat Content 

The relative heterosis for % fat content ranged from -5.83 (CIL-5xCIL-1) to 61.64 (CIL-
4xCIL-2). Heterobeltiosis ranged from -10.05 (CIL-5xCIL-4) to 41.91 (CIL-4xCIL-2). Standard 

heterosis for this character ranged from -38.77 (CIL-5xCIL-4) to -8.07 (CIL-4xCIL-2) (Table 10).    
Fifteen hybrids exhibited significant positive relative heterosis while 5 hybrids were positive but 

not significant. The overall heterosis was significant for % fat content indicating that the average 
performance of hybrids was different from those of the parents. This shows the apparent role of 

non-additive gene effect for this trait. The highest positive heterosis was given by the cross CIL-

4xCIL-2 (61.64), other hybrids with significant positive heterosis includes; CIL-7xCIL-3 (41.44), 
CIL-3xCIL-2 (37.79), CIL-3xCIL-1 (32.67) and CIL-4xCIL-3 (30.86).  

Ten hybrids also showed significant positive heterobeltiosis  indicating that dominance is 
directed towards the higher parent. The highest magnitude of positive heterosis was given by the 

cross CIL-4xCIL-2 (41.91). Other hybrids that showed significant positive heterobeltiosis were 

CIL-3xCIL-2 (33.26), CIL-7xCIL-3 (32.94), CIL-3xCIL-1 (26.70) and CIL-7xCIL-2 (20.97). Most of 
the hybrids that showed significant positive heterosis exhibited low yield and low mean values for 

agronomic traits. This appears to be a result of negative linkage between yield and quality traits 
(Falconer, 1996). All   hybrids recorded significant negative standard heterosis indicating low 

performance of the standard variety. The highest significant standard heterosis was exhibited by 

the cross CIL-5xCIL-4 (-38.77) followed by the cross combinations CIL-5xCIL-1(37.86), CIL-
4xCIL-1 (-36.30) and CIL-4xCIL-3 (-34.57). However, exploitable heterosis for these hybrids 

could be pursued.  
 

% Fiber Content 
The relative heterosis for % fiber content ranged from –22.32    (CIL-3xCIL-2) to 31.20 

(CIL-4xCIL-3). Heterobeltiosis ranged from -33.51 (CIL-2xCIL-1) to 26.99 (CIL-4xCIL-1). 

Standard heterosis for this character ranged from -5.94 (CIL-2xCIL-1) to 52.62 (CIL-7xCIL-5)     
(Table 10). Heterosis for fiber content exists in hybrids but of low magnitude. Significant 

differences in relative heterosis for fiber content however, were observed among the different 
cross combinations. Ten cross combinations showed significant relative heterosis for fiber content 

but only 4 hybrids exhibited significant positive heterosis indicating dominance over the mid-

parent. 
Six hybrids also showed significant negative heterosis indicating that dominance is 

towards the lower parent. The highest magnitude of significant positive relative heterosis was 
manifested by the cross       CIL-4xCIL-3 (31.20) followed by the cross combinations CIL-4xCIL-1 

(28.13), CIL-6xCIL-4 (19.06) and CIL-7xCIL-5 (14.04). These crosses also showed appreciable 
performance in yield and yield components. 
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Heterobeltiosis effects showed significant estimates in 8 hybrids. Only one hybrid 

exhibited significant positive effect for % fiber content over the better parent. Seven hybrids 
showed significant negative estimates indicating dominance towards the lower parent. The 

highest magnitude of positive Heterobeltiosis was given by the cross CIL-4xCIL-1 (26.99). Other 
cross combinations that showed significant positive Heterobeltiosis were CIL-4xCIL-3 (8.31), CIL-

6xCIL-4 (8.30), CIL-6xCIL-3 (2.04) and CIL-7xCIL-5 (0.47).  

 Standard heterosis estimates showed 11 hybrids exhibiting positive standard heterosis 
indicating superior performance over the standard variety. The highest positive significant 

heterosis among the hybrids was manifested by the CIL-7xCIL-5 (52. 92). Other cross 
combinations showing significant positive heterosis over the standard variety were CIL-4xCIL-3 

(48.89), CIL-7xCIL-3 (41.22) and CIL-6xCIL-3 (40.24) (Table 10). These hybrids, however, did 
not show appreciable standard heterosis for yield. 

 

% Starch Content 
The relative heterosis for % starch content ranged from –19.23 (CIL-7xCIL-2) to 101.97 

(CIL-5xCIL-1). Heterobeltiosis ranged from          -26.35 (CIL-7xCIL-6) to 93.80 (CIL-5xCIL-1). 
Standard heterosis for this character ranged from -33.89 (CIL-6xCIL-3) to 42.49 (CIL-3xCIL-2) 

(Table 10). Heterosis for starch contents exists in the hybrids.  

Significant differences in heterosis were observed among the different cross combinations. 
Majority of the cross combinations showed significant effect for starch contents. Fourteen hybrids 

exhibited significant positive relative heterosis over the mid-parent.  
The cross combinations CIL-5xCIL-1 (101.97), CIL-3xCIL-1 (93.88) and CIL-3xCIL-2 

(76.69) gave the highest positive effects.  This indicates that heterotic effect for starch content is 
directed towards the parent with higher starch content. These positive effects indicate that the 

starch content of hybrids are higher than that of the parents. Heterobeltiosis estimates showed 

that 14 hybrids exhibited significant effects over the better-parent but only 12 hybrids showed 
significant positive effects while 2 hybrids exhibited negative effects indicating better 

performance over the  better-parent. The highest significant positive heterosis was manifested in 
the cross CIL-5xCIL-1 (93.80). Other hybrids that gave significant positive heterosis were CIL-

3xCIL-1 (79.90), CIL-5xCIL-2 (78.69) and CIL-3xCIL-2 (66.05).  

Ten hybrids showed significant effects for standard heterosis but only 6 cross 
combinations exhibited significant effects over the standard variety indicating that these hybrids 

performed better than the check variety, hence, potential hybrids for hetetosis exploitation. Four 
hybrids exhibited significant negative standard heterosis indicating low performance with check 

variety (Table 10). 

 
Combining Ability Analysis  

 
The analysis of variance for combining ability for yield, agronomic and quality traits are 

presented in Table 11.  The components of variation were found significant in all the traits except 
for plant height and number of kernel row per ear indicating the importance of both additive and 

non-additive types of gene action controlling these traits.   
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                                        Table 11a. Analysis of variance for combining ability of different agronomic and quality traits 

 

MEAN SQUARES  

 
 SV     D.F.    Plant height              Days to             Days to             Days to    

                                      silking            tasseling  maturity        

 
Genotype     27     21506.55            22.82**  15.57**  4.54**     

Block                    2     12051.88            41.48**  26.87**  1.76          
GCA        6     14207.11            10.90**            5.03**  2.81**       

SCA      21       5157.94                      16.67**       5.23** 1.14**       
Error              54       7137.96                       0.99     1.29  0.40          

 

   
 

                                     Table 11b. Analysis of variance for combining ability of different agronomic and quality traits 
 

 

MEAN SQUARES 
 

SV     D.F.       Ear length     No. of       No. of       No. of                      Shelling                  Grain yield/ha  
                 kernel                kernel      kernel                      percentage           

               per row                row per       ear      
          ear 

 

Genotype    27     23.77**    233.82**    16.82                107652800.00 229.75                  16477050.00** 
Block                  2       1.01     133.51**     9.86          149422100.00 948.14**                1218048.00 

GCA      6       5.02      17.15     2.54                139042300.00   88.05                   1019032.00** 
SCA     21       8.75      95.31     6.49                641052000.00   73.31                   6770429.00** 

Error               54       0.45         5.21     2.37                  40383130.00   56.12                     153432.50 

 
                               * Significant at 5% level  ** Significant at 1% level 
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                       Table 11c. Analysis of variance for combining ability of different agronomic and quality traits 

 
 

MEAN SQUARES 

SV   D.F.     Protein  cont   Fat cont Fiber cont    Starch cont 

     (%)       (%)      (%)        (%) 
 

Genotype   27       3.76**    0.42** 0.56**     595.83** 
Block     2       0.88*     1.38** 0.29**         6.80  

GCA    6       2.50**    0.19** 0.47**    206.06** 

SCA   21       0.90**    0.12** 0.11**    196.48** 
Error   54       0.07    0.01  0.01              35.51 

 
                               * Significant at 5% level  ** Significant at 1% level
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Plant Height  

Estimates of general combining ability effects are presented in Table 12. One (CIL-4) out 
of the 7 parents showed significant positive general combining ability effects for plant height. The 

rest of the parents exhibited non-significant effects.  
The result indicates that this parent (CIL-4) can be a potential source of genes responsible tall 

plants. Plant height is controlled by both additive and dominance gene effects with dominance 

playing a major role. This result agrees with previous findings. Hallauer and Miranda Filho (1988) 
reported that non-additive component predominated for plant height. Also, Beck et al. (1990); 

Crossa et al. (1990), reported significant GCA effect for plant height. 
Estimates of specific combining ability effects are presented in Table 13. Out the 21 cross 

combinations six crosses showed significant negative SCA effect with CIL-5xCIL-4 as the highest 
(-95.48) followed by CIL-4xCIL-1 (-86.20), CIL-4xCIL-3 (-75.02), CIL-4xCIL-2 (-73.18),       CIL-

7xCIL-4 (-71.48) and CIL-6xCIL-4 (-69.29). These effects involved parents possessing low x 

average GCA effects. Therefore, selection of at least one parent with average GCA effect can 
develop hybrids with medium plant height.  Plant height is an important grain yield component.  

Hallauer and Miranda (1988) reported positive association between plant height and grain yield. 
In corn hybrid breeding, short to moderate plant height is desirable in other to prevent lodging. 
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                                           Table 12a. Estimates of general combining ability (GCA) effect for various traits 
 

 

 

 
 

 
 

 
 

 

 
 

                                                              
                                        *Significant at 5% level ** Significant at 1% level 

 

 
                                    Table 12b. Estimates of general combining ability (GCA) effect for various traits 

    
 

 
 

 

  
 

  
 

 

 

 

                                         *Significant at 5% level, ** Significant at 1% level 

Genotypes 
Plant Height   

 
Days to  
silking  

Days to  
tasseling 

Days to 
maturity 

CIL-1 -14.63 0.37   -0.51   0.10  

CIL-2 -20.01  -2.23**   -1.25**   -1.05** 

CIL-3 -19.35 0.33   0.34   0.10  

CIL-4     89.23** 0.07   0.38     0.65** 

CIL-5          -18.46 -0.45 -0.43    -0.39* 

CIL-6 -4.01    1.07**   0.83*  0.32  

CIL-7 -12.77    0.85**  0.64   0.28  

SE   26.07 0.31 0.35  0.19 

Genotypes 

Ear length   
    

No. of 
kernel per 

row 

No. of kernel 
row per ear 

No. of kernels 
per ear 

Shelling 
percentage 

(%) 

Grain yield/ha 
 

CIL-1 -1.10** -2.60** -0.69 -202831.20 **  -4.89* -459.56** 

CIL-2     0.25   0.82 -0.46 -107894.60 **   3.54   2.00 

CIL-3     0.89**  -0.30  0.09   -37861.95 **   0.47 134.55 

CIL-4     0.16   0.15 -0.30    22136.67 **   3.16 285.11* 

CIL-5     0.49*   1.93**  0.37    72151.65 **   1.59       -178.49 

CIL-6     0.26  -0.29  0.87  112155.70 **  -2.96    504.12 ** 

CIL-7    -0.97**   0.28  0.12  142143.70 **  -0.92 -287.72* 

SE     0.21   0.70  0.48  1961.13   2.31 120.88 
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                                    Table 12c. Estimates of general combining ability (GCA) effect for various traits 

     

 
 

 
 

 
 

 

 
 

 
 

 

 
           

                       
                                               *Significance at 5% level** Significance at 1% level  

 
 

 

 

 

 

 

 

 
 

 

Genotypes 
   Protein content 

(%) 
    Fat content  

(%) 
   Fiber Content 

 (%) 
    Starch content 

(%) 

CIL-1   0.53 ** -0.08**  -0.25**    3.73** 

CIL-2 -0.33 **  0.15** -0.08*     5.77** 

CIL-3 0.41 **            0.05   0.22**  1.40 

CIL-4 -0.59 ** -0.23**  -0.15**  2.09 

CIL-5 -0.72 ** -0.13** -0.07 -0.05 

CIL-6  0.25 **  0.10** -0.07   -6.72** 

CIL-7  0.44 **  0.13**    0.40**    -6.22** 

SE          0.08         0.03  0.04  1.06 
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                                           Table 13a. Estimates of Specific combining ability (SCA) effect for various traits 
 

Genotypes 

 

Plant Height   Days to silking  

 

        Days to  
        tasseling 

Days to  maturity 

CIL-2 x CIL-1 28.92 -2.10**          -1.06*  -1.60** 
CIL-3 x CIL-1 24.19 -1.99** -1.66**  -1.08** 

CIL-3 x CIL-2 18.84 -2.06           0.08   -0.94** 

CIL-4 x CIL-1 -86.20* -1.06   1.15**   -0.97** 

CIL-4 x CIL-2 -73.18* -0.81  -1.62**            0.18 

CIL-4 x CIL-3 -75.02* -2.03 -1.21*            0.36 

CIL-5 x CIL-1 12.90 1.12   1.45**    0.73** 

CIL-5 x CIL-2 19.36 -0.95  -1.47**    0.55** 

CIL-5 x CIL-3 25.33 -1.51  -2.40**           -0.27 

CIL-5 x CIL-4 -95.48** 0.08 0.56  -1.49** 

CIL-6 x CIL-1 13.68 -1.06  -1.81** 0.03 

CIL-6 x CIL-2 29.12 -2.47  -2.06**           -0.49 
CIL-6 x CIL-3 52.02 -0.69 0.01  -1.31** 

CIL-6 x CIL-4 -69.29* -0.77 -0.03 0.14 

CIL-6 x CIL-5 33.69 -1.58  -2.21**    0.84** 

CIL-7 x CIL-1 33.85 -2..18 -0.29 -0.27 

CIL-7 x CIL-2 30.40 -0.58 -1.21*   -1.45** 

CIL-7x CIL-3 12.76 0.86 0.86 0.06 

CIL-7 x CIL-4 -71.48* -2.55  -2.18**   0.84** 

CIL-7 x CIL-5 35.67 -2.36  -2.03**   0.55** 

CIL-7 x CIL-6 12.52 0.12 -0.95*          -0.16 

SE 75.83 0.89 0.35 0.57 

 

                                     * Significant at 5% level, ** Significant at 1% level
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                                                       Table 13b. Estimates of Specific combining ability (SCA) effect for various traits 

  

                                                       * Significant at 5% level, ** Significant at 1% level 

 

  

Genotypes 

Ear 
length   

   

No. of 

kernel per 

row 

No. of 
kernel row 

per ear 

No. of kernels per 
ear 

Shelling 

percentage 

(%) 

Grain      
yield/ha 

 

CIL-2 x CIL-1 2.54** 8.16** 0.51 83188.53** 8.66** 2085.31** 

CIL-3 x CIL-1 1.55** 6.70** 1.35** 23173.11** 4.39 1055.09** 
CIL-3 x CIL-2 1.25** 1.79 0.26 28181.83** 3.30  602.30** 

CIL-4 x CIL-1 0.80** 2.70** 1.14 -26903.41** -3.52  468.86** 

CIL-4 x CIL-2 1.98** 4.85** 0.52 -21810.66** 0.28 1800.07** 
CIL-4 x CIL-3 3.24** 14.66** 1.09 8368.38** -3.25 2311.29** 

CIL-5 x CIL-1 0.81** 3.82** 0.28 -66882.10** 3.28     43.57 

CIL-5 x CIL-2 1.47** 0.40 4.95** -61868.97** 6.19* 1248.58** 

CIL-5 x CIL-3 2.78** 4.65 0.52 -31766.28** 7.92* 2707.89** 

CIL-5 x CIL-4 -0.56* 0.97 2.35** 8247.63** -5.72 -256.67 

CIL-6 x CIL-1 1.97** 8.14** 3.41** -96718.78** 6.89*   807.85** 

CIL-6 x CIL-2 1.31** 5.08** -1.78** -91837.38** 6.06* 1911.73** 

CIL-6 x CIL-3 -0.33 0.00 2.33** -61807.35** 2.46   544.64** 
CIL-6 x CIL-4 1.44** 4.02** 1.12 -21782.00** 0.12 2983.52** 

CIL-6 x CIL-5 1.04** 2.21* -0.25 28179.22** 4.69 1520.22** 

CIL-7 x CIL-1 2.00** 7.90** 2.43** -116769.70** 5.25 1193.80** 

CIL-7 x CIL-2 0.74** 2.98** 0.10 -111804.30** 10.39**   254.57 

CIL-7x CIL-3 0.03 3.17 0.64 -81811.91** 3.76   225.35 

CIL-7 x CIL-4 2.43** 5.56** 0.80 -41775.38** 4.75 1521.80** 

CIL-7 x CIL-5 2.10** 6.04 0.06 8240.78** 5.35 1355.07** 

CIL-7 x CIL-6 0.50 0.16 0.80 68156.10** -2.01 1134.02** 

SE 0.61 2.05 1.38 5703.58 6.72 351.57 
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                                           Table 13c. Estimates of Specific combining ability (SCA) effect for various traits 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

              
  

 

 
                                            *Significance at 5% level, ** Significance at 1% level

Genotypes 

Protein cont 
(%) 

Fat cont 
 (%) 

Fiber cont 
(%) 

Starch cont 
(%) 

CIL-2 x CIL-1 -0.41** 0.11**  -0.27**          -0.26 

CIL-3 x CIL-1 -0.93** 0.34** 0.01 18.51** 
CIL-3 x CIL-2 -0.35** 0.25**  -0.41** 20.48** 

CIL-4 x CIL-1 -0.52** -0.09**   0.28** 5.67** 

CIL-4 x CIL-2 0.07 0.74**  -0.16** 4.44** 
CIL-4 x CIL-3 0.12 0.11**  0.61** 7.28** 

CIL-5 x CIL-1 -0.51** -0.23**   0.16** 17.01** 

CIL-5 x CIL-2          -0.20            0.07 0.04 8.93** 

CIL-5 x CIL-3 -0.68** -0.26**   -0.32** 5.75** 

CIL-5 x CIL-4 0.58** -0.14** -0.01 11.08** 

CIL-6 x CIL-1 -0.46**            0.01  0.08 6.95** 

CIL-6 x CIL-2 -0.72**           -0.06   -0.20** 15.56** 

CIL-6 x CIL-3 -0.27** 0.27**    0.32** -12.17** 
CIL-6 x CIL-4 -0.50**            0.07    0.20** 0.83 

CIL-6 x CIL-5 -0.48** 0.36**  -0.42** -1.75** 

CIL-7 x CIL-1 -1.08** 0.20**   0.15** 5.36** 

CIL-7 x CIL-2 -0.28** 0.13**  -0.33** -13.44** 

CIL-7x CIL-3 -0.32** 0.43**  -0.13** -9.05** 

CIL-7 x CIL-4 -0.79** 0.14**   -0.12**          -0.19 

CIL-7 x CIL-5 -0.53** 0.17**   0.44** -3.51** 

CIL-7 x CIL-6 -0.50** -0.15**   0.10** -2.94** 

SE 0.24         0.09 0.11 3.09 
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  Days to 50% Silking 

The overall heterosis for days to 50% silking was significant, also heterosis for individual 
crosses as deviation from the midparental values was significant for most of the crosses. Two 

parents (CIL-6, CIL-7) manifested positive effects while one parent (CIL-2) manifested negative 
effect (-2.23) (Table 12). These results show that CIL-2 is a potential combiner for transmission 

of desirable genes for early silking. Early silking is an important trait that is desirable in a 

genotype for the production of early silking and early maturity hybrids. These results further 
indicate that parental lines with negative GCA effect should be used to develop short duration F1 

hybrids, while those with positive GCA could be used to develop late maturing F1 hybrids. 
 Estimates of specific combining ability effects revealed that 16 cross combinations out of 

21 crosses showed significant SCA effects of which 14 were negative and 2 were positive (Table 
13). The best hybrids were CIL-7xCIL-4 (-2.55), CIL-6xCIL-2 (-2.47), CIL-7xCIL-5 (-2.36)       

CIL-7xCIL-1 (-2.18), CIL-6xCIL-2 (-2.03) and CIL-2xCIL-1 (-2.10). These hybrids involved parents 

with average GCA effects. Cross combinations involving parents with average GCA effects would 
produce negative SCA effects in days to silking. These hybrids are potential crosses for early 

silking trait.  
Early silkng hybrids are desirable in corn breeding program because they mature early 

and have the ability of producing quality grains. These reports agree with the findings of Singh et 
al. (1971) that additive effects were larger than the dominance effects for characters such as, 
days to silking, plant height and ear length. 

 
Days to 50% Tasseling  

Estimates of general combining ability effects were highly significant only for two inbred 
lines (Table 12). Out of the 7 parents, one (CIL-2) showed negative (-1.25) GCA effects 

indicating that this parent can be used as a good combiner to develop hybrid for early tasseling.  

Similarly, one parent (CIL-6) showed positive (0.83) GCA effects indicating poor combining ability 
in terms of early tasseling.  

Estimates of specific combining ability effects were significant for fifteen cross 
combinations out of which 14 showed a negative SCA effects and only one showed  positive SCA 

effects (Table 13). Out of the 14 cross combinations with negative SCA effects, CIL-5xCIL-3 

showed the highest SCA effect with a value of – 2.40. Other cross combinations exhibiting 
negative SCA effects include CIL-6xCIL-5 (-2.21), CIL-7xCIL-4 (-2.18), respectively. These 

crosses involved parents with high to average GCA effects revealing their potential as early 
tasseling hybrids. Early tasseling hybrids are more desirable in hybrid corn breeding program 

because of their potential for early grain quality and maturity. These findings are in agreement 

with the reports of Beck et al. (1991). 
 

 
Days to Maturity 

Significant general combining ability effects were observed for 3 out of the 7 parents. 
Two parents (CIL-2, CIL-5) showed significant negative (-1.05), (-0.39) general combining ability 

effects (Table 12) while one (CIL-4) exhibited positive GCA effect (0.65). Therefore, the two lines 

with negative effects have greater potential for transmitting genes for early maturity to their 
progenies, hence, are best combiners for early maturity. These parental lines were also observed 

to exhibit significant negative effects for days to silking and days to tasseling.  
 With regard to specific combining ability effects, 12 cross combinations showed significant SCA 

effects of which 7 combinations were negative revealing their potentials for early maturity (Table 

13). Five  cross combinations showed significant positive effects indicating lateness in maturity.  
Of these seven hybrids that exhibited early maturity, cross combination CIL-2xCIL-1 was the 

earliest (-1.60) followed by cross combinations CIL-5xCIL-4 (-1.49), CIL7-xCIL-2 (-1.45), and 
CIL-6xCIL-3 (-1.31).  Cross combinations CIL-7xCIL-3 (0.84), CIL-6xCIL-5 (0.84) and CIL-7xCIL-5 

(0.55) showed positive SCA effects indicating lateness in days to maturity. Early maturing hybrids 
ranging from 70 - 100days are preferred in corn hybrid program because of their ability to 
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overcome the incidence of pests and diseases. These results are in agreement with findings of 

Vasal et al., 1993 and Dhillon and Singh (1977). 
 

Ear Length  
The mean square values of combining ability analysis for ear length presented in 

(Appendix Table 63) revealed significant difference among the lines. Significant general 

combining ability effects for ear length were found significant for 4 parents.  Two parents (CIL-3, 
CIL-5) manifested positive significant combining ability effects (0.89, 0.49) indicating that these 

lines (parents) are good for improving this trait. Similarly, 2 parents (CIL-1, CIL-7) manifested 
significant negative effects indicating poor combining ability for this trait (Table 12). 

Estimates of specific combining ability effects of crosses for ear length are shown in 
Table 13. Out of the 21 cross combinations, 18 gave significant effects of which 17 exhibited 

positive and significant effects. The best cross combination was CIL-4xCIL-3 (3.24) followed by          

CIL-5xCIL-3 (2.78), CIL-2xCIL-1 (2.54), CIL-7xCIL-4 (2.43), CIL-7xCIL-5 (2.10) and CIL-7xCIL-1 
(2.00). Significant high SCA in these cross combinations indicates the importance of non-additive 

gene action for heterosis.  
Most of the crosses with high SCA were also those with high performance. Specific 

combining ability is measure of the deviations of F1 performance over the parental performance; 

therefore, it could be low or high depending on the performance of the parents. Hence, high SCA 
would not necessarily mean high performance by the hybrid. The performance, therefore, is a 

reliable criterion to estimate the potential performance of a particular cross. 
 

Number of Kernel per Row 
 Mean squares due to lines were significant for number of kernel per row indicating 

significant additive genetic differences among the parents (Appendix Table 64). Similar findings 

have been reported by Vasal et al. (1993) and Dhillon and Singh (1977), who observed that 
additive gene action, govern number of kernel per row.  

Two parents were observed to have significant GCA effect (Table12). CIL-5 gave positive 
effect (1.93) indicating that this parent possessed favorable gene for number of kernel per row 

while CIL-1 exhibited negative effect (-2.60) indicating poor combining ability for this trait.  

Specific combining ability estimates for number of kernel per row are presented in Table 13.  
Sixteen cross combinations exhibited significant positive SCA effects. The high and significant 

SCA effect in 16 hybrids indicate the importance of non-additive gene action in this trait. The 
same findings were reported by Stangland et al. (1983);  Spraque et al. (1942). 

Cross combinations CIL-4xCIL-3, CIL-2xCIL-1, CIL-6xCIL-1, CIL-7xCIL-1, and CIL-3xCIL-1 

exhibited the highest SCA effects. Apparently, most of the hybrids with significant and high SCA 
effects had high performance while those with low SCA values had also low performance. This 

means that hybrids with high SCA effects could be used to predict SCA effects in parents. 
 

Number of Kernel Row Per Ear 
 Mean square values of combining ability analysis for number of kernel row per ear (in 

Appendix Table 65) revealed non-significant differences among the lines. The general combining 

ability effects were found to be non-significant indicating poor combining ability of the lines for 
this trait (Table 12).  Estimates of specific combining ability effects showed significant effects for 

7 cross combinations of which 6 exhibited positive SCA effect while one hybrid (CIL-6xCIL-2) 
exhibited significant negative effect (-1.78).  Among hybrids, CIL-5xCIL-2 was the best 

combination with SCA effect of 4.95 followed by CIL-6xCIL-1 (3.41), CIL-7xCIL-1 (2.43),         

CIL-5xCIL-4 (2.35) and CIL-6xCIL-3 (2.33). Most of the significant SCA effects were observed 
from poor x poor and good x poor combiner parent (Table 13). 
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Number of Kernel Per Ear 

Mean squares values of combining ability analysis for number of kernel per ear (Appendix 
Table 66) revealed non-significant differences among the lines.   The general combining ability 

effects were found to be significant for all the lines of which 4 lines exhibited significant positive 
GCA effect while the rest showed significant negative effect (Table 12). 

The highest significant positive effect was exhibited by CIL-7 followed by CIL-6, CIL-5 

and CIL-4, respectively. These parents are therefore potential sources of favorable genes for 
improving this number of kernel per ear. The poorest combiners for this trait were CIL-1, CIL-2 

and CIL-3. Estimates of specific combining ability effects showed significant effects for all the 
hybrids of which 8 exhibited significant positive effects while 13 showed significant negative 

effect (Table 13). The highest significant positive effect was exhibited by the cross combination        
CIL-2xCIL-1 (83188.53) followed by CIL-7xCIL-6 (68156.10) and  CIL-3xCIL-2 (28181.83).  

 

Shelling Percentage 
Mean square values of combining ability analysis for shelling percentage (Appendix Table 

67) revealed non-significant differences among the lines. Estimates of combining ability effects 
were observed to be significant for only one line (CIL-1) which exhibited a significant negative 

effect (-4.89) indicating poor combining ability for this trait (Table 12).  

 Estimates of specific combining ability effects are presented in Table 13. Out of the 21 
cross combinations, 6 gave significant positive effects. The best cross combination was CIL-

7xCIL-2 (10.39) followed by CIL-2xCIL-1 (8.66), CIL-5xCIL-3 (7.92), CIL-6xCIL-1 (6.89), CIL-
5xCIL-2 (6.19) and CIL-6xCIL-2 (6.06). Significant high SCA effect in these cross combinations 

indicates the importance of non-additive gene action, hence, potential hybrids for heterosis 
exploitation for this trait. 

 

Grain Yield/Ha  
Estimates of general combining ability effects were found significant in 4 out of the 7 

parents. Two parents (CIL-4, CIL-6) showed significant positive effects (285.11, 504.12). These 
parents with high positive GCA effects indicate the preponderance of additive gene action 

revealing their potentials for possessing favorable genes for grain yield. Similarly, two parents 

(CIL-1, CIL- 7) showed significant negative effects     (-459.56, -287.88) indicating poor 
combining ability for this trait     (Table 12).   

These inbred that exhibited significant positive GCA effects also showed high mean 
values for yield components such as height, ear length and number of kernels per row. Similar 

finds has also been reported by various authors (Nass et al., 2000; Hallauer and Miranda, 1988) 

 With regard to specific combining ability, 17 cross combinations showed significant positive SCA 
effects (Table 13).  

The highest significant positive SCA effect was manifested by the cross CIL-6xCIL-4 
(2983.52). Other hybrids with higher positive SCA effects for grain yield were  CIL-5xCIL-3 

(2707.89), CIL-4xCIL-3 (2311.29), CIL-2xCIL-1 (2085.31), CIL-6xCIL-2 (1911.73) and CIL-4xCIL-
2 (1800.07). High estimates of SCA effects of these hybrids indicate the preponderance of non-

additive gene action revealing their potential for commercial exploitation in terms of grain yield. 

Estimates of GCA and SCA effects showed that parents with high estimates of GCA 
effects do not necessarily have high estimates of SCA effects. The crosses with positive and 

significant SCA effects had parents with negative or low GCA effect and were poor combiners. 
This points out that parent with negative or low GCA effects had a relatively high magnitude of 

non-additive gene effects giving high SCA effects in the crosses.   

With regard to genetic control of grain yield in maize, Russel and Eberhart (1970) 
reported that additive effects as well as non-additive effects were of similar importance. This 

supports the present results on the importance of dominance type of gene action (non-additive 
effects). Dhillon and Singh (1977) also demonstrated the presence of significant variations due to 

GCA and SCA for yield and its component character. Similar results were also observed by 
Stangland et al. (1983). 
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% Protein Content 
Estimates of general combining ability effects for % protein content were found 

significant in all the 7 parents (Table 12). Four parents CIL-1 (0.53), CIL-3 (0.41), CIL-6 (0.25) 
and CIL-7 (0.44) showed significant positive GCA effects indicating that these parents are good 

combiners for grain protein, hence, potential source of genes for this trait. However, 3 parents 

CIL- 2 (-0.33), CIL-4 (-0.59) and CIL-5 (-0.72) showed significant negative GCA effects indicating 
the possibility of poor performance when used as combiners for protein contents.  

Comparative analysis of specific combining ability effects showed significant estimates in 
18 crosses combinations (Table 13) of which only one CIL-5xCIL-4 showed a positive SCA effect 

(0.58) while the rest were negative. The negative significant SCA effects in 17 hybrids suggest 
the importance of non-additive gene action for heterosis in this trait.  

 

% Fat Content 
Estimates of general combining ability effects for % fat content showed highly significant 

effects for 6 parents. Three parents showed significant positive GCA effects while 3 lines also 
exhibited significant negative GCA effects (Table 12).  The highest positive GCA effect was 

observed in CIL-2 (0.15) followed by CIL-7 (0.13) and CIL-6 (0.10). The positive effects indicate 

their potentials as good combiner for % fat content.  
With regard to specific combining ability, 17 cross combinations showed significant SCA 

effects.  Twelve hybrids exhibited significant positive SCA effects while 5 hybrids showed 
significant negative SCA effects (Table 13). The highest significant positive SCA effect was 

exhibited by the cross combination CIL-4xCIL-2 (0.74) followed by CIL-7xCIL-3 (0.43), CIL-
6xCIL-5 (0.36) and CIL-3xCIL-1 (0.34). The high and significant SCA effects in 12 hybrids 

indicate the importance of non-additive gene action for heterosis in this trait. Apparently, most of 

the hybrids with significant and high SCA values had high performance, while those with low SCA 
values had also low performance.  

 
% Fiber Content 

Comparative analysis of general combining ability effects of the parents for % fiber 

content showed that 5 lines had significant GCA effects (Table 12).  Two parents (CIL-3 and CIL-
7) showed positive GCA effects (0.22 and 0.40) while 3 exhibited negative GCA effects. These 

parents with considerable positive GCA effects indicate that they can be used as good combiners 
for this trait.  

 Specific combining ability estimates are presented in Table 13. Seventeen cross 

combinations showed significant SCA estimates for        % fiber contents of which 8 were 
positive and the rest were negative. Cross combination CIL-4xCIl-3 (0.61) followed by CIL-7xCIl-

5 (0.44), CIL-6xCIl-3 (0.32) and CIL-4xCIl-1(0.28) exhibited significant positive SCA effects 
indicating the preponderance of non-additive or dominance gene effects for this trait.  

 
% Starch (carbohydrates) Content 

Estimates of general combining ability effects were found significant in 4 parents out of 

the 7 parents, two of which had positive effect and two showed negative significant effect (Table 
12). CIL-1 and CIL-2 exhibited significant positive effects (3.73, 5.77). This indicates that these 

parents are good combiners for grain starch contents, hence, a potential source of desirable 
genes for this trait. CIL-6 and CIL-7 exhibited negative significant GCA effect                                 

(-6.72, -6.22) indicating poor combining ability for starch content.  

With regard to specific combining ability, 17 cross combinations showed significant SCA 
effects.  Twelve hybrids exhibited positive SCA effects while 5 hybrids showed negative SCA 

effects (Table 13). The highest significant positive SCA effect for starch content was manifested 
by CIL-3xCIL-2 (20.48) followed by CIL-3xCIL-1 (18.51),   CIL-5xCIL-1(17.01) and CIL-6xCIL-2 

(15.56). The high and significant SCA effect in hybrids indicates the role of non-additive gene 
action for heterosis in grain starch content.   
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Combining ability analysis measures the effects and performance of parents and hybrids 

in cross combinations. The effects of their performance can be attributed to the genes with 
additive effects and additive x additive interaction.  General combining ability therefore provides 

a basis for selecting desirable parental lines to meet breeding objectives. Consequently, specific 
combining ability is the deviation of the performance of a particular cross from the sum of the 

general combining abilities of the two parents in a cross.   This ability includes the differences 

due to dominance, over-dominance, and epistatic deviations based on dominant combinations 
(Spraque and Tautum, 1942). Specific combining ability therefore indicates the usefulness of a 

particular cross combination in heterosis exploitation.   
Adequate and firm knowledge of the underlying gene action entails selection procedures 

that will maximize gains in yield, agronomic and quality traits of hybrids.  If additive gene action 
is predominant in these characters, then various levels of inbreeding could be effectively selected 

because additive effects are readily transmissible from one generation to another. Conversely, 

sufficient non-additive gene action may warrant the production of hybrid corn varieties.  
 

Estimation of Components of Genetic Variation 
  

Variation due to lines and hybrids were significant for all the characters studied except in 

plant height, number of kernel row per ear and shelling percentage. These results indicate the 
importance of both additive and non-additive types of gene action in the control of all the traits 

studied.  Variances due to GCA were greater than those due to SCA for plant height which points 
out the predominance of additive types of gene action for this trait (Table 14). The ratio of 

2 2sca) for plant height was -0.40 which further proved the predominance of 
additive types of gene action. These results agree with the finding of Singh et. al. (1971) which 

revealed that additive genetic variance was larger than the dominance variance for the trait plant 

height. 
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                                          Table 14. Types of gene action on various traits 

 

Traits 
2gca 2sca 

 

2 2sca Gene action 

Agronomic    
 

Plant height (cm)               785.46          -1980.03           -0.40 

 
2A 

Days to 50% silking                  1.10                5.68            0.19 
2D 

Days to 50% tasseling                  0.42                3.94            0.11 

2D 

Days to 90% maturity                  0.27                0.74            0.36 
2D 

Yield and Yield Components     

Ear length                   0.51                8.30            0.06 
2D 

Number of kernel per row                  1.33              90.10            0.01 
2D 

Number of kernel row per ear                  0.02                4.11            0.01 
2D 

Shelling percentage                  3.55              17.19            0.21 
2D 

Number of kernel per ear      15444650.00    63701360.00            2.43 
2A 

Grain  yield/ha           96177.69      6616997.00            0.01 
2D 

Quality Traits     

Protein content                   0.27                0.83            0.33 
2D 

Fat content                   0.02                0.12            0.18 
2D 

Fiber content                   0.05                0.09            0.55 
2D 

Starch content                 21.58             184.64            0.12 
2D 
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These results also support the facts reported by Eberhart et al. (1966) that additive type 

of gene action accounted for the major portion of genetic variance observed in various traits in 
maize.  Sinha and Mishra (1997) also observed that the estimates of additive genetic variance 

were considerably larger than that of dominance variance for plant height.  
The non-additive gene action was greater than the additive type of gene action for days to 50% 

silking, days to 50% tasseling, days to maturity, and grain yield per/ha. as indicated by the 

variances due to SCA which were greater than those due to GCA.  
The ratio of GCA to SCA were 0.19, 0.11, 0.36 and 0.04 for 50% days silking, days to 

50% tasseling, days to maturity, and grain yield per/ha. respectively, which indicate that the 
non-additive type of gene action was more important than the additive type.  

Yield components (ear length, number of kernel row, number of kernel row per ear, number of 
kernel per ear, and shelling percentage were all controlled by dominance gene action. Variances 

due to SCA were greater than GCA (Table 14). These yield components however exhibited low 

heritability. Grain yield per/ha was controlled by non-additive gene action. The maximum yielding 
hybrids for this trait involved parents of low x high general combiners.  

In a similar finding, Everett et al. (1995) reported optimal combining ability patterns 
among promising source populations for inbred line development in tropical mid-altitude zones 

and detected highly significant differences for GCA, SCA for grain quality traits.  

In this report, grain yield exhibited low heritability. However, higher heritability was observed in 
plant height  (58.8%), days to silking (58.7%), days to tasseling (43.6%) and days to maturity 

(64.6%) respectively (Table 15). 
With regard to quality traits, variances due to SCA were greater than those due to GCA 

which points out the predominance of non-additive types of gene action for % protein, % fat, % 
fiber, and % starch (carbohydrate) contents.  

High narrow sense heritability estimates were also exhibited for these quality and agronomic 

traits indicating that selection for improvement of these traits can be effective. Yield and yield 
component exhibited low heritability estimates indicating that selection should be based on mean 

values obtained from replicated evaluations through popular selection methods such as pedigree, 
modified pedigree, mass, and recurrent selection. 
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   Table 15a.  Estimates of Components of Variance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Components of Variance 

Plant height  
Days to 50% 

silking 

Days to     
50% 

tasseling 

Days to 
maturity 

     
2GCA 14207.11 10.90 5.03 

 
2.81 

2SCA 
 5157.94 6.67 5.23 

1.14 

2e 7137.96 0.99 1.29 0.40 
2 2 SCA 2.75 1.63 0.96 2.46 

 

Heritability in narrow sense (%) 
 

2 GCA/( 2GCA + 2SCA + 2e) 
58.80 58.71 43.56 

 

 
 

64.58 
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Table 15b. Estimates of Components of Variance 

 

 

 

 

 

 

 

 

 

 

Components of Variance Ear length Number of 

kernel per 

row 

Number of 

kernel row 

per ear 

Number of kernel 

per ear 

Shelling 

(%) 

Total Grain  

yield/ha 

     
2GCA 

 
5.02 17.15 2.54 

 
139042300.00 

 
88.05 

 
1019032.00 

2SCA 8.75 
95.31 6.49 

641052000.00 73.31 6770429.00 

2e 0.46 5.21 2.37 40383130.00 56.12   153432.50 
2 GCA/ 2 SCA 0.57 0.18 0.39 2.17 1.20          0.15 

 
Heritability  in narrow sense (%) 

 

 2 GCA/( 2GCA + 2SCA + 2e) 

 
 

 
 

35.30 14.57 22.27 

 
 

 
 

17.73 

 
 

 
 

40.49 

 
 

 
 

12.83 
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Table 15c. Estimates of Components of Variance 

 

 

 

 

 

 

 

 

 

Components of Variance 

 

Protein 

content 

 

Fat content 

 

Fiber content 

 

 Starch content 

 

2GCA 2.50 
0.19        

        0.47 206.06 

2SCA 0.90 
0.12 

0.11 196.48 

2e 0.07 0.01 0.01 35.51 
2GCA/ 2 SCA 2.78 1.58 4.27 1.05 

 

Heritability in narrow sense (%) 
 

2GCA/( 2GCA + 2SCA + 2e) 

 

 
 

72.07 58.80 

 

 
 

79.59 

 

 
 

49.73 
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2 2sca) for % protein, % fat, % fiber, and % starch 

(carbohydrate) contents further proved the predominance of non-additive types of gene action.  
These quality traits, however, exhibited higher heritability. Protein content exhibited 72.07% 

heritability. Fat, fiber and starch exhibited 58.8%, 79.6% and 49.7% heritability, respectively.  
Vasal et al. (1992) observed that the estimates of non-additive genetic variance were 

considerably larger than that of additive genetic variance for protein, oil, fiber, carbohydrate and 

other grain quality traits of maize.   
Han et al. (1991) also demonstrated the presence of significant variations due to GCA 

and SCA for yield and grain quality traits.  Vasal et al. (1992) also observed similar results. Gama 
et al. (1995) reported that, on average, crosses produced by crossing inter population lines have 

high significant estimates of GCA and SCA.  
The present results are also in agreement with the findings of Logroño and Lantin (1985) that 

showed the preponderance of dominance gene action for  days silking, days to tasseling, days to  

maturity, total yield and grain quality traits in diallel cross involving seven genotypes. 

 

SUMMARY, CONCLUSION, AND RECOMMENDATION 

 

Summary 

 

Twenty-one hybrids obtained from the cross of seven inbred lines obtained from China 
were evaluated in a partial diallel design to identify their heterosis and combining ability in terms 

of yield, agronomic and quality characteristics. The two commercial hybrids (P3013 and CW1331) 

were included for comparison. 
The following results were obtained in this study: 

1. Analysis of variance showed the presence of significant heterosis for all the traits studied. 
Grain yield showed the high relative mid-parent heterosis that varied from 142.30 to 328.77% 

with a mean of 162.48. Cross combinations of CIL-6xCIL-4 (328.77), CIL-4xCIL-2 (294.98),     
CIL-6xCIL-2 (282.59), CIL-4xCIL-3 (281.46), CIL-5xCIL-3 (262.92) and CIL-2xCIL-1 (262.70), 

CIL-5xCIL-2 showed high mid-parent heterosis. In terms of protein content, mid-parent heterosis 

varied from 31.20 to   -22.32% with mean of 184%. Cross combinations of CIL-4xCIL-3 (31.20), 
CIL-4xCIL-1 (28.13) and CIL-6xCIL-4 (19.06) showed high mid-parent heterosis. Similarly, cross 

combinations of CIL-4xCIL-1, CIL-4xCIL-2, CIL-4xCIL-3, CIL-7xCIL-3, CIL-3xCIL-1, CIL-xCIL-2, 
CIL-6xCIL-1,       CIL-6xCIL-3, CIL-6xCIL-4, CIL-6xCIL-5 and CIL-5xCIL-1 showed high        mid-

parent heterosis for fat, fiber, and starch contents. 

Standard heterosis of the hybrids compared with check variety  CW1331 for yield showed 
that cross combinations of  CIL-6xCIL-4, CIL-4xCIL-3 and CIL-5xCIL-3 exhibited significant 

positive standard heterosis over the check variety ( CW1331). Three hybrids CIL-5xCIL-1, CIL-
5xCIL-4 and CIL-7xCIL-2 also showed significant negative heterosis.  In terms of protein, fat, 

fiber and starch contents, cross combinations of CIL-7xCIL-3, CIL-xCIL-6, CIL-6xCIL-1, CIL-

6xCIL-3, CIL-6xCIL-4, CIL-3xCIL-1, CIL-3xCIL-2, CIL-5xCIL-1 and CIL-5xCIL-4 showed higher 
standard heterosis. 

Better-parent heterosis for grain yield varied from 130.00 to 301.51% with a mean of 
146.88. All the cross combinations exhibited significant positive better-parent heterosis. Quality 

characteristics such as protein, fat, fiber and starch contents exhibited variations among the 
cross combinations. Variable Better parent heterosis was obtained for protein (-3.83 to -38.30%), 

fat (-10.05 to 41.91), fiber (-33.51 to -8.69) and starch (-26.35 to 93.80). Cross combinations 
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CIL-3xCIL-1, CIL-3xCIL-2, CIL-6xCIL-3, CIL-6xCIL-4, CIL-4xCIL-1, CIL-4xCIL-2, CIL-7xCIL-3 and 

CIL-7xCIL-5 exhibited high better parent heterosis. 
2. Analysis of variance for combining ability revealed that the variances due to general 

combining ability (gca) and specific combining ability (sca) were highly significant for all the traits 
studied except plant height. Thus, both kinds of gene effects were important in controlling the 

inheritance of all the characters studied. However, the gca:sca ratio mostly favored SCA in most 

of the traits, indicating the preponderance of non-additive gene effects in the genetic control of 
the traits.   

3. The estimates of gca effects revealed that inbred lines CIL-1, CIL-4, CIL-6 and CIL-7 
were the best general combiners for grain yield and were good to average combiners for most of 

the yield components. The remaining parents were poor combiners for grain yield and average to 
poor general combiners for most of the yield contributing traits. Inbred line CIL-6, CIL-5, CIL-4, 

and CIL-1 were the best combiners for protein, fat, fiber, and starch.  

Among the 21 F1 hybrids, only 17 cross combinations were identified as the best 
performers considering the high SCA effects for all the characters. For grain yield and quality 

traits, these cross combinations also exhibited significant positive estimates of SCA effects. The 
mean grain yields of these cross combinations were also very high.  

Improvement of the parental lines can be further investigated for quality, yield and 

agronomic traits, as none of the high combiners for grain yield was a high combiner or at least 
an average combiner for all the desirable traits. High gca effects are mostly due to additive gene 

effects. or additive x additive interaction effects.   
4.        Analysis of variance for combining ability revealed that the variances due to gca and sca 

were highly significant for all the traits studied except in plant height. Based on the results 
obtained, it can be concluded that the variation due to non-additive type was greater than the 

variation due to additive type of gene action for most of the economically important traits, thus 

the use of these hybrids has greater potential for commercial purpose. Out of the 7 inbred lines 
tested, CIL-1, CIL-4, CIL-6 and CIL-7 can be used as parents for combining ability in corn 

improvement program since they were identified as the best combiners. Those found to be 
potential hybrids for commercial production are cross combinations CIL-3xCIL-2, CIL-5xCIL-2, 

CIL-6xCIL-2, CIL-6xCIL-4, CIL-4xCIL-1, CIL-6xCIL-3, CIL-7xCIL-3, CIL-7xCIL-4, CIL-6xCIL-1, CIL-

7xCIL-1, CIL-6xCIL-5 and CIL-2xCIL-1 as their performance for agronomic and quality 
characteristics were comparable with the check variety CW1331.  

 

Conclusion 

 

 Results obtained from this study are in agreement with reports from various authors. 
Dehghanpour et al. (1996) reported estimate of 152% mid-parent heterosis for grain yield. Larish 

and Brewbaker (1999) reported an average of 55% mid-parent heterosis for variety crosses and 
105% heterosis for inbred crosses in maize. Furthermore, Dehghanpour et al. (1996); San-

Vicente et al. (1998); Konak et al. (1999); Araujo et al. (2001); and Kalla et al. (2001) reported 
that non-additive gene effects for grain yield were found to be significant in maize hybrids. 

 

Implications and Limitations of the Study 
 

Assessing the combining ability of parental lines is extremely useful in a hybrid program, 
especially when a large number of prospective parental lines are available and most promising 

ones are to be identified on the basis of their ability to give superior hybrids. Thus, general 

combining ability is the responsible component for the heterosis improvement. 
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In this study, 12 out  of 21 cross combinations were identified as good to average 

hybrids for heterosis exploitation for yield and quality traits. Likewise, 4 parental lines exhibited 
good combining ability.  These parental lines can be considered as good sources of materials to 

be used in breeding programs for the development of hybrids with quality grain corn for animal 
feeds and livestock. 

This study, however, has some limitations. Measurement of disease and pest resistance 

of the hybrids and parents as well as resistance to water lodging was not incorporated during the 
periods of evaluation. About 20 - 25% damage of the plants by corn borer during the period of 

evaluation as well as the incidence of water lodging might have directly or indirectly affected the 
performance of the parents and hybrids. It is, therefore, recommended, that these hybrids be 

further evaluated for insect, disease and water lodging resistance. 
 

 

Recommendations 
 

To determine the full potential of these hybrids for heterosis exploitation in terms of 
quality attribute required for animal feeds,  more quality traits such as lysine and tryptophan 

analysis which are essential ingredients needed in animal feeds should be conducted. 
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APPENDICES 

 

APPENDIX A. 

 

Appendix Table 1.  Analysis of Variance for Plant height (cm) 

   

SV       DF      SS      MS      F        F-prob   
 

Block       2  6789.62   3394.81   12.74          0.0001 
 

Treatment     29        52138.16              1797.87              6.75**      0.0000 

 
Error      58        15458.29   266.52    

 
Total      89        74386.08    835.80      

  
** Significant at 1% level   

 

 

 
Appendix Table 2.  Analysis of Variance for days to 50% tasseling 

 

SV       DF     SS   MS   F       F-prob 
 

Block        2   56.62  28.31  7.84      0.0013 

 
Treatment      29  450.06  15.52  4.30**       0.0000 

 
Error       58  209.38    3.61  

 
Total       89  716.06    8.05  

 

** Significant at 1% level   
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Appendix Table 3.  Analysis of Variance for days to 50% silking 

 

SV       DF    SS    MS    F       F-prob 
 

Block        2   92.6  46.30  16.64      0.000 

 
Treatment      29  618.0  21.31  7.66**       0.000 

 
Error       58  161.4   2.78  

 

Total       89  872.0   9.78  
 

** Significant at 1% level   
 

 
 

 

 
 

Appendix Table 4.  Analysis of Variance for days to maturity 

 

SV      DF    SS   MS  F   F-prob 

  
Block       2      3.29  1.64  1.44    0.2431 

 
Treatment     29  156.72  5.40  4.75**   0.0000 

 

Error      58    66.04  1.14  
 

Total      89  226.06  2.54  
 

 ** Significant at 1% level   
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Appendix Table 5.  Analysis of Variance for length of corn ear (cm) 

 
SV       DF       SS     MS     F  F-prob 

 

Block       2      2.48    1.24    0.91  0.5874 
 

Treatment     29  646.05  22.28  16.29**  0.0000 
 

Error      58    79.34    1.37 

 
Total      89  727.86    8.18 

 
** Significant at 1% level   

 

 
 

 
 

 
Appendix Table 6.  Analysis of Variance for ear weight (kg) 

 

SV     DF    SS   MS   F    F-prob 
 

Block       2   0.0121  0.0060  2.94    0.0590 
 

Treatment     29  0.4424  0.0153  7.43**     0.0000 

 
Error      58  0.1192  0.0021  

 
Total      89  0.5736  0.0064  

 
 ** Significant at 1% level   
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Appendix Table 7.  Analysis of Variance for number of kernels per row 

 
SV       DF     SS     MS   F      F-prob 

 
Block       2    241.88 120.94  7.93      0.0012 

 
Treatment     29  6362.44  219.39  14.38**     0.0000 

 

Error      58   885.03    15.26  
 

Total      89          7489.35   84.15  
 

 ** Significant at 1% level    

 
 

 
 

 
Appendix Table 8. Analysis of Variance for number of kernels rows  

                               per ear 

 
SV      DF    SS   MS    F  F-prob 

 
Block      2    19.20    9.60  1.42   0.2484 

 

Treatment    29  470.97  16.24  2.40ns   0.0025 
 

Error     58  391.69    6.75  
 

Total     89  881.86    9.91  
 

  ns = Non Significant 
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Appendix Table 9.  Analysis of Variance for weight of 1000 seeds (g) 

 
SV     DF           SS    MS     F         F-prob 

 
Block      2      6686.99        3343.49   3.15          0.0024 

  
Treatment    29    71109.33        2452.05   1.65**          0.0000 

  

.Error     58    28019.63          483.10  
 

Total     89  105815.94               1188.94  
 

  ** Significant at 1% level    

 
 

 
 

 
 

 

Appendix Table 10.  Analysis of Variance for Number of kernel per ear 

 

SV            DF         SS  MS        F  F-prob  
 

Block                2            63880.09       31940.05      4.37  0.0168 

 
Treatment       29        2268413.54        78221.16     10.69**  0.0000 

  
Error               58          424393.26         7317.13   

 
Total               89         2756686.89       30974.01 

 

 ** Significant at 1% level   
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Appendix Table 11.  Analysis of Variance for shelling percentage  (%) 

 
SV     DF     SS     MS    F        F-prob 

 
Block      2  1769.80  884.90  5.50        0.0067 

 
Treatment    29  6232.62  214.92  1.34ns        0.1722 

 

Error     58  9325.27  160.78  
 

Total     89        17327.69  194.69  
 

ns = Non Significant 

 
 

 
 

 
 

 

Appendix Table 12.   Analysis of Variance for grain yield per /ha (kg) 

 

SV  DF      SS    MS              F    F-prob  
 

Block              2         3771605.88    1885802.94 3.90    0.0251  

 
Treatment      29     462210916.41  15938307.46          32.95**      0.0000  

    
Error              58       28052823.25     483669.37       

 
Total              89     494035345.55   5550958.94 

 

** Significant at 1% level    
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Appendix Table 13.  Analysis of Variance for % protein content 

 
SV       DF         SS    MS    F             F-prob 

 

Block       2      1.90  0.95     4.40    0.0164 
 

Treatment     29  103.12  3.56  16.49**     0.0000 
 

Error      58    12.50  0.22  

 
Total      89  117.52  1.32  

 
 ** Significant at 1% level    

 

 
 

 
 

Appendix Table 14.  Analysis of Variance for % fat (oil) content 

 

SV      DF      SS    MS     F  F-prob  

 
Block       2   3.50  1.75  46.81  0.0000 

 
Treatment     29  13.98  0.48  12.89**  0.0000 

 

Error      58   2.17  0.04  
 

Total      89  19.64  0.22  
 

 ** Significant at 1% level    
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Appendix Table 15.  Analysis of Variance for % fiber content 

 
SV     DF    SS        MS           F     F-prob 

 

Block       2   0.50  0.2491        5.97     0.0047 
 

Treatment     29  16.31  0.5623       13.47**           0.0000 
 

Error      58   2.42  0.0417  

 
Total      89  19.23  0.2160  

 
** Significant at 1% level    

 

 
 

 
 

 
 

Appendix Table 16.  Analysis of Variance for % starch content 

 
SV      DF        SS          MS      F          F-prob 

  
Block       2            10.20      5.10    0.12  0.8908 

 

Treatment     29  16498.98  568.93  12.88**  0.0000 
 

Error      58    2561.17    44.16  
 

Total      89  19070.35  214.27  
 

 ** Significant at 1% level    
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Appendix Table 17.  Analysis of Variance for Mid-parent heterosis of    

                                 plant height 
 

SV      DF        SS          MS      F       F-prob 
 

Block      2    8106.55 4053.27      6.61       0.0031 
 

Treatment    27  35668.83 1321.07      2.15ns       0.0084 

 
Error     54  33126.59  613.46  

 
Total     83  76901.97  926.53 

 

 
ns = Non Significant 

 
 

 
 

 

 
 

Appendix Table 18.  Analysis of Variance for Mid-parent heterosis of  
                                 days to 50% silking 

 

SV     DF     SS     MS    F  F-prob 
 

Block       2    108.80  54.40  5.44  0.0072 
 

Treatment     27  1389.51   51.46  5.14**  0.0000 
 

Error      54    540.39 10.01  

 
Total      83  2038.69 24.56  

 
 ** Significant at 1% level    
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Appendix Table 19.  Analysis of Variance for Mid-parent heterosis of      

                                days to 50% tasseling 

 

SV     DF      SS   MS    F  F-prob 
 

Block       2   153.01  76.51  5.74  0.0057 
 

Treatment     27  1189.21  44.04  3.31  0.0002 

 
Error      54    719.62 13.33  

 
Total      83  2061.84  24.84  

 

 ns = Non Significant 
 

 
 

 
 

 

 
Appendix Table 20.  Analysis of Variance for Mid-parent heterosis of  

                                days to  maturity 

 

SV     DF      SS    MS     F  F-prob 

 
Block       2      5.02   2.51  1.75  0.1809 

 
Treatment     27  149.26   5.53  3.87**  0.0000 

 
Error     54    77.21   1.43  

 

Total     83  231.49  2.79  
 

** Significant at 1% level  
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Appendix Table 21.  Analysis of Variance for Mid-parent heterosis of 

                                 ear length  

 

SV   DF    SS      MS     F  F-prob 
  

Block             2             6172.96           3086.48     12.29  0.0001 
 

Treatment     27          47711.71          1767.10      7.04**  0.0000 

 
Error         54          13559.58             251.10   

 
Total            83          67444.25               812.58 

  

 ** Significant at 1% level    
 

 
 

 
 

Appendix Table 22 .  Analysis of Variance for Mid-parent heterosis of  

                                  number of kernel per row  

 

SV  DF   SS  MS     F  F-prob 
  

Block            2        1242.08            621.04        0.46           0.0001 

 
Treatment         27       322469.69          11943.32       8.90**          0.0000 

. 
Error         54         72432.43           1341.34   

 
Total            83          396144.20            4772.82 

   

** Significant at 1% level   
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Appendix Table 23.  Analysis of Variance for Mid-parent heterosis 

                                of number of kernel row  per ear  

 

SV    DF     SS       MS          F  F-prob 
  

Block             2         7886.43                3943.21       5.77       0.0056 
 

Treatment          27          34922.75                1293.44       1.89ns       0.0230  

 
Error          54          36897.16                 683.28 

 
Total             83            79706.34                 960.32 

   

 ns = Non Significant 
 

 
 

 
 

Appendix Table 24.   Analysis of Variance for Mid-parent heterosis of       

                                    number of kernel per ear  

 

SV  DF   SS      MS      F  F-prob 
  

Block             2        10759.72          5379.86         1.33          0.2713 

 
Treatment     27         835094.45        30929.42         7.67**        0.0000 

 
Error         54         217848.96         4034.24    

 
Total            83       1063703.13        12815.70    

   

** Significant at 1% level   
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Appendix Table 25.  Analysis of Variance for Mid-parent heterosis of        

                                   shelling percentage  

 

SV    DF   SS      MS     F  F-prob 
  

Block                  2       108207.17         54103.59               19.90       0.0000      
 

Treatment          27          108556.55           4020.61      1.48ns     0.1102 

 
Error          54          146812.08          2718.74 

 
Total            83           363575.80            4380.43 

   

  ns = Non Significant 
 

 
 

 
 

 

Appendix Table 26.   Analysis of Variance for Mid-parent heterosis of  grain    
                                    yield per/ha (kg) 

 
SV    DF   SS      MS     F  F-prob 

  

 
Block             2           7007.82            3503.91       2.30         0.1085  

 
Treatment        27          894731.39  33138.19       21.71**  0.0000  

 
.Error          54                 82432.52   1526.53       

 

Total             83                 984171.73  11857.49 
  

 ** Significant at 1% level    
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 Appendix Table 27.  Analysis of Variance for Mid-parent heterosis of %  

                                protein content 

 

SV   DF           SS      MS    F  F-prob 
 

 
Block    2     271.29  135.64    5.99  0.0048 

 

Treatment  27   6506.58  240.98  10.65**  0.0000 
 

Error   54   1222.11    22.63  
 

Total   83   7999.98      96.39  

 
 

 ** Significant at 1% level    
 

 
 

 

Appendix Table 28.   Analysis of Variance for Mid-parent heterosis of  %       
                                  fat content 

  
SV    DF         SS   MS    F  F-Prob 

 

Block    2      269.92  134.96  1.90  0.1579 
 

Treatment   27  21238.45  786.61  11.06**  0.0000 
 

Error   54    3840.04     71.11  
 

Total    83  25348.41  305.40  

 
 ** Significant at 1% level    
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Appendix  Table 29.  Analysis of Variance for Mid-parent heterosis of %   

                                  fiber content 

 

SV     DF          SS     MS    F  F-prob 
 

Block      2      1616.51  808.25  12.25  0.0001 
 

Treatment    27    15179.35  562.19  8.52**  0.0000 

 
Error     54      3562.03    65.96  

 
Total     83    20357.88  245.28  

 

** Significant at 1% level    
 

 
 

 
 

Appendix  Table 30.   Analysis of Variance for Mid-parent heterosis of %  

                                   starch content 

 

SV      DF                SS      MS       F  F-prob 
 

Block       2             154.27     77.13 0.39  0.6852 

 
Treatment     27         96018.81 3556.25   17.92**  0.0000 

 
Error      54         10714.43   198.42  

 
Total      83       106887.51 1287.80  

 

 ** Significant at 1% level   
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Appendix  Table 31.  Analysis of Variance for Standard heterosis of  

                                  height check variety(CW1331) 

 

SV     DF            SS      MS         F  F-prob 
 

Block      2          330.13   165.06   2.71  0.0734 
 

Treatment    29      12483.28   430.46  7.06**  0.0000 

 
Error     58        3535.97        60.97 

 
Total     89      16349.37        183.70 

 

 ** Significant at 1% level   
 

 
 

 
 

 

 
 

Appendix  Table 32.   Analysis of Variance for Standard heterosis of     
                                   days to50 % silking  check variety (CW1331) 

 

SV  DF           SS    MS   F  F-prob 
 

Block  2            49.38  24.69  2.58  0.0829 
 

Treatment 29        2188.72  75.47  7.88**  0.0000 
 

Error  58          555.77    9.58   

 
Total  89        2793.87  31.39  

 
** Significant at 1% level    
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Appendix  Table 33.  Analysis of Variance for Standard heterosis of days  
                                  To 50% tasseling check variety (CW1331) 

   
SV    DF         SS           MS            F           F-prob 

 
Block    2         7.08           3.54          0.28           0.7589 

 

Treatment  29   1583.79         54.61          4.35**           0.0000 
 

Error   58     727.56         12.54  
 

Total   89  2318.44         26.05 

 
 

 ** Significant at 1% level    
 

 
 

 

 
Appendix  Table 34.  Analysis of Variance for Standard heterosis of days  

                                  to maturity check Variety  (CW1331) 

   

SV  DF         SS     MS      F  F-prob 

 
Block  2        51.65            25.83  16.26  0.0000 

 
Treatment 29      218.65     7.54   4.75**  0.0000 

 

Error  58       92.13     1.59  
 

Total  89     362.43     4.07  
 

 ** Significant at 1% level    
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Appendix  Table 35.   Analysis of Variance for Standard heterosis of ear  
                                   length  (CW1331) 

   
SV  DF               SS      MS      F  F-prob 

 
Block   2        4605.34      2302.67        39.60**   0.0000 

 

Treatment 29     23204.95    800.17   13.76**      0.0000  
 

Error  58    3372.27            58.15 
 

Total  89          31182.59              350.37 

  
** Significant at 1% level    

 
 

 
 

 

 
Appendix  Table 36.  Analysis of Variance for Standard heterosis of  

                                  kernel per row  (CW1331) 
   

SV     DF              SS     MS      F  F-prob 

 
Block      2        5955.60  2977.80    24.37**  0.0000  

 
Treatment    29   51376.48   1771.60   14.50**    0.0000     

 

Error     58    7085.84           122.17        
 

Total     89           64417.92             723.80 
  

** Significant at 1% level    
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Appendix  Table 37.  Analysis of Variance for Standard heterosis of  
                                  kernel row per ear  (CW1331) 

   
SV  DF            SS        MS      F  F-prob 

 
Block   2      5644.05     2822.02      10.38      0.0003     

 

Treatment 29        17566.67         605.75       2.23ns      0.0050  
 

Error  58        15772.56         271.94   
 

Total  89        38983.27         438.01 

  
ns = Non Significant 

 
 

 
 

 

Appendix  Table 38.  Analysis of Variance for Standard heterosis of  
                                  kernel  per ear (CW1331) 

   
SV  DF            SS     MS      F  F-prob 

 

Block   2    15779.26       7889.63   31.23**      0.0000    
 

Treatment 29    66492.64         2292.85      9.08**        0.0000        
 

Error  58    14653.27             252.62        

 
Total  89    96925.17                  1089.05      

  
** Significant at 1% level    
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Appendix  Table 39.  Analysis of Variance for Standard heterosis of   
                                  shelling percentage   (CW1331) 

   
SV  DF            SS        MS      F  F-prob 

 
Block   2      25667.05        12833.53     21.84              0.0000  

 

Treatment 29      21460.88          740.03         1.26ns              0.2243  
 

Error  58      34077.92          587.55   
 

Total  89      81205.85          912.43 

  
ns = Non Significant 

 
 

 
 

 

Appendix  Table 40.   Analysis of Variance for Standard heterosis of   
                                   grain yield per/ ha (kg)  check variety (CW1331) 

   
SV    DF  SS    MS    F  F-prob 

  

Block                  2           1335.08            667.54  6.77   0.0026  
 

Treatment         29          89450.17    084.49 2.03**             0.0000  
 

Error                58            5715.82             98.55    

 
Total                89          96501.06         1084.28  

 
   ** Significant at 1% level    
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Appendix  Table 41.  Analysis of Variance for Standard heterosis of %  

                                   protein content  check variety (CW1331) 
   

SV     DF        SS      MS       F  F-prob 
 

Block     2     3057.71  1528.86     40.81  0.0000 
 

Treatment   29   19423.45    669.77 17.88**  0.0000 

 
Error    58     2172.61          37.46  

 
Total    89   24653.76    277.01  

 

   ** Significant at 1% level    
 

 
 

 
 

Appendix  Table 42.  Analysis of Variance for Standard heterosis of %  

                                  fat content check variety (CW1331) 
   

SV  DF            SS      MS      F  F-prob 
 

Block  2       5287.76  2643.88  124.22  0.0000 

 
Treatment 29     10654.32            367.39  17.26**  0.0000 

 
Error  58       1234.44   21.28  

 
Total  89     17176.52  192.99  

 

** Significant at 1% level    
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Appendix  Table 43.  Analysis of Variance for Standard heterosis of %  
                                  fiber content check variety (CW1331) 

   
SV     DF           SS          MS      F  F-prob 

 
Block     2       2645.97  1322.98   17.11  0.0000 

 

Treatment   29     30265.87  1043.65   13.49**  0.0000 
   

Error    58       4485.57                 77.34 
 

Total    89     37397.41   420.20 

 
 ** Significant at 1% level    

 
 

 
 

 

 
Appendix  Table 44.  Analysis of Variance for Standard heterosis of %   

                                  starch content  check variety (CW1331) 

   

SV  DF            SS        MS              F  F-prob 

 
Block  2      24664.54   12332.27    78.28  0.0000 

 
Treatment 29      46663.35    1609.08    10.21** 0.0000 

 
Error  58        9137.90      157.55 

 

Total  89      80465.79      904.11  
 

 
** Significant at 1% level    
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Appendix  Table 45.  Analysis of Variance for better-parent heterosis of                                                         

                                  plant height   

 

SV     DF           SS      MS      F  F-prob 

 
Block      2        660.42    330.21   2.94  0.0598 

 
Treatment    27    15180.48    562.24 5.01** 0.0000 

 

Error    54      6064.87    112.31 
 

Total    83    21905.77    263.92 
 

** Significant at 1% level    

 
 

 
 

 
 

 

Appendix  Table 46.  Analysis of Variance for better-parent heterosis of   
                                 days to 50% silking  

 
SV  DF            SS     MS     F  F-prob 

 

Block  2          25.30   12.65  1.50  0.2311 
  

Treatment 27      2228.43   82.53  9.78**  0.0000 
 

Error  54        455.54     8.44  
 

Total  83      2709.27    32.64   

 
 

** Significant at 1% level    
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Appendix  Table 47.  Analysis of Variance for better-parent heterosis of  

                                days to 50% tassseling  
 

 

SV  DF        SS     MS    F    F-prob 
 

Block  2      124.07  62.04    6.98     0.0024 
 

Treatment 27    1848.70  68.47   7.70**     0.0000 

 
.Error  54      480.13    8.89  

 
** Significant at 1% level    

 

 
 

 
 

 
 

 

Appendix  Table 48.   Analysis of Variance for better-parent heterosis of  
                                   days to maturity  

 
SV    DF             SS     MS       F  F-prob 

 

Block    2          18.93    9.46    4.83  0.0117 
   

Treatment  27         192.77    7.14    3.64*  0.0001 
 

Error   54         105.81    1.96  
 

Total   83        317.51    3.83  

 
* Significant at 5% level    
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Appendix  Table 49.  Analysis of Variance for better-parent heterosis of  

                                  ear length (cm)  
 

SV  DF        SS                 MS      F          F-prob 

 
Block         2         3057.62   1528.81   5.64           0.0062 

 
Treatment  27       29734.85   1101.29   4.06**          0.0000 

 

Error        54       14636.11      271.04     
 

Total                 83        47428.58                  571.43 
 

** Significant at 1% level    

 
 

 
 

 
 

Appendix  Table 50.  Analysis of Variance for better-parent heterosis of    

                                 kernel per row  
 

SV  DF             SS                MS         F           F-prob 
 

Block         2         3057.62   1528.81   5.64     0.0062 

 
Treatment  27       29734.85   1101.29   4.06 **  0.0000 

 
Error        54       55623.13   1030.06 

 
Total                83        208935.21   2517.29 

 

** Significant at 1% level    
 

 
 

 
 
 

 
. 



 139 

 
 

 
 

 
 
Appendix  Table 51.  Analysis of Variance for better-parent heterosis of  

                                  kernel row per ear 
 

SV  DF               SS                MS             F  F-prob 

 
Block         2       8020.83   4010.42   6.88                0.0025 

 
Treatment  27     24554.99     909.44  1.56     0.0818 

 

Error        54       31463.03            582.65    
 

Total               83      64038.85     771.55 
 

ns = Non Significant 

 
 

 
 

 
 

 

Appendix  Table 52.   Analysis of Variance for Better-parent heterosis of  
                                   kernel  per ear 

 
SV  DF               SS          MS   F   F-prob 

 

Block         2              10610.24      5305.12      1.84         0.1671    
 

Treatment  27             365197.55     13525.84               4.69**    0.0000 
 

Error        54             155855.11       2886.21 
 

Total                83              531662.91       6405.58 

 
** Significant at 1% level    
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Appendix  Table 53.  Analysis of Variance for Better-parent heterosis of  
                                  shelling  percentage 

 

SV    DF               SS                MS      F              F-prob 
 

Block          2     69768.79   34884.40   14.40    0.0001   
 

Treatment   27              67281.86              2491.92           1.03     0.4516    

 
Error         54            130780.91               2421.87     

 
Total                 83             267831.57              3226.89 

 

 ns = Non Significant 
 

 
 

 
 

 

Appendix  Table 54.   Analysis of Variance for Better-parent heterosis of  
                                   grain yield per/ha (kg)  

 
SV  DF             SS               MS            F  F-prob 

 

Block         2          8273.56          4136.78    2.23     0.1156  
 

Treatment  27       759625.46       28134.28    15.15**     0.0000  
 

Error        54       100258.51         1856.64       
 

Total               83        868157.52      10459.73 

 
 

** Significant at 1% level    
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Appendix  Table 55.  Analysis of Variance for Better-parent heterosis of   

                                  % protein content 

 
SV  DF          SS      MS     F  F-prob 

 
Block  2        230.65   115.33    4.72  0.0128 

 

Treatment 27    14019.56   519.24  21.24**  0.0000 
 

.Error  54      1319.81       24.44  
   

Total  83    15570.02            187.59  
 

 

** Significant at 1% level    
 

 
 

 

 
 

Appendix  Table 56.  Analysis of Variance for Better-parent heterosis of   
                                 % fat  content 

 

SV  DF            SS      MS     F  F-prob 
 

Block  2         976.88    488.44 7.27  0.0020 
 

Treatment 27     14271.50    528.57 7.87**  0.0000 
 

Error  54       3625.68      67.14  

 
Total  83     18874.06     227.40 

 
** Significant at 1% level    
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Appendix  Table 57.  Analysis of Variance for Better-parent heterosis of     
                                  % fiber  content  

 
 

SV      DF             SS      MS    F  F-prob 

 
Block       2        1226.89  613.45  7.28  0.0019 

 
Treatment     27      13601.89  503.77  5.98**  0.0000 

 

Error     54       4552.26    84.30  
 

Total     83     19381.05  233.51 
 

 
** Significant at 1% level    

 

 
 

 
Appendix  Table 58.  Analysis of Variance for Better-parent heterosis of  

                                % starch content  

 
SV    DF           SS       MS       F        F-prob 

 
Block     2         465.53    232.77    1.22       0.3021 

 

Treatment   27      90974.11  3369.41   17.71**     0.000 
 

Error    54           10275.62  190.29  
 

Total    83         101715.26  1225.49  
  

 

** Significant at 1% level    
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Appendix Table 59.  Analysis of Variance for combining ability of plant                     
                                 height (cm)  

 
               F. Table   

SV  DF       SS            MS           F       5% 1% 

          
Repl  2    24103.75    12051.88 0.5628ns   1.90   2.51 

 
Geno  27  580676.80   21506.55 1.0043ns  

 

Error  54        1156350.00   21413.89   
 

Total  83        1761131.00    
 

ns = Non Significant 
 

    

 
 

 
 

 

Appendix Table 60.   Analysis of Variance for combining ability of days   
                                  to 50% silking  

 
           F. Table 

SV          DF               SS               MS           F             5% 1%  

    
Repl            2                82.97   41.48      13.97** 1.90 2.51 

 
Geno              27              616.25   22.82       7.69** 

 
Error              54             160.36      2.97 

 

Total          83             859.58 
  

* ** Significant at 1% level    
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Appendix Table 61.  Analysis of Variance for combining ability of day’s  
                                 to 50 % tasssling  

 

                  F. Table  
SV     DF          SS          MS              F                   5%      1%    

 
Repl            2            53.75 26.88         6.9464**     1.90   2.51 

 

Geno           27        420.33          15.57        4.0238 ** 
 

Error            54         208.92            3.87 
 

Total          83         683.00 

 
** Significant at 1% level    

 
 

 
 

 

 
 

Appendix Table 62.  Analysis of Variance for combining ability of days  
                               to maturity 

 

           F. Table 
SV          DF         SS         MS                   F                5%    1% 

 
Repl            2            3.50        1.75      1.4651**  1.90 2.51 

 
Geno            27       122.69            4.54       3.8043** 

 

Error           54        64.50            1.19 
 

Total           83      190.67 
 

 ** Significant at 1% level    
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Appendix Table 63.   Analysis of Variance for combining ability of ear     
                                 length (cm) 

 

        F. Table 
SV    DF           SS           MS         F              5%      1% 

 
Repl        2            2.02        1.01             0.74            1.90    2.51 

 

Geno               27     41.69      23.77           17.40** 
 

Error               54          73.75        1.37 
 

Total              83         717.46 

 
** Significant at 1% level    

 
 

 
 

 

 
Appendix Table 64.  Analysis of Variance for combining ability of kernel  

                                 per row) 
 

        F. Table 

SV        DF             SS                 MS          F         5%       1% 
 

Repl             2            267.02         133.51          8.54         1.90    2.51 
 

Geno           27          6313.31         233.83        14.96** 
 

Error           54           843.93           15.63 

 
Total          83          7424.27 

 
** Significant at 1% level    
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Appendix Table 65.  Analysis of Variance for combining ability of kernel  
                               row per ear) 

 

        F. Table 
SV        DF           SS               MS     F          5%       1% 

 
Repl             2           19.72      9.86         1.3847       1.90 2.51 

 

Geno           27         454.27          16.82        2.3628 
 

Error           54         384.52            7.12 
 

Total           83         858.51 

 
ns = Non Significant 

 
 

 
 

 

Appendix Table 66.  Analysis of Variance for combining ability of kernel  
                               per ear) 

 
                 F. Table 

SV        DF           SS                      MS                  F         5%       1% 

 
Repl          2     298844200.00    149422100.00       1.23               1.90     2.51 

 
Geno        27     29066240.00     107652800.00        888.60 

   
Error        54     65420660.00     121149400.00 

  

Total        83     29134650.00 
  

   ** Significant at 1% level    
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Appendix Table 67. Analysis of Variance for combining ability of shelling  
                              Percentage 

  
                F. Table 

SV         DF           SS                 MS            F                  5%       1% 

 
Repl              2     1896.28           948.14               5.6320                 1.90     2.51 

 
Geno         27        6203.28          229.75              1.3647 

 

 Error                 54       9090.77           168.35 
  

Total                  83       17190.33 
 

  ** Significant at 1% level    
 

 

 
 

 
 

 

Appendix Table 68.  Analysis of Variance for combining ability of grain                                         
                                 yield per /ha (kg) 

 
               F. Table 

SV   DF           SS                  MS         F         5%    1% 

 
Repl       2        2436096.00       1218048.00        2.65       1.90 2.51 

 
Geno     27   444880400.00     16477050.00      35.80** 

 

Error     54     24856070.00         460297.00 

 

Total     83   472172600.00 
 

** Significant at 1% level    
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Appendix Table 69. Analysis of Variance for combining ability of  
                                % protein content 

 
           F. Table 

SV  DF     SS     MS     F     5%     1% 

 
Repl  2     1.76  0.88   4.07*       1.90    2.51 

 
Geno  27 101.62  3.76            17.39**  

 

Error  54   11.67  0.22   
 

Total  83 115.07    
  

* Significant at 5% level   ** Significant at 1% level    
 

 

 
 

 
 

Appendix Table 70.  Analysis of Variance for combining ability of  

                               % fat content 
           

                                                                                              F. Table 
SV    DF             SS         MS             F              5%    1%  

 

Repl             2                 2.75      1.36           46.27**    1.90    2.51 
 

Geno             27              11.29       0.42           14.07 ** 
 

Error             54               1.61       0.03 
 

Total           83              15.65 

 
 ** Significant at 1% level    
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Appendix Table 71.  Analysis of Variance for combining ability of 
                               % fiber content 

 
          F. Table 

SV  DF            SS            MS           F             5%   1% 

 
Repl            2           0.57          0.29           6.67**         1.90     2.51 

 
Geno          27        15.06           0.56          13.01** 

 

Error           54          2.31          0.04 
 

Total                83        17.94 
 

  ** Significant at 1% level    
 

 

 
 

Appendix Table 72.  Analysis of Variance for combining ability of %                   
                                 starch content 

 

         F. Table 
SV    DF                SS            MS            F             5%     1% 

 
Repl                    2                13.56         6.78         0.19        1.90     2.51 

 

Geno              27          16087.31      595.83      16.78** 
 

Error              54            1917.59        35.51 
 

Total    83          18018.47 
 

** Significant at 1% level    
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                   Appendix Figure 1a. Experimental field  
 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 

 

            Appendix Figure 1b. Hybrids at silking and tasseling  
                                              stages (55days) 
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      Appendix Figure 2. Hybrid ears (A) CIL-6xCIL-1 (B) CIL-6xCIL-4  

                                       (C) CIL-6xCIl-5 
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           Appendix Figure 3. Hybrid ears (A) CIL-5xCIL-4 (B) CIL-6xCIL-2  
                                          (C) CIL-4xCIl-2 
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APPENDIX C 

 

PROCEDURES FOR DETERMINING PROTEIN CONTENTS, FAT CONTENT, FIBER 
CONTENT AND STARCH CONTENT 

 

Appendix C1 

% Protein content 

Grain protein contents were measured by Kjeldahl method (AOAC, 1990).  

The procedure for the analysis was as follows: 
1. 100mg grounded sample was wrapped in a filter paper in 100 ml Kjeltec digestion 

flask. A tablet of Kjeltab was addede with 5 ml concentrated sulfuric acid. The 
flask was placed in Kjeltec digestion plate inside a fume hood and heated gently 

until solids dissolve and become clear. Flask was cooled  and distilled water was 

added to dissolve crystalline mass 
2. Flask was placed inside Kjeltec autostill for distillation and titration 

3. Enough sodium hydroxide-sodium thiosulfate solution  was added using boric acid 
and alcoholic methyl red indicator as receiving solutions and sulphuric acid as 

titrant  

4. A blank was run and crude protein was computed using the formula: 
 

                               [Vol H2S04 (spl) -Vol H2S04 (blk)] x N H2S04 x 0.014 x 6.25  
% Crude protein =   ___________________________________________________ x   100 

       Weight of sample (mg) 

 
 

Appendix C2 
% Fat Content 

 
Fat contents were estimated using Soxhlet method (AOAC, 1990).  

The procedure was as follows: 

1.       One gram of sample in a thimble made of filter paper was  weighed  
2.       The sample was dried in an oven for 2 hours 

3.       The dried sample was then placed in the extractor and was extracted with ether for 16  
           hours 

4.      The sample was then removed from the extractor after extraction is completed and the  

          solvent was recovered 
5.       The beaker containing the fat was placed in a hot plate   (50°C) for 5 minutes 

6.       The fat was cooled and weighed to constant weight. 
7.       Percentage of fat was determined by the following  formula; 

 
                            (weight of soxhlet flask + fat) - weight of soxhlet flask                      

  % Fat    =         __________________________________________________   x   100 

                                                              Weight of sample 
 

Appendix C3 
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% Fiber content 
Crude fiber contents were determined by Weende method (AOAC, 1990).  

The procedure was as follows: 
1. 2 grams of sample was extracted with ordinary ether  petroleum ether 

2. 0.3 grams of fat free sample was weighed and placed in 600 ml beaker and 200 ml of 

boiling 1.25% H2S04 was added  
3. The sample was connected to a  condenser and heated to boiling with one minute 

and continued up to thirty minutes 
4. The beaker was removed after thirty minutes and the sample was filtered with  linen 

cloth in a stainless funnel and was washed with hot distilled water until washing was 
no longer acidic 

5. Boiled 200 ml NaOH was used to wash residue in funnel  back to beaker 

6. The beaker was connected again to the condenser and  boiled for 30 minutes 
7. The beaker was removed and filtered through cloth in funnel and residue was 

thoroughly washed with distilled water and transferred quantitatively back to the 
beaker 

8. The residue was filtered through Gooch crucible prepared with a thin close layer of 

ignited asbestos  
9. The crucible and contents were dried at 110oC to constant weight and placed in a 

muffle furnace at 600oC until carbonaceous matter were consumed 
10. The sample was cooled to 50oC before putting it in a desicator 

11. The sample was weighed and the loss in weight was reported as crude fiber 
 

Appendix C 4 

% Starch content 
Total carbohydrate (starch) contents were determined by enzyme degradation and subsequent 

analysis of liberated glucose through a uVis spectrophotomer glucose analyzer. Anthrone method 
(AOAC, 1990 was utilized.  

The procedure was as follows: 

A. Extraction  
1.      0.2 gm of dry sample was weighed and 10 ml of water  was added and stirred until sample  
         is dispersed 

2.      13 ml of 52% per-chloric acid reagent was added and stirred for 20 minutes, and diluted to  

          approximately 100 ml. 
3.      The sample was filtered into a 250 ml volumetric flask and diluted with water 

 B. Determination 
1.     A suitable aliquot (containing 1.5 mg sugar) of the sample  extract was diluted to 100 ml  

       with distilled water 

2.    1 ml of water was pipetted into a separate test tube to serve   as blank 
3.    The sample was placed in a boiling water bath for exactly 12 minutes 

4.    The sample was cooled quickly in ice water to room temperature 
5.    The absorbance of the samples and standards was read at 30 nm against the reagent  

           blank 
6.     Total available carbohydrates were calculated as %glucose by uVis spectrophotomer  

           glucose analyzer 


