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1. INTRODUCTION

Maize (Zea mays L., 2n=20) is an important cereal crop belonging to tribe Maydeae,
of the grass family, Poaceae. The plant is native to Central America. Zea mays is the only
species in the genus Zea with chromosome number 2n=20. It has two close relatives among
the American Maydeae viz., genus Tripsacum (gamagrass) and Teosinte (Euchalaena) which
is regarded as the closest relative and five among Asiatic Maydeae viz Chinonachne,
Sclerachne, Coix, Trilobachene and Polytoca.

In world, it ranks third next to wheat and rice in production. The suitability of maize to
diverse environments is unmatched by any crop as the expansion of maize to new areas and
environment still continues, as it has a range of plasticity. It is grown from latitude 58°N to
40°S, from sea level to higher than 3000 m altitude and in areas receiving yearly rainfall of
250 to 5000 mm (Downsell et al., 1996). Most of the area under this crop is however in the
warmer parts of temperate regions and in humid subtropical climate. Highest production is in
area having the warmest month isotherms from 21°C to 27°C and a frost free season of 120
to180 days duration.

Maize is one of the staple food crop and widely cultivated crop throughout the world.
The United States produces almost half of the world’s production; other top producing
countries are China, Brazil, France, Indonesia and South Africa.

In world, maize grown with a production 590 million tonnes and productivity 4229 kg
per ha and occupies an area of 139 million ha. Maize is known as king of cereals because of
its high production potential and wider adaptability. About 30% of world production is used for
direct human consumption and as an industrial input, while 70% is used as animal feed. In
India, maize is fourth most important cereal crop next to rice, wheat and sorghum. India ranks
fourth in maize production with 19.31 million tonnes grown on an area of 8.26 million hectares
with productivity of 2337 kg per hectare (Anon., 2009).

Karnataka is one of the major maize producing states in the country and it ranked first
in production. During 2007-08, a total of 11.70 lakh hectares of maize was grown with a
production of 35.80 lakh tonnes and average productivity of 3060 kg per hectare was realized
with almost cent percent adoption of modern maize production technology. Karnataka state
ranked first in yield realization till 1996-97 now lagging behind to Andhra Pradesh. The
average productivity of state is much higher than the national productivity. Area under maize
is increasing rapidly in the state, because of better environment. Thus there is a greater
scope to increase maize productivity to a global level (Anon., 2009).

Rabi cultivation of maize is a relatively new practice which was first started in Bihar.
Rabi maize has the clear—cut comparative advantage of low incidence of diseases and insect
pests, crop do not suffer on account of heavy rainfall, slow growth of weeds, effective use of
light etc. and hence preferred by farmers. These factors singly and in combination favoured
the adoption of rabi maize cultivation in Bihar. Later it caught the attention in other parts of
country like West Bengal, Uttar Pradesh, Madhya Pradesh, Tamil Nadu, Karnataka, and
Punjab, where it is grown successfully.

Corn is increasingly used as an animal feed and fodder crop for both green forage
and silage. About 26 per cent of maize production in India is consumed as food, 45 per cent
goes to poultry, piggery and fish meal, 12 per cent goes to animal feed, 12 per cent in wet
industry for making starch and oil, three per cent in dry milling for traditional requirements like
Dalia, Sattu and other food products such as corn bread corn chips, brewery one per cent and
seed one percent (Fig. 1).

Maize kernel contains about 77 per cent starch, 2 per cent sugar, 9 per cent protein,
2 per cent ash on a water free basis, 5 per cent pentosan and 5 per cent oil. It has more than
1000 industrial uses and mainly used for production of starch due to its high starch content of
77 per cent. Maize seed oil contains highest polyunsaturated fatty acids (PUFA), Linoleic acid
(61.99%) and it remains as liquid at fairly low temperature which is helpful in combating heart
disease. Maize seed oil is also low in linolenic acid (0.7%) and contains a high level of natural
flavor. Maize is primarily used as food for human in African and Asian sub continents, while in
United States about 85 per cent of the crop is used as cattle feed.



Brewery
Dry milling industry (Chips etc) 1%
3%

Wet milling industry (Starch and K
oil)

12%

Seed
1%

Poultry, piggery and fish meal
45%

Animal feed
12%

26%

Fig.1. Utilization pattern of maize in India




However, now a day’s corn grain is also a key raw material used for making starch,
glucose and oil. Corn starch is used to make sweeteners, as well as such items as disposable
forks and spoons. Corn starch is widely used in industrial purposes such as coating for paper
and paper products and wallboards for buildings. The pharmaceutical industry also uses corn
starch to make pills and other similar products. Recently, high fructose corn syrup has also
been made from corn starch. This is mostly used in manufacture of coal and other drinks. In
some countries, alcohol made from corn is blended in fuel for gasoline-powered vehicles to
reduce emission of pollutants.

Principal types of maize are dent, flint, pod, pop, soft or flour, sweet and waxy corn.
The floury and opaque are nutritional quality types with high tryptophan and lysine content
respectively. Maize is the only cereal which can be used as food at various stages of its plant
development. It is used as baby corn as soon as the plant flowers. Green ears of maize are
used on large scale for roasting and boiling and consumed as food at dough stage.

The potential of heterosis is just beginning to be exploited in developing countries
through expansion of hybrid seeds. It has the highest potential of per day carbohydrate
productivity. Thus, the father of green revolution, the renowned Nobel Laureate, Dr. Norman
E. Borlaug, believes that “after the last two decades saw the revolution in rice and wheat, the
next few decades will be known as maize era”.

The invention of heterosis phenomenon, the development of hybrid breeding
technology and successful commercial exploitation of heterosis in maize are considered to be
significant achievements and land marks in the history of biological sciences during the
present century. A number of genotypes e.g., single crosses, three way crosses, double
crosses, varietal hybrids, multiple hybrids, composites, synthetics, pools, populations etc. are
feasible to maize growing farmers for commercial cultivation by virtue of the crop being a
highly cross pollinated species.

Shull (1908 and 1911) gave the original concept for production and growing of single
cross hybrids, but the cost of seed production has limited its utility. Jones (1918) suggested
that double cross hybrids can be produced from two single cross hybrids to reduce the cost of
seed production subsequently with the improvement in vigour and yield potential of inbred
lines and development of better cultural practices, single crosses were adapted for
commercial cultivation in the advanced countries. The recent trends even in the developing
and under developed countries single cross hybrids are more popular due to their higher yield
levels under favourable environment and uniformity in expression. Hence, there is a greater
scope for the exploitation of heterosis through single cross hybrids, than double cross hybrids.

The hybrid development programme in maize involves development and evaluation
of inbred lines, crossing of selected inbreds based on their combining ability and production of
hybrids. In this context, a programme on development of inbred lines was initiated by using
inbreeding system utilizing yellow pool as base population at Agricultural research station,
Arabhavi. The experimental hybrids developed from S, lines derived from yellow pool and
three testers by line x tester (L x T) method were evaluated in rabi season to assess their
crossbred performance, combining ability and nature of inheritance for different qualitative
traits.

In heterosis breeding programme, the selection of parents/inbreds based on their
morphological diversity with good combining ability is very important in producing superior
hybrids. The analysis of general combining ability and specific combining ability helps in
identifying potential parents/inbreds for the production of superior hybrids. The line x tester
analysis (Kempthorne, 1957) is one of the simplest and efficient methods of evaluating large
number of inbreds/parents for their combining ability.

With this in view, an attempt was made to evaluate 87 single cross hybrids, 29 S,
lines, 3 testers along with 5 checks with the following objectives.

1. To evaluate the performance of single cross experimental maize hybrids for grain
and fodder yield.

2. To estimate the gca and sca effects in respect to grain yield and its components.

3. Assessing of combining ability of single cross experimental hybrids and parents
by involving line x tester analysis.



2. REVIEW OF LITERATURE

The research carried out in the past on maize to study the gene action, heterosis,
combining ability, correlation and path analysis in respect of qualitative and quantitative
characters relevant to the present study is reviewed below.

Study of the behaviour of quantitative traits in maize is important because traits like
maturity, plant height, ear length, ear circumference, number of kernel rows per cob, number
of kernels per row, 100-grain weight, and grain yield are under polygenic control. The
available literature on these aspects are reviewed under the following headings

2.1 Evaluation of lines by hybrid and mean inbred performance
2.2 Heterosis

2.3 Combining ability and gene action

2.4 Relationship between heterosis and combining ability

25 Association between yield and its components

2.1 Evaluation of lines by hybrid and mean inbred performance

The final evaluation of inbred lines can be determined by hybrid and mean inbred
performance. In the earlier years of the corn breeding programmes, usually inbred lines were
not evaluated in hybrid combinations until they had been inbred for several generations. A
very large number of hybrids can be produced from a relatively few inbred lines. The lines can
be saved or discarded on the basis of the mean performance of the crosses or based on
mean performance of the inbred lines.

Jones (1922) reported on the relative performance of top crosses. Davis (1927) used
top crosses to estimate the combining ability of S2 lines. Lindstorm (1931) suggested the
commercial use of top crosses. He found that certain inbred lines were very preponderant for
ear type, disease resistance, stability and uniformity in maturity.

Jenkins and Brunson (1932) noticed significant correlation between yields of
intercrossed inbred lines and the same lines as top crosses. They reasoned that the most
valuable lines for use in double crosses, multiple crosses or synthetic varieties are those,
which on an average produce the best hybrids when tested with wide range of germplasm.
They concluded from their study that crosses with standard open pollinated varieties provide
efficient method for the preliminary testing of inbred lines for later use in other types of hybrid
combinations. The use of top crosses provides an efficient method for the preliminary
evaluation of inbred lines. They are especially useful for determining general combining ability
for a large number of lines. The procedure permits the testing of a large number of inbred
lines at one time and eliminates the need for preliminary evaluation of inbred lines in top
crosses.

A simple inexpensive performance test was designed by Jugenheimer (1949) for the
preliminary screening of large number of entries. Each three way cross was planted in
replicated, single-hill plots. Its performance was compared to that of the single cross tester
grown adjacent to it. The better lines obtained by the preliminary tests might be grown in
larger populations for additional selection within families if seemed desirable. The remaining
material may also be evaluated in standard yield tests to determine the superior inbred lines
and hybrids.

Russell (1968) believed that older methods of evaluating inbred lines may need
modification. The current yield levels are much higher and source materials diversified. Inbred
lines for use in double cross hybrids were usually evaluated for general combining ability or
additive effects. Because of the change to single cross and three way cross hybrids, testing
procedures having maximum efficiency require greater emphasis on non-additive effects. The



relative importance of additive and nonadditive type of gene action is changing in breeding
programmes. He also pointed out that visual selection among and within inbred line progeny
permits the breeder to evaluate many more progenies than is possible in replicated yield trials
and at a much lower cost. He suggested that visual selection could be carried out for about
three generations of progeny evaluation. It may be more logical to test immediately for
specific combining ability when visual selection is completed. Established research
programmes have a few key lines used in commercial hybrids.

Raghuram Reddy et al. (1987) compared yield performance of single cross, double
cross and three way cross hybrids in maize crop. Yield levels of single cross maize hybrids
were more followed by three way and double cross hybrids. Jha and Khehra (1992) in their
study on evaluation of maize inbred lines derived from two heterotic populations by using
factorial mating analysis with eighty crosses of maize produced by crossing five females with
sixteen pollen parents in two different locations for combining ability noticed that specific
combining ability(sca) and sca x environmental components were of higher magnitude than
general combining ability (gca) and gca x environmental components for grain yield indicating
greater contribution of nonadditive gene action and its pronounced interactions with the
environments. Hallauer et al. (1994) evaluated B97 and B98 inbred lines by hybrid
performance. As they found both B97 and B98 were good inbred lines, they concluded that
both can be used as either male or female in the production of hybrid seed.

Venkatesh et al. (2001) conducted early generation identification and utilization of
potential inbred lines in modified single cross hybrids of maize and suggested that the
essential pre-requisite for commercial production of single cross maize hybrids is the
development of vigorous high yielding inbred parents. Menkir et al. (2004) reported that the
classification of maize inbred lines into heterotic groups is an important undertaking in hybrid
breeding. Thirty-eight tropical mid-altitude maize inbred lines were crossed to two inbred line
testers representing the flint and dent heterotic pattern, respectively. The resulting testcrosses
were evaluated in a trial at three locations for 2 years. Significant general combining ability
(GCA) and specific combining ability (SCA) effects for grain yield were detected among the
inbred lines. The tester inbred lines classified 23 of the 38 tested inbred lines into two
heterotic groups based on SCA effects and testcross mean grain yields. Diversity analysis of
the 40 maize inbred lines using AFLP and SSR markers found high levels of genetic diversity
among these lines and subdivided them into two main groups with subdivision into sub-
groups consistent with breeding history, origin and parentage of the lines.

Jyoti Kumari et al. (2007) evaluated six sweet corn inbreds, three each of sugary (P1,
P2 and P3) and shrunken2 (P4, P5 and P6) types derived from different source populations
were crossed in half diallel mating design. The mean sums of square due to G x E interaction
were highly significant for all the traits except number of kernel rows and 100-grain weight,
which implied the importance of carrying out trials in different environments. Significance of
both GCA and SCA variance for most of the characters implied that both additive as well as
non-additive components are important. The estimates of GCA effect indicated inbred P5 as
the most promising parent since it was observed as a good general combiner for plant height,
kernel rows, 100-grain weight, yield per plant, whereas P1 and P3 reflected significant GCA
effect for early maturity and plant height, respectively. The SCA effect revealed P2 x P6 as
the best specific combiner for grain yield per plant, followed by P2 x P5 and P3 x P4.

Kadubiec and Kuriata (2007) reported that eight parental lines and the 28 hybrids
obtained by crossing the parents in a diallel crossing design were investigated for relationship
of some traits in Poland during 2001 and 2002. Six traits were evaluated: length and diameter
of ear, ear row number, grain yield/ear, plant height and ear height. All traits except grain row
number were highly and significantly correlated with grain yield in both years. Direct effects of
ear length and diameter on grain yield were observed in both years; as well as ear height in
2001; and grain row per ear in 2002.

Joyti Kumari et al. (2008) reported that the inbred lines differed significantly for their
flowering parameters, green ear weight, yield, total soluble solids and biochemical traits.
Parents DMB 325, DMB 326 and SCI 308 were good general combiners for early maturity,
whereas DMB 322 combined well for yield and sugar content. Testers SCI 308 and SCI 302
were good combiners for early maturity and total sugar, respectively. Among the crosses,



13MB321 x SCI 303, DMB 326 x SCI 303 and DMB 327 x SCI 303 were best specific
combiners for early maturity, field emergence and fresh ear weight while hybrid DMB 327 x
SCI 303 had better specific combining ability for grain yield and sugar content, the latter being
heterotic over the standard controls.

2.2 Heterosis

Heterosis of varying magnitude has been observed in almost all the crop plants. Any
of a multitude of genetic phenomena known to influence qualitative or quantitative characters
is expected to influence heterosis but over the years that dispersion of completely or
incompletely dominant genes and over-dominance along with some contribution of non-allelic
interactions have been considered to be the main causes of heterosis. Heterosis breeding
has received more attention than other branches of plant breeding in several crop plants and
maize is one such cross fertilized crop in which has an array of hybrids have been realized
over decades. Heterosis is the deviation of F1 from the reference for the particular character.

Shull (1908) coined the term heterosis to provide a term to describe the phenomenon
but it did not include a description of genetic mechanism involved in its expression. Bruce
(1910) and Keeble and Pellow (1910) put-forth the support for dominance hypothesis, which
suggested that increase in vigour after crossing resulted from the combination of various
dominant alleles by each parent. Shull (1911), East and Hayes (1912) objected the
dominance theory and proposed overdominance hypothesis indicating heterosis as the result
of heterozygosis. Ashby (1930 and 1932) suggested that heterosis resulted from the
maintenance of the initial advantage in embryo size and not from an acceleration of metabolic
process. East (1936) concluded that seed size or the size of any part of the seed cannot be
the cause of heterosis. Hull (1945, 1946 and 1948) reported the evidence of overdominance
in the expression of heterosis.

The degree of geographical separation and the degree of ancestral relationship can
be used as an indication of genetic diversity. The greater genetic diversity of the parents is
associated with greater heterosis in the F1 (Moll et al., 1962, Paternani and Lonnquist, 1964;
Wellhausen, 1965; Heidrich Sobrinho and Cordeiro, 1975; Vasal et al., 1992). Moll et al.
(1967) reported that heterosis increased with increased divergence within certain limits and
extremely divergent crosses in maize resulted in decrease in heterosis. Griffing and Zsiros
(1971) viewed heterosis as not entirely the result of genetic stimuli but rather as a result of the
interaction between genetic and environmental stimuli and implicated that the environment
was a significant factor in the manifestation of heterosis. Karvencheko et al. (1971) reported
heterosis for ear length, plant height, 100-grain weight, number of kernel rows and yield.
Annenkova (1973) stated that selecting suitable pollen parents with 21.8 to 41.2 per cent
higher yield than standard check could produce hybrids with superior heterotic vigour.

Dornescu (1973) noticed varying degrees of heterosis in single cross hybrids of
maize. Grain weight per ear showed significant heterosis and was directly correlated with ear
length. Mukherjee et al. (1974) obtained significant heterotic effect for ear circumference and
grain rows per ear. Appadurai and Nagarajan (1975) observed increased yield in 20
combinations exceeding 100 per cent over their respective parents, 33 showed heterosis for
plant height, 44 for earliness, 18 for grain rows per ear, 40 for kernel number per row and 45
for grain weight per ear. Dhillon and Singh (1976) obtained heterosis for grain yield over mid
parental and better parental values by 31 and 13 hybrids, respectively. Mabo (1977) noticed
encouraging results by selecting parents with a large number of grain rows per cob, since the
degrees of heterosis for the number of grains per ear, number of grains per row, plant height
and grain yield depended on the number of grain rows per ear in the parents. Petrenko (1980)
observed high positive heterosis for yield and yield components viz., plant height, ear height
and length of growth period.

Debnath (1984) obtained heterosis over mid parental value and better parent for grain
yield components in 36 F1 hybrids from a diallel cross among nine elite diverse inbreds. The
heterosis for grain yield ranged from 21.07 to 123.58 per cent over the mid parental value and
from —2.96 to 95.07 per cent over the better parent. Heterosis was high for grains per row and
ear length. Mukherjee and Saha (1984) observed positive heterosis for grains per ear in
seven crosses, ear length in ten crosses and 100-grain weight in eight cross combinations.



According to Prasad and Singh (1986), the magnitude of heterosis for grain yield per plant
and six of its components were greater when the parents were moderately diverse than when
they were highly diverse. Shakoor (1988) observed positive heterosis for number of leaves
(13. 4% to 20.0%) and leaf area per plant (-0.01 to 54.8) over better parent. Muthiah (1989)
obtained significant positive heterosis for grain yield per plant and other 15 yield related
characters in several cross combinations from 9 x 9 diallel analysis.

Masikevich et al. (1989) presented evidence that the increased yield of heterotic
hybrids is the result of competitive interaction between photorespiration and photosynthesis.
They have shown that heterotic organisms have a more economical utilization of energy and
nutrient resources than non-heterotic ones and greater autonomy of the protein synthesizing
system of the chloroplasts in relation to the ribonuclease function.

Malhi et al. (1993) in their study of relative performance of the single crosses and
double crosses observed that the single cross hybrids had a significantly higher ranking than
the double cross hybrids for yield on average over all crosses and over the five best crosses.
Comparison of yield performance indicated that the single cross hybrids were more stable
than the double cross hybrids. Bhatnagar et al. (1993) observed high heterotic effects for
early silking and grain yield per plant in early maize inbred lines. High heterotic effects for
grain yield per plant and time to silk was reported by Vasal et al. (1993) based on the
combining ability analysis of maize germplasm lines. Gupta et al. (1994) studied 23 double
cross hybrids and reported that 16 out of 23 double cross hybrids showed high degree of
heterosis for grain yield than the best standard variety “Shweta”.

Abdul (1995) noticed heterotic effects in plant height and leaf area per plant. Kumar
(1995) observed high degree of heterosis for grain yield per plant and earliness in eight
hybrids. Lamkey (1995) indicated that hybrids obtained from the crosses between 24 high
yielding and 24 low yielding inbred lines differed significantly for group means and heterosis
for yield and days to silking. Nagda et al. (1995) obtained significant positive heterosis for
grain yield per plant over the best check in 15 crosses and significant relative heterosis for
days to silking, plant height and ear height in 14 hybrid combinations.

Ling et al. (1996) noticed that mean heterotic effects were highest for grain yield per
plant followed by grain weight and ear thickness. Saha and Mukherjee (1996) observed
significant positive heterosis for grains per ear and the crosses with highest heterosis for 100-
grain weight and grain yield per plant and negative heterosis for percentage grain conversion.
Verma and Singh (1996) reported that dominance x dominance gene interactions were
important for improving heterosis for yield. Yurankova et al. (1996) obtained considerable
instability in heterosis for ear width, ear length and number of grains per row. Heterosis was
slight or absent for number of rows per ear. Geetha (1997) obtained positive heterosis over
mid parent in 24 hybrids and significant standard heterosis in 19 hybrids. Nagesh Kumar et al.
(1999) observed heterosis for grain yield that ranged from 26.31 to 37.30 per cent over better
parent.

Stojokovic et al. (1999) reported that partial or complete dominance of dominant
alleles with additive effects were the main contributers to heterosis in maize. Over dominance
may exist at some loci but of minor importance. Sain Dass and Pawan Arora (1999) reported
that negative heterosis will be considered as desirable for the phenological traits as it
contributed favourable genes for earliness. Netaji et al. (2000) obtained significant and
positive heterosis and heterobeltiosis for grain and moreover the expression of heterobeltiosis
was most evident for grain yield per plot followed by test weight, ear length, plant height and
number of grain rows per ear. Rosa et al. (2000) noticed the highest values of heterosis over
the mid-parental value in the hybrid PP-9539 x AN-453 (11.35%) and PP-9603 x PP-9539
(11.13%). Geetha (2001) obtained maximum heterosis for grain yield per plant, ear weight
and number of grains per ear. They also reported that significant positive heterosis in grain
yield which was associated with the heterosis for plant height, number of grains per row,
100grain weight and number of rows per ear.

Han Li Jun et al. (2001) made crosses using North Carolina Design Il. The results
showed that all the F1 hybrids exhibited positive heterosis in some degrees and the highest
heterosis was in crosses in which MO-17 was the male parent. Kara (2001) observed positive



heterosis for all characters studied except for days to tasseling with the average hybrid yield
being 79.89 per cent above that of the parents. Nigussie et al. (2001) reported that the
crossing maize (Zea mays L.) genotypes obtained from different sources could result in better
utilization of hybrid vigour. This study was conducted to determine the heterosis and
combining ability of eight elite maize genotypes. The eight parents were selected based on
per se and top-cross performance. Mid-parent heterosis occurred in varying degrees for the
different traits. It was in the range of -11.6 to 21.9 per cent for grain yield.

Shahwani et al. (2001) noticed positive and significant heterosis in 17 hybrids, while
11 hybrids showed heterobeltiosis for ears per plant. Vidal Martinez et al. (2001) observed
negative heterotic values in pollen yield components and reported heterotic values upto 300
per cent for pollen yield in Corn belt genotypes and upto 200 per cent for grain yield in exotic
genotypes. Bassey (2002) Field studies were conducted to evaluate the heterosis and
combining ability of two maize cultivars, FARZ 32 (yellow, YE) and FARZ 11 (white, WT), for
crop yield and yield components. The highest mid-parent heterosis of 28.15% was observed
between the F1 hybrids of Y[female] x W[male] for fresh weight of the plant, while the lowest
of 3.45% was exhibited by the F1 hybrids of Y[female] x W[male] for dry weight of the maize
ears. Highest mid-parent heterosis of 40.17% was exhibited by the F1 hybrids of W[female] x
Y[male] for fresh weight of the plant while the lowest was by the F1 hybrids of W[female] x
Y[male] for number of grains/ear.

Jha et al. (2002) reported the heterosis and gene action for number of days to 50%
silking, plant height, basal stem girth, number of leaves per plant, leaf:stem ratio, green fodder
yield and dry matter yield were studied using 30 crosses and 12 parental genotypes. Standard
heterosis was up to 23.42% in APFM-22 x African Tall for green fodder yield, and up to 20.94%
in GBM-84-2 x African Tall for dry matter yield. This heterosis can be exploited for the
improvement of green fodder yield in maize. Thus, it is suggested that reciprocal recurrent
selection may be adopted for the improvement of heterotic populations. Saleh et al. (2002)
reported high estimates of heterosis for grain yield, ear weight, grain weight per ear, moderate
estimates for plant and ear height, shelling percentage, ear circumference, number of kernel
rows per ear, number of kernels per ear row and grain weight.

Singh et al. (2002) reported that the eight diverse inbreds were crossed in a half diallel
to estimate heterosis and combining ability. Based on the per se performance, GCA effect and
heterosis, P1 x P7 was the best hybrid, yielding 14.30% more grain yield per plant followed by
P4 x P7 (13.07%) over the superior control: CM-400 x CM-300. Crosses between high x high
and high x low GCA parents exhibited greater heterosis. Heterosis for yield was generally
accompanied by heterosis for yield components. Ashish et al. (2003) reported that eighty single
crosses along with parental lines were evaluated in three environments. All crosses showed
high relative heterosis and SCA effects for grain yield along with negative relative heterosis for
days to 50% silking, which is desirable for developing early maturing single cross hybrids.

Betran et al. (2003) conducted experiment on genetic diversity and heterosis in
tropical maize under stress environment. They observed that SCA had the strongest correlation
with genetic diversity. Environment significantly affected the correlation between F1, SCA, MPH
and HPH, with lower values of genetic distance revealed in most stress condition. Cruz Lazaro
et al. (2003) observed positive heterosis for both mid and high parent. Kabdal et al. (2003) in
their studies on combining ability and heterosis analysis for grain yield and its components in
maize by using 7 inbred lines derived from half-diallel mating, along with 4 control cultivars were
determined in a field experiment conducted in Pantnagar, during the kharif season of 1999. The
general combining ability for all the characters examined was higher than the specific combining
ability except for ear height.

Srivastava et al. (2003) studied heterosis and combining ability for yield and maturity
by using exotic and indigenous inbred lines of maize. Eighty single crosses along with parental
lines were evaluated in three environments viz., Uttaranchal, Uttarpradesh and Punjab, during
kharif 2000. The mean square due to interaction of lines and lines x testers with environments
were significant for all characters, while testers with environments was significant for days to 50
per cent silking. Li-Jizhu (2004) reported highest heterosis for ear grain weight and lowest for
ear row number. All characters studied were controlled by additive gene action. Ear length had



significant additive and dominance effects, whereas, ear row number and ear grain weight had
dominant and epistatic effects, respectively.

2.3 Combining ability and gene action

In relation to single cross of corn, Sprague and Tatum (1942) formulated the concept
of combining abilities. General combining ability is the average performance of a strain in a
series of cross combinations, estimated from the performance of Fis from the crosses,
whereas specific combining ability is used to designate those cases in which certain
combinations do relatively better or worse than would be expected on the basis of average
performance of lines involved. Griffing (1956) has shown relationship between various
heritable variance components and GCA and SCA variances. GCA variance is due to additive
variance and additive x additive interaction variance while, SCA variance is due to dominance
variance, additive x additive variance, additive x dominance variance and dominance x
dominance variance components. Estimates of the variances due to GCA and SCA provide
an appropriate diagnosis of the predominant role of additive or non-additive variances of
gene.

Ratio of additive to nonadditive gene action is to be considered in order to decide the
predominance of the kind of genetic variation for a given character. The ratio of additive to
nonadditive gene action is more than unity it indicates the major role of additive variance in
controlling the expression of a character, whereas, less than unity indicates the importance of
non-additive variance (Gardner, 1963). Tandon et al. (1970) opined that the combining ability
analysis was better than graphical analysis in predicting the prepotency of cultures especially
in the later generations, when the expression of dominance effect is reduced. According to
Dhillon and Singh (1976), general combining ability was more important than specific
combining ability for the inheritance of days to 50 per cent silking, grain moisture, plant height,
ear height, ear length, ear circumference and kernel row number but not for grain yield.

Martin and Hallauer (1976) studied diallel analysis for ear length, ear circumference,
100-grain weight, number of grain rows and yield and concluded that epistasis was more
frequent for all characters except for 100-grain weight. Epistasis was most common for ear
circumference and number of grain rows and least common for yield. Bhalla and Khehra
(1977) reported significant general combining ability for yield per plant, ear length and plant
height. Ramamurthy (1980) reported the predominance of additive gene effects for plant
height, 100-grain weight, while non-additive effects were important for ear height and grain
yield per plant. Murthy et al. (1981) observed predominance of additive gene action for days
to silking and non-additive gene action for grain yield per plant. Ali and Topara (1986) noticed
that the additive gene action was more important than non-additive gene action for days to
silking and plant height, whereas non-additive gene action was more important for ear
circumference, number of grain rows per ear, grains per ear and grain yield.

Singh et al. (1983) in their study on combining ability in maize noticed that additive
genetic variance was relatively more important for days to 75% silk and plant height but yield
per plant was controlled by non additive genetic variance. Significant maternal effects were
reported by Melchinger et al. (1986) for yield and plant height. Diallel analysis revealed that
epistatic variance for yield was significant and negative in 11 out of 15 crosses studied.
Pavilikova and Rood (1987) indicated that dominant and over dominant effect was
responsible for increased leaf area in maize. The ratio of gca/sca mean squares showed that
gca effects were more important than sca effects. Muthiah (1989) reported that the proportion
of GCA variance was higher than the SCA variance showing preponderance of additive
genetic effects for all the characters studied.

Prasad et al. (1988) studied combining ability analysis in an 8 x 8 maize diallel for
days to silk, plant height, cob placement, kernel rows per cob, kernels per row, cob length,
cob girth, test weight, grain yield per plant and stover yield per plant by using different inbreds
in the crossing program such as CM104, CM105, CM110, CM111, CM300, CM400, CM500
and inbred NLD composite reported mean squares due to gca,sca and reciprocals were
highly significant for all the ten characters and the general predictability ratio indicated that the
progeny performance was based on both gca and sca. According to Debnath and Sarkar
(1990), non-additive gene action was preponderant in the inheritance of grain yield, ear



circumference, whereas equal importances of both additive and non additive effects were
observed for ear length, kernel rows per ear and kernels per row. Zargar and Singh (1990)
suggested that additive components of variance with dominance played a major role in the
inheritance of grain yield, plant height, ear height, ear length, kernel rows per ear and 100
kernel weight exhibited importance of variance with dominance in a partial to negligible range.

Paul et al. (1991) reported that pratap was the best general combiner and E<
sub>1</ sub> x E< sub>2</ sub> had the highest SCA effect for yield, followed by E<
sub>2</ sub> x Ageti 76. Parents with high GCA did not always produce hybrids with high
estimates of SCA. Quadri et al. (1993)in their study on combining ability under two population
sizes for ear traits in maize observed that gca and sca effects were highly significant for the
ear character, ear height, ear girth, cob girth and grain rows. Predominance of additive
genetic variation was observed for all the ear character and identified composite Rutherford
was the best general combiner for all the ear character. Population improvement programme
by selecting the plant with more ear length, ear girth and number of grain rows per ear was
suggested to make yield improvement.

Alika (1994) observed highly significant variation due to gca for ear length, ear
circumference, ear weight and 100-kernel weight and sca for ear circumference.
Satyanarayana (1995) recorded low genotypic coefficient of variance estimates combined
with low to medium heritability and low genetic advances for grain yield. In case of other
agronomic characters, genotypic coefficient of variance estimated was high combined with
high heritability and genetic advance indicating the inheritance of additive gene action
controlling these traits. According to Packiaraj (1995), GCA variance was greater in
magnitude than SCA for shelling percentage, number of leaves, leaf breadth, 100-grain
weight, days to 50 per cent silking, number of grains per row and plant height. SCA variance
was high for ear weight, grain weight per plant and number of grain rows per ear indicating
that dominance and epistatic played a major role in the expression of these traits.

Dass et al. (1997) reported that non-additive gene action played major role in the
inheritance of grain yield and majority of ear traits. But, Geetha (1997) observed that additive
gene effects controlled the inheritance of grain yield per plant and also added that proportion
of GCA variance was higher than the SCA variance having preponderance of additive genetic
effects for characters such as plant height, number of grain rows per cob, number of grains
per row, ear weight, days to 50 per cent silking, 100-grain weight and starch content.

According to Altinbos and Tosum (1998) GCA and SCA variances for grain yield per
plant and other yield components indicated that screening the parental lines and crosses
based on combining ability effects for 100-grain weight and ear length should be effective.
Dutu (1998) observed that plant height was controlled by additive and nonadditive gene
actions and cytoplasmic inheritance. Whereas, number of leaves per plant was controlled by
additive gene only. Joshi et al. (1998) revealed that there was preponderance of non-additive
gene action in the expression of yield per plant, protein content and starch content, while for
oil content and 100-grain weight there was preponderance of additive gene action. Lou Xiang
et al. (1998) concluded that most plant and ear characters were improved with additive and
dominance effects of the female parents. According to Singh and Singh (1998), GCA variance
was more important for ear length, number or kernel rows per ear, but SCA variance was
important for other characters like grain yield per plot, ear circumference, number of kernels
per ear row, 100-kernel weight, days to 50 per cent silking, plant height and ear height.

Mikhailov and Chernov (1999) reported that partial dominance of the positive allele is
the main type of allelic interaction in the loci controlling kernel row number. Paul and Debnath
(1999) obtained significant gca and sca effects for all characters studied viz., days to silking,
plant height and ear height. Combining ability analysis indicated that additive gene action was
more important than non-additive gene action and the best general and specific combiners
were selected. Talleei and Kochaksaraei (1999) observed significant gca effects for plant
height, ear height, kernel length and yield per plant. Yu Zhongliang et al. (1999) concluded
that an endosperm genetic effect was controlled by most of the traits, although maternal
effects were predominant and utilization of maternal heterosis was an effective way of
improving traits. Choudhary et al. (2000) estimated the combining ability of early generation
inbred lines derived from two maize populations aimed at forming a heterotic group Fen 81



line were derived from two maize populations namely jogia local and DH 8644.showing that
better performing crosses usually had at least one parent with high general combining ability
but for ear length inter population crosses were usually superior to intrapopulation crosses.

Gupta and Nagda (2000) observed variances due to variety heterosis and its
components were significant for all the characters studied. Kadlubiec et al. (2000) obtained
higher GCA values than those of SCA for majority of traits suggesting the importance of
additive gene action. Non-additive gene action effects were responsible for the inheritance of
lodging resistance only. Rameeh et al. (2000) observed greater ratios of GCA to SCA mean
squares for all traits, except for number of seed rows per ear, indicating importance of non-
additive gene effects in their genetic control. Rosa et al. (2000) obtained highest SCA values
in 13 x 13 diallel crosses viz., AS-910 x AS-4450 and PP-9538 x AS-948. Singh et al. (2000)
the results revealed that general combining ability (GCA) variance was lower under both
rainfed and irrigated conditions for all the characters except for cob width. When compared
between rainfed and irrigated conditions, GCA variance and specific combining ability (SCA)
variance were higher in irrigated conditions. The proportion of SCA variance to GCA variance
was higher for grain yield and cob length under both the situations.

Suneetha et al. (2000) noticed significant variances for GCA and SCA for days to 50
per cent tasseling, plant height and neutral detergent fiber content. Zelleke (2000) had
derived an information from data on grain yield, plant height, ear length, days to maturity and
1000-grain weight from a diallel mating that both gca and sca effects were significant for all
traits. Geetha and Jayaraman (2000b) reported that additive and dominance components
were significant for plant height, number of kernel rows per cob, number of kernels per row,
ear weight, 100-grain weight and grain yield. Desai and Singh (2001) reported significant
difference in gca and sca effects for the traits viz., days to 50 per cent tasselling, days to 50
per cent silking, anthesis, silking interval, plant height, ear height, number of leaves per plant.
Kalla et al. (2001) reported that both additive and non-additive gene actions were significant
for 1000-grain weight, grains per ear, ear girth and ear length. The non-additive gene action
was predominant for ear length and 1000-grain weight, and significant for grain yield per
plant. The additive (D) component was significant for grain yield per plant, grains per ear and
1000-grain weight.

Kara (2001) observed significant gca effects for all the traits and significant sca
effects for ear circumference, ear height and grain yield per unit area. Konak et al. (2001)
obtained non-additive gene effects for ear length and number of kernel rows on ear and
additive gene effect for yield, 1000-kernel weight, plant height, ear height and days to silking.

Mandal et al. (2001) noticed significant GCA and SCA variances for most of the traits
studied. Mahto ad Ganguly (2001) observed that both additive and non-additive genetic
components for 100-grain weight and shelling percentage in CML 85 and CML 79. The
crosses showed positive and highly significant specific combining ability effect for grain yield.

Shieh-Guang Jauh and Thseng-FuSheng (2001) they suggests that early testing was
effective for predicting the combining abilities expressed at later inbreeding generations. In
addition, the additive effects of inbred lines may be a main contributor to the relationships
between the S, to Ss generation hybrids for ear dry weight and grain dry weight. Vidal
Martinez et al. (2001) obtained better per se combining ability for pollen yield of Corn Belt
genotypes and good combining ability for grain yield and their components for exotic
genotypes. Dominance gene effects were the most important contributors to the inheritance of
pollen yield, grain yield and their components.

Vacaro et al. (2002) reported that mean sum of square for gca effects was greater
than that for sca effects for the traits like plant height, point of insertion of the first ear, number
of ears per plant, number of grains per ear, root and stalk lodging and grain yield indicating
the predominance of additive effects. Kanta et al. (2002) observed preponderance of additive
gene effects for all traits. Alamnie et al. (2003) reported that a high magnitude of specific
combining ability (sca) than general combining ability (gca) for all the characters indicate the
predominance of non-additive gene action. The variance components of gca and sca were
significant indicating the role of both additive and non-additive gene actions in the inheritance
of the characteristics.



Dodiya and Joshi (2003) conducted line x tester analysis by using 20 lines and 3
testers in maize (Zea mays) along with their F1 hybrids was carried out in three environments
to asses combining ability and heterosis with respect to quality and yield attributes and they
observed that combining ability analysis showed the predominant role of non-additive type of
genetic component in the inheritance of all the characters. Wu-Guang Cheng et al. (2003)
reported that the kernel weight percentage, growth period, plant height, rows/cob, cob length,
seed-bearing cob length, kernels/row and cob position should be selected during early
generations of maize breeding, while the other 4 traits should be selected in later generations.

Al-Ahmad.S.A et al. (2004) reported that the general and specific combining abilities
for grain yield, ear diameter and silking date were higher during the late than the normal
planting. Genetic variances for the traits were higher during the late planting. EI-Moula et al.
(2004) indicated that magnitude of delta 2-GCA was greater for days to 50 per cent silking,
plant and ear heights, while delta 2SCA was greater for number of ears per 100 plant and
grain yield. Interaction of delta 25CA x L was higher than that of delta 2GCA x L for all traits
indicating that the non-additive type of gene action was more affected by environmental
conditions than the additive type. Hossain et al. (2004) conducted the combining ability
analysis in flood tolerant maize inbred lines and their hybrid under waterlogged situation and
the experimental results showed that combining ability study revealed that none of the
parents had significant desirable effects of gca for all the characters. Malik et al. (2004)
reported that temperate material gave high gca effects for striking characters contributing
towards high grain yield i.e., plant and ear height, leaf area, ears per plant, ear weight and
kernels per row. Surya Prakash and Ganguli (2004) revealed that gene action appeared to be
non-additive for all traits except for number of days to 50 per cent tasseling, ear height and
number of kernel rows per ear, which are characterized by additive gene action.

Katna et al. (2005) in their study of combining ability for yield and its related traits in
maize involving 12x12 half diallel set and three checks at two climatically diverse locations,
noticed that both general and specific combining ability effects were significant for all the traits
at both the locations. Vafias and Ipsilandis (2005) observed that rapid lines developed from
combining half sib/S1 evaluation may ensure high and stable crossing performances, based
on additive gene action. Stability and uniformity of performance of three way crosses was due
to proper breeding incorporated in single cross hybrid and to high stable inbred line
performance. Welcker et al. (2005) reported that heterosis and combining ability for maize
adaptation to tropical acid soils in five different environments and observed significant
genotype x soil condition interactions grain yield. Mid parent heterosis for yield was
significantly higher in acid soils (32%) than non acid soils (20%) and suggested that the
development of variety crosses between acid soil-tolerant populations could be used to
increase maize yields in acid soil cropping pattern

Abelardo et al. (2006) estimated that the general combining ability and specific
combining ability help plant breeder to devise breeding and selection strategies. The
objectives of their study was to apply two mode principle component analysis (PCA) to
environment-centered and normalized female(F) or male(M) x environment (E) and these
interactions study were able to identify the best tester for either broader specific adaptation.
Amit Dadheech et al. (2007) reported that the ratio of non additive/additive gene effect
revealed that there was preponderance of non additive gene action in the expression of all the
traits under study. Inbred lines L9 and L10 were good general combiner for all the three
quality traits. While inbred line L9 was also good general combiner for grain yield, oil content,
starch content and protein content. Single cross L15 x T1 had positive significant sca effects
for oil content along with starch content with highest estimate of heterobeltiosis for oil content.

Jumbo et al. (2008) reported that the general combining ability (GCA) effects were on
average larger than specific combining ability (SCA) effects. Maternal effects (ME) and
reciprocal effects (RE) were not significant for all traits, except for ear height. Kumar (2008)
reported that the combining ability for 9 traits was studied from 36 diallel hybrids and 9
inbreds of maize. MG 14, MG 2 and MG 10 were superior parents as they recorded highly
significant general combining ability effects for most of the economic characters. Hybrids MG
7/ML 47 and MG-35/ML 47 were the most suitable for the exploitation of heterosis, followed
by hybrids MG 7/ML 47, MG 2/ML 47 and MG 37/CO 1.



2.4 Relationship between heterosis and combining ability

The information on heterosis and combining ability considered together will be more
meaningful. If the heterotic hybrids involve both the parents with high general combining
ability effects, then it implies that the parental contribution to heterosis is mainly through
additive gene action.

Johnson and Hayes (1940) found that low x low crosses yielded less than low x high
or high x high, although the F1 crosses between low x high yielded as well, on the average,
as F1 crosses between high x high. Hull (1952) believed that while the mean of the high x
high combination may be best, the highest specific combination is more likely to occur in high
x low crosses. Leng (1954) reported that if over dominance is present, the highest degree of
heterosis should be found in high x low crosses.

Tarutina et al. (1980) reported that heterosis was observed for many characters
under different environmental conditions. As a rule, hybrid with the highest percentage of
heterosis had a line with high gca as one of its parents. Khotylera et al. (1986) in a study of
general and specific combining ability for six yield components in F1-F2 hybrids from a diallel
cross of seven lines and in the backcross to each parent reported that high percentage of
heterosis was generally found in those hybrids in which at least one of the parents had high
gca and specific combining ability also played major role in determining heterosis. Vaidya
(1986) reported that the crosses showing heterosis over check for yield and yield components
had at least one good general combiner in their parentage.

Giridharan et al. (1996) in their study on gene action and combining ability in grain
yield, found that yield was controlled by additive and non-additive gene action in diallel
crosses and dominant gene action in triallel and quadriallel crosses, suggesting that grain
yield could be improved by heterosis breeding. Rana and Vinod Kumar (2001) reported that
the non-additive gene action was important for grain yield and its components, while additive
gene effects were important for phenological traits. San-Vicente et al. (2001) reported that tide3
combined analysis of variance detected highly significant differences among genotypes,
parents and crosses for all traits. The test for average heterosis, parents versus crosses, was
significant for grain yield and time to silk. General combining ability (GCA) was significant or
highly significant for all traits, whereas specific combining ability (SCA) was highly significant
for grain yield and time to silk.

Bassey (2002) the analysis of variance showed that the parental plants were
significantly different at P<0.01. The highest mid-parent heterosis of 28.15% was observed
between the F1 hybrids of Y[female] x W[male] for fresh weight of the plant, while the lowest
of 3.45% was exhibited by the F1 hybrids of Y[female] x W[male] for dry weight of the maize
ears. Highest mid-parent heterosis of 40.17% was exhibited by the F1 hybrids of W[female] x
Y[male] for fresh weight of the plant while the lowest was by the F1 hybrids of W[female] x
Y[male] for number of grains/ear. Singh et al. (2002) reported that based on the per se
performance, GCA effect and heterosis, P1 x P7 was the best hybrid, yielding 14.30% more
grain yield per plant followed by P4 x P7 (13.07%) over the superior control: CM-400 x CM-
300. Crosses between high x high and high x low GCA parents exhibited greater heterosis.
Heterosis for yield was generally accompanied by heterosis for yield components.

Dodiya and Joshi (2003) reported that the combining ability analysis showed the
predominant role of non-additive type of genetic component in the inheritance of all
characters. Single cross Pop-30-25-1-1-1 x X1 W-1076-1 had positive significant specific
combining ability effects all characters except for starch content, with the highest estimates of
economic heterosis for oil content. Yousif et al. (2003) reported that highly significant variation
was observed among genotypes (parents and their crosses) and in genotype x environment
interaction. These results indicated significant heterosis for all traits except leaf area, and the
presence of partial-, complete and overdominance gene effects. Maximum heterosis was
recorded for grain yield.

Abdel Hady et al. (2004) reported that highly significant heterosis relative to better
parent and mid parents were found for callus growth in vitro and also for grain yield in the
field. There were highly significant differences due to general and specific combining ability



for callus growth and also for grain yield. Abdolhamid et al. (2004) reported that the additive
gene effects were more important than non additive gene effects for all traits. General
combining ability effects were significant for most of the parents and all the traits. Specific
combining ability effects were significant in a few crosses for all traits. Yield and plant height
were significant in more than 50% of the crosses. High heterosis was observed in more than
50% of the crosses for all studied characteristics. The highest and lowest amounts of
heterosis were observed for grain yield and number of ears per row, respectively.

Katna et al. (2005) reported that both the general and specific combining ability
effects were significant for all traits at both locations. Preponderance of additive gene effects
was important in the expression of all the traits studied. Amit-Dadheech and Joshi (2007)
reported that the ratio of non additive/additive gene effect revealed that there was
preponderance of non additive gene action in the expression of all the traits under study.
Single cross L15 x T1 had positive significant sca effects for oil content along with starch
content with highest estimate of heterobeltiosis for oil content.

The review of literature pertaining to combining ability and heterosis in respect of 9
quantitative characters viz., Days to 50 per cent tasseling, Days to 50 per cent silking, Plant
height, Ear length, Ear circumference, 100-grain weight, Grain yield per plant, Grain yield per
hectare and Fodder yield per plot have been presented Tables 1 and 2.

2.5 Association between yield and its components

According to Appadurai and Nagarajan (1975) grain weight per ear and grain
numbers per row had little effect on yield, while ear length and ear circumference had positive
correlation with yield. Kim (1975) reported that 1000grain weight was negatively correlated
with days to silking and days to tasseling. Probecky (1976) that yield depend primarily on the
number of grains per plant, which in turn depended mainly on the number of grains in the
rows.

Sharma et al. (1982) reported that grain yield was positively correlated with grains per
ear, 100 grain weight, plant height and ear height. EI-Nagouly et al. (1983) concluded that
phenotypic and genotypic correlation between yield and days to 50 percent silking and ear
height was positive and highly significant. Path analysis showed that yield was directly
influenced by ear height and indirectly affected by days to 50 per cent silking via ear height.
Saha and Mukherjee (1985) observed that grain yield per plant was significantly correlated
with ovules per ear, grains per ear and 100 grain weight. Malhotra and Khehra (1986)
recorded positive correlation between grain yield and yield components like ear length, ear
circumference, number of rows per ear, 1000- grain weight, shelling percentage, days to
silking, ear height and plant height.

Tyagi et al. (1988) opined that grain yield was influenced more by ear weight, ear
length, plant height, kernels per row and 100 grain weight. They also reported that 50 per cent
pollen shedding and silking had a direct correlation with yield and so, early maturing
genotypes had relatively low yield. Mahajan et al. (1990) concluded that grain yield was
positively correlated with ear length, number of kernels per row and plant height. Singh et al.
(1991) noted that grain yield per plant had significant positive correlation with plant height and
ear height in F1 and F2 generations under alkaline soil and with leaf area in both the
generations under normal soil. Debnath and Khan (1991) revealed that days to silking, plant
height, number of kernels per row and 1000-grain weight had strong positive contributions to
grain yield.

Boraneog and Duara (1993) observed that plant height and ear height were found to
be significant and positively correlated with yield. Saha and Mukherjee (1993) reported
positive significant correlations between grain yield per plant with 100-grain weight, ear
length, ear circumference, number of grain rows per ear and number of grains per row. The
ear circumference and number of grains per row had higher direct and indirect effects on
grain yield. Krishnan and Natarajan (1995) obtained high positive association between grain
yield on the one hand and plant height, ear length, ear weight, number of kernels per row, dry
matter production and harvest index on the other. Path coefficient analysis revealed that
selection on any trait in maize will influence the grain yield only through dry matter production.



Table 1. Characterwise review of literature pertaining to combining ability

SI.No | Character Additive (GCA) Non-additive (SCA) Additive and non-additive
1 Days to 50% Hassaballa et al. (1980), Sanghi (1983), Lee (1983) and Guo et al. (1986) Suneetha et al. (2000), Desai and
tasseling Mathur ar)d Bhgtnagar (1995), Paul et al. Jayakumar and Sundaram (2007) S!ngh (2001), Arun kumar (2001),
(1999), Nigussie and Zelleke (2001), Kumar Singh et al. (1998)
(2008)

2 Days to 50% silking Singh et al. (1983), Mahajan et al. Paul and Duara (1991), Sedhom Hassaballa et al. (1980), Lee et al
(1991),Vasal et al.(1992), El-Hosary et 1994). Dehgh tal (1986), Singh et al. (1998), Desai
al.(1994b), Altinbos (1995), Mathur et (1994), Dehghanapour et al. and Singh (2001), Arun kumar
al.(1998), Paul and Debnath (1999), Talleei | (1997), Suneetha et al. (2000), Jayakumar and | (2901),
and Kochak Saraei (1999), Nigussie and Sundaram (2007)

Zelleke (2001), Ashish and Singh (2002),
Kumar (2008)

3 Plant height Singh et al. (1983), Shahi and Singh (1986), | Guo et al. (1986), Herbert and Gallis (1986), Sharma et al. (1982), Debnath and
Crossa et al. (1987,1990), Vasal et al.(1992), | Pal et al. (1986), El-Hosary et al. (1994a), Sarkar (1987), Kumar et al.
Zheng-Zuping et al. (1995), Konak et al. Rana and Vinod (2001), Jayakumar and (1998), Singh et al. (1998)

(1999), Nigussie and Zelleke (2001),Wu- Sundaram (2007) Suneetha et al. (2000) Desai and
Guang Cheng et al. (2003), Kumar (2008) Singh (2001), Arun kumar (2001),
Katna et al. (2005)
4 Ear length Mohamoud et al. (1990), EI- Ali and Topera (1986), Mohammed (1993), Pal | Singh et al. (1983), Shen and Lai

Hosary et al. (1994b), Mathur and Bhatnagar
(1995) Mathur et al. (1998), Ashish and
Singh (2002), Yu-HaiQiu et al. (2003), Wu-
GuangCheng et al. (2003) Kumar (2008)

and Prodhan (1994), Sedhom (1994),Sinobas
and Monteagudo (1994) , Khristova et al.
(1995), Konak et al. (1999), Suneetha et al.
(2000), Rana and Vinod (2001), Jayakumar
and Sundaram (2007)

(1987), Turgut et al. (1995),

Kumar et al. (1998), Singh et al.
(1998), Kalla et al. (2001), Arun
kumar (2001), Katna et al.
(2005),Li-dizhu et al. (2004),




Table 1. Contd....

SI.No Character Additive (GCA) Non-additive (SCA) Additive and non-additive
5 Ear circumference Sanghi et al. (1982), Quadri et al.,(1993), Pal | Pal et al. (1986), Mohammed (1993), El- Sharma et al. (1982), Turgut et
and Prodhan (1994), Mathur and Bhatnagar Hosary et al. (1994a), Sinobas and al.(1995), Kalla et al. (2001), Arun
(1995), Mathur et al. (1998), Monteagudo (1994), Kumar et al. (1998), kumar (2001), Wu-GuangCheng et
Kumar (2008) Suneetha et al. (2000), Rana and Vinod al.,(2003), Katna et al. (2005)
2001), Yu- HaiQiu et al. (2003), Jayakumar
and Sundaram (2007)
6 Number of kernel | Mathur et al. (1995), Petrovic (1998) Pal and Prodhan (1994),
rows per cob Dehghanapour et al. (1997),
Kumar et al. (1998), Li-Jizhu et al (2004)
7 Number of kernels | Mathur et al. (1998) Dehghanapour et al. (1997) Kumar et al. (1998)
per row
8 100-grain weight Shahi and Singh (1985), Pal and Kimani (1984), Mohammed (1993), | Pal et al. (1986), Arun kumar
Prodhan (1994), Mathur and Dehghanapour et al.(1997), Petrovic (1998), | (2001), Wu-GuangCheng et al.
Bhatnagar (1995), Turgut et al.(1995), | Suneetha et al. (2000), Yu-HaiQiu et al. | (2003), Katna et al. (2005)
Rastogi (1997), Joshi et al. (1998) (2003),
9 Shelling per cent Mathur et al. (1998)
10 Gain yield per plant Murthy et al(1981), Sanghi et al. (1982), | El-Hosary et al. (1994), Mathur and Bhatnagar | Yang (1982), Kumar et al. (1999),
Mohammed (1993), Mathur et al. (1998), Yu- | (1995), Joshi et al.(1998), Konak et al. (1999), | Arun kumar (2001),
HaiQiu et al. (2003), Kumar (2008) Suneetha et al. (2000), Jayakumar and
Sundaram (2007)
11 Grain yield per ha Singh et al. (1983), Vasal et al. (1992), | Singh et al. (1983), Guo et al. (1986), Crossa | Zambezi et al. (1986), Sain Dass et
Rastogi (1997), Nigussie and Zelleke (2001), | et al(1990), Paul and Duara (1991), | al. (1992), Pal and Prodhan (1994),
Mustyaysa et al.(1991), Mohammed (1993), | Turgut et al. (1995), Arun kumar
Damborsky et al. (1994),Satyanarayana | (2001), Desai and Singh (2001),
(1994), Sedhom Mahto and Ganguly (2001), Ashish
(1994), Zheng-Zuping et al. (1995),Rana and | and Singh (2002), Turgut and
Vinod (2001) Duman (2004)
12 Fodder yield per plot Suneetha et al. (2000) Arun kumar (2001), Nirala and Jha

(2001), Jha et al. (2002)




Table 2. Charecterwise review of literature pertaining to heterosis

SI.No. Characters Heterosis References
1 Days to 50 per cent | -« Significant average heterosis Gomes-e-Gamma et al. (1993), Turgut et al. (1995), Perez-
tasseling Velasquez et al. (1995)
2 Days to 50 per cent silking * Low heterosis Beck et al. (1990)
» Mid parent heterosis ranges from -3.55 to 11.42 Akthar and Singh (1981)
* Heterotic effect Perez-Velasquez et al. (1995), Setiyono and Subandi (1996)
« Heterobeltiosis Vasal et al. (1992), Satyanarayana et al. (1994), Altinbos (1995),
Konak et al. (1999)
3 Plant height . Low heterosis I(31%<zak2)et al. (1990), Vasal et al. (1992), Reddy and Agarwal
+ Average and non-significant heterosis Gomes-e-Gamma et al. (1993)
* Positive heterobeltiosis Ganguli et al. (1989), Konak et al. (1999)
4 Ear length » Positive heterobeltiosis and mid parent heterosis Debnath (1987), Konak et al. (1999)
* highest heterosis over the mid-parent Kabdal et al. (2003)
* Heterobeltiosis ranged from -5.9 to 19.9 Verma and Singh (1980)
5 Ear circumference * Heterotic effect Turgut et al. (1995)
» Low mid parent heterosis Debnath (1987)
* Heterobeltiosis Konak et al. (1999)
6 lc\l:gnber of kernel rows per | Significant heterotic effects Mukherjee et al.,(1974), Verma and Singh (1980)
» Magnitude of heterosis Appaduri and Nagarajan (1975)
» Non-significant positive heterosis Genova (1984)
» Maximum heterosis of 6.28 per cent over better parent | Rao et al.,(1996)
and 8.94 per cent over check variety.
7 Number of kernels per row | « Marked heterosis Debnath (1984), Presolska and Kamara (1991)

* Maximum of 11.07 per cent and 18.24 per cent
heterosis over better parent and over check variety.

Rao et al.,(1996)

« Heterotic effect

Salillari and Hoxha (1998)




Table 2. Contd.....

SI.No. | Characters Heterosis References
8 100-grain weight ?rlgrr:flc:rét;:/ft% r%%%g\ol/fr mid parent ranges Mukherjee and Shah (1984)
* Heterotic effect Turgut et al. (1995), Salillari and Hoxha (1998),
Petrovic (1998)
* Heterobeltiosis Konak et al. (1999)
9 Shelling percentage » Moderate heterosis Saleh et al.,(2002)
10 Grain yield per plant » Significant epistatic effect Li-Jizhu et al. (2004)
* Heterosis ranges from 1.3 to 98.6 per cent over mid parent Verma and Singh (1980)
* Heterosis ranges from -35.3 to 251.8 per cent Murthy et al. (1981
over better parent
» Mid parent heterosis Mufti and Rao (1995)
11 Grain yield per ha * Heterosis ranges from 1.3 to 98.6 per cent over Verma and Singh (1980)
better parent
* Heterosis ranges from 21.07 to 123, 68 per cent and 2.69 to Debnath (1984)
95.07 per cent over mid parent and better parent respectively
» Positive heterosis over better parent Ganguli et al. (1989)
* Heterosis over control Mejiya and Lambert (1992)
* Highest heterosis over the mid-parent Kabdal et al. (2003), Vasal et al. (1992)
* Heterobeltiosis Konak et al. (1999)
» Mid-parent heterosis ranges from — 11.6 to 21.9 per cent Nigussie and Zelleke (2001)
» Average heterosis of 8.4 per cent for top crosses Gomes-e-Gamma (1993)
* Heterotic effect Turgut et al. (1995), Perez-Velasquez etfal. (1995)
* Heterosis value varied between 19.5 to 125.4 per cent Turgut and Duman (2004)
+ 55 per cent mid parent heterosis for variety crosses and 105 per | Satyanarayana et al. (1994), Perez-Velasquez et al.
cent for inbred crosses (1995), Larish and Brewbaker (1999)
» Mid-parent heterosis was higher in acid soils (32%) than in Welcker et al. (2005)
nonacid soils (20%)
12 Fodder yield per plot « Standard heterosis was up to 23.42 per cent Jha et al. (2002)

* Highest mid-parent heterosis was 28.15 per cent between
F1hybrids of Yellow x White and 40.17 per cent between F1
hybrids of White x Yellow.

Bassey (2002)




Packiaraj (1995) observed direct positive correlation between grain yield and number
of grains per row. Rahman et al. (1995) reported that grain yield was significantly and
positively correlated with plant height, ear height, number of grains per ear and 1000-grain
weight. Path analysis revealed that ear height, plant height and 1000-grain weight were the
main contributors for grain yield.

The studies conducted by Sree Kumar and Suma Bai (1995) revealed that plant
population recorded high coefficient of variation, heritability and genetic advance for plant
height indicating that selection based on these characters will result in improving fodder yield.
Highest genotypic correlation was observed between plant population and dry fodder yield.
According to Satyanarayana (1996) grain yield was positively correlated with kernel rows per
ear, ear length, ear circumference and 100-grain weight. Guirong et al. (1997) obtained direct
correlation between yield and 1000-grain weight, rows per ear, ear circumference and kernels
per row. According to Kumar and Kumar (1997) values of genotypic correlation were slightly
higher than the corresponding phenotypic values. Significant positive correlation was
recorded for plant height, days to 50 per cent silking, ear length and ear height with yield per
plant.

Annapurna et al. (1998) showed that seed yield was positively and significantly
correlated with plant height, ear circumference, number of seeds per row, number of seed
rows per ear, number of seeds per ear and test weight exercised maximum direct influence
on yield. Dutu (1998) reported correlations using the date of flowering, plant height and the
number of leaves as indirect selection criteria may results in a positive correlated response in
earliness, yielding potential and superior stalk quality. Khakim et al. (1998) noticed that grain
yield was positively correlated with plant and ear insertion height, leaf area, ear number, ear
length, row number, grain number per row and per cob, grain weight per cob, ear weight and
1000-grain weight. Manivannan (1998) reported that ear circumference; number of kernels
per row, 1000-grain weight, kernels per row and ear length had significant and positive
correlation with grain yield. High and positive direct effects were observed for kernel rows and
1000-grain weight.

Alok Kumar et al. (1999) revealed that the number of grains per row, number of rows
per ear, ear circumference, ear length, days to 50 per cent flowering and days to 50 per cent
maturity had direct effect on grain yield. Dutu (1999) indicated that at the phenotypic and
additive genetic level, growth period was strongly correlated with plant height and leaf
number. Firoza Khatun et al. (1999) reported that grain yield per plant was positively and
significantly correlated with 1000-grain weight, number of kernels per ear, ear circumference
and ear height. Path analysis showed that 1000-grain weight, number of kernels per ear and
number of ears per plant was more important components for determining grain yield.

Gautam et al. (1999) suggested that maximum correlation of grain yield was obtained
with number of kernels per row followed by leaf area, plant height, tassel length and ear
length. Path analysis revealed that the number of kernels per row, plant height, ear width, leaf
area and 1000-grain weight had positive direct effect on grain yield. Mani et al. (1999)
reported that grain yield per plant highly significant positive correlations with all the attributes
and were highest with ear weight per plant. Path analysis also suggested that ear weight per
plant followed by grains per row were the best direct contributors to grain yield per plant.
Mohammad Basheruddin et al. (1999) showed that correlation coefficients had positively and
highly significant influence of plant height, number of leaves, leaf area per plant, stem girth,
crude protein and ear height on forage production.

Nawar et al. (1999) observed that additive components were significant for row
number. Highly significant positive correlation coefficients were detected among yield per
plant, components of ear and plant height. Number of kernels per row imparted positive direct
effect towards grain yield followed by plant height. Rather et al. (1999) observed that days to
50 per cent silking was positively correlated with ear height and grain yield. Kumar and Kumar
(2000) suggested that selection based on plant height with greater ear weight, number of
seed rows per ear and number of seeds per ear was desirable for grain yield. Netaji et al.
(2000) reported that yield per plot was significantly and positively correlated with all the
characters except days to 50 per cent tasselling, silking and dry husk. Maximum variability
was observed for plant height followed by ear height and test weight. Umakanth et al. (2000)



observed that yield per plot was positively correlated with plant height, 1000 grain weight and
kernels per ear. But, days to 50 per cent silking had negative correlation with yield.

Vaezi et al. (2000) noticed that grain yield was significantly and positively correlated
to ear weight, ear circumference, kernels weight and number of kernels per row. Path
analysis for grain yield showed that kernel weight and kernel depth had the highest positive
effect on grain yield. Geetha and Jayaraman (2000a) studied the effects of different
quantitative traits on grain yield in 90 hybrids and suggested that the number of grains per
row exerted maximum direct effect on grain yield. Kara (2001) reported that the average
heterosis was significant for all characteristics studied and was positive, except for days to
tasselling, with the average hybrid yield being 79.89% above that of the parents. In view of
the general combining ability (GCA) effects of the parents, the parental lines YUZ P709 and
FR 64A were identified as the best overall parent combiners for grain yield and yield
components. With respect to ear height and grain yield per unit area, SCA effects were more
pronounced when compared to GCA effects, indicating the predominance of non-additive
gene action in the inheritance of these traits.

Pradeep Kumar and Satyanarayana (2001) concluded that grain yield was positively
associated with plant height, ear height, ear length, ear circumference, number of seed rows
per ear and test weight. Sujiprihati et al. (2001) reported that the significant GCA and SCA
effects observed reflected the importance of both additive and non-additive gene actions for
yield and related characters in the hybrids. However, the SCA variances for all the characters
studied were much higher than their respective GCA variances. Swarnalatha Devi and Shaik
Mohmmed (2001) indicated that the plant height, days to 75 per cent silking and maturity, ear
length, number of seeds per row and 100 grain weight positively influenced the yield directly
and also indirectly through several yield components. Umakanth and Khan (2001) observed
that grain yield per plot showed significant and positive correlations with ear circumference,
ear length, plant height and 100 seed weight. Path anaysis revealed that plant height followed
by number of seeds per row, 100 seed weight, ear length and ear circumference showed
maximum positive direct genotypic effects as well as indirect contribution through other
characters on grain yield.

Dodiya and Joshi (2002) reported that the mean squares due to the interaction of
lines, testers and line x tester with the environment were significant for all characters except
for days to 50% brown husk and 100-grain weight. Among the crosses, L18 x T3 and L9 x T3
exhibited desired sca and gca effects, high per se performance and involved good x good
parent combination. Guang-Cheng et al. (2002) noticed that grain yield per plot had significant
positive correlation with 100-kernel weight. Path analysis indicated that the relative
importance of cob length followed by cob diameter, kernel percentage, 1000 kernel weight,
kernels per row, kernel rows per cob and cob length in promotion of growth yield per plant.
Katna et al. (2002) reported that both the general and specific combining ability effects were
significant for all the traits. Preponderance of additive gene effects was observed in the
expression of all the traits studied.

Venugopal et al. (2003) indicated that plant height, ear height, ear length, ear girth,
100-seed weight and number of seeds per row were positively associated with grain yield.
Path coefficient analysis revealed that number of seeds per row followed by 100 seed weight,
days to 50 per cent tasseling, ear girth and plant height contributed directly towards grain
yield per plant. Although, the character number of seed rows per ear had a direct positive
contribution towards grain yield, it had indirect negative influence through ear length, 100-
seed weight and number of seeds per row. Singh et al. (2003) reported that ear length had
the maximum direct effect on grain yield followed by 500 kernel weight and ear length at both
phenotypic and genotypic levels. Number of leaves per plant, leaf: stem ratio and girth of
basal internodes also had high positive direct effect on grain yield per plant both at phenotypic
and genotypic levels.

Arun Kumar and Singh (2004) reported that days to 50 per cent silking and cob length
had maximum positive direct effect on grain yield at genotypic and phenotypic levels,
respectively. Path analysis revealed that six characters had positive contribution to grain yield
via larger number of characters both at genotypic and phenotypic levels. Bao et al. (2004)
revealed that grain yield was mainly influenced by ear length followed by number of kernels



per row, ear width, number of rows per ear, growth period and 100-seed weight. Singh et al.
(2004) reported that in general per se, the performance of crosses is closely related with SCA
the effects for grain yield. Srivas and Singh (2004) reported that path coefficient analysis
revealed that characters such as plant height, days to 50% silking, stem girth, leaf length, leaf
width and number of leaves per plant had positive direct effect on dry fodder yield at
phenotypic levels

El-Shouny et al. (2005) evaluated under two planting dates to estimate phenotypic
correlations and showed that grain yield per plant correlated positively and significantly with
ear diameter, ear length, number of kernels per row, 100 kernel weight, number of rows per
ear, ear height, plant height and day to silking under normal planting date and with number of
kernels per row, ear diameter, 100-kernel weight, ear length, number of rows per ear, ear
height under late planting date. Path coefficient analysis indicated that ear diameter, ear
length and number of kernels per row under normal planting date and number of kernels per
row, ear diameter, 100- kernel weight and ear length under late planting date. Patel et al.,
(2005) reported that path coefficient revealed that the dry matter yield per plant, number of
leaves per plant, days to 50% silking and plant height had positive direct effects on green
fodder yield.

Harjinder Singh et al., (2006) reported that significant positive correlations for grain
yield were observed with days to 75% dry husk, plant height, ear height and number of ears.
Further, significant desirable correlations were observed for days to 50 per cent silk
emergence with days to 50 per cent pollen shedding tassels; ear height with plant height and
ear height with number of ears. Kumar et al., (2006) reported that the grain yield had positive
and significant correlation with ear length, ear height, kernel rows per ear and 100-seed
weight both at genotypic and phenotypic levels. Path analysis revealed that days to 50%
tasselling, anthesis silking interval (ASI), ear height and 100-seed weight had highest direct
effect on grain yield. The days to 50% silking exhibited negative direct effect on grain yield,
however, influenced the yield indirectly through days to 50% tasselling. Neha-Singhal et al.,
(2006) Reported that all characters except days to 50% tasselling and silking showed
significant positive correlations with grain yield. Path-coefficient analysis revealed that 100-
kernel weight had highest direct effect towards grain yield followed by plant and ear heights.

Abirami et al., (2007) reported that path analysis showed that the weight of the cob
contributed to the maximum direct effect to grain yield. It implied that selection for weight of
the cob will be highly effective for the improvement of grain yield. Amit-Dadheech and Joshi
(2007) reported that the in general parental inbreds possessed high per se performance for
quality traits along with grain yield per plant and 100 grain weight. Jayakumar and Sundaram
(2007) reported that the specific combining ability (sca) variances were higher than the
general combining ability variances for all the characters. UMI 154 x UMI 246 and UMI 82 x
UMI 208 were the superior hybrids based on per se performance, sca effects, and standard
heterosis.

Sofi and Rather (2007) reported that the genotypic correlation coefficient revealed
that ear diameter, 100-seed weight, ear length, number of kernel rows per ear, and number of
kernel per row showed the greatest correlation with grain yield. Path analysis indicated that
100-seed weight had the greatest direct effect on grain yield, followed by number of kernels
per row, number of kernel rows per ear, ear length and ear diameter. Shakoor et al., (2007)
reported that plant height, followed by ear height, days to 50% tasseling and days to 50%
silking, had strong genotypic and phenotypic associations with each other and significantly
positive genotypic correlation with grain yield. Plant height, followed by days to 50% tasseling,
also exerted positive direct effect on grain yield.

Brar et al. (2008) reported that studies conducted on 15 single cross hybrids (F1) of
maize over two locations revealed that plant height, ear height, ear length, ear girth and
number of ears per plot, had significant positive genotypic and phenotypic correlations with
yield per plot. Highest direct effects (in descending order) with yield per plot were exhibited by
ear girth, ear length, number of ears per plot, ear height and days to 50% pollen shedding



3. MATERIAL AND METHODS

The present investigation was carried out at Main Agricultural Research Station
(MARS), Agricultural College, Dharwad and All India Co-ordinated Maize Improvement
Project (AICMIP), Agricultural Research station (ARS), Arabhavi (University of Agricultural
Sciences, Dharwad). Base population was raised and crossing programme was conducted at
Main Agricultural Research Station (MARS), Agricultural College, Dharwad, during kharif
2008. The evaluation of parents and Fis was conducted at All India Co-ordinated Maize
Improvement Project (AICMIP), Agricultural Research station (ARS), Arabhavi, during
rabi/summer 2009.

3.1 Geographical location and weather conditions
3.1.1 Dharwad

Geographically, Dharwad is situated at 15°26'N latitude and 70°26'E longitude and at
an altitude of 678 m above mean sea level. The average annual rainfall is about 770.95 mm,
which was distributed evenly during the cropping period. The monthly maximum and minimum
temperatures during hot months (March-April) was 27.20°C to 37.10°C and during cold
months (December-January) was 13.14°C to 21.45°C respectively.

3.1.2 Arabhavi

All India Co-ordinated Maize Improvement Project (AICMIP), Agricultural Research
station (ARS), Arabhavi is located in Northern dry zone (Zone Ill) of Karnataka.
Geographically it lies at 16°12"' N latitude and 74°57' E longitude with an altitude of 640 m
above sea level. The soils are sandy loam type with pH of 7.2. Source of irrigation water is
from Ghataprabha Left Bank Canal [GLBC], which flows from first week of July to end of
February month (8 months) and from March to June (4 months) open wells are the source of
irrigation. Crop was raised under irrigated situation. The average rainfall of the Agricultural
Research station, Arabhavi is 546 mm. The monthly maximum and minimum temperatures
during hot months (March-April) was 18.67°C to 37.2°C and during cold months (December-
January) was 12.5°C to 31.2°C respectively.

3.2 Experimental material

Twenty nine best promising inbred lines were selected from nation yellow pool based
on their performance in their S4 generation and these selected 29 inbred lines were crossed
with three different testers viz., Prabha, KDMI-10 and CI-5 during kharif season 2008 and
generated 87 single cross hybrids which were evaluated during rabi’lsummer 2009 along with
five commercial checks viz.,, DMH-2, EH-434042 (Arjun), 900M, Bio-9681 and Pinnacle for
their performance.

3.3 Hybridization programme

The crossing programme was laid out at Main Agricultural Research Station (MARS),
Agricultural Collage, Dharwad. The sowing was taken up in plot no D 66 on 2nd July 2008
with a spacing of 75 x 20 cm. Fertilizer viz., Urea-2.7 Kg , DAP-9 Kg and MOP- 3.6 Kg was
applied at the time of sowing and staggered sowing was done on 8" July 2008 with ten rows
of each male parent. The crossing programme was started on 28" August 2008 and it
includes silk cutting, bagging and pollination.

3.3.1 Silk cutting

Three to four days before the pollination, silks were cut back on shoot to achieve
uniform silk emergence. Then, shoots were bagged with silk bags which pinched securely
between shoot and stalk to hold it in place.
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Plate.1. General view of the experimental plot



3.3.2 Bagging

Bagging was done a day before the pollination according to tassel bag method.
Tassel bag method involves the covering the tassel with bag made of heavy craft paper with
water proof glue. The bag was placed over the tassel and fastened with a paper clip. Pollens
were collected 24 hours after bagging the tassel and care had been taken to prevent
contamination and to avoid spilling the pollen.

3.3.3 Pollination

Pollens were applied to the silk in such a way that, silkk bag is removed without
touching or exposing the silks. Bottom of the tassel bag is flipped upwards, causing the pollen
to fall upon the silk. The tassel bag is pulled down over the shoot and fastened with stapler or

paper clip.
3.4 Field plot technique used

The main experiment was laid out at All India Co-ordinated Maize Improvement
Project (AICMIP), Agricultural Research station (ARS), Arabhavi during rabi’summer 2009.
The summary of experimental lay out is given below. The experiment comprising of 124
entries (87 hybrids, 29 female lines, 3 males and 5 checks) was sown on 19" January 2009 in
randomized complete block design with two replications, each entry was raised in two rows
with a row length of 4 m. The spacing maintained was 75 cm between the rows and 20 cm
between the plants. The hybrids and parents were randomized separately but grown in
contiguous plots. The recommended packages of practices were followed to raise a good
crop.

3.5 Materials used

3.5.1 For line x tester analysis

SI.No Lines(Females) SI.No Lines(Females)
1 YP &4 #07-1 16 YP&4 #07-16
2 YP )4 #07-2 17 YPE4 #07-17
3 YP (4 #07-3 18 YPE4 #07-18
4 YP ()4 #07-4 19 YP(4 #07-19
5 YP &4 #07-5 20 YP(4 #07-20
6 YP &4 #07-6 21 YPE4 #07-21
7 YP &4 #07-7 22 YPE4 #07-22
8 YP &4 #07-8 23 YPE4 #07-23
9 YP 4 #07-9 24 YP(E4 #07-24
10 | YP(@4 #07-10 25 YP(E4 #07-25




i YP 4 #07-11 26 YPE)4 #07-26
12 YP &4 #07-12 27 YP ()4 #07-27
13 YP &4 #07-13 28 YP ()4 #07-28
14| YP@4 #07-14 29 | YP®4 #07-29
15 | YP@4 #07-15
Testers(Males)
1 Prabha [Composite]
2 KDMI-10 [Q604 (line from X, heterotic pool]
3 Cl-5 [POP28-C6-HS-b-#-#-#-#]
Experimental Hybrids
SI.No Line x Tester =Hybrid SI.No Line x Tester =Hybrid
1 YP{&4 #07-1 x Prabha 48 YPED4 #07-16 x CI-5
2 YPE)4 #07-1 x KDMI -10 49 YP )4 #07-17 x Prabha
3 YP&)4 #07-1 x CI-5 50 YPE)4 #07-17 x KDMI -10
4 YP&)4 #07-2 x Prabha 51 YPE)4 #07-17 x ClI-5
S YP&4 #07-2 x KDMI -10 52 YP (¥4 #07-18 x Prabha
6 YP4 #07-2 x CI-5 53 YP &4 #07-18 x KDMI -10
7 YP&4 #07-3 x Prabha 54 | YP(4 #07-18 x CI-5
8 YP&E)14 #07-3 x KDMI -10 55 YPED4 #07-19 x Prabha
9 YPE)4 #07-3 x CI-5 56 YP )4 #07-19 x KDMI -10
10 YPE)4 #07-4 x Prabha 57 YPE)4 #07-19 x CI-5
N YP&) 4 #07-4 x KDMI -10 58 YP ()4 #07-20 x Prabha
12 YP{&)4 #07-4 x CI-5 59 YP (&4 #07-20 x KDMI -10
13 YP{4 #07-5 x Prabha 60 YP (¥4 #07-20 x CI-5
14 | YPE4 #07-5 x KDMI -10 61 YP (4 #07-21 x Prabha




15 YP4 #07-5 x CI-5 62 | YPE4 #07-21 x KDMI -10
16 YP4 #07-6 x Prabha 63 | YPE4 #07-21 x CI-5

17 YPE4 #07-6 x KDMI -10 64 | YP(@4 #07-22 x Prabha
18 YP& 4 #07-6 x CI-5 65 YP &4 #07-22 x KDMI -10
19 YP& 4 #07-7 x Prabha 66 YPE4 #07-22 x CI-5

20 YPE4 #07-7 x KDMI -10 67 | YP(4 #07-23 x Prabha
21 YP4 #07-7 x CI-5 68 | YPE4 #07-23 x KDMI -10
22 YP{&4 #07-8 x Prabha 69 | YPE4 #07-23 x CI-5

23 YP&4 #07-8 x KDMI -10 70 | YP(4 #07-24 x Prabha
24 YP&4 #07-8 x CI-5 71 YP (4 #07-24 x KDMI -10
25 YP&4 #07-9 x Prabha 72 YP 4 #07-24 x Cl-5

26 YP& 4 #07-9 x KDMI -10 73 YP &4 #07-25 x Prabha
27 YPE4 #07-9 x CI-5 74 | YPE4 #07-25 x KDMI -10
28 YP4 #07-10 x Prabha 75 | YPE4 #07-25 x CI-5

29 YP{4 #07-10 x KDMI -10 76 | YP(E4 #07-26 x Prabha
30 YP&4 #07-10 x CI-5 77 | YP(24 #07-26 x KDMI -10
31 YP@4 #07-11 x Prabha 78 | YP(4 #07-26 x CI-5

32 YP&4 #07-11 x KDMI -10 79 YP ()4 #07-27 x Prabha
33 YP& 4 #07-11 x CI-5 80 YPE4 #07-27 x KDMI -10
34 YP{&)4 #07-12 x Prabha 81 YPE4 #07-27 x CI-5

35 YP{&E14 #07-12 x KDMI -10 82 YP )4 #07-28 x Prabha
36 YP&4 #07-12 x CI-5 83 | YP(@4 #07-28 x KDMI -10
37 YP&)4 #07-13 x Prabha 84 YPE)4 #07-28 x Cl-5




38 YP&) 4 #07-13 x KDMI -10 85 YP &4 #07-29 x Prabha

39 YP&) 4 #07-13 x CI-5 86 YP 4 #07-29 x KDMI -10

40 YP&4 #07-14 x Prabha 87 | YP®4 #07-29 x CI-5

41 YP&) 4 #07-14 x KDMI -10

42 YP&)4 #07-14 x CI-5 Commercial Checks
43 YP& 4 #07-15 x Prabha 1 DMH-2

44 YP4 #07-15 x KDMI -10 2 EH-434042 (Arjun)

45 YPi&4 #07-15 x CI-5 3 900M

46 YP& 4 #07-16 x Prabha 4 Bio9681

47 YP&24 #07-16 x KDMI-10 S Pinnacle

3.6 Recording of observations
Observations on 12 different quantitative characters were recorded on five

competitive randomly selected plants. The average was taken as the mean of the treatment.
The way in which observations were recorded is described below.

3.6.1 Days to 50 per cent tasseling
The number of days taken from the date of sowing to the day on which 50 per cent of

plants in a treatment showed full tassel emergence was recorded as days to 50 per cent
tasseling.

3.6.2 Days to 50 per cent silking
The number of days taken from the date of sowing to the day on which 50 per cent of

the plants in a treatment showed complete silk emergence was recorded as days to 50 per
cent of silking.

3.6.3 Plant height (cm)

Height of the plant from ground level upto the base of fully opened flag leaf was
recorded in centimetres as plant height when plants were matured.

3.6.4 Ear length (cm)

Cob length was measured from bottom to the top of the cob and recorded in
centimetres.

3.6.5 Ear circumference (cm)

Ear circumference was measured and recorded in centimetres as the thickness of the
ear i.e., at the middle of the cob.




3.6.6 Number of kernel rows per cob
The number of kernel rows per cob was counted and recorded.
3.6.7 Number of kernels per row

Number of kernels in each kernel row was counted and average was recorded as
number of kernels per row.

3.6.8 100-grain weight (g)

Weight of 100 grain drawn from a random sun dried sample from each plot was
recorded in grams at 15 per cent moisture content.

3.6.9 Shelling percentage

Average pith weight and average grain weight of the randomly selected plants per
plot were used to compute the shelling percentage by using the following formula.

Grain weight

Shelling percentage = x 100
Total weight (Grain weight + pith weight)

3.6.10 Grain yield per plant (g)

Grain yield per plant expressed in gram was recorded by weighing the grains
obtained after shelling of cobs from individual plant.

3.6.11 Grain yield per hectare (g/ha)
At physiological maturity, the cobs were dehusked and harvested in each plot. The

harvested cobs are air dried, shelled, cleaned and weighed. Grain yield per ha was calculated
by using the formula given below and expressed in quintals per ha.

Grain yield per ha (g/ha) = Fresh ear weight x (100 — AVM) x10 x K

Stand harvest x 100

K 10,000 x 0.9412 x (100 ~AVM)

Where, 100 x Plot area
AVM = Average moisture content

3.6.12 Fodder yield per plot (t/ha)

Fodder yield per plot was recorded (Kg/plot) and converted and expressed in tonnes
per hectare.

3.7 Statistical analysis

Mean values of the plants selected at random in each treatment and replication were
subjected to statistical analysis. The following statistical methods were adapted.



3.7.1 Analysis of variance for parents and hybrids (ANOVA)

Mean values of the 12 quantitative characters recorded for the hybrids and parents
were subjected for statistical analysis and variances due to different sources were estimated.
The method of Panse and Sukhatme (1961) was followed for analysis of variance.

ANOVA for parents and hybrids

Sl Sources of Degrees of Mean sum of Variance ratio
No. variation freedom squares
1. Replication (r-1) Mr Mr/Me
2. Treatments (t-1) Mt Mt/Me
a. Parents (f+ m-1) Mp Mp/Me

i. | Females (f-1) Mf Mf/Me

i. | Males (m-1) Mm Mm/Me

iii. | Females Vs Males 1 Mf Vs Mm Mf Vs Mm/Me
b. Hybrids (fm-1) Mh Mh/Me
C. Parents Vs Hybrids 1 Mp Vs Mh Mp Vs Mh/M
3. Error (t-1) (r-1) Me -
4, Total (mfr-1) - -

Where,

3.7.2 Combining ability analysis

r = Number of replications

t = Number of treatments

f = Number of females (lines)
m = Number of males (testers)

p = Parents
h = Hybrids
e = Error

M = Mean sum of squares

3.7.2.1 Analysis of variance

below.

The mean of each character for each entry were subjected to line x tester analysis
and the variance of general combining ability of different cross combinations were estimated
by the procedure developed by Kempthorne (1957). The form of analysis is given in the table




Sources of

Degrees of | Mean sum
variation freedom of squares Expected mean sum of squares

Replication (r-1)

Hybrids (fm-1)

Females (f-1) M o€’ + r[COV (FS) — 2 COV (HS)] + [mr COV
(HS)]

Males (m-1) M2 oe® + r[COV (FS) — 2 COV (HS)] + [fr COV
(HS)]

Females x Males (f-1) (m-1) M3 e+ r[COV (FS) — 2 COV (HS)]

Error (r-1) (fm-1) M4 oe?

Where,

r = Number of replications

f = Number of females (lines)

m = Number of males (testers)

COV (FS)
COV (HS)

= Covariance of full sibs

= Covariance of half sibs

M1 = Mean sum of squares due to females (lines)

M2 = Mean sum of squares due to males (testers)

M3 = Mean sum of squares due to females x males

M4 = Mean sum of squares due to error

3.7.2.2 Estimation of variance components

From the expectation of mean squares, the covariance between half sibs (COV HS)
and covariance between full sibs (COV FS) were estimated as detailed below.

COV HS =

COVFES =

M1+M2—2 M3

r(f+m)

[(M1 + M2+M3-3M4) + 2r COVS HS —r (f + m) COV HS]

The estimates of COV HS and COV FS were used ?or estimate the variance due to
general combining ability (GCA) and variance due to specific combining ability (SCA) as

below.




0°GCA = COV HS
0°SCA = COV FS - 2COV HS

The estimates of variance component due to females, males and hybrids were
obtained as shown below.

My — M
0% = COV HS (lines) =
rm
M; —M;
0°m = COV HS (testers) = f
. M1 + M2 - 2M3
Covariance (HS) average =
r (f+m)
Mg — M,

o’mf = 6°SCA =
r

After estimating the GCA and SCA variances as mentioned above, the GCA/SCA
ratio was computed to predict the type of gene action involved.

3.7.2.3 Proportional contribution of lines, testers and line x tester

S (f)

S
a. Contribution of lines (%) = ——x 100
SS (c)

b. Contribution of testers (%) = SS(m) x100
SS (c)
SS (f x m)
c. Contribution of lines x testers = x 100
SS (¢)

Where,

SS (c) = Sum of squares due to crosses
SS (f) = Sum of squares due to lines
SS (m) = Sum of squares due to testers
SS (f x m) = Sum of squares due to crosses
3.7.2.4 Estimation of combining ability effects
The models used to estimate gca and sca effect of ijk observations was as follows.

Xij=p +gi+gj+sij+eik



Where,
M = population
gi = gca effects of the ith female parent
gj = gca effects of the jth female parent
sij = sca effects of the ijth cross combination
i = number of female parents involved
j = number of male parents involved
k = number of replications
eijk = error associated with the observation Xijk

The individual effects were estimated as follows.

3.7.2.4.1 General combining ability (gca) effects

Xi... X...
a) Lines (gi) = -
mr mfr
Where,
Xi... = total of i female parent over all male (m) parents and replications (r).
X... = total of all the hybrids over all male parents (m), female parents (f) and
replications (r).
Xj... X...
fr mfr
Where, b) Testers (gj) = -

Xj... = total of the jIh male parent over all female parents (f) and replication (r).

3.7.2.4.2 Specific combining ability (sca) effects

Xij Xi X X
Xij = r - mr - fr + mfr
Where,
Xij = ji" combination total over all replications (r).

3.7.2.4.3 Standard error for combining ability effects

The standard error (SE) pertaining to gca effects of males and females and sca
effects of different combinations were calculated as under.

a) SE for gca effects of lines

SEgi= (M rm)"?
b) SE for gca effects of testers

SE gj = (M,/rf) 2
c) SE for sca effects

SE gij = (M4/ 1)



3.7.2.4.4 Critical difference (CD)

The critical difference values in each case were computed by multiplying their
corresponding SE values with Table't’ value at error degrees of freedom at 5 and 1 per cent
level of significance.

3.7.3 Estimation of heterosis

Heterosis expressed as per cent increase or decrease of F1 hybrid over mid-parent
(average or relative heterosis), better parent (heterobeltiosis) and the best commercial check
(standard heterosis) were computed for each character using the following formulae (Turner,
1953 and Hayes et al., 1955). Out of three checks, the mean performance of the best check
in a given character was considered to work out the standard heterosis.

Fi—MP

a. Heterosis over mid parent (relative heterosis) = ————x 100
_ _MP
F,-BP
b. Heterosis over better parent (heterobeltiosis) = gp x 100
F,-CC
c. Heterosis over check (standard heterosis) = _ x 100
CC

Where,
'F1 = Mean performance of F1
MP = Mean mid-parental value = (P1+ P2)/2
P1 = Mean performance of parent one
P2 = Mean performance of parent two
BP = Performance of better parent
CC = Performance of the best commercial check

The differences in the magnitude of heterosis were tested following the procedure
given by Panse and Sukhatme (1961).

a. Critical difference for mid-parent heterosis = (3Me/2r)"? x t

b. Critical difference for better parent heterosis = (2Me/2r) " x t

c. Critical difference for commercial check = (2Me/2r) 2 x t
Where,

r = Number of replications

Me = Error mean sum of square from analysis of variance table

T = Table value of ‘t’ test at error degrees of freedom corresponding to 5% or
1% level of significance.



3.7.4 Association analysis between yield and its components
3.7.4.1 Genotypic and phenotypic correlation coefficients

Genotypic and phenotypic correlation coefficients were worked out as per the
methods suggested by Johnson et al. (1955) to find out the relationship between yield, starch,
oil and their contributing characters. Analysis of covariance was done similar to that of
analysis of variance taking two characters at a time. The genotypic and phenotypic co-
variances were derived as detailed for genotypic variance. The genotypic and phenotypic
variance and co-variance components were utilized to calculate genotypic and phenotypic
correlation coefficients (r) by applying the formula.

/ COV.g.1.2 / COV.p.1.2
VI (0%g1) x (0%g2) VI (o2p1) x (02p2)

Cov.g.11=2 - Genotypic covariance betwekn two traits (1 and 2)

Where,

Cov.p. 1.2 - Phenotypic covariance between two traits (1 and 2)
02g1 - Genotypic covariance for first trait

o2p1 - Phenotypic covariance for first trait

0292 - Genotypic covariance for second trait

02p2 - Phenotypic covariance for second trait

Referring to correlation table of Snedecor and Cochran (1967), the significance of
correlation coefficient was tested.

3.7.4.2 Path coefficient analysis

In all the segregating populations path coefficient analysis was carried out using the
simple correlation coefficient to know the direct and indirect effects of the yield components
on yield as suggested by Wright (1921) and illustrated by Dewey and Lu (1959). Standard
path coefficient which are the standard partial regression coefficient were obtained by solving
the following set of ‘P’ simultaneous equation through the use of “DOOLITTLE TECHNIQUE”
as described by Goulden (1959).

Pot + Potro + oo + Poprip = fo1
Potlo+ Poo +eeeiiie e + Poplrap = o2
PotRip+ PoaFop + oovenii + Pop=rgp
Where,
Pot, Pogyereeneinienennnn. Po, = Direct path coefficient of variables. 1, 2,....... P on the

independent variables 0.

F12) 143 wevenririnnns g eeeeeeeeens rop-1y = Possible correlation coefficient between
independent variables.

F01, P02 erenenen rop = The correlation between dependent and independent variables.
The direct effect of i" variable worked out as (Poj x rij). From the simultaneous

equation, it is clear that the correlation coefficient is the sum of direct and indirect effects on
dependent character. Residual effect (P?ox) was calculated as under.



PZOX =1- (P201 + 2Pg1Poaria + 2 Po1Poal13-ceeeeeeeieiianns 2p02Posfoz + eunnn... +P20p.

The direct and indirect effects were suggested by Lenka and Mishra (1973);
>1 - Very high
0.3-0.9 - High
0.2-0.29 - Moderate
0.1 -0.19 -Low

<0.1 - Negligible



4. EXPERIMENTAL RESULTS

A line x tester experiment consisting of 29 lines and 3 testers and their 87 F; hybrids,
were evaluated along with the five commercial checks during rabi 2008-09 at All India Co-
ordinate Maize improvement Project (AICIMP), Agricultural Research station (ARS), Arabhavi,
University of Agricultural Sciences, Dharwad. The results of the studies on 12 characters viz.,
days to 50 per cent tasseling, days to 50 per cent silking, plant height (cm), ear length (cm),
ear circumference (cm), number of kernel rows per ear, number of kernels per row, 100-grain
weight (g), shelling percentage, grain yield per plant (g), fodder yield (t/ha) and grain yield
(g/ha) are presented under the following headings.

4.1 Analysis of variance (ANOVA)

4.2 Mean sum of squares for parents and hybrids

4.3 Proportional contribution of lines, testers and their interaction to total hybrid
variance

4.4 Per se performances of lines, testers, single cross hybrids and checks

4.5 Variance of combining ability

46 General combining ability effects

4.7 Specific combining ability effects

4.8 Heterosis over mid parent, better parent and checks

49 Inter character correlation

410 Path coefficient analysis

4.1 Analysis of variance

The analysis of variance for all entries including parents, hybrids and checks for nine
characters are presented in Table 3. The treatment variance were highly significant for days
to 50 per cent tasseling, days to 50 per cent silking, number of kernel rows per ear, number of
kernels per row, 100-grain weight, shelling percentage and fodder yield per hectare, but non
significant for the characters viz., plant height, ear length, ear circumference, grain yield per
plant and grain yield per hectare.

4.2 Mean sum of squares for parents and hybrids

Mean sum of squares for nine quantitative traits of parents and hybrids are presented
in Table 4. The mean sum of squares for parents and females were highly significant for all
the traits. Highly significant mean sum of squares were observed in males for five characters
viz., number of kernels per row, 100-grain weight, grain yield per plant, fodder yield per
hectare and grain yield per hectare. The mean sum squares for female versus male were
significant for days to 50 per cent tasseling whereas highly significant for all traits except ear
length, ear circumference, shelling percentage and fodder yield per hectare.

The mean sum of squares for hybrids were highly significant for days to 50 per cent
tasseling, days to 50 per cent silking, number of kernel rows per ear, number of kernels per
row, 100-grain weight, shelling percentage and fodder yield per hectare. The parents versus
hybrids mean sum of squares were highly significant for all traits viz., days to 50 per cent
tasseling, days to 50 per cent silking, plant height, ear length. ear circumference, number of
kernel rows per ear, number of kernels per row, 100-grain weight, shelling percentage, grain
yield per plant, fodder yield per hectare and grain yield per hectare.

4.3 Proportional contribution of lines, testers and their interaction
to total hybrid variance

The proportional contribution of lines, testers and their interaction to total hybrid
variance for nine characters were presented in Table 5. In this study it was clear that
contribution towards total hybrid variance was found to be higher from females than males for
all characters under study. The contribution of the female x male interaction for the total
variance was higher than that of males for all characters. On the other hand, the contribution



Table 3: Analysis of variance of all entries for 12 characters

SI.No Sources of variation Replication Treatments Error
1. Degrees of freedom 1 91 91
2. Days to 50% tasseling 35.66 4.00** 1.44
3. Days to 50 % silking 68.17 6.00** 2.55
4. | Plant height (cm) 2035.57 277.45 215.54
5. Ear length (cm) 58.33 3.61 3.93
6. Ear circumference (cm) 4.78 0.82 1.03
7. No. of kernel rows per ear 2.96 0.59" 0.37
8. No. of kernels per row 14.68 15.56™* 2.59
9. 100 grain weight (g) 0.92 41.42* 2.00
10. | Shelling (%) 3.72 6.59** 2.09
11. Grain yield per plant (g) 13.36 88.91 91.50
12. Fodder yield (t/ha) 2.63 5.46** 0.18
13. Grain yield (g/ha) 3.86 38.95 39.24

* Significant at 5% level

** Significant at 1% level




Table 4: Mean sum of squares for parents and hybrids in respect of 12 characters in maize

Number of kernel

Sources of variation Dfer- g;eczj%smof D?g:;g“ig% Dafi'ni?ngoo/ ° Plarzlrf:]e))ight Ear length (cm) circui%r;ence rows per ear
Replication 1 57.52 94.54 1610.96 38.88 0.48 5.69
Parents 31 5.98** 4.87* 412.71** 5.29* 1.52* 0.87**
Females (Lines) 28 6.51** 5.15* 437.01** 5.51* 1.62** 0.76™*
Males (Testers) 2 0.50 0.67 18.67 4.67 0.69 0.17
Females Vs Males 1 1.98* 5.38™* 520.50** 0.27 0.29 5.28™*
Hybrids 86 2.68** 4.87* 245.35 3.51 0.84 0.57**
Parents Vs Hybrids 1 156.12** 86.23** 8169.72** 78.26™* 56.75™* 4.80**
Error 118 1.38 2.25 210.05 3.67 0.94 0.37




Sources of variation Degrees of No of kernels 1OQ-grain Shelling Grain yield per Fodder yield Grain yield
freedom per row weight (g) (%) plant (g) (t/ha) (a/ha)
Replication 1 67.77 0.04 5.97 64.57 2.07 12.50
Parents 31 32.01** 59.77* 11.91* 165.29** 511** 69.48**
Females (Lines) 28 29.23** 61.45** 13.01** 140.81** 5.60** 60.71**
Males (Testers) 2 12.33** 41.17* 2.43 443.89** 0.71** 169.75**
Females Vs Males 1 149.31** 50.26** 0.01 293.58** 0.08 114.33**
Hybrids 86 16.66** 42.51* 6.43** 84.48 5.16** 38.07
Parents Vs Hybrids 1 1550.76** 1066.18** 94.51* 110834.70** 195.50** 11577.87**
Error 118 2.53 2.25 3.41 85.39 0.19 36.08

* Significant at 5%

** Significant at 1%




Table 5: Proportional contribution of lines, testers and their interaction to total hybrid variance

Contribution of females x

SI.No Characters Contribution of females (%) Contribution of males (%) males (%)
1 Days to 50% tasseling 68.44 2.28 29.28
2 Days to 50% silking 62.33 1.98 35.69
3 Plant height (cm) 58.84 7.36 33.80
4 Ear length (cm) 48.15 1.59 50.26
5 Ear circumference (cm) 51.93 1.11 46.96
6 No. of kernel rows per ear 45.4 0.63 53.97
7 No. of kernel per row 43.8 0.61 55.59
8 100-grain weight (g) 50.07 2.93 47.00
9 Shelling percentage 44.83 0.53 54.64
10 Grain yield per plant (g) 39.87 0.14 59.98
11 Fodder yield (t/ha) 51.18 2.75 46.08
12 Grain yield (g/ha) 43.24 0.37 56.39
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Fig.2. Proportional contribution of lines, testers and their interaction to total hybrids varience




of the female x male interaction was higher than that of females for ear length,
number of kernel rows per ear, number of kernels per row, shelling percentage, grain yield
per plant and grain yield per hectare, but the contribution of the female x male interaction was
lower than that of females for days to 50 per cent tasseling, days to 50 per cent silking, plant
height, ear circumference, 100-grain weight and fodder yield per hectare (Fig 2).

4.4  Per se performance of lines, testers, hybrids and checks
Per se performance of lines, testers, hybrids and checks are given in Table 6.
4.4.1 Days to 50 per cent tasseling

The mean varied from 62.5 (YPE4#07-27) to 70 days (YP&4#07-6, YP{X 4#07-7
and YP £04#07-23) in females, 67 (CI-5) to 68 days (Prabha) in males, 62 (YP (£4#07-13 x
ClI-5) to 67.5 (YP&)4#07-17 x Prabha and YP&)4#07-19 x KDMI-10) in hybrids and 66.5

(DMH-2 and EH-434042 (Arjun)) to 70 days (900M and Pinnacle) in checks. Lines
(YPGED4#07-27, YP(@4#07-2, YPE4#07-9, YPE4#07-19, YP(D4#07-8, YPE4#07-11,

YP &4#07-16, YPE)4#07-26, YPEI4#07-12, YP(E)4#07-14, YP(E4#07-15, YP(4#07-18
and YP()4#07-28) required shortest period to tassel and testers do not show earliness in

developing tassel. Among crosses, 74 hybrids exhibited early tasseling as compared to the
check hybrid DMH-2 and EH434042 (EH-434042 (Arjun)), while all hybrids exhibited early
tasseling as compared to the check hybrids 900M and Pinnacle.

4.4.2 Days to 50 per cent silking

The trait days to 50 per cent silking ranged from 66 days (YP (34#07-27) to 72.5 days
(YPE)4#07-23) in female, 70days (CI-5) to 71 days (Prabha and KDMI-10) in males, 64.5
days (YP&4#07-13 x CI-5) to 74 days (YP £4#07-6 x Prabha) in hybrids and 69.5 days (EH-
434042 (Arjun)) to 73 days (900M, Bio-9681 Pinnacle) in checks. Lines (YP G4#07-27,
YPE)4#07-12, YPE14#07-8, YPE4#07-11, YPE4#07-19, YPEI4#07-26, YP(4#07-2,
YP E14#07-9, YPEI4#07-14, YPE4#07-1, YPE4#07-16, YP E4#07-18 and YP E4#07-28)

required short periods in developing silks and testers do not show earliness in developing
silks when compared to checks. Among crosses, 60 hybrids exhibited early silking as
compared to the check hybrid EH-434042 (Arjun) and all hybrids exhibited early silking as
compares to check hybrid Pinnacle, Bio-9681 and 900-M.

4.4.3 Plant height (cm)

The range for plant height was from 98 (YP&)4#07-29) to 159.9 cm (YPE4#07-19)
in females. 121 (Prabha) to 127 cm (KDMI-10) in males, 116 cm (YP &24#07-6 x CI-5) to 172

cm (YPED4#07-18 x Prabha and YP(E)4#07-9 x KDMI-10) in hybrids and 115.5 days

(Pinnacle) to 134.5 cm (EH-434042 (Arjun)) in checks. Twenty five lines exhibited higher plant
height than Pinnacle and 13 lines exhibited higher plant height than EH-434042 (Arjun) and
all the testers exhibited higher plant height than Pinnacle, while none of the testers exhibited
higher plant height than EH-434042 (Arjun). Among the crosses, seventy five exhibited higher
plant height than Pinnacle and eleven crosses exhibited higher plant height than EH-434042

(Arjun) while YP{4#07-13 x KDMI-10 exhibited similar plant height to that of EH-434042
(Arjun).

4.4.4 Ear length (cm)
The range of ear length was from 12.1 cm (YP&4#07-8) to 17.7 (YP &04#07-23) in

females, 13.4 cm (CI-5) to 16.5 cm (KDMI-10) in males, 12.3 cm (YP(£4#07-5 x KDMI-10) to

19.4 m (YP4#07-3 x KDMI-10 and YP&)4#07-18 x Prabha) in hybrids and 13.3 cm (DMH-
2) to 15.8 cm (900M) in checks. Twenty five lines were longer than checks DMN-2 and nine



Table 6. Per se performance of lines, testers, single cross experimental hybrids and checks in maize

SI.No Entries ‘ X1 ‘ X2 ‘ X3 ‘ X4 | X5 X6 X7 X8 X9 ‘ X10 ’ X11 X12
Lines (Females)
1 YP &) 4 #07-1 67.0 69.0 133.5 17.1 13.7 13.0 33.7 32.0 83.9 80.64 3.9 43.89
2 YP & 4 #07-2 64.5 68.0 137.5 16.4 13.4 12,6 30.0 22.0 84.9 77.94 5.6 40.50
3 YP &) 4 #07-3 67.0 70.5 1335 13.8 12.2 12.1 26.0 22.0 79.1 64.22 3.1 33.67
4 YP &) 4 #07-4 67.0 69.5 140.0 17.1 13.8 12.8 31.9 29.5 82.9 79.97 47 42.98
5 YP &) 4 #07-5 67.0 71.0 127.0 14.7 12.7 11.9 24.6 26.5 73.8 65.69 25 33.12
6 vP &) 4 #07-6 70.0 725 134.0 13.7 11.9 12.1 26.7 26.0 76.9 70.05 46 36.04
7 YP & 4 #07-7 70.0 72.0 129.0 13.7 11.6 13.0 32.9 19.0 83.2 81.42 2.3 43.80
8 YP () 4 #07-8 65.5 68.0 122.5 12.1 13.0 11.4 22.7 24.0 80.9 58.69 3.9 28.61
9 YP () 4 #07-9 65.0 68.5 125.0 14.4 12.8 12.1 26.3 19.5 82.9 67.11 3.1 33.83
10 YP &) 4 #07-10 69.0 71.5 110.5 13.0 12.0 1.7 24.5 20.5 81.2 62.88 1.7 32.23
11 YP &) 4 #07-11 65.5 68.0 1315 14.3 13.5 11.7 24.1 235 81.1 61.73 29 31.99
12 YP (&) 4 #07-12 66.0 67.5 158.0 17.0 14.4 13.9 34.9 30.0 81.5 87.99 5.2 48.28
13 YP () 4 #07-13 69.0 71.0 131.5 14.7 13.1 12.9 32.7 32.0 83.2 79.87 5.2 43.25
14 YP &) 4 #07-14 66.0 68.5 153.0 14.3 12.2 12.1 26.6 275 80.9 68.55 5.4 35.01
15 YP &) 4 #07-15 66.0 70.0 138.5 141 12.2 11.4 2238 25.0 77.1 60.03 2.4 29.27
16 YP &) 4 #07-16 65.5 69.0 1135 12.3 11.6 11.2 21.2 26.0 79.9 57.77 1.7 27.44
17 YP &) 4 #07-17 67.5 69.5 142.0 15.9 13.7 12.2 27.7 32.0 83.5 73.31 4.0 38.87
18 vP ) 4 #07-18 66.0 69.0 116.5 13.8 111 12.6 30.5 20.0 81.9 77.63 1.6 41.38
19 YP &) 4 #07-19 65.0 68.0 159.9 16.2 13.7 12.0 24.8 34.0 80.1 66.90 7.2 33.15
20 YP & 4 #07-20 68.0 71.0 143.5 13.8 12.7 12.2 28.4 33.5 84.4 74.81 4.2 38.94
21 vP &) 4 #07-21 68.0 70.5 153.0 14.7 13.7 11.6 23.6 37.5 80.6 63.16 8.6 30.41
22 YP () 4 #07-22 68.5 71.0 1425 17.6 13.8 12.6 30.6 345 82.8 78.59 5.4 41.89
23 YP (%) 4 #07-23 70.0 725 154.0 17.7 14.5 13.2 34.3 29.0 84.4 83.27 6.4 43.95




24 | vp & 4 #0724 685 705 133.0 135 12.9 127 273 185 79.6 73.28 2.8 38.86
o5 | YP@4r0725 68.0 70.5 147.5 137 12.8 e 24 30.5 805 60.51 4.7 31.08.
26 | YP @ 40726 65.5 68.0 136.0 17.1 135 e 248 305 508 62.42 4.7 32.28
27 | YP @ 40727 62.5 66.0 130.5 15.6 13.1 12 27 30.5 502 75.33 4.0 39.68
o | YP @ 40728 66.0 69.0 1145 12.3 11.4 12 27 19.5 847 69.26 3.1 35.69
29 | YP @4#07-29 66.5 705 98.0 14.0 125 12 204 19.5 88 6640 3.0 34.26
Testers (Males)
30 | Prabha 68.0 71.0 121.0 15.1 12.9 12.9 30.8 19.5 80.2 76.67 3.8 40.39
31 KDMI-10 67.5 71.0 127.0 16.5 13.8 13.4 35.6 28.5 82.4 93.54 4.9 50.92
32 |cI5 67.0 70.0 125.0 13.4 12.7 13.4 32.1 23.0 81.2 63.84 3.9 32.56
Experimental hybrids
33 | YP @ 4#07-1 x Prabha 66.0 70.0 167.0 16.3 15.3 13.2 36.4 35.0 79.9 123.15 8.1 55.89
34 | YP & 4#07-1 xKDMI-10 64.5 69.0 168.0 16.1 15.3 13.1 36.2 35.5 82.7 125.44 6.3 55.63
35 | YP@4#071xC15 64.5 69.0 141.0 16.7 14.9 12.9 35.1 35.5 80.1 123.18 5.4 54.60
36 | YP @ 4#07-2x Prabha 62.5 66.5 159.0 16.2 13.6 12.4 326 38.0 81.9 116.71 7.2 50.66
37 | YP & 4#07-2x KDMI-10 62.5 66.5 145.0 17.0 142 12.8 35.0 28.5 82.8 123.11 55 54.41
s | YP @4#072xCls 63.0 66.0 150.5 17.1 13.7 12,6 33.6 36.5 82.7 119.03 4.1 51.69
39 | YP @ 4#07-3 x Prabha 64.5 67.5 1455 16.6 13.6 126 339 27.0 83.9 120.11 55 52.47
40 | YP @ 4#07:3xKDMI-10 65.5 70.0 154.5 19.4 147 135 37.6 41.0 84.9 132.88 7.3 60.55
4 | YP@4n073x0Cl5 64.5 68.0 154.5 16.9 14.1 12.8 34.8 37.0 81.0 120.65 5.4 53.36
42 | YP & 41#07-4 x Prabha 64.0 68.0 1515 17.3 15.0 13.8 40.0 35.5 85.8 133.18 7.1 61.54
43 | YP @ 44074 x KDMI-10 62.5 66.0 142.0 17.7 147 12.8 34.7 36.5 82.3 121.87 4.9 53.25
44 | YP @an074xCl5 64.0 67.5 1325 15.0 13.4 123 32.0 29.0 80.7 115.80 5.9 49.76
45 | YP 414075 x Prabha 65.5 70.0 1435 15.2 138 12.2 31.7 29.5 86.2 114.97 5.4 49.43
a6 | YP @ 44075 x KDMI-10 65.5 70.0 1285 12.3 12.8 12 312 28.5 81.4 112.98 3.1 48.32
47 | YP @4#075xCl5 65.0 69.0 122.5 15.4 13.4 12.2 316 26.5 82.9 116.66 3.3 49.17




13.8 117.97
45 | YP (2 4#07-6 x Prabha 65.5 74.0 136.5 16.3 12.6 33.8 28.5 84.2 4.8 51.69
49 | YP & 4#07-6 x KDMI-10 64.5 67.5 1275 14.0 12.9 11.4 27.6 30.5 79.8 109.07 5.4 43.49
50 | YP & 4#076xCl5 62.5 66.5 116.0 135 124 118 28.1 19.5 79.0 11814 3.1 46.39
Experimental hybrids
51 | YP & 4#07-7 x Prabha 64.5 68.5 144.0 14.8 13.9 12 30.8 31.0 80.9 114.94 5.8 48.18
52 | YP @ 4#07-7 x KDMI-10 66.0 695 | 1335 15.2 13.2 12.3 32.0 25.0 80.6 115.60 4.0 50.35
53 | YP @ 4#07-7xCl5 65.5 68.5 | 1405 14.0 13.5 12.1 31.2 26.0 83.1 113.87 5.6 48.55
54 | YP & 4#07-8xPrabha 66.5 69.5 148.5 18.0 13.8 135 37.8 23.0 85.2 13161 8.1 61.07
55 | YP @ 4#07-8 x KDMI-10 65.5 69.5 137.0 16.2 13.9 12.8 34.4 25,5 82.9 121.19 9.1 53.13
56 | YP @ 4#07-8xCl5 65.0 68.5 1435 18.5 14.5 12.8 34.9 315 83.7 120.31 5.5 53.54
57 | YP @ 4#07-9x Prabha 65.0 68.0 | 1465 16.2 13.4 12.2 31.8 27.0 83.6 115.36 8.1 49.47
53 | YP & 4#07-9 x KDMI-10 65.5 69.0 172.0 18.5 15.1 13.3 37.1 31.0 83.9 126.64 9.8 57.76
59 | YP @ 4#07-9xCl-5 66.5 705 | 1545 16.4 13.7 12.6 33.9 31.0 82.8 118.65 5.5 52.44
60 | YP @ 4#07-10 x Prabha 66.0 700 | 1455 15.8 14.2 13.0 36.1 275 80.4 124.34 6.4 55.56
YP () 4 #07-10 x KDMI- 120.69
61| 10 65.5 69.0 151.5 16.0 14.6 12.8 34.7 31.0 81.1 8.1 53.29
g2 | YP @ 4#07-10xCl5 64.5 68.0 144.5 14.3 14.3 12.1 31.3 34.0 82.8 112.83 9.9 48.55
63 | YP @ 4#07-11 x Prabha 64.5 67.0 133.0 15.7 13.2 12.2 31.7 31.0 82.9 114.10 3.3 49.39
YP ) 4 #07-11 x KDMI- 112.47
64 |10 64.5 66.5 1235 14.8 12.6 12.3 32.0 28.0 80.7 42 49.74
65 | YP & 4#07-11xCl5 64.0 67.0 132.5 14.9 13.1 12.0 30.1 275 82.7 1271 5.0 47.82
66 | YP & 4#07-12 x Prabha 65.5 67.0 | 156.0 16.6 14.8 13.3 37.1 24.0 80.3 127.82 7.0 57.75
YP &) 4 #07-12 x KDMI- 112.98
67|10 65.0 68.5 141.0 15.2 13.7 12.3 32.0 30.0 81.9 6.2 49.61
6s | YP @4n07-12xCl5 65.0 670 | 1355 15.2 13.3 11.9 296 315 81.3 110.46 4.2 47.42
69 | YP @ 4#07-13 x Prabha 65.0 67.5 127.5 15.1 13.6 13.0 35.9 34.0 83.1 122.46 6.4 55.30




YP (%) 4 #07-13 x KDMI-

123.14

70 |10 65.0 68.0 134.5 16.0 14.1 13.0 36.1 33.0 82.4 8.9 55.34

71 | YP @4#07-13xCl5 62.0 64.5 139.5 17.4 14.4 13.0 35.6 34.5 82.5 122.08 6.5 55.09

72 | YP & 4#07-14 x Prabha 67.0 70.0 154.0 15.9 14.5 12,6 33.8 39.0 82.8 117.89 6.4 52.10
YP (%) 4 #07-14 x KDMI- 112.80

73 |10 65.5 69.5 145.0 17.0 13.6 12.0 20.8 29.5 82.3 7.2 47.70

74 | YP @ 4#0714xCl5 66.0 695 | 154.0 16.0 14.4 12.7 33.9 28.5 82.0 119.98 6.4 52.64

75 | YP & 44#07-15 x Prabha 64.0 67.0 162.0 14.6 13.1 11.3 24.8 19.0 82.7 107.11 9.7 43.07
YP (2) 4 #07-15 x KDMI- 12151 55

76 | 10 65.5 69.0 153.0 16.2 14.6 12.8 34.8 36.0 82.8 53.37
Experimental hybrids

77 | YP @ 4#07-15xCl5 66.0 70.0 141.5 16.7 14.3 12.8 35.0 35.0 835 121.91 55 54.36

78 | YP @ 44#07-16 x Prabha 65.5 70.5 157.5 17.9 15.0 12.7 34.1 29.0 80.4 119.04 7.2 53.01
YP () 4 #07-16 x KDMI- 118.09

79 |10 66.5 70.5 152.0 18.2 14.0 125 33.3 34.0 83.4 6.3 51.42

go | YP ©4#07-16xCI5 65.5 68.0 148.5 17.1 14.5 125 33.3 375 83.1 1727 5.4 51.51

g1 | YP @ 4#07-17 x Prabha 67.5 71.0 135.5 18.1 13.8 125 32.7 22.0 83.4 116.94 5.4 50.95
YP () 4 #07-17 x KDMI- 26.0 113,22

g2 |10 66.0 69.0 153.5 14.6 13.2 12.0 30.7 82.8 5.5 48.09

g3 | YP @4#07-17xCl5 66.0 69.0 156.0 17.3 14.1 12.9 35.1 28.5 86.1 122.98 8.1 54.62

g4 | YP @ 4#07-18 x Prabha 67.0 70.5 172.0 19.4 14.3 13.0 35.3 325 80.4 122.14 9.2 55.08
YP (2 4 #07-18 x KDMI- 118.12

85 |10 66.5 70.0 152.0 16.7 14.5 125 33.1 31.0 81.5 8.1 51.24

gs | YP @ 4#07-18xCl5 66.0 70.0 141.0 15.6 14.3 125 33.0 325 80.7 116.84 7.5 51.23

g7 | YP @ 4#07-19 x Prabha 67.0 70.0 170.0 16.1 13.7 12.6 33.3 28.0 84.3 118.29 7.1 51.60
YP (%) 4 #07-19 x KDMI- 113.22

88 | 10 67.5 71.0 164.5 16.0 13.8 12.1 31.4 27.0 83.2 8.7 48.75

gg | YP @ 4#07-19xCl5 66.0 69.5 145.0 13.8 13.6 12.0 29.7 36.5 82.7 115.27 55 47.55

90 | YP @ 4#07-20 x Prabha 65.5 68.5 143.5 15.1 13.8 12.8 34.6 25,5 83.6 118.32 6.4 53.20




YP (%) 4 #07-20 x KDMI-

126.31
91 |10 64.5 68.5 142.0 15.0 14.0 13.2 36.7 335 83.3 4.0 55.93
92 | YP @ 4#07-20xCl5 65.5 69.5 134.0 15.1 12.9 14.1 40.9 33.5 87.4 141.64 3.9 67.29
93 | YP & 4#07-21 x Prabha 67.0 70.0 136.0 15.9 14.5 13.2 36.7 345 81.6 125.69 5.3 56.79
YP (%) 4 #07-21 x KDMI- 112.00
94 |10 65.5 67.5 154.0 16.0 13.9 11.9 28.3 34.5 81.2 5.2 47.36
95 | YP @ 4#07-21xCl5 66.0 69.0 147.5 16.5 14.1 12.7 34.0 38.0 825 119.49 7.0 52.73
96 | YP & 4#07-22 x Prabha 65.0 68.5 140.0 15.7 13.0 12.2 315 305 77.1 114.24 48 48.75
YP () 4 #07-22 x KDMI- 116.24
97 | 10 64.5 69.0 151.5 16.3 14.9 12.4 324 315 82.0 8.1 50.48
9g | YP @ 4#07-22xCl5 65.0 69.0 135.0 15.8 13.5 12.7 33.9 285 83.7 118.46 6.4 52.60
99 | YP & 4#07-23 x Prabha 66.5 70.0 146.0 15.0 13.8 11.6 27.9 29.0 81.7 107.94 7.5 45.29
YP () 4 #07-23 x KDMI- 129 26
100 | 10 65.5 69.0 156.0 17.0 14.6 13.4 37.4 26.5 84.5 6.8 59.51
101 | YP @ 4#07-23xCl-5 65.5 68.5 148.0 14.4 13.8 12.2 315 25.0 82.8 115.61 7.0 49.09
102 | YP @ 4#07-24 x Prabha 65.0 67.0 148.0 18.1 14.3 136 39.3 30.0 85.5 134.13 42 61.35
Experimental hybrids
YP ) 4 #07-24 x KDMI- 115.16
103 | 10 64.0 66.0 146.5 15.7 13.4 12.4 32.6 29.5 83.7 5.2 50.66
104 | YP @ 4#07-24xCl5 64.5 66.5 146.0 16.2 14.0 12.6 33.3 34.0 81.8 119.49 73 51.66
105 | YP ) 43#07-25 x Prabha 64.5 66.5 149.0 14.8 13.8 13.0 35.2 31.0 85.3 122.53 48 55.02
YP (%) 4 #07-25 x KDMI- 19256
106 | 10 65.0 66.5 152.0 15.9 14.4 13.0 36.2 395 835 55 55.59
107 | YP @ 4#07-25xCl-5 64.5 66.5 144.0 17.3 14.7 13.3 37.2 34.0 84.0 129.14 8.1 59.42
108 | YP ) 43#07-26 x Prabha 65.0 67.0 154.0 17.5 15.2 13.1 36.2 36.5 82.1 124.70 55 55.70
YP (33 4 #07-26 x KDMI- 133.79
109 | 10 64.0 66.0 157.0 18.1 15.2 13.4 37.5 38.5 84.7 4.8 60.52
110 | YP @ 4#07-26xCl5 63.5 66.0 138.0 15.6 14.0 12.1 31.2 34.0 84.1 112.67 42 48.44
111 | YP @ 4#07-27 x Prabha 64.0 66.5 153.0 17.0 145 13.2 36.8 31.0 80.8 125.87 4.0 57.66




YP (%) 4 #07-27 x KDMI-

121.19
112 | 10 63.0 66.5 147.0 14.7 14.2 12.8 35.0 32.0 78.7 6.4 54.13
113 | YP @ 4#07-27xCl5 65.5 68.0 135.0 14.1 13.9 13.4 37.3 35.0 84.2 129.14 4.8 59.42
114 | YP &) 4#07-28 x Prabha 64.5 67.5 1405 15.8 13.7 12.8 34.4 39.5 84.7 119.53 4.7 53.02
YP (%) 4 #07-28 x KDMI- 129.95
115 | 10 64.5 67.5 1455 15.6 14.0 13.4 37.4 34.5 84.5 5.0 59.50
116 | YP @ 4#07-28xCl5 65.5 68.0 1455 16.0 14.6 13.2 36.8 355 85.0 128.66 48 57.60
117 | YP @ 4#07-20 x Prabha 65.5 67.5 160.5 15.7 14.1 12,5 326 25.0 84.8 115.17 75 50.90
YP () 4 #07-29 x KDMI- 104.64
118 | 10 67.0 69.5 157.0 15.3 13.3 12.9 35.2 28.0 83.6 73 54.78
119 | YP @ 4#07-29xCl5 66.5 69.0 159.0 18.2 14.0 12.9 35.1 295 83.0 122.87 5.2 54.61
Commercial Hybrids
120 | DMH-2 66.5 70.0 1215 13.3 135 12.1 31.3 325 79.2 104.38 46 44.31
121 | EH-434042 (Arjun) 66.5 69.5 1345 15.5 142 12.2 317 345 82.9 127.86 4.0 58.04
122 | 900M 70.0 73.0 1315 15.8 14.0 12.3 32.0 27.0 80.7 119.62 47 51.50
123 | Bio9681 69.5 73.0 131.0 14.1 13.2 12.0 30.1 29.0 82.7 125.59 3.0 55.10
124 | Pinnacle 70.0 73.0 115.5 14.9 135 13.3 37.1 26.5 84.3 128.72 3.0 58.21
Mean (lines) 66.9 69.7 | 13412 | 1476 12.85 12.2 276 26.71 81.24 70.67 4.05 36.70
Mean(testers) 67.5 707 | 12433 | 14.98 13.08 13.2 3238 23.67 81.26 78.02 417 41.29
hMy%"’;i':jS'”g'e cross 65.1 68.4 146.41 16.07 13.98 12.66 33.8 31.2 82.7 120.03 6.1 52.86
Mean (checks) 68.5 717 | 12680 | 14.71 13.7 12.4 32.44 29.9 81.9 121.23 3.9 53.43
Grand mean 65.6 688 | 14286 | 15.73 13.68 12.57 32.29 29.91 82.28 106.94 5.55 48.63
SEms 1.18 1.50 14.49 1.92 0.97 0.60 1.58 1.50 1.84 9.24 0.44 6.01
CD at 5% 2.30 2.94 28.41 3.75 1.90 119 311 294 3.62 18.11 0.86 11.77
CD at 1% 3.03 3.87 37.39 4.94 250 156 4.09 3.87 476 23.84 1.14 15.50
CV (%) 1.79 218 10.14 12.18 7.09 483 4.92 5.01 224 8.64 7.94 12.35




X1 - Days to 50% tasseling X5 - Ear circumference (cm) X9 — Shelling percentage (%)
X2 - Days to 50% silking X6 — Number of kernel rows per cob X10 — Grain yield per plant (g)
X3 - Plant height (cm) X7 — Number of kernels per row X11 — Fodder yield (t/ha)

X4- Ear length (cm) X8- 100-grain weight (g) X12-Grain yield (g/ha)



lines were longer than check 900M. In testers CI-5 (13.4) was longer than DMH-2
(13.3) while KDMI-10 has longer ear length than 900M (15.8). Among crosses, 86 crosses
exhibited higher ear length than DMH-2 and 51 crosses exhibited higher ear length than

900M, while three crosses (YP&)4#07-10 x Prabha, YP{&)4#07-22 x CI-5 and YP (£14#07-28
x Prabha) have similar ear length to that of checks 900M.

4.4.5 Ear circumference (cm)

The ear circumference ranged from 11.1 cm (YP (£34#07-18) to 14.5 cm (YP (£4#07-
23) in females, 12.7 cm (CI-5) to 13.8 cm (KDMI-10) in males, 12.1 cm (YP& 4#07-6x CI-5)

to 15.3 cm (YP 324#07-1 x Prabha and YP &}4#07-1 x KDMI-10) in hybrids and 13.2 cm (Bio-

9681) to 14.2 cm (EH-434042 (Arjun)) in checks. Eleven lines exhibited higher ear
circumferences than Bio-9681 and two lines exhibited higher ear circumference than EH-
434042 (Arjun). In testers only KDMI-10 exhibited higher ear circumference than Bio-9681.
Among crosses, 76 crosses exhibited higher ear circumference than Bio-9681 and 28 crosses

exhibited higher ear circumference than EH-434042 (Arjun), while three crosses (YP ¢24#07-
2 x KDMI-10, YP{)4#07-10 x Prabha and YP4#07-27 x KDMI-10) exhibited similar ear
circumference to that of check EH-434042 (Arjun).

4.4.6 Number of kernel rows per ear

The Number of kernel rows per ear ranged from 11.2 (YP&)4#07-16) to 13.9
(YPE24#07-12) in females, 12.9 (Prabha) to 13.4 (KDMI-10, CI-5) in males, 11.3 (YP &)4#07-

15 x Prabha) to 14.1 (YP &04#07-20 x CI-5) in hybrids and 12 (Bio-9681) to 13.3 (Pinnacle) in
checks. Out of 29 lines, 13 lines exhibited higher kernel rows per ear than DMH-2 and line
YP &14#07-12 (13.9) showed higher kernel rows per ear than Pinnacle. In testers, KDMI-10

and CI-5 showed higher kernel rows per ear than Pinnacle but all of them showed higher
kernel rows per ear than DMH-2. Among crosses, 71 exhibited higher kernel rows per ear

than DMH-2 and only two crosses viz., YP{#4#07-4 x Prabha (13.8) and YP (04#07-20 x CI-5
(14.1) showed higher kernel rows per ear than Pinnacle.

4.4.7 Number of kernels per row

The number of kernels per row ranged from 21.2 (YP 4#07-16) to 34.9 (YP (24#07-
12) in females, 30.8 (Prabha) to 35.6 (KDMI-10) in males, 24.8 (YP &4#07-15 x Prabha) to

40.9 (YPE4#07-20 x CI-5) in crosses and 31.3 (DMH-2) to 37.1 (Pinnacle) in checks. Among

lines, 6 exhibited higher kernels per row than DMH-2 and none of the lines exhibited higher
kernels per row than Pinnacle. In case of testers all three showed higher kernels per row than
DMH-2 but none of the testers showed higher kernels per row than Pinnacle. Among crosses,
73 exhibited higher kernels per row than DMH-2 and six crosses showed higher kernels per
row than Pinnacle.

4.4.8 100-grain weight (g)

The mean ranged from 18.5 (YPE)4#07-24) to 37.5g (YPE4#07-21) in females,

19.5g (Prabha) to 28.5g (KDMI-10) in males, 19g (YP&24#07-15 x Prabha) to 41g (YP&4#07-
3 x KDMI-10) in hybrids and 26.5g (Pinnacle) to 34.5g (EH-434042 (Arjun)) in checks.
Fourteen lines exhibited higher 100-grain weight than Pinnacle, while YP&)4#07-21 exhibited
higher 100-grain weight than EH-434042 (Arjun). Tester KDMI-10 (28.5g) showed more 100-
grain weight than Pinnacle. Among crosses, 72 crosses showed more 100-grain weight than
Pinnacle, while 4 crosses (YPE24#07-13 x CI-5, YP{14#07-21 x Prabha, YP{}4#07-21 x
KDMI-10 and YP{4#07-28 x KDMI-10) were on par with EH-434042 (Arjun) and 21 crosses
exhibited higher 100-grain weight than EH-434042 (Arjun).



4.4.9 Shelling (%)

The mean ranged from 73.8 per cent (YP $24#07-5) to 84.9 per cent (YPE)4#07-2) in
females, 80.2 per cent (Prabha) to 82.4 per cent (KDMI-10) in males, 77 per cent (YP &4#07-

22 x Prabha) to 87.4 per cent (YP{£4#07-20 x CI-5) in crosses and 79.2 per cent (DMH-2) to
84.3 per cent (Pinnacle) in checks. Among lines, 24 exhibited higher shelling percentage than
DMH-2, while four lines viz.,, YPE4#07-2 (85 per cent), YP(E4#07-28 (84.7 per cent),

YP (£4#07-23 (84.3 per cent) and YP{£)4#07-20 (84.3 per cent) showed higher shelling per

cent than Pinnacle. Among crosses, 84 exhibited higher shelling percentage than DMH-2,
while 13 exhibited higher shelling percentage than Pinnacle and two crosses namely

YP &4#07-27 x Cl-5 and YP (£)4#07-6 x Prabha were on par with Pinnacle for shelling per
cent. Among testers all three showed higher shelling per cent than DMH-2.

4.4.10 Grain yield per plant (g)

The grain yield per plant ranged from 57.7g (YP &4#07-16) to 87.9g (YP{)4#07-12)
in females, 63.84¢ (CI-5) to 93.54g (KDMI-10) in males, 107.11g (YP&4#07-15 x Prabha) to

141.64g (YPG24#07-20 x CI-5) in hybrids and 104.38g (DMH-2) to 128.72g (Pinnacle) in

checks. Both lines and testers did not show higher grain yield per plant compared to checks.
Among the crosses, all the hybrid combinations showed higher grain yield per plant than

DMH-2 and 10 crosses viz.,, YPE4#07-25 x CI-5, YPE4#07-27 x CI-5, YPE4#07-28 x
KDMI-10, YP{)4#07-23 x KDMI-10, YP{)4#07-8 x Prabha, YP{)4#07-3 x KDMI-10,

YP (24#07-4 x Prabha, YP&)4#07-26 x KDMI-10, YP&4#07-24 x Prabha and YP&4#07-20
x CI-5 showed higher grain yield per plant than standard check, Pinnacle.

4.4.11 Fodder yield per hectare (t/ha)

The fodder yield per hectare ranged from 1.6 t’ha (YP&)4#07-18) to 8.6 t/ha
(YP(14#07-21) in females, 3.8 t/ha (Prabha) to 4.9 t‘ha (KDMI-10) in males, 3.1 t/ha
(YPE4#07-5 x KDMI-10) to 9.9 t/ha (YP&4#07-10 x CI-5) hybrids and 3 t/ha (Bio-9681) to
4.7 t/ha (900M) in checks. Twenty lines viz., YP 324#07-3, YP(:)4#07-9, YPZ 4#07-28 (3.1
t/ha), YP{4#07-1, YP(E4#07-8 (3.9 t/ha), YPE4#07-27, YPE 4#07-17 (4 t/ha), YP (D4#07-
20 (4.2 t/ha), YPE4#07-6 (4.6 tha), YP(E4#07-4, YPE4#07-25, YP(4#07-26 (4.7 t/ha),
YP (4#07-12, YP &4#07-13 (5.2 t/ha), YP(E4#07-14, YP E4#07-22 (5.4 t/ha), YPE) 4#07-2
(5.6 t/ha), YPE)4#07-23 (6.4 t/ha), YP(E4#07-19 (7.2 t/ha) and YPE4#07-21 (8.6 t/ha)

showed higher fodder yield per hectare than checks Bio-9681 and Pinnacle, eight lines viz.,
YP (4#07-12, YP4#07-13 (5.2 t/ha), YP(£4#07-14, YP(D4#07-22 (5.4 t/ha) YPX4#07-2

(5.6 tha), YPE4#07-23 (6.4 tha), YPE@4#07-19 (7.2 tha) and YP@4#07-21 (8.6 t/ha)

showed higher yield per hectare than check 900M. In testers, Prabha (3.8 t/ha) and CI-5 (3.9
t’/ha) showed higher fodder yield per hectare than Bio-9681, Pinnacle (3.0 t/ha) and KDMI-10
(4.9 t/ha) showed higher fodder yield per hectare over 900M (4.7 t/ha). Among the crosses, all
the crosses showed high fodder yield per hectare over Bio-9681 and Pinnacle and 63 crosses
showed high fodder yield per hectare over 900M the highest among checks.

4.4 .12 Grain yield per hectare (g/ha)
The grain yield per hectare ranged from 27.44 g/ha (YPG24#07-16) to 48.28 g/ha
(YPE24#07-12) in females, 32.56 g/ha (CI-5) to 50.92 g/ha (KDMI-10) in males , 43.07 g/ha

(YPE14#07-15 x Prabha) to 67.29 g/ha (YP(4#07-20 x CI-5) in hybrids and 44.31 g/ha
(DMH-2) to 58.21qg/ha (Pinnacle) in checks. Among lines, YP&4#07-12 (48.28 t/ha) showed



higher grain yield per hectare over DMH-2 and in males KDMI-10 (50.92 t/ha) showed higher
grain yield per hectare over DMH-2, while none of the lines and testers had over yielded the
standard check , Pinnacle. Among crosses, 85 crosses showed higher grain yield per hectare

over check DMH-2 and 10 crosses viz., YPE4#07-25 x CI-5, YP &4#07-27 x CI-5 (59.42),
YP (&4#0707-28 x KDMI-10 (59.5g/ha), YP 34#07-23 x KDMI-10 (59.51 t/ha), YP E24#07-26
x KDMI-10 (60.52g/ha), YPE4#07-3 x KDMI-10 (60.55¢/ha), YP(14#07-8 x Prabha (61.07
o/ha), YPE)4#07-24 x Prabha (61.35 g/ha), YP&)4#07-4 x Prabha (61.54 g/ha) and

YP(24#07-20 x Cl-5 (67.29 g/ha) showed higher grain yield per hectare over standard
check, Pinnacle.

4.5 Anova for combining ability

4.5.1 Variance due to females, males and female x male interaction

Variance due to females, males and female x male interaction in respect to 12
quantitative traits are presented in Table 7. The variance due to female was highly significant
for all traits except for number of kernel rows per ear and grain yield per plant. Variance due
to male were highly significant for days to 50 per cent tasseling, days to 50 per cent silking,
plant height, 100-grain weight, fodder and grain yield per hectare. The female x male
interaction variance was highly significant for number of kernels per row, 100-grain weight,
shelling per cent and fodder yield per hectare.

4.5.2 Estimates of gene actions

The variances (#°GCA, a° SCA, a°A and ¢°D) and ratios (¢°GCA/ a° SCA, o°A/&a°D)

are presented in Table 8. The analysis of variance revealed highest magnitude of SCA than
GCA for all characters and the ratio of GCA to the SCA variance for these traits was less than
unity. The analysis of variance revealed highest magnitude of dominance than additive for all
characters. The ratio of additive to dominance was lesser than unity for all character. It was
observed from the data (Table 8) that all the traits had higher magnitude of SCA variance
than GCA variance.

4.6 General combining ability effects

The gca effects of 29 female parents (lines) and 3 male (testers) parents for different
traits are given in Table 9.

4.6.1 Days to 50 per cent tasseling

The gca effects for days to 50 per cent tasseling ranged from -2.46 to 1.71. Out of 29
lines, as many as 13 lines exhibited negative gca effects where as remaining 16 lines had

positive gca effects. Lines YPE4#07-2 (-2.46), YP(4#07-4 (-1.63), YP E4#07-13 (-1.13),
YP (4#07-6, YPG4#07-26, YPE)4#07-27 (-0.96) were top 6 parents exhibited significantly
high gca effects in the negative direction. On the other hand, YP&)4#07-19 (1.71),

YP ®4#07-18 (1.37), YPE)4#07-29 (1.21) YP 4#07-21(1.04), YPE 4#07-14 (1.04) were six

top parents exhibited significantly high gca effects in the positive direction. Two testers, CI-5
(-0.18) and KDMI-10 (-0.06) showed gca effects in negative direction and Prabha (0.24)
showed gca effects in positive direction. None of them had significant gca effects.

4.6.2 Days to 50 per cent silking

The gca effects for days to 50 per cent silking ranged from -2.07 to 1.76. Out of 29
lines, as many as 10 lines exhibited negative gca effects, whereas remaining 19 lines

exhibited positive gca effect. Lines YP&14#07-2 (-20.7), YP£ 4#07-26 (-2.07), YP (24#07-24
(-1.91), YP 24#07-25 9 (-1.91), YP R4#07-13 (-1.74), YPE4#07-11 (-1.57), YPE 4#07-27 (-



Table 7: Mean sum of squares of females, males and female x male interactions in respect of 12 characters of maize

SI.No Sources of variation Replication Females (Lines) Males (Testers) Female Vs Males Error
1. Degrees of freedom 1 28 2 56 86
2. Days to 50% tasseling 40.55 5.63** 2.63* 1.20 1.40
3. Days to 50% silking 76.01 9.32** 4.15* 2.67 2.55
4. Plant height (cm) 2124.51 443.38** 776.60** 127.37 226.25
5. Ear length (cm) 45.42 5.19** 2.40 2.71 3.85
6. Ear circumference (cm) 3.52 1.35* 0.40 0.61 0.99
7. Number of kernel rows per ear 3.71 0.80 0.16 0.47 0.42
8. Number of kernels per row 53.85 22.42* 4.36 14.22** 2.96
9. 100-grain weight (g) 0.04 65.38"* 53.59** 30.69** 1.92
10. Grain yield per plant (g) 76.27 103.46 5.24 77.82 83.73
11. | Shelling percentage (%) 3.01 8.86* 1.46 5.40* 2.49
12. | Fodder yield (tha) 2.73 8.12** 6.10** 3.66** 0.18
13. | Grain yield (g/ha) 26.36 50.55* 6.12 32.97 35.30

* Significant at 5%

** Significant at 1%




Table 8: Estimates of variance components as reference to the prevailing gene action in maize for 12 characters

SI.No Characters 0°GCA 0°SCA 0°GCA/0SCA oA o’D o°Ao’D
1. Days to 50% tasseling 0.01 -0.10 -0.15 0.06 -0.39 -0.15
2. Days to 50% silking 0.02 0.06 0.39 0.09 0.23 0.39
3. Plant height (cm) 1.19 -49.44 -0.02 4.76 -197.77 -0.02
4. Ear length (cm) 0.01 -0.57 -0.01 0.03 -2.28 -0.01
5. Ear circumference (cm) 0.00 -0.19 -0.01 0.01 -0.76 -0.01
6. Number of kernel rows per ear 0.00 0.03 0.03 0.00 0.11 0.036
7. Number of kernels per row 0.02 5.63 0.004 0.10 22.54 0.004
8. 100-grain weight (g) 0.12 14.38 0.01 0.48 57.54 0.01
9. Shelling percentage (%) 0.01 1.46 0.01 0.04 5.82 0.01
10. Grain yield per plant (g) 0.07 -2.95 -0.02 0.27 -11.82 -0.02
11. Fodder yield (t/ha) 0.02 1.74 0.01 0.06 6.95 0.01
12. Grain yield (g/ha) 0.05 -1.17 -0.04 0.21 -4.67 -0.04




Table 9: General combining ability (gca) effects of parents in respect of 12 characters

SI.No Characters X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
Females (Lines)

1 YP &) 4 #07-1 -0.13 0.93 12.25* 0.28 1.17** 0.41 2.06** 4.14* -1.8* 3.9 0.48** 2.51
2 YP () 4 #07-2 -2.46** | -2.07* 5.09 0.68 -0.18 -0.06 -0.11 3.14* -0.25 -0.41 -0.54** -0.61
3 YP & 4 #07-3 -0.29 0.09 5.09 1.56 0.16 0.31 1.59* 3.8 0.59 4.51 -0.07 2.6
4 YP () 4 #07-4 -1.63** -1.24 -4.41 0.54 0.39 0.31 1.73* 2.47* 0.25 3.59 -0.14 1.98
5 YP () 4 #07-5 0.21 1.26 -14.91* -1.81* -0.66 -0.53* -2.34* | -3.03** 0.79 -5.16 -2.19* -3.89
6 YP ) 4 #07-6 -0.96* 0.93 -19.75** -1.51 -1.06* -0.73** | -4.01** | -5.03** -1.7* -6.63 -1.7% -5.67*
7 YP () 4 #07-7 0.21 0.43 -7.08 -1.42 -0.46 -0.53* -2.51* | -3.86** -1.18 -5.22 -0.99** -3.84
8 YP ) 4 #07-8 0.54 0.76 -3.41 1.48 0.08 0.37 1.86** -4.53** 1.24 4.34 1.43** 3.05
9 YP %) 4 #07-9 0.54 0.76 11.25 0.96 0.06 0.04 0.43 -1.53** 0.72 0.19 1.68** 0.36
10 | YP 24 #07-10 0.21 0.59 0.75 -0.72 0.37 -0.03 0.19 -0.36 -1.23 -0.74 2.01** -0.4
11 YP () 4 #07-11 -0.79 -1.57* -16.75** -0.96 -1.04* -0.49 -2.57** | -2.36** -0.6 -6.94 -1.94** -3.87
12 | YP &4 #07-12 0.04 -0.91 -2.25 -0.44 -0.06 -0.16 -0.94 2.7 -1.53* -2.94 -0.32 -1.27
13 | YP (2 4 #07-13 -1.13* -1.74* -12.58* 0.08 0.02 0.34 2.03** 2.64* -0.01 2.53 1.2** 2.38
14 | YP &) 4 #07-14 1.04* 1.26 4.59 0.19 0.2 -0.23 -1.34 1.14* -0.33 -3.14 0.58** -2.04
15 | YP () 4 #07-15 0.04 0.26 5.75 -0.29 -0.01 -0.36 -2.31* -1.2* 0.34 -3.18 0.78** -2.59
16 | YP D4 #07-16 0.71 1.26 6.25 1.64* 0.49 -0.09 -0.27 2.3** -0.41 -1.89 0.21 -0.88
17 | YP &) 4 #07-17 1.37** 1.26 1.92 0.58 -0.28 -0.19 -1.01 5.7+ 1.44* -2.31 0.23 -1.64
18 | YP () 4 #07-18 1.37** 1.76** 8.59 1.14 0.34 0.01 -0.04 0.8 -1.81** -1 2.16** -0.34
19 | YP 24 #07-19 1.71* 1.76** 13.42* -0.79 -0.29 -0.43 -2.37** -0.7 0.72 -4.43 1** -3.56
20 | YP & 4 #07-20 0.04 0.43 -6.58 -1.01 -0.43 0.71* 3.56** -0.36 2.09** 8.73* -1.32** 5.95*
21 YP &) 4 #07-21 1.04* 0.43 -0.58 0.03 0.16 -0.06 -0.84 4.47* -0.91 -0.97 -0.27 -0.57
22 | YP (4 #07-22 -0.29 0.43 -4.25 -0.19 -0.19 -0.23 -1.24 -1.03 -1.78** -3.72 0.33 -2.25
23 | YP G0 4 #07-23 0.71 0.76 3.59 -0.64 0.09 -0.26 -1.57* -4.36** 0.3 -2.42 0.98** -1.57
24 | YP (¥4 #07-24 -0.63 -1.91** 0.42 0.58 -0.11 0.21 1.23 -0.03 0.95 2.9 -0.55** 1.7




Contd...

SI.No Characters | X1 X2 | X3 [ x4 | X5 | X6 X7 | X8 [ X9 X10 | X1t X12
Female (Lines)

25 YP &) 4 #07-25 -0.46 -1.91* 1.92 -0.09 0.31 0.44 2.36™ 3.64** 1.55% 4.71 0 3.82

26 YP & 4 #07-26 -0.96* -2.07* 3.25 0.96 0.82* 0.21 1.13 5.14** 0.94 3.69 -1.25* 2.02

27 YP & 4 #07-27 -0.96* -1.41* -1.41 -0.84 0.21 0.47 2.53* 1.47* -1.48* 5.37 -1.04** 4.21

28 YP & 4 #07-28 -0.29 -0.74 -2.58 -0.29 0.07 0.47 2.36™ 5.3** 2.04* 5.79 -1.29* 3.85

29 YP & 4 #07-29 1.21* 0.26 12.42¢ 0.29 -0.21 0.11 0.46 -3.7* 1.12 0.86 0.53** 0.57
Males (Testers)

30 Prabha 0.24 0.26 2.74 0.2 0.04 0.05 0.26 -1.09** 0.05 0.19 0.2** 0.31

31 KDMI-10 -0.06 0.01 1.41 0 0.06 0 0.03 0.37* -0.18 0.16 0.17* 0.03

32 Cl-5 -0.18 -0.27 -4.16* -0.2 -0.1 -0.05 -0.29 0.72** 0.13 -0.35 -0.37** -0.34

CD at 5% female 1.35 1.83 17.19 2.24 1.14 0.742 1.96 1.58 1.80 10.46 0.49 6.79

CD at 1% female 1.80 2.43 22.84 2.98 1.51 0.98 2.61 2.10 2.39 13.89 0.65 9.02

S.Emt 0.68 0.92 8.68 1.13 0.57 0.37 0.99 0.80 0.91 5.28 0.25 3.43

CD at 5% male 0.44 0.59 5.53 0.72 0.37 0.23 0.63 0.51 0.58 3.36 0.16 2.18

CD at 1% male 0.58 0.78 7.35 0.96 0.49 0.31 0.83 0.68 0.77 4.47 0.21 2.90

S.Emt 0.22 0.30 2.79 0.36 0.18 0.12 0.31 0.26 0.29 1.70 0.08 1.10

*-Significant At 5% Level

**-Significant at 1% level

X1 - Days to 50% tasseling
X2 - Days to 50% silking
X3 - Plant height (cm)

X4- Ear length (cm)

X5 - Ear circumference (cm)

X6 — Number of kernel rows per cob
X7 — Number of kernels per row

X8- 100-grain weight (g)

X9 — Shelling percentage (%)
X10 — Grain yield per plant (g)
X11 — Fodder yield (t/ha)
X12-Grain yield (g/ha)




1.41) where seven top female parents exhibited significantly high gca effects in the negative
direction. On the other hand, YPG04#07-19 and YP(04#07-18 (1.76) were two top female
parents exhibited significantly high gca effects in the positive direction. However, out of three

testers, CI-5 (-0.27) showed negative gca effects and two testers Prabha (0.26) and KDMI-10
(0.01) showed positive gca effects. None of them had significant gca effects.

4.6.3 Plant height

The gca effects for plant height ranged from -19.75 to 13.42. Out of 29 lines, as many
as 13 lines showed negative gca effects whereas 16 lines showed positive gca effects. Lines

YP (24#07-6 (-19.75), YPED4#07-11 (-16.75), YPE)4#07-5 (-14.91), YP(E4#07-13 (-12.59)
were four top female parents exhibited significantly high gca effects in the negative direction.
On the other hand, YPZ4#07-19 (13.42), YPX14#07-29 (12.42), YP()4#07-1 (12.25) were

three top female parents exhibited significantly high gca effects in the positive direction. Out
of 3 testers, CI-5 (-4.16) showed significantly high gca effects in the negative direction and
two testers Prabha (2.74) and KDMI-10 (1.41) showed gca effects in the positive direction but
none of them had shown significant levels.

4.6.4 Ear length

The gca for ear length ranged from -1.81 to 1.64. Two female parents showed
significant gca effects of which YPE4#07-5 and YP 4#07-16 had negative and positive

direction respectively. The testers, CI-5 (-0.2) manifested negative gca effects and Prabha
(0.2) showed positive gca effects whereas gca effects of KDMI-10 was nil.

4.6.5 Ear circumference

The gca effects for ear circumference ranged from -1.06 to 1.17. Four parents
showed significantly gca effects of which YPE)4#07-6 (1.06), YP &)4#07-11 (-1.04) was in the

negative direction and YP&4#07-1 (1.17) and YPE)4#07-26 (0.82) was in the positive

direction. The tester, CI-5 (-0.1) manifested negative gca effect and KDMI-10 (0.06) and
Prabha (0.04) showed gca effects in positive direction. None of them had expressed
significant gca effects.

4.6.6 Number of kernel rows per ear

The gca effects for number of kernel rows per ear ranged from -0.73 to 0.71. Out of
29 lines, only four lines showed significant gca effects. YP&4#07-20 and YP (Z4#07-6,

YP(x4#07-5, YP(24#07-7 was in positive and negative direction respectively. The testers,

CI-5 (-0.05) manifested negative gca effects and KDMI-10 (0) and Prabha (0.05) showed gca
effects in positive direction. None of them had expressed significant gca effects.

4.6.7 Number of kernels per row

The gca effects for number of kernels per row ranged from -4.01 to 3.56. Out of 29
lines, 16 showed significant gca effects of which nine were in positive direction and seven
were in negative direction. Among testers, CI-5 (-0.29) manifested negative gca effects and
KDMI-10 (0.03) and Prabha (0.26) showed gca effects in positive direction. None of them had
expressed significant gca effects.

4.6.8 100-grain weight

The gca effects for 100-grain weight ranged from -5.7 to 5.3. Out of 29 lines, as many
as 16 lines exhibited negative gca effect whereas remaining 13 lines has positive gca effect.

Lines YP4#07-17 (-5.7), YP(D4#07-6 (-5.03), YP(D44#07-8 (-4.53), YP (D4#07-23 (-4.36),
YP@4#07-7 (-3.86), YPE4#07-29 (-3.7), YP@4#07-5 (-3.03), YPE4#07-12 9-2.7),



YP 04#07-11 (-2.36), YPE)4#07-9 (-1.53), YP&04#07-15 (-1.2) were 11 top female parents
exhibited significantly high gca effects in the negative direction and lines YP)4#07-28 (5.3),
YP(4#07-26 (5.14), YP&@4#07-21 (4.47), YPE4#07-1 (4.14) YP(R4#07-3 (3.8),
YP(4#07-25 (3.64), YP(4#07-2 (3.14), YP(E4#07-13 (2.64), YPEA4#07-4 (2.47),

YP R4#07-16 (2.3), YP(D4#07-27 (1.47) and YP)4#07-14 (1.4) were 12 top female parents

exhibited significantly high gca effects in the positive direction. However, out of three testers,
Prabha (-1.09) showed significantly high gca effects in negative direction and CI-5 (0.72) and
KDMI-10 (0.37) showed significantly high gca effects in positive direction.

4.6.9 Shelling percentage (%)

The gca effects for shelling per cent ranged from -1.81 to 2.09. Out of 29 lines,
YP @&4#07-17, YPEM4#07-20, YPE4#07-25 and YP(EI4#07-28 were top four females
exhibited significantly high gca effects in positive direction and YP &24#07-1, YP (x)4#07-6,
YP E4#07-12, YPE)4#07-18, YPED4#07-22, YPE 4#07-27 were top six females exhibited

significantly high gca effects in negative direction. However, out of three testers, KDMI-10 (-
0.18) showed significantly high gca effects in negative direction and CI-5(0.13) and Prabha
(0.05) showed significantly high gca effects in positive direction.

4.6.10 Grain yield per plant

The gca effects of grain yield per plant ranged from -6.94 to 8.73. Only one line
YP #144#07-20 (8.73) showed significantly high gca effect in positive direction and none of the

lines showed significantly high gca effect in the negative direction. However, out of three
testers, CI-5 (-0.35) showed gca effects in negative direction and Prabha (0.19) and KDMI-10
(0.16) showed gca effects in positive direction. None of them had significant gca effects.

4.6.11 Fodder yield per hectare

The gca effects for fodder yield ranged from -2.19 to 2.16. Out of 29 lines, as many
as 14 lines exhibited negative gca effects and 15 lines exhibited positive gca effect. Lines

YPE4#07-5 (-2.19), YP&4#07-11(-1.94), YP@4#07-6 (-1.7), YPE4#07-20 (-1.32),
YP E&4#07-28 (-1.29), YPE4#07-26 (-1.25), YPE4#07-27 (-1.04), YPE4#07-7 (-0.99)
YP )4#07-24 (-0.55) and YP £)4#07-2(-0.54) were top 10 female lines exhibited significantly
high gca effects in negative direction and lines YP&)4#07-18 (2.16), YP4#07-10 (2.01),
YP&)4#07-9 (1.38), YPE4#07-8 (1.43), YPE24#07-13(1.2), YP)4#07-9 (1.0), YP E4#07-
23 (0.98), YPE4#07-15 (0.78), YPE4#07-23 (0.98), YP4#07-15 (0.78), YP(E4#07-14

(0.58), YPE4#07-29 (0.53) and YP{)4#07-1 (0.48) were 13 top female lines exhibited
significantly high gca effects in positive direction. However, out of three testers, KDMI-10 (-

0.37) exhibited significantly high gca effects in negative direction, while Prabha (0.2) and CI-5
(0.17) exhibited significantly high gca effects in positive direction.

4.6.12 Grain yield per hectare

The gca effects for grain yield per hectare ranged from -5.67 to 5.95. Two female
parents showed significantly gca effects, of which only one line was in positive direction

(YP(14#07-20) and another was in negative direction (YP &4#07-6). However, out of three
testers, CI-5 (-0.34) showed gca effects in negative direction, while Prabha (0.31) and KDMI-

10 (0.03) showed gca effects in positive direction, but none of them had gca effects at
significant level.



4.7 Specific combining ability effect
The specific combining ability effects of 87 crosses are given in Table 10.
4.7.1 Days to 50 per cent tasseling

The sca effects for days to 50 per cent tasseling ranged from -1.82 (YP ¢4#07-13 x
ClI-5) to 1.51 (YP&4#07-27 x CI-5). Forty-three and 44 crosses manifested positive and

negative sca effects respectively. Out of 87 crosses, the cross YPE24#07-13 x CI-5 (-1.82)
showed significant sca effects in negative direction.

4.7.2 Days to 50 per cent silking

The sca effects for days to 50 per cent silking ranged from -2.56 (YP&4#07-6 x CI-5)
to 4.4 (YP{44#07-6 x Prabha). Forty-one and 46 crosses manifested positive and negative
sca effects, respectively. Out of 87 crosses, only two cross YP{)4#07-6 x Prabha (4.4) and

YP &4#07-6 x CI-5 (-2.56) showed significant sca effects in positive and negative direction,
respectively.

4.7.3 Plant height

The sca effects for plant height ranged from -15.57 (YP%94#07-17 x Prabha) to 14.26

YP &4#07-18 x Prabha). Forty-six and 41 crosses manifested positive and negative sca
effects, respectively. Out of 87 crosses, none of them showed significant sca effects.

4.7.4 Ear length

The sca effects for ear length ranged from -2.05 (YP 94#07-17 x KDMI-10) to 1.99
(YP(44#07-29 x CI-5). Forty-eight and 39 crosses showed positive and negative sca effects
respectively. Out of 87 crosses, none of them showed significant sca effects.

4.7.5 Ear circumference

The sca effects for ear circumference ranged from -0.96 (YPE}44#07-15 x Prabha) to

1.06 (YP{24#07-22 x KDMI-10). Forty-four and 38 crosses showed positive and negative sca
effects respectively. Out of 87 crosses, none of them showed significant sca effects. However
sca effects of cross YPE4#07-10 x Cl-5 was almost nil.

4.7.6 Number of kernel rows per ear

The sca effects for number of kernel rows per ear ranged from -1.05 (YP &4#07-15 x
Prabha) to 1(YP&4#07-23 x KDMI-10). Out of 87 crosses, 42 and 45 crosses showed

positive and negative sca effects respectively. YP &4#07-15 x Prabha and YP&)4#07-23 x
KDMI-10 showed significant sca effects in negative and positive direction respectively.

4.7.7 Number of kernels per row

The sca effects for number of kernels per row ranged from -6.99 (YP(4#07-15 x

Prabha) to 5.1 (YPE4#07-23 x KDMI-10). Out of 87 crosses, 44 and 43 crosses showed

negative and positive sca effects respectively. Eleven and 12 crosses showed significant sca
effects in negative and positive direction respectively.



Table 10: Specific combining ability (sca) effects of single cross hybrids of maize in respect of 12 characters

SI.No Single cross hybrids X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
1 YP &) 4 #07-1 x Prabha 0.76 0.4 5.59 -0.25 0.06 0.08 0.24 0.76 -1.01 -0.96 1.32* 0.2
2 YP &9 4 #07-1 x KDMI -10 -0.44 -0.34 7.92 -0.3 0.09 0.04 0.27 -0.21 1.96 1.36 -0.46 0.23
3 YP & 4 #07-1 x CI-5 -0.32 -0.06 | -13.51 0.55 -0.15 -0.12 -0.51 -0.55 -0.95 -0.4 -0.86™* -0.43
4 YP & 4 #07-2 x Prabha -0.4 -0.1 4.76 -0.75 -0.29 -0.25 -1.39 4.76* -0.61 -3.1 1.38** -1.9
5 YP ) 4 #07-2 x KDMI -10 -0.11 0.16 -7.91 0.2 0.34 0.2 1.93 -6.21** 0.51 3.33 -0.29 212
6 YP & 4 #07-2 x CI-5 0.51 -0.06 3.16 0.55 -0.05 0.05 0.16 1.45 0.1 -0.24 -1.09** -0.22
7 YP () 4 #07-3 x Prabha -0.57 -1.26 -8.74 | -1.24 -0.57 -0.42 1.79 -6.91™* 0.55 -4.62 -0.73" -3.3
8 YP 0 4 #07-3 x KDMI -10 0.72 1.49 1.59 1.77 0.51 0.54 213 5.63** 1.83 8.17 1.04* 5.06
9 YP (%) 4 #07-3 x CI-5 -0.16 -0.23 7.16 -0.53 0.06 -0.12 -0.34 1.28 -2.38* -3.55 -0.31 -1.76
10 YP 0 4 #07-4 x Prabha 0.26 0.57 6.76 0.43 0.59 0.78 4.18** 2.93* 2.79* 9.37 0.93* 6.38
11 YP & 4 #07-4 x KDMI -10 -0.94 -1.17 -1.41 1.03 0.28 -0.16 -0.9 2.46* -0.44 -1.9 -1.29** -1.63
12 YP & 4 #07-4 x CI-5 0.68 0.6 -534 | -1.46 -0.87 -0.62 -3.28** -5.39* -2.35* -7.47 0.36 -4.75
13 YP &9 4 #07-5 x Prabha -0.07 0.07 9.26 0.73 0.44 0.01 -0.06 2.43* 2.65* -0.09 1.28** 0.15
14 YP & 4 #07-5 x KDMI -10 0.22 0.33 -4.41 -2.02 -0.62 -0.13 -0.33 -0.04 -1.92 -2.05 -1.04** -0.69
15 YP &9 4 #07-5 x CI-5 -0.16 -0.4 -4.84 1.29 0.18 0.12 0.39 -2.39" -0.73 2.13 -0.24 0.54
16 YP ) 4 #07-6 x Prabha 1.1 4.4 7.09 1.48 0.84 0.61 3.71* 3.43 3.19** 4.39 0.15 4.19
17 YP &9 4 #07-6 x KDMI-10 0.39 -1.84 -0.58 | -0.57 -0.12 -0.53 227 3.96** -1.04 -4.48 0.78* -3.73
18 YP (&) 4 #07-6 x CI-5 -1.49 | -2.56* | -6.51 -0.91 -0.72 -0.08 1.44 -7.39* 215 0.09 -0.93** -0.46
19 YP & 4 #07-7 x Prabha -1.07 -0.6 1.93 -0.05 0.34 -0.19 -0.79 4.76* -0.68 -0.05 0.48 -1.15
20 YP ) 4 #07-7 x KDMI-10 0.72 0.66 -7.25 0.55 -0.42 0.17 0.63 2.71* -0.76 0.64 -1.29** 1.29
21 YP & 4 #07-7 x CI-5 0.34 -0.06 5.32 -0.5 0.08 0.02 0.16 -2.05* 1.44 -0.59 0.81* -0.14
22 YP ) 4 #07-8 x Prabha 0.6 0.07 2.76 0.25 -0.27 0.41 1.84 -2.57* 1.25 7.06 0.32 4.85
23 YP 0 4 #07-8 x KDMI-10 -0.11 0.33 -7.41 -1.35 -0.27 -0.23 -1.33 -1.54 -0.87 -3.34 1.39** -2.82
24 YP &9 4 #07-8 x CI-5 -0.49 -0.4 4.66 1.1 0.54 -0.18 -0.51 411 -0.38 -3.72 -1.71% -2.04

Contd....




SI.No Single cross hybrids X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X111 | X12
25 YP (<) 4 #07-9 x Prabha -0.9 -1.43 | -13.91 -1.04 -0.72 -0.55 D 70% -1.57 0.12 -5.04 0.12 -4.06
26 YP () 4 #07-9 x KDMI-10 -0.11 -0.17 | 12.92 1.47 1.01 0.6 2 8* 0.96 0.64 6.26 1.79* 4.51
27 YP (£ 4 #07-9 x CI-5 1.01 1.6 0.99 -0.43 -0.29 -0.05 -0.08 0.61 -0.76 -1.22 -1.91* | -0.44
28 YP () 4 #07-10 x Prabha 0.43 0.74 -4.41 0.2 -0.19 0.31 1.81 -2.24* -1.08 4.87 -1.87* 2.79
29 YP (£ 4 #07-10 x KDMI-10 0.22 -0.01 2.92 0.65 0.19 0.17 0.63 -0.21 -0.16 1.24 -0.24 0.79
30 YP (2 4 #07-10 x CI-5 -0.66 -0.73 1.49 -0.85 0 -0.48 D 44* 2.45* 1.24 -6.11 2.11* -3.58
31 YP (2 4 #07-11 x Prabha -0.07 -0.1 0.59 0.38 0.18 -0.02 0.18 3.26™* 0.74 0.82 -1.07* 0.1
32 YP &) 4 #07-11 x KDMI-10 0.22 -0.34 -7.58 -0.32 -0.39 0.14 0.7 -1.21 1.19 -0.78 -0.14 0.73
33 YP () 4 #07-11 x CI-5 -0.16 0.44 6.99 -0.06 0.21 -0.12 -0.88 -2.05* 0.45 -0.04 1.21* -0.82
34 YP ) 4 #07-12 x Prabha 0.1 -0.76 9.09 0.71 0.84 0.75 3.94** -3.41** -0.93 10.55 1.02** 5.85
35 YP &9 4 #07-12 x KDMI-10 -0.11 0.99 -4.58 -0.48 -0.27 02 -0.93 1.13 0.89 -4.27 0.19 -2.02
36 YP &) 4 #07-12x CI-5 0.01 -0.23 -4.51 -0.23 -0.57 -0.55 -3.01* 2.28* 0.04 -6.29 -1.21** | -3.83
37 YP () 4 #07-13 x Prabha 0.76 0.57 -9.07 -1.3 -0.49 -0.05 -0.22 1.26 0.4 -0.29 -1.05** | -0.25
38 YP (£ 4 #07-13 x KDMI-10 1.06 1.33 -0.75 -0.15 0.04 0 0.2 -1.21 -0.12 0.42 1.48** 0.06
39 YP () 4 #07-13 x CI-5 -1.82* -1.9 9.82 1.45 0.45 0.05 0.02 -0.05 -0.28 -0.13 -0.43 0.18
40 YP () 4 #07-14 x Prabha 0.6 0.07 0.26 -0.57 0.28 0.11 1.04 7.76** 0.42 0.81 -0.43 0.98
41 YP () 4 #07-14 x KDMI-10 -0.61 -0.17 -7.41 0.68 -0.6 -0.43 2.73* -3.21** 0.09 -4.25 0.29 -3.14
42 YP (3 4 #07-14 x CI-5 0.01 0.1 7.16 -0.11 0.32 0.32 1.69 -4.55** -0.51 3.44 0.14 217
43 YP (%) 4 #07-15 x Prabha -1.4 -1.93 7.09 -1.44 -0.96 -1.05* -6.99** -9.91** -0.35 -9.92 2.57* -7.51
44 YP &) 4 #07-15 x KDMI-10 0.39 0.33 -0.58 0.37 0.53 05 3.03** 5.63* -0.02 4.51 -1.56** 3.07
45 YP () 4 #07-15x CI-5 1.01 1.6 -6.51 1.07 0.43 0.55 3.76** 4.28** 0.37 5.41 -1.01* 4.43
46 YP (¥ 4 #07-16 x Prabha -0.57 0.57 2.09 -0.07 0.44 0.08 0.28 -3.41** -1.95 0.72 0.68* 0.72
47 YP &) 4 #07-16 x KDMI-10 0.72 0.83 -2.08 0.48 -0.57 -0.06 0.3 0.13 1.08 -0.2 -0.14 -0.59
48 YP () 4 #07-16 x CI-5 -0.16 -1.4 -0.01 -0.41 0.13 -0.02 0.02 3.28** 0.67 -0.51 -0.54 -0.13

Contd....




SI.No Single cross hybrids X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
49 YP & 4 #07-17 x Prabha 0.76 1.07 | -15.57 1.25 0.06 -0.02 -0.39 -2.41* -0.75 -0.96 -1.13** | -0.58
50 YP G 4 #07-17 x KDMI-10 -0.44 | -0.67 3.75 -2.05 -0.56 -0.46 217 0.13 112 -4.66 -1.01** | -3.16
51 YP ) 4 #07-17 x CI-5 -0.32 -0.4 11.82 0.8 0.5 0.48 2.56* 2.28* 1.87 5.61 2.14* 3.74
52 YP (9 4 #07-18 x Prabha 0.26 0.07 14.26 1.93 -0.11 0.28 1.24 1.59 .05 2.92 0.73* 2.26
53 YP & 4 #07-18 x KDMI-10 0.06 -0.17 | -4.41 -0.52 0.08 -0.16 -0.73 -1.37 0.83 -1.07 -0.34 -1.31
54 YP ) 4 #07-18 x CI-5 -0.32 0.1 -9.84 -1.41 0.03 -0.12 -0.51 -0.22 -0.33 -1.84 -0.39 -0.95
55 YP & 4 #07-19 x Prabha -0.07 | -0.43 7.43 0.61 -0.07 0.31 1.58 -1.41 0.87 2.51 -0.2 1.99
56 YP &) 4 #07-19 x KDMI-10 0.72 0.83 3.25 0.72 0.06 -0.13 -0.1 -3.87** -0.06 -2.54 1.48* -0.58
57 YP & 4 #07-19 x CI-5 -0.66 -0.4 | -10.68 -1.33 0.01 -0.18 -1.48 5.28** -0.81 0.02 -1.28" | -1.41
58 YP & 4 #07-20 x Prabha 0.1 -0.6 0.93 -0.17 0.16 -0.62 -3.06* -4.24** 1.2 -10.62 1.47* -5.91
59 YP &) 4 #07-20 x KDMI-10 -0.61 -0.34 0.75 -0.07 0.39 -0.16 -0.73 2.29* 1.32 -2.61 -0.96** 2.9
60 YP &) 4 #07-20 x CI-5 0.51 0.94 -1.68 0.24 -0.55 0.78 3.79** 1.95* 2 50* 13.23* -0.51 8.82*
61 YP (9 4 #07-21 x Prabha 0.6 0.9 -12.57 -0.45 0.28 0.55 3.44* -0.07 0.2 6.44 -0.73* 4.19
62 YP & 4 #07-21 x KDMI-10 -0.61 -1.34 6.75 -0.1 -0.29 0.7 -4.73** -1.54 -0.42 -7.22 -0.81** | -4.96
63 YP (9 4 #07-21 x CI-5 0.01 0.44 5.82 0.55 0.01 0.15 1.29 1.61 0.62 0.77 1.54* 0.77
64 YP & 4 #07-22 x Prabha -0.07 -0.6 -4.91 -0.44 -0.82 -0.29 -1.36 1.43 -3.88** -2.26 -1.83"™ | -2.16
65 YP (9 4 #07-22 x KDMI-10 -0.28 0.16 7.92 0.37 1.06 -0.03 -0.23 0.96 1.24 -0.23 1.49* -0.16
66 YP & 4 #07-22x CI-5 0.34 0.44 -3.01 0.07 -0.24 0.32 1.59 -2.39* 2.64* 2.49 0.34 2.32
67 YP (3 4 #07-23 x Prabha 0.43 0.57 -6.74 -0.69 -0.31 -0.85 -4.62* 3.26** -1.36 -9.85 0.22 -6.31
68 YP & 4 #07-23 x KDMI-10 -0.28 | -0.17 4.59 1.52 0.48 1* 5.1** -0.71 1.71 1.5 -0.51 8.18
69 YP & 4 #07-23 x CI-5 -0.16 -0.4 2.16 -0.83 -0.17 -0.15 -0.48 -2.55* -0.35 -1.65 0.29 -1.87
70 YP (< 4 #07-24 x Prabha 0.26 0.24 -1.57 1.25 0.39 0.68 3.08** -0.07 1.79 11.02 -1.55** 6.49
71 YP & 4 #07-24 x KDMI-10 -0.44 | -0.51 -1.75 -1 -0.57 -0.46 2.5* -2.04* 0.21 -7.92 -0.52 -3.93
72 YP (9 4 #07-24 x CI-5 0.18 0.27 3.32 -0.25 0.18 -0.22 -1.48 2.11* 2 -3.09 2.07* -2.56

Contd...




SI.No Single cross hybrids X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
73 YP (£ 4 #07-25 x Prabha -0.4 -0.26 -2.07 -1.44 -0.57 -0.15 -1.26 -2.74* 0.99 -2.39 -1.55** | -1.96
74 YP 2 4 #07-25 x KDMI-10 0.39 -0.01 2.25 -0.08 0.06 -0.1 -0.03 4.29** -0.59 -2.35 -0.82** | -1.12
75 YP (2 4 #07-25 x CI-5 0.01 0.27 -0.18 1.52 0.51 0.25 1.29 -1.55 0.4 4.74 2.37* 3.09
76 YP () 4 #07-26 x Prabha 0.6 0.4 1.59 0.21 0.36 0.18 0.98 1.26 1.6 0.8 0.45 0.51
77 YP 2 4 #07-26 x KDMI-10 -0.11 -0.34 5.92 1.07 0.34 0.54 2 5* 1.79 1.08 9.91 -0.17 5.6
78 YP ) 4 #07-26 x CI-5 -0.49 -0.06 -7.51 -1.28 -0.7 -0.72 -3.48** | -3.05** 0.32 -10.71 -0.28 -6.11
79 YP (& 4 #07-27 x Prabha -0.4 -0.76 5.26 1.51 0.27 0.01 0.18 -0.57 -0.48 0.28 -1.27* 0.28
80 YP 9 4 #07-27 x KDMI-10 -1.11 -0.51 0.59 -0.53 -0.05 -0.33 1.4 -1.04 -2.36* -4.37 1.21* -2.97
81 YP (& 4 #07-27 x CI-5 1.51 1.27 -5.84 -0.98 -0.22 0.32 1.22 1.61 2.84* 4.08 0.06 2.69
82 YP &9 4 #07-28 x Prabha -0.57 -0.43 -6.07 -0.19 -0.44 -0.39 -2.06 4.09** -0.1 -6.47 -0.37 -3.99
83 YP &) 4 #07-28 x KDMI-10 -0.28 -0.17 0.25 -0.18 -0.16 0.27 1.17 -2.37* -0.07 3.28 0.01 2.76
84 YP &) 4 #07-28 x ClI-5 0.84 0.6 5.82 0.37 0.6 0.12 0.89 -1.72 0.17 3.19 0.36 1.23
85 YP 2 4 #07-29 x Prabha -1.07 -1.43 -1.07 -0.87 0.24 -0.32 -1.96 -1.41 0.92 -5.91 0.67* -2.83
86 YP ) 4 #07-29 x KDMI-10 0.72 0.83 -3.25 -1.12 -0.57 0.14 0.87 0.13 -0.01 3.59 0.44 1.32
87 YP &) 4 #07-29 x CI-5 0.34 0.6 4.32 1.99 0.33 0.18 1.09 1.28 -0.91 2.32 141 1.52

CD at 5% 2.34 3.16 29.78 3.89 1.97 1.28 3.40 2.74 3.12 18.12 0.84 11.76
CD at 1% 3.11 4.20 39.56 5.16 2.61 1.71 4.52 3.64 4.14 24.07 1.12 15.63
CV% 1.18 1.60 15.04 1.96 0.99 0.65 1.71 1.39 1.57 9.15 0.43 5.94

*-Significant At 5% Level

X1 - Days to 50% tasseling
X2 - Days to 50% silking
X3 - Plant height (cm)

**-Significant at 1% level

X4- Ear length (cm)
X5 - Ear circumference (cm)
X6 — Number of kernel rows per cob

X7 — Number of kernels per row

X8- 100-grain weight (g)
X9 — Shelling percentage (%)

X10 — Grain yield per plant (g)

X11 — Fodder yield (t/ha)
X12-Grain yield (g/ha)




4.7.8 100-grain weight

The sca effects for 100 grain weight ranged from -9.91 (YP{£4#07-15 x Prabha) to

7.76 (YP&14#07-14 x Prabha). Forty-two and 45 crosses showed positive and negative sca

effects respectively. Out of 87 crosses, 48 crosses showed significant sca effects among
them, 24 crosses expressed sca effects in positive and 24 crosses in negative direction

respectively. The 24 crosses viz., YPE24#07-14 x Prabha (7.76), YP )4#07-15 x KDMI-10
(5.63), YPE4#07-3 x KDMI-10 (5.63), YP E4#07-19 x CI-5 (5.28), YP{Z)4#07-7 x Prabha
(4.76), YP(4#07-2 x Prabha (4.76), YP(E4#07-25 x KDMI-10 (4.29), YP &4#07-15 x Cl-
5(4.28), YPE4#07-8 x Cl-5(4.11), YP (04#07-28 x Prabha (4.09), YPE4#07-6 x KDMI-10
(3.96), YP(4#07-6 x Prabha (3.43), YP()4#07-16 x ClI-5 (3.28), YP(£4#07-23x Prabha
(3.26), YP&4#07-11 x Prabha (3.26), YP 4#07-4 x Prabha (2.93), YP(E)4#07-4 x KDMI-10
(2.46), YP(:04#07-10 x CI-5 (2.45), YPE)4#07-5 x Prabha (2.43), YP(£4#077-20 x KDMI-10
(2.29), YPER4#07-17 x CI-5 (2.28), YPE4#07-12 x CI-5 (2.28), YP(#4#07-24 x CI-5 (2.11)
and YP{£14#07-20 x CI-5 (1.95) exhibited significantly high sca effects in positive direction
and top 24 crosses viz., YPE4#07-15 x Prabha (-9.91). YPE4#07-6 x CI-5 (-7.39),
YP (£4#07-3 x Prabha (-6.91), YP(4#07-2 x KDMI-10 (-6.21), YP (24#07-4 x CI-5 (-5.39),
YP 4#07-14 x CI-5 (-4.55), YP(04#07-20 x Prabha (-4.24), YP&4#07-19 x KDMI-10 (-
3.87), YPE4#07-12 x Prabha (-3.41), YP&4#07-16 x Prabha (-3.41), YP4#07-14 x KDMI-
10 (-3.21), YPE4#07-26 x CI-5 (-3.05), YPE4#07-25 x Prabha (-2.75), YP&4#07-7 x
KDMI-10 (-2.71), YPE)4#07-8 x Prabha (-2.57), YP{&4#07-23 x Cl-5 (-2.55), YP &4#07-17 x
Prabha (-2.41), YP4#07-5 x CI-5 (-2.39), YP(E4#07-22 x CI-5 (-2.39), YP(24#07-28 x
KDMI-10 (-2.37), YPE4#07-10 x Prabha (-2.24), YP()4#07-7 x CI-5 (-2.05), YP (£)4#07-11 x

Cl-5 (-2.05) and YP{)4#07-24 x KDMI-10 (-2.04) exhibited significantly higher sca effects in
negative direction.

4.7.9 Shelling percentage

The sca effects for shelling per cent ranged from -3.88 (YP&4#07-22 x Prabha) to
3.19 (YPE)4#07-6 x Prabha). Out of 87 crosses, 48 and 39 crosses showed negative and
positive sca effects respectively. The six crosses viz., YPE)4#07-4 x Prabha, YP&4#07-5 x

Prabha, YP 4#07-6 x Prabha, YP4#07-22 x CI-5, YP4#07-27 x CI-5 and YP £4#07-
20 x CI-5 exhibited significantly higher sca effects in positive direction. The four crosses viz.,
YP34#07-3 x CI-5, YP (24#07-4 x CI-5, YP&)4#07-22 x Prabha and YP&)4#07-27 x KDMI-
10 exhibited significantly higher sca effects in negative direction.

4.7.10 Grain yield per plant

The sca effects for grain yield per plant ranged from -10.71 (YP 4#07-26 x CI-5) to
13.23 (YP{}4#07-20 x CI-5). Thirty-nine and 48 crosses showed positive and negative sca

effects respectively. Out of 87 crosses, only YPE4#07-20x CI-5 showed significant sca
effects in positive direction.

4.7.11 Fodder yield per hectare

The sca effects for fodder yield per hectare ranged from -1.91 (YP&4#07-9 x CI-5) to
2.57 (YP(£44#07-15 x Prabha). Forty-one and 46 crosses showed positive and negative sca



effects, respectively. Out of 87 crosses, 52 crosses showed significant sca effects and among
these 20 crosses were in positive direction and the remaining 32 were in negative direction.

4.7.12 Grain yield per hectare

The sca effects of grain yield per hectare ranged from -7.51 (YP&)4#07-15 x Prabha)
to 8.82 (YP{4#07-20 x CI-5). Forty-one and 46 crosses showed positive and negative sca

effects respectively. Out of 87 crosses, only YP &4#07-20 x CI-5 showed significant sca
effects in positive direction.

4.8 Heterosis over mid parent, better parent and checks

The percentage of heterosis over mid parent (relative heterosis), better parent
(heterobeltiosis) and over the best check (standard heterosis) is given in Table 11. DMH-2
was the earliest to develop tassel among checks, thus this was considered as best check to
obtain standard heterosis. EH-434042 (Arjun) was the earliest to develop silking and had
maximum plant height, ear circumference, 100-grain weight and shelling per cent among
checks, thus this was considered as best check to obtain standard heterosis. 900M was the
best check for ear length and fodder yield per hectare, while for number of kernel rows per
ear, number of kernels per row, grain yield per plant and grain yield per hectare Pinnacle was
found to be the best check, thus these were used to work out standard heterosis.

4.8.1 Days to 50 per cent tasseling

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from -8.82 (YPE)4#07-13 x CI-5) to 1.89(YPE}4#07-19 x KDMI-10), -10.71

(YP)4#07-6x CI-5) to 0 (YPE4#07-19 x KDMI-10) and -7.46 (YP&)4#07-13 x CI-5) to 0.75
(YP{)4#07-19 x KDMI-10) per cent respectively. Forty-nine crosses exhibited significant
negative heterosis over the mid parent, 55 crosses over better parent and 30 crosses over the
standard heterosis. The highest significant standard heterosis was manifested by YP&)4#07-

13 x CI-5 (-7.46%) in negative direction and the lowest standard heterosis in positive direction
by YPE4#07-29 x CI-5(-0.75) but was non significant. The highest positive standard

heterosis was manifested by YPE4#07-19 x KDMI-10 and YP(4#07-17 x Prabha (0.75)
and the lowest standard heterosis in positive direction by YP&4#07-14 x Prabha,
YP (£14#07-18 x Prabha, YP(£4#07-19 x Prabha, YP{4#07-21 x Prabha and YP £)4#07-29
x KDMI-10.

4.8.2 Days to 50 per cent silking

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from -8.51 (YP()4#07-13 x CI-5) to 3.14 (YP&4#07-6 x Prabha), -9.15 (YP )4#07-

13 x CI-5) to 2.07 (YP(04#07-6 x Prabha) and -6.52 (YP{%4#07-13 x CI-5 to 7.25

(YP{E)4#07-6 x Prabha) per cent respectively. Twenty-five crosses exhibited significant

negative heterosis over the mid parent, 38 over better parent and 6 crosses showed
significant negative standard heterosis and one cross showed significant positive standard

heterosis. The highest significant standard heterosis was recorded by YP 4#07-13 x CI-5 (-
6.52%) and lowest significant standard was by YP#4#07-2 x CI-5, YPE)4#07-4 x KDMI-10,

YP &4#07-24 x KDMI-10, YP E£4#07-26 x KDMI-10 and YP (4#07-26 x CI-5 (-4.35%) in
negative direction. The highest positive significant standard heterosis was manifested by
YP (4#07-6 x Prabha (7.25) and the lowest positive standard heterosis by YPE24#07-1 x

KDMI-10, YPEM4#07-1 x CI-5, YP(4#07-9 x KDMI-10, YP(E24#07-15 x KDMI-10,
YP 04#07-17 x KDMI-10, YPE4#07-17 x CI-5, YPE04#07-21 x CI-5, YP G04#07-22 x KDMI-
10, YP G94#07-22 x CI-5, YP{E)4#07-23 x KDMI-10 and YP (£)4#07-29 x CI-5.



Table 11: Percent relative heterosis (RH), heterobeltiosis (HB) and standard heterosis (SH) for 12 characters in maize

SI.No Characters Days to 50% tasseling Days to 50% silking Plant height (cm)
Single cross hybrids RH HB SH RH HB SH RH HB SH

1 YP @' 4 #07-1 x Prabha -2.22 -2.94 -1.49 0.00 -1.41 1.45 31.24** 25.09* 25.09*
2 YP @' 4 #07-1 x KDMI -10 -4.09* -4.44* -3.73* -1.43 -2.82 0.00 28.98** 25.84~ 25.84*
3 YP @' 4 #07-1 x CI-5 -3.73* -3.73* -3.73* -0.72 -1.43 0.00 9.09 5.62 5.62
4 YP 'E} 4 #07-2 x Prabha -5.66** -8.09** -6.72* -4.32* -6.34** -3.62 23.02* 15.64 19.1
5 YP @' 4 #07-2 x KDMI -10 -5.3** -7.41** -6.72* -4.32% -6.34* -3.62 9.64 5.45 8.61
6 YP () 4 #07-2 x CI-5 -4.18* -5.97** -5.97* -4.35* -5.71* -4.35* 14.67 9.45 12.73
7 YP @ 4 #07-3 x Prabha -4.44* -5.15** -3.73* -4.59* -4.93* -2.17 14.34 8.99 8.99
8 YP @ 4 #07-3 x KDMI -10 -2.60 -2.96 -2.24 -1.06 -1.41 1.45 18.62 15.73 15.73
9 YP @' 4 #07-3 x CI-5 -3.73* -3.73* -3.73* -3.2 -3.55 -1.45 19.54* 15.73 15.73
10 YP @ 4 #07-4 x Prabha -5.19* -5.88** -4.48* -3.2 -4.23* -1.45 16.09 8.21 13.48
11 YP @' 4 #07-4 x KDMI -10 -7.06* -7.41* -6.72* -6.05* -7.04* -4.35% 6.37 1.43 6.37
12 YP @' 4 #07-4 x CI-5 -4.48* -4.48* -4.48* -3.23 -3.57 -2.17 0 -5.36 -0.75
13 YP @' 4 #07-5 x Prabha -2.96* -3.68* -2.24 -1.41 -1.41 1.45 15.73 12.99 7.49
14 YP @' 4 #07-5 x KDMI -10 -2.60 -2.96 -2.24 -1.41 -1.41 1.45 1.18 1.18 -3.75
15 YP @' 4 #07-5 x CI-5 -2.99* -2.99 -2.99 -2.13 -2.82 0 -2.78 -3.54 -8.24
16 YP @' 4 #07-6 x Prabha -5.07* -6.43** -2.24 3.14 2.07 7.25™* 7.06 1.87 2.25
17 YP @' 4 #07-6 x KDMI-10 -6.18* -7.86™* -3.73* -5.92** -6.9 -2.17 -2.3 -4.85 -4.49
18 YP @ 4 #07-6 x CI-5 -8.76™ -10.71** -6.72* -6.67** -8.28* -3.62 -10.42 -13.43 -13.11
19 YP 'E} 4 #07-7 x Prabha -6.52* -7.86** -3.73* -4.2* -4.86* -0.72 15.2 11.63 7.87
20 YP @' 4 #07-7 x KDMI-10 -4.00** -5.71** -1.49 -2.8 -3.47 0.72 4.3 3.49 0
21 YP @ 4 #07-7 x CI-5 -4.38* -6.43** -2.24 -3.562 -4.86* -0.72 10.63 8.91 5.24
22 YP @' 4 #07-8 x Prabha -0.37 -2.21 -0.75 0 -2.11 0.72 21.97* 21.22 11.24
23 YP @ 4 #07-8 x KDMI-10 -1.50 -2.96 -2.24 0 -2.11 0.72 9.82 7.87 2.62




Contd...

SL.No Characters Days to 50% tasseling Days to 50% silking Plant height (cm)
Single cross hybrids RH HB SH RH HB SH RH HB SH

24 YP @' 4 #07-8 x CI-5 -1.89 -2.99 -2.99 -0.72 -2.14 -0.72 15.96 14.8 7.49
25 YP '@ 4 #07-9 x Prabha -2.26 -4.41* -2.99 -2.51 -4.23* -1.45 19.11 17.2 9.74
26 YP @' 4 #07-9 x KDMI-10 -1.13 -2.96 -2.24 -1.08 -2.82 0 36.51** 35.43* 28.84*
27 YP '@ 4 #07-9 x CI-5 0.76 -0.75 -0.75 1.81 0.71 2.17 23.6* 23.6* 15.73
28 YP @' 4 #07-10 x Prabha -3.65* -4.35* -1.49 -1.75 -2.1 1.45 25.7 20.25 8.99
29 YP @ 4 #07-10 x KDMI-10 -4.03* -5.07* -2.24 -3.16 -3.5 0 27.58** 19.29 13.48
30 YP @' 4 #07-10 x CI-5 -5.15** -6.52** -3.73* -3.89* -4.9* -1.45 22.72* 15.6 8.24
31 YP (%) 4 #07-11 x Prabha -3.37* -5.15™ -3.73* -3.60 -5.63"* -2.90 5.35 1.14 -0.37
32 YP () 4 #07-11 x KDMI-10 -3.01* -4.44* -3.73* -4.32* -6.34* -3.62 -4.45 -6.08 -7.49
33 YP '@' 4 #07-11 x CI-5 -3.4* -4.48* -4.48* -2.90 -4.29* -2.90 3.31 0.76 -0.75
34 YP @ 4 #07-12 x Prabha -2.24 -3.68* -2.24 -3.25 -5.63* -2.90 11.83 -1.27 16.85
35 YP '@' 4 #07-12 x KDMI-10 -2.62 -3.7¢ -2.99 -1.08 -3.52 -0.72 -1.05 -10.76 5.62
36 YP '@ 4 #07-12 x CI-5 -2.26 -2.99 -2.99 -2.55 -4.29* -2.90 -4.24 -14.24 1.50
37 YP '@' 4 #07-13 x Prabha 511 -5.8** -2.99 -4.93** -4.93* -2.17 0.99 -3.04 -4.49
38 YP @ 4 #07-13 x KDMI-10 -4.76** -5.8** -2.99 -4.23* -4.23* -1.45 4.06 2.28 0.75
39 YP @' 4 #07-13 x CI-5 -8.82* -10.14** -7.46* -8.51** -9.15* -6.52* 8.77 6.08 4.49
40 YP () 4 #07-14 x Prabha 0.00 -1.47 0.00 0.36 -1.41 1.45 12.41 0.65 15.36
41 YP @' 4 #07-14 x KDMI-10 -1.87 -2.96 -2.24 -0.36 -2.11 0.72 3.57 -5.23 8.61
42 YP '@' 4 #07-14 x CI-5 -0.75 -1.49 -1.49 0.36 -0.71 0.72 10.79 0.65 15.36
43 YP @' 4 #07-15 x Prabha -4.48** -5.88** -4.48* -4.96** -5.63** -2.90 24.86* 16.97 21.35*
44 YP '@' 4 #07-15 x KDMI-10 -1.87 -2.96 -2.24 -2.18 -2.82 0.00 15.25 10.47 14.61
45 YP @' 4 #07-15 x CI-5 -0.75 -1.49 -1.49 0.00 0.00 1.45 7.40 217 5.99
46 YP @ 4 #07-16 x Prabha -1.87 -3.68* -2.24 0.71 -0.7 2.17 34.33** 30.17* 17.98

Contd...




SL.No Characters Days to 50% tasseling Days to 50% silking Plant height (cm)

Single cross hybrids RH HB SH RH HB | SH RH | HB SH
47 YP 'E} 4 #07-16 x KDMI-10 0.00 -1.48 -0.75 0.71 -0.7 217 26.4* 19.69 13.86
48 YP @‘ 4 #07-16 x CI-5 -1.13 -2.24 -2.24 -2.16 -2.86 -1.45 24.53* 18.8 11.24
49 YP @' 4 #07-17 x Prabha -0.37 -0.74 0.75 1.07 0.00 2.90 3.04 -4.58 1.5
50 YP @' 4 #07-17 x KDMI-10 -2.22 -2.22 -1.49 -1.78 -2.82 0.00 14.13 8.1 14.98
51 YP @ 4 #07-17 x CI-5 -1.86 -2.22 -1.49 -1.08 -1.43 0.00 16.85 9.86 16.85
52 YP @' 4 #07-18 x Prabha 0.00 -1.47 0.00 0.71 -0.7 2.17 44.84** 42.15** 28.84**
53 YP @' 4 #07-18 x KDMI-10 -0.37 -1.48 -0.75 0.00 -1.41 1.45 24.85* 19.69 13.86
54 YP {'53} 4 #07-18 x CI-5 -0.75 -1.49 -1.49 0.72 0.00 1.45 16.77 12.8 5.62
55 YP @' 4 #07-19 x Prabha 0.75 -1.47 0.00 0.72 -1.41 1.45 21.04* 6.32 27.34*
56 YP @ 4 #07-19 x KDMI-10 1.89 0.00 0.75 2.16 0.00 29 14.67 2.88 23.22*
57 YP @' 4 #07-19 x CI-5 0.00 -1.49 -1.49 0.72 -0.71 0.72 1.79 -9.32 8.61
58 YP @' 4 #07-20 x Prabha -3.68* -3.68* -2.24 -3.52 -3.52 -0.72 8.51 0 7.49
59 YP @' 4 #07-20 x KDMI-10 -4.8* -5.15" -3.73* -3.52 -3.52 -0.72 4.99 -1.05 6.37
60 YP @' 4 #07-20 x CI-5 -2.96* -3.68* -2.24 -1.42 -2.11 0.72 -0.19 -6.62 0.37
61 YP @' 4 #07-21 x Prabha -1.47 -1.47 0.00 -1.06 -1.41 1.45 -0.73 -11.11 1.87
62 YP @' 4 #07-21 x KDMI-10 -3.32¢ -3.68 -2.24 -4.59* -4.93* -2.17 10.00 0.65 15.36
63 YP @- 4 #07-21 x CI-5 -2.22 -2.94 -1.49 -1.78 -2.13 0.00 6.12 -3.59 10.49
64 YP @' 4 #07-22 x Prabha -4.76* 511 -2.99 -3.52 -3.562 -0.72 6.26 -1.75 4.87
65 YP () 4 #07-22 x KDMI-10 -5.15* -5.84* -3.73* -2.82 -2.82 0.00 12.43 6.32 13.48
66 YP @ 4 #07-22 x CI-5 -4.06™* 511 -2.99 -2.13 -2.82 0.00 0.93 -5.26 1.12
67 YP @ 4 #07-23 x Prabha -3.62* -5** -0.75 -2.44 -3.45 1.45 6.18 -5.19 9.36
68 YP '@ 4 #07-23 x KDMI-10 -4.73* -6.43* -2.24 -3.83* -4.83* 0.00 11.03 1.3 16.85
69 YP @' 4 #07-23 x CI-5 -4.38™ -6.43* -2.24 -3.86" -5.562* -0.72 6.09 -3.9 10.86
70 YP @' 4 #07-24 x Prabha -4.76* 511 -2.99 -5.3** -5.63* -2.9 16.54 11.28 10.86
71 YP @' 4 #07-24 x KDMI-10 -5.88* -6.57* -4.48* -6.71* -7.04* -4.35* 12.69 10.15 9.74

Contd...,




SL.No Characters Days to 50% tasseling Days to 50% silking Plant height (cm)

Single cross hybrids RH HB SH RH HB SH RH HB SH
72 YP @ 4 #07-24 x CI-5 -4.8* -5.84** -3.73* -5.34™ -5.67** -3.62 13.18 9.77 9.36
73 YP lg‘.' 4 #07-25 x Prabha -5.15** -5.15** -3.73" -6.01** -6.34** -3.62 10.99 1.02 11.61
74 YP @ 4 #07-25 x KDMI-10 -4.06™* -4.41* -2.99 -6.01** -6.34** -3.62 10.75 3.05 13.86
75 YP @' 4 #07-25 x CI-5 -4.44* -5.15™* -3.73* -5.34™ -5.67** -3.62 5.69 -2.37 7.87
76 YP @ 4 #07-26 x Prabha -2.62 -4.41* -2.99 -3.6 -5.63** -2.9 19.84* 13.24 15.36
77 YP @' 4 #07-26 x KDMI-10 -3.76* -5.19** -4.48* -5.04** -7.04** -4.35* 19.39* 15.44 17.6
78 YP @ 4 #07-26 x CI-5 -4.15* -5.22** -5.22** -4.35* -5.71% -4.35% 5.75 1.47 3.37
79 YP @' 4 #07-27 x Prabha -1.92 -5.88** -4.48* -2.92 -6.34** -3.62 21.67* 17.24 14.61
80 YP @ 4 #07-27 x KDMI-10 -3.08* -6.67** -5.97** -2.92 -6.34* -3.62 14.17 12.64 10.11
81 YP {%) 4 #07-27 x CI-5 1.16 -2.24 -2.24 0.00 -2.86 -1.45 5.68 3.45 1.12
82 YP @' 4 #07-28 x Prabha -3.73* -5.15** -3.73* -3.57 -4.93* -2.17 19.32 16.12 5.24
83 YP @ 4 #07-28 x KDMI-10 -3.37* -4.44* -3.73* -3.57 -4.93* -2.17 20.5* 14.57 8.99
84 YP @' 4 #07-28 x CI-5 -1.50 -2.24 -2.24 -2.16 -2.86 -1.45 21.5* 16.4 8.99
85 YP @ 4 #07-29 x Prabha -2.60 -3.68" -2.24 -4.59* -4.93* -2.17 46.58** 32.64™* 20.22
86 YP @' 4 #07-29 x KDMI-10 0.00 -0.74 0.00 -1.77 -2.11 0.72 39.56™* 23.62" 17.6
87 YP @ 4 #07-29 x CI-5 -0.37 -0.75 -0.75 -1.78 -2.13 0.00 42.6** 27.2* 191

*-Significant At 5% Level

RH = Relative heterosis

**-Significant at 1% level

HB = Heterobeltiosis

SH = Standard heterosis




Characters

Ear length (cm)

Ear circumference (cm)

Number of kernel rows per ear

SINo Single cross hybrids RH HB SH RH HB SH RH HB SH

1 YP (%) 4 #07-1 x Prabha 1.24 4.68 4.68 15.00* 172 172 103 ' '
2 YP (&) 4 #07-1 x KDMI -10 432 6.14 6.14 11.68 11.27 12.09 o6 oo 077
3 YP (&) 4 #07-1 x CI-5 9.51 234 234 13.31* 9.16 9.16 207 578 o7
4 YP (%) 4 #07-2 x Prabha 2.86 4.22 5.26 3.44 150 0.73 278 88 ko
5 YP (%) 4 #07-2 x KDMI -10 3.2 3.04 0.88 4.80 3.27 4.03 e aas 54
6 YP () 4 #07-2x CI-5 1477 427 0.00 5.00 2.25 0.00 .08 507 508
7 YP (%) 4 #07-3 x Prabha 15.08 9.93 2.92 8.80 5.84 037 08 2 508
8 YP (%) 4 #07-3 x KDMI -10 28.48* 17.93 13.45 13.51* 6.91 7.69 5 55 075 555
9 YP (£) 4 #07-3x CI-5 24.49* 22.91 447 13.71* 11.46 3.3 0.3 ads s
10 | YP ()4 #07-4 x Prabha 7.31 147 0.88 12.78* 9.09 9.89 30 6.95 615
11 YP () 4 #07-4 x KDMI -10 537 352 3.22 6.91 6.91 7.69 220 ads s
12| Yp ) as07-4xCl5 1.81 42.32 12,57 152 255 1.83 o1 o1 538
13 | YP (2) 4 #07-5 x Prabha 2.01 0.66 4141 8.02 7.39 14 b 545 s
14| vP () 4 #07-5 x KDMI-10 21.35* -25.53* -28.36* 3.59 7.27 6.59 14 o o
15 | v (D a#075xCl5 9.25 442 40.23 5.72 5.51 -1.83 a6 606" o
16 | YP (%) 4 #07-6 x Prabha 13.04 7.62 4.97 11.74 7.39 14 08 058 508
17| YP (%) 4 #07-6 x KDMI-10 6.98 14.89 18.13 0.39 6.55 5.86 00" By 2ar
18 | yp & ano7-6xCl5 055 1.47 2135 .22 435 1136 s oa 008
19 | YP (%) 4 #07-7 x Prabha 278 1.99 13.45 13.93* 817 1.83 v 6o 6o
20 | vp &) 4#07-7 x KDMI-10 0.83 76 4141 3.95 436 3.66 52 o1 .38
21 P () 4 #07-7x CI-5 2.95 1.82 18.42 1157 6.72 4.1 s o 650
22 | vp (&) 4#07-8 x Prabha 32,6 19.21 5.26 7.00 6.38 1.32 a1 - 055
23 | vp () 4#07-8 x KDMI-10 13.68 .52 5.26 355 0.73 1.47 423 aas s
24 | yp @ 4an078xCl5 44.99" 37.69" 7.89 13.06* 1154 6.23 423 aas 54
25 | YP () 4#07-9 x Prabha 10.02 7.28 5.26 409 3.89 22 oa 543 15
26 YP () 4 #07-9 x KDMI-10 20.13 12.46 8.19 13.75% 9.82 10.62 a3t 075 -

Contd...




Characters

Ear length (cm)

Ear circumference (cm)

Number of kernel rows per ear

SI-No Single cross hybrids RH HB SH RH HB SH RH HB SH
27 YP @ 4 #07-9 x CI-5 18.2 14.29 -4.09 7.27 6.64 0.00 1.18 -5.97 3.08
28 YP @ 4 #07-10 x Prabha 12.1 4.3 -7.89 14.52 10.51 4.03 5.69 0.78 0
29 YP @ 4 #07-10 x KDMI-10 8.66 -2.74 -6.43 13.62* 6.18 6.96 1.99 4.48 1.54
30 YP '@' 4 #07-10 x CI-5 8.33 6.72 -16.37 15.85* 12.65 4.40 3.59 9.7* 6.92
31 YP @ 4 #07-11 x Prabha 6.8 3.97 -8.19 0.00 -2.23 -3.66 0.81 5.43 6.15
32 YP '@' 4 #07-11 x KDMI-10 -3.74 -10.03 -13.45 -7.35 -8.36 -7.69 1.99 8.21 5.38
33 YP &) 4 #07-11 x CI-5 7.22 3.85 -13.16 0.00 -2.97 -4.4 438 10.45* 769
34 YP E} 4 #07-12 x Prabha 3.12 -2.65 -3.22 8.82 3.14 8.42 0.75 4.32 234
35 YP 12# 4 #07-12 x KDMI-10 -9.42 -10.88 -11.4 -2.49 -4.53 0.37 .9.89* 11.51* 5.38
36 YP @ 4 #07-12x CI-5 0.00 -10.59 -11.11 -1.85 -7.67 -2.93 12.80** 14.39** -8.46
37 YP @ 4 #07-13 x Prabha 1.18 -0.33 -11.99 4.63 3.83 -0.73 0.78 0.78 0
38 YP @ 4 #07-13 x KDMI-10 2.89 -2.74 -6.43 5.22 2.55 3.30 114 2.99 0
39 YP @ 4 #07-13 x CI-5 24.06" 18.77 1.756 11.67 9.96 5.13 114 2.99 0
40 YP '@' 4 #07-14 x Prabha 8.16 5.3 -7.02 15.77* 12.84 6.23 0.8 233 3.08
41 YP '@' 4 #07-14 x KDMI-10 10.24 3.04 -0.88 5.05 -0.87 -0.15 5.88 10.45* 7.69
42 YP G2 4 #07-14 x CI-5 15.16 11.54 -6.73 15.9* 13.83 5.49 -0.39 599 231
43 YP @ 4 #07-15 x Prabha -0.34 -3.64 -14.91 4.15 1.56 -4.4 7 12.4% -13.08**
44 YP @ 4 #07-15 x KDMI-10 5.73 -1.82 -5.56 12.1 5.82 6.59 3.03 4.48 154
45 YP (%) 4 #07-15x CI-5 21.09 18.09 -2.63 15.04* 13.04 4.76 3.23 4.48 1.54
46 YP @ 4 #07-16 x Prabha 30.29* 18.21 4.39 22.54** 16.34* 9.52 5.39 1.55 231
47 YP @ 4 #07-16 x KDMI-10 26.61* 10.64 6.43 10.28 1.45 2.2 1.63 6.72 3.85
48 YP 12# 4 #07-16 x CI-5 33.07¢ 27.61 0 19.83** 14.62 6.23 1.63 6.72 3.85
49 YP '@' 4 #07-17 x Prabha 16.77 13.84 5.85 3.95 0.73 1.1 0.4 3.1 3.85
50 YP @ 4 #07-17 x KDMI-10 -9.74 -11.25 -14.62 -3.83 -4 -3.3 6.25 -10.45* 7.69
51 YP 'IE' 4 #07-17 x CI-5 17.75 8.49 0.88 7.02 2.92 3.3 0.78 373 0.77

Contd...




Characters

Ear length (cm)

Ear circumference (cm)

Number of kernel rows per ear

Sl-No Single cross hybrids RH HB SH RH HB SH RH HB SH
52 YP (%) 4 #07-18 x Prabha 33.91* 28.15* 13.16 19.25** 10.89 44 196 0.78 0
53 YP () 4 #07-18 x KDMI-10 10.41 1.52 -2.34 16.53* 5.09 5.86 3.85 6.72 3.85
54 YP (£) 4 #07-18 x CI-5 14.71 13.04 -8.77 20.25** 12.65 4.4 3.85 6.72 3.85
55 YP ) 4 #07-19 x Prabha 3.04 -0.31 -5.85 2.82 -0.36 0.00 12 233 3.08
56 YP () 4 #07-19 x KDMI-10 -1.84 -2.74 -6.43 0.55 0.36 1.1 472 9.7 6.92
57 YP (2 4 #07-19 x CI-5 -6.94 -14.86 -19.59 3.23 -0.73 -0.37 5.51 10.45* 7.69
58 YP 'IEI' 4 #07-20 x Prabha 4.5 0 -11.7 7.63 7 0.73 1.99 0.78 154
59 YP () 4 #07-20 x KDMI-10 -0.83 -8.81 -12.28 5.86 1.82 2.56 313 1.49 154
60 YP @ 4 #07-20 x ClI-5 11.03 9.42 -11.7 1.78 1.57 -5.49 10.16* 5.0 8.46
61 YP (%) 4 #07-21 x Prabha 6.38 4.97 -7.31 9.06 5.86 5.86 776 533 154
62 YP () 4 #07-21 x KDMI-10 2.73 -2.74 -6.43 1.46 1.09 1.83 48 41.19* 8.46
63 YP () 4 #07-21 x CI-5 17.08 11.9 -3.8 6.84 2.93 2.93 16 590 231
64 YP () 4 #07-22 x Prabha -4.28 -11.08 -8.48 -2.44 -5.8 -4.76 4.31 543 6.15
65 YP () 4 #07-22 x KDMI-10 -4.55 -7.67 -4.97 8.17 7.97 9.16 462 7.46 462
66 YP @ 4 #07-22 x CI-5 1.61 -10.51 -7.89 1.7 -2.54 -1.47 231 5.22 231
67 YP (%) 4 #07-23 x Prabha -8.84 -15.54 -12.57 0.91 -4.83 1.1 A1A1™ {2 1o* 10.77*
68 YP () 4 #07-23 x KDMI-10 -0.73 -4.24 -0.88 3.36 0.69 6.96 0.75 0 3.08
69 YP (%) 4 #07-23 x CI-5 -7.4 -18.64 -15.79 1.66 -4.83 1.1 8.07* 8.96* 6.15
70 YP () 4 #07-24 x Prabha 26.8" 19.87 5.85 11.28 11.28 4.76 6.25 5.43 4.62
71 YP () 4 #07-24 x KDMI-10 4.68 -4.86 -8.48 0.38 -2.91 2.2 4.98 7.46 462
72 YP () 4 #07-24 x CI-5 20.67 20.45 -5.26 9.41 8.56 22 3.45 597 3.08
73 YP @ 4 #07-25 x Prabha 2.61 -2.32 -13.74 7.21 7 0.73 6.12 0.78 0
74 YP E} 4 #07-25 x KDMI-10 5.65 -3.34 -7.02 8.47 4.73 5.49 4 2.99 0

Contd....




Characters

Ear length (cm)

Ear circumference (cm)

Number of kernel rows per ear

SlNo Single cross hybrids RH HB SH RH HB SH RH HB SH
75 YP @ 4 #07-25 x CI-5 27.91* 26.74 1.17 15.52* 14.84 7.69 6.4 0.75 2.31
76 YP () 4 #07-26 x Prabha 8.39 2.05 2.05 15.37* 12.59 11.36 6.07 155 0.77
77 YP () 4 #07-26 x KDMI-10 7.9 5.85 5.85 11.56 10.55 11.36 6.35 0 3.08
78 YP &) 4 #07-26 x CI-5 1.97 -9.06 -9.06 7.07 3.7 2.56 3.97 9.7* 6.92
79 YP () 4 #07-27 x Prabha 10.6 9 -0.88 11.88 10.94 6.23 353 233 154
80 YP () 4 #07-27 x KDMI-10 -8.12 -10.64 -14.04 5.89 3.27 4.03 154 4.48 1.54
81 YP G 4 #07-27 x CI-5 -2.94 -9.65 -17.84 7.85 6.12 1.61 3.08 0 3.08
82 YP () 4 #07-28 x Prabha 15.54 4.64 7.6 12.58 6.23 0 24 0.78 154
83 YP ) 4 #07-28 x KDMI-10 8.71 -5.17 -8.77 10.93 1.45 22 5.1 0 3.08
84 YP @ 4 #07-28 x CI-5 24.37 19.03 -6.73 21 15.02 6.59 353 1.49 1.54
85 YP () 4 #07-29 x Prabha 8.09 3.97 -8.19 11.07 9.34 2.93 0 3.1 3.85
86 YP () 4 #07-29 x KDMI-10 0.33 -7.29 -10.82 1.15 -3.64 -2.93 1.18 3.73 0.77
87 YP &) 4 #07-29 x CI-5 32.72* 30.11* 6.14 11.55 10.67 2.56 118 3.73 077

*-Significant At 5% Level

RH = Relative heterosis

**-Significant at 1% level

HB = Heterobeltiosis

SH = Standard heterosis




SL.No Characters Number kernels per row 100 grain weight (9) Shelling percentage (%)
Single cross hybrids RH HB SH RH HB SH RH HB SH
1 YP () 4 #07-1 x Prabha 12.87** 8.01 8.01 35.92* 9.38* 9.38* 262 477" 477"
2 YP @l 4 #07-1 x KDMI -10 4.47 1.69 7.42 17.36™* 10.94* 10.94* 0.6 -1.49 1.49
3 YP @ 4 #07-1 x CI-5 6.69 4.15 4.15 29.09** 10.94* 10.94* -3.03 -4.59* -4.59*
4 YP @ 4 #07-2 x Prabha 7.24 5.84 -3.26 83.13** 72.73** 18.75** .0.88 3.65 244
5 YP () 4 #07-2 x KDMI -10 6.71 -1.69 3.86 12.87* 0 -10.94* 411 259 137
6 YP ® 4 #07-2 x CI-5 8.21 4.67 -0.3 62.22** 58.7** 14.06** 0.51 2.71 1.49
7 YP @ 4 #07-3 x Prabha 19.37* 10.06 0.59 30.12** 22.73** -15.63** 507 4.55* 0.06
8 YP @] 4 #07-3 x KDMI -10 22.08** 5.62 11.57* 62.38** 43.86* 28.13* 5 14** 3.03 1.19
9 YP @ 4 #07-3 x CI-5 19.79** 8.41 3.26 64.44** 60.87** 15.63** 1.06 0.25 3.46
10 YP @ 4 #07-4 x Prabha 27.59** 25.39** 18.69** 44.9* 20.34* 10.94* 5.15% 3.44 201
11 YP 18] 4 #07-4 x KDMI -10 2.81 -2.53 2.97 25.86** 23.73** 14.06** 0.42 0.72 1.91
12 YP (%) 4 #07-4 x CI-5 0 -0.31 -5.04 10.48* -1.69 -9.38* 1.65 265 381
13 YP @ 4 #07-5 x Prabha 14.44* 2.92 -5.93 28.26** 11.32* -7.81 11.85* 7.40% 268
14 YP @ 4 #07-5 x KDMI -10 3.65 -12.36** -7.42 3.64 0 -10.94* 4.13* 197 3.04
15 YP @ 4 #07-5 x CI-5 11.46* -1.56 -6.23 7.07 0 -17.19** 6.87* 203 195
16 YP @ 4 #07-6 x Prabha 17.57** 9.74 0.3 25.27** 9.62 -10.94* 7.19** 4.99% 0.36
17 YP @l 4 #07-6 x KDMI-10 -11.4* -22.47** -18.1* 11.93* 7.02 -4.69 0.13 3.00 -4.95*
18 YP () 4 #07-6 x CI-5 -4.42 -12.46* -16.62** -20.41** -25* -39.06** 043 277 5.9+
19 YP (¥} 4 #07-7 x Prabha -3.3 -6.38 -8.61 61.04** 58.97** -3.13 1.01 277 3.64
20 YP @ 4 #07-7 x KDMI-10 -6.57 -10.11* -5.04 5.26 -12.28* -21.88** 2.69 313 3.99
21 YP (%) 4 #07-7 x CI-5 -4 -5.17 -7.42 23.81* 13.04* -18.75** 1.06 012 1.01
22 YP @ 4 #07-8 x Prabha 41.31** 22.73** 1217 5.75 -4.17 -28.13** 5.74%* 5.05* 155
23 YP @ 4 #07-8 x KDMI-10 18.01** -3.37 2.08 -2.86 -10.53" -20.31** 1.44 0.55 1.95
24 YP '8] 4 #07-8 x CI-5 27.37* 8.72 3.56 34.04** 31.25* -1.56 3.18 3.02 0.3
25 YP @ 4 #07-9 x Prabha 11.38* 3.25 -5.64 38.46™* 38.46™* -15.63** 248 0.84 0.42




Contd....

SI.No Characters Number kernels per row 100 grain weight (g) Shelling percentage (%)
Single cross hybrids RH HB SH RH HB SH RH HB SH

26 YP @ 4 #07-9 x KDMI-10 19.87** 4.21 10.09* 29.17** 8.77 -3.13 1.48 1.21 0.06
27 YP @ 4 #07-9 x CI-5 16.1** 5.61 0.59 45.88** 34.78** -3.13 0.88 012 137
28 YP @ 4 #07-10 x Prabha 30.56** 17.21* 712 37.5* 34.15** -14.06** 0.34 0.92 447
29 YP @ 4 #07-10 x KDMI-10 15.47** -2.58 2.97 26.53** 8.77 -3.13 -0.83 158 3.34
30 YP @ 4 #07-10 x CI-5 10.6* -2.49 -7.12 56.32** 47.83** 6.25 2 1.97 4.31
31 YP @ 4 #07-11 x Prabha 15.48** 2.92 -5.93 44.19** 31.91** -3.13 276 200 1.05
32 YP @ 4 #07-11 x KDMI-10 7.2 -10.11* -5.04 7.69 -1.75 -12.5" -1.25 -2.06 -3.81
33 YP 'El 4 #07-11 x CI-5 7.12 -6.23 -10.68* 18.28* 17.02** -14.06** 1.88 1.79 -1.49
34 YP @ 4 #07-12 x Prabha 12.94* 6.3 10.09* -3.03 -20™ -25* -0.77 -1.59 -4.35*
35 YP @l 4 #07-12 x KDMI-10 -9.22% -10.11* -5.04 2.56 0 -6.25 -0.15 -0.67 -2.44
36 YP @ 4 #07-12 x CI-5 -11.64** -15.19** -12147* 18.87* 5 -1.56 -0.09 -0.31 -3.1

37 YP @ 4 #07-13 x Prabha 13.07** 9.79* 6.53 32.04** 6.25 6.25 1.74 -0.06 -0.95
38 YP @ 4 #07-13 x KDMI-10 5.71 1.4 712 9.09* 3.13 3.13 -0.51 -0.96 -1.85
39 YP @ 4 #07-13 x CI-5 9.88* 8.87 5.64 25.45** 7.81 7.81 0.4 -0.78 -1.67
40 YP @ 4 #07-14 x Prabha 17.77* 9.74 0.3 65.96™* 41.82** 21.88** 2.76 2.29 -1.31
41 YP @ 4 #07-14 x KDMI-10 -4.18 -16.29** -11.57* 5.36 3.51 -7.81 0.7 -0.18 -1.97
42 YP @ 4 #07-14 x CI-5 15.5™* 5.61 0.59 12.87* 3.64 -10.94~ 1.08 0.92 -2.32
43 YP @ 4 #07-15 x Prabha -7.46 -19.48** -26.41** -14.61* -24** -40.63** 5.15* 3.12 -1.43
44 YP @' 4 #07-15 x KDMI-10 19.18* -2.25 3.26 34.58** 26.32** 12.5** 3.82 0.49 -1.31
45 YP @ 4 #07-15x CI-5 27.5* 9.03 3.86 45.83** 40* 9.38* 5.5 2.83 -0.48
46 YP () 4 #07-16 x Prabha 31.15** 10.71* 1.19 27.47* 11.54* -9.38* 0.34 0.19 -4.23
47 YP @ 4 #07-16 x KDMI-10 17.25** -6.46 -1.19 24.77* 19.3** 6.25 2.68 1.15 -0.66
48 YP @ 4 #07-16 x CI-5 24.95™ 3.74 -1.19 53.06™* 44.23** 17.19** 3.07 2.28 -1.01




Contd....

SL.No Characters Number kernels per row 100 grain weight (g) Shelling percentage (%)
Single cross hybrids RH HB SH RH HB SH RH HB SH
49 YP @ 4 #07-17 x Prabha 11.79* 6.17 -2.97 -14.56™* -31.25* -31.25** 1.92 -0.06 -0.6
50 YP @ 4 #07-17 x KDMI-10 -3 -13.76** -8.9 -14.05** -18.75** -18.75** -0.15 -0.78 -1.31
51 YP '8] 4 #07-17 x CI-5 17.39** 9.35 4.15 3.64 -10.94* -10.94* 4.59* 3.18 2.62
52 YP @l 4 #07-18 x Prabha 15.17* 14.61** 4.75 64.56** 62.5** 1.56 -0.77 -1.77 -4.17
53 YP @ 4 #07-18 x KDMI-10 0.15 -7.02 -1.78 27.84* 8.77 -3.13 -0.76 -1.09 -2.86
54 YP @l 4 #07-18 x CI-5 5.43 2.8 -2.08 51.16** 41.3* 1.56 -1.07 -1.47 -3.87
55 YP @ 4 #07-19 x Prabha 19.78** 8.12 -1.19 4.67 -17.65** -12.5* 5.21** 5.11* 0.48
56 YP (%) 4 #07-19 x KDMI-10 3.97 -11.8* -6.82 -13.6™* -20.59** -15.63** 2.37 0.91 -0.89
57 YP '8] 4 #07-19 x CI-5 4.39 -7.48 -11.87* 28.07** 7.35 14.06** 2.57 1.85 -1.43
58 YP @ 4 #07-20 x Prabha 16.89** 12.34* 2.67 -3.77 -23.88** -20.31** 1.61 -0.89 -0.36
59 YP IEI 4 #07-20 x KDMI-10 14.69** 3.09 8.9 8.06 0 4.69 -0.15 -1.3 -0.77
60 YP @ 4 #07-20 x CI-5 35.21** 27.41** 21.36™ 18.58** 0 4.69 5.59** 3.62 4.17
61 YP @ 4 #07-21 x Prabha 34.93** 19.16** 8.9 21.05™ -8* 7.81 1.49 1.24 -2.74
62 YP @ 4 #07-21 x KDMI-10 -4.39 -20.51** -16.02** 4.55 -8* 7.81 -0.43 -1.52 -3.28
63 YP @l 4 #07-21 x CI-5 22.08** 5.92 0.89 25.62** 1.33 18.75** 1.98 1.6 -1.67
64 YP @ 4 #07-22 x Prabha 2.61 2.27 -6.53 12.96** -11.59** -4.69 -5.49* -7 -8.16*
65 YP (%) 4 #07-22 x KDMI-10 -2.11 -8.99* -3.86 0.00 -8.7¢ -1.56 -0.82 -1.09 -2.32
66 YP 'E:I 4 #07-22 x CI-5 8.13 5.61 0.59 -0.87 -17.39** -10.94* 1.98 0.97 -0.3
67 YP @ 4 #07-23 x Prabha -14.29** -18.66™* -17.21* 19.59** 0 -9.38* -0.76 -3.2 -2.68
68 YP @ 4 #07-23 x KDMI-10 7.01 5.06 10.98* -7.83 -8.62 -17.19** 1.35 0.18 0.72
69 YP @ 4 #07-23 x CI-5 -5.12 -8.16 -6.53 -3.85 -13.79** -21.88** -0.03 -1.9 -1.37
70 YP @ 4 #07-24 x Prabha 35.28** 27.6™ 16.62** 57.89** 53.85™* -6.25 6.95"* 6.55"* 1.85
71 YP @ 4 #07-24 x KDMI-10 3.66 -8.43 -3.26 25.53** 3.51 -7.81 3.27 1.52 -0.3
72 YP '8] 4 #07-24 x CI-5 12.12** 3.74 -1.19 63.86** 47.83* 6.25 1.68 0.68 -2.56
73 YP @ 4 #07-25 x Prabha 28.23** 14.29** 4.45 24* 1.64 -3.13 6.13** 5.97** 1.61




Contd...

SI.No Characters Number kernels per row 100 grain weight (g) Shelling percentage (%)
Single cross hybrids RH HB SH RH HB SH RH HB SH
74 YP @ 4 #07-25 x KDMI-10 21.27* 1.69 7.42 33.9** 29.51* 23.44* 2.49 1.27 -0.54
75 YP 'E:I 4 #07-25 x CI-5 32.38** 15.89** 10.39* 27.1* 11.48* 6.25 3.87 3.39 0.06
76 YP @ 4 #07-26 x Prabha 30.92** 17.53** 7.42 46™ 19.67** 14.06** 1.93 1.55 -2.21
77 YP 'E:I 4 #07-26 x KDMI-10 24.79** 5.34 11.28* 30.51** 26.23** 20.31** 3.8 2.79 0.95
78 YP @ 4 #07-26 x CI-5 10.25* -2.8 -7.42 27.1* 11.48* 6.25 3.77 3.51 0.18
79 YP '8] 4 #07-27 x Prabha 21.65* 19.48** 9.2 24 1.64 -3.13 0.25 -0.19 -3.75
80 YP @ 4 #07-27 x KDMI-10 7.2 -1.69 3.86 8.47 4.92 0 -3.67 -4.55* -6.26™
81 YP IEI 4 #07-27 x CI-5 20.71** 16.2** 10.68* 30.84** 14.75** 9.38* 3.82 3.63 0.3
82 YP @ 4 #07-28 x Prabha 19.65** 11.69* 2.08 102.56** 102.56** 23.44** 2.67 -0.06 0.89
83 YP 'El 4 #07-28 x KDMI-10 20.06™* 5.06 10.98* 43.75** 21.05** 7.81 1.08 -0.3 0.66
84 YP 'E:I 4 #07-28 x CI-5 2517 14.64** 9.2 67.06™* 54.35** 10.94* 2.47 0.35 1.31
85 YP ® 4 #07-29 x Prabha 13.99** 5.84 -3.26 28.21** 28.21** -21.88** 6.74** 5.67* 1.01
86 YP @ 4 #07-29 x KDMI-10 13.55** -1.12 4.45 16.67* -1.75 -12.5" 3.85 1.46 -0.36
87 YP @ 4 #07-29 x CI-5 20** 9.35 4.15 38.82** 28.26* -7.81 3.88 2.22 -1.07

*-Significant At 5% Level

RH = Relative heterosis

**-Significant at 1% level

HB = Heterobeltiosis

SH = Standard heterosis




SL.No Characters Grain yield per plant (g) Fodder yield (t/ha Grain yield (g/ha)

Single cross hybrids RH HB SH RH HB SH RH HB SH
1 YP @ 4 #07-1 x Prabha 56.57** 52.73* 52.73** 111.76* 107.69* 107.69** 32.62** 27.33* 27.33*
2 YP @' 4 #07-1 x KDMI -10 44.04** 34.11* 55.57** 44 29.9** 61.54** 17.36 9.26 26.75
3 YP @' 4 #07-1 x CI-5 70.53** 52.76** 52.76** 37.18** 37.18** 37.18** 42.86** 24.41 24.41
4 YP '@' 4 #07-2 x Prabha 50.97** 49.75** 44.73** 52.94** 27.68** 83.33** 25.26* 25.09 15.42
5 YP @ 4 #07-2 x KDMI -10 43.59** 31.61** 52.68** 4.31 -2.68 39.74** 19.03 6.85 23.96
6 YP @' 4 #07-2 x CI-5 67.93** 52.74** 47.62** -13.68 -26.79** 5.13 41.51** 27.63 17.77
7 YP @' 4 #07-3 x Prabha 70.49** 56.64** 48.95™* 61.76™ 46.67** 41.03** 41.7* 29.91* 19.55
8 YP 'E} 4 #07-3 x KDMI -10 68.46™* 42.05™* 64.79** 83.54** 49.48** 85.9** 43.18** 18.93 37.97**
9 YP @' 4 #07-3 x CI-5 88.43** 87.88** 49.62** 53.96** 37.18** 37.18** 61.15** 58.48** 21.58
10 YP @' 4 #07-4 x Prabha 70.04* 66.54** 65.16** 68.05* 51.06* 82.05** 47.62* 43.17* 40.2**
11 YP @' 4 #07-4 x KDMI -10 40.48** 30.29** 51.14** 1.57 0 24.36* 13.41 4.58 21.31
12 YP @ 4 #07-4 x CI-5 61.05** 44.8* 43.61** 38.37** 26.6™ 52.56** 31.74* 15.76 13.36
13 YP @' 4 #07-5 x Prabha 61.51** 49.94** 42.58** 72.8* 44> 38.46™* 34.49* 22.38 12.62
14 YP @' 4 #07-5 x KDMI -10 41.91* 20.78* 40.11** -17.01 -37.11* -21.79 15 -5.1 10.09
15 YP @' 4 #07-5 x CI-5 80.13** 77.58** 44.67** 3.13 -15.38 -15.38 49.75™ 48.48** 12.04
16 YP @ 4 #07-6 x Prabha 60.8** 53.86** 46.3* 14.46 4.4 21.79 35.27* 27.99 17.78
17 YP {?3} 4 #07-6 x KDMI-10 33.34** 16.6 35.26™* 13.83 10.31 37.18** 0.04 -14.57 -0.9
18 YP @' 4 #07-6 x CI-5 69"~ 61.5"* 40.31** -26.63** -31.87* -20.51 35.26" 28.72 5.7
19 YP (¥) 4 #07-7 x Prabha 45.41** 4117 42.55** 93.33** 54.67** 48.72** 14.46 10.01 9.77
20 YP @' 4 #07-7 x KDMI-10 32.14** 23.58* 43.36™* 12.68 -17.53 2.56 6.32 -1.11 14.72
21 YP @ 4 #07-7 x CI-5 56.78** 39.85™* 41.22** 80.49™* 42.31** 42.31** 27.16" 10.85 10.61
22 YP '@ 4 #07-8 x Prabha 94.45** 71.65** 63.22** 110.46™ 106.41* 106.41** 77.03** 51.21** 39.15**
23 YP @ 4 #07-8 x KDMI-10 59.21** 29.56™* 50.29** 108** 87.63™* 133.33** 33.62" 4.35 21.05
24 YP @' 4 #07-8 x CI-5 96.37* 88.46** 49.2* 39.74* 39.74* 39.74* 75.07** 64.46* 21.99
25 YP @ 4 #07-9 x Prabha 60.47** 50.46** 43.07** 138.24* 116** 107.69** 33.3* 22.47 12.7




Contd....

SI.No Characters Grain yield per plant (9) Fodder yield (t/ha Grain yield (g/ha)
Single cross hybrids RH HB SH RH HB SH RH HB SH

26 YP @ 4 #07-9 x KDMI-10 57.66™* 35.39** 57.05™* 146.84* 101.03** 150** 36.32** 13.44 31.6*
27 YP @ 4 #07-9 x CI-5 81.23** 76.81** 47.15** 58.27** 41.03** 41.03** 58** 55.03** 19.48
28 YP @ 4 #07-10 x Prabha 78.19** 62.16** 54.2* 136.7** 72.0** 65.38** 53.01** 37.56** 26.59**
29 YP @ 4 #07-10 x KDMI-10 54.32** 29.03** 49.67** 145.8** 65.98"* 106.41** 28.17* 4.65 21.41
30 YP @ 4 #07-10 x CI-5 78.08** 76.75** 39.93** 251.79** 152.56** 152.56** 49.87** 49.13** 10.62
31 YP @ 4 #07-11 x Prabha 64.88"* 48.8** 41.5™ -0.75 -12 -15.38 36.5* 22.3 12.54
32 YP @ 4 #07-11 x KDMI-10 44.87** 20.24* 39.48* 8.39 -13.4 7.69 20.01 -2.3 13.34
33 YP @l 4 #07-11 x CI-5 79.53** 76.56** 39.78** 47.06** 28.21* 28.21* 48.2** 46.91* 8.97
34 YP @ 4 #07-12 x Prabha 55.25* 45.27* 58.52** 56.42* 34.62** 79.49** 30.26" 19.61 31.58*
35 YP () 4 #07-12 x KDMI-10 24.48** 20.78* 40.11** 22.39** 18.27* 57.69** 0.02 -2.57 13.02
36 YP @ 4 #07-12 x CI-5 45.5** 25.53* 36.98** -7.69 -19.23* 7.69 17.34 -1.77 8.05
37 YP @ 4 #07-13 x Prabha 56.45™* 53.32** 51.87** 44.94* 25.24* 65.38** 32.24** 27.88* 26
38 YP @ 4 #07-13 x KDMI-10 42.02** 31.64** 52.71** 79* 73.79** 129.49** 17.53 8.68 26.08
39 YP @ 4 #07-13 x CI-5 69.9** 52.85™* 51.4* 43.65*" 26.21** 66.67** 45.34** 27.38* 25.51
40 YP @ 4 #07-14 x Prabha 62.35™* 53.75™* 46.2** 41.76** 20.56* 65.38** 38.21** 28.99 18.71
41 YP @ 4 #07-14 x KDMI-10 39.19** 20.59* 39.89** 40.2** 33.64** 83.33** 11.05 -6.3 8.69
42 YP @ 4 #07-14 x CI-5 81.27** 75.04** 48.79** 39.46™* 20.56* 65.38** 55.85** 50.39** 19.95
43 YP @ 4 #07-15 x Prabha 56.7** 39.69** 32.83** 216.39** 157.33* 147.44* 23.66 6.64 -1.87
44 YP @ 4 #07-15 x KDMI-10 58.25** 29.91** 50.7** 52.78** 13.4 41.03** 33.13* 4.83 21.61
45 YP @ 4 #07-15x CI-5 96.85™* 90.98** 51.19** 76** 41.03** 41.03** 75.87** 66.99"* 23.87
46 YP @ 4 #07-16 x Prabha 77.08** 55.25** 47.63** 164.22* 92** 84.62** 56.3** 31.25* 20.78
47 YP @ 4 #07-16 x KDMI-10 56.09** 26.25™* 46.45™* 93.89** 30.93** 62.82** 31.25" 0.99 17.16
48 YP @l 4 #07-16 x CI-5 92.88* 83.72* 45.44* 92.86* 38.46* 38.46* 71.73* 58.24* 17.37




Contd....

SI.No Characters Grain yield per plant (9) Fodder yield (t/ha Grain yield (g/ha)
Single cross hybrids RH HB SH RH HB SH RH HB SH
49 YP () 4 #07-17 x Prabha 55.95"* 52.52** 45.03** 38.46™* 33.33** 38.46™* 28.56" 26.15 16.09
50 YP 'E:I 4 #07-17 x KDMI-10 35.71** 21.03* 40.4** 23.6* 13.4 41.03** 711 -5.56 9.56
51 YP @ 4 #07-17 x CI-5 79.35™* 67.76™* 52.51** 103.77* 100** 107.69** 52.94** 40.52** 24.45
52 YP 'E:I 4 #07-18 x Prabha 58.3** 57.33** 51.47** 243.93** 145.33* 135.9** 34.73** 33.12¢ 25.51
53 YP @ 4 #07-18 x KDMI-10 38.01** 26.27** 46.48** 151.16™ 67.01** 107.69** 11.04 0.64 16.75
54 YP '8] 4 #07-18 x CI-5 65.19* 50.51** 44.9* 172.73* 92.31* 92.31** 38.57* 23.79 16.71
55 YP @ 4 #07-19 x Prabha 64.79** 54.28** 46.7** 29.68** -1.39 82.05** 40.35** 27.77 17.58
56 YP @l 4 #07-19 x KDMI-10 41.14* 21.03* 40.4* 45.23** 21.53* 124.36* 15.99 -4.24 11.08
57 YP @ 4 #07-19 x CI-5 76.35™* 72.31** 42.95** -1.8 -24.31** 39.74** 44.74* 43.44* 8.34
58 YP 'El 4 #07-20 x Prabha 56.22** 54.31** 46.74** 63.29** 55.42** 65.38** 34.11** 31.72¢ 21.21
59 YP 'E:I 4 #07-20 x KDMI-10 50.05** 35.03** 56.64** -11.11 -17.53 2.56 24.49* 9.86 27.44*
60 YP ® 4 #07-20 x CI-5 104.33* 89.35** 75.66** -3.11 -6.02 0 88.21** 7277 53.3**
61 YP @ 4 #07-21 x Prabha 79.77* 63.92** 55.87** -13.82* -38.01** 35.9** 60.42** 40.6™* 29.39*
62 YP @ 4 #07-21 x KDMI-10 42.95** 19.73* 38.9** -22.39** -39.18** 33.33* 16.47 -6.98 7.91
63 YP @ 4 #07-21 x CI-5 88.18** 87.18** 48.18** 12.45* -18.13** 79.49** 67.47** 61.96™* 20.13
64 YP @ 4 #07-22 x Prabha 47.15** 45.36** 41.68** 4.92 -11.11 23.08* 18.51 16.39 11.08
65 YP @ 4 #07-22 x KDMI-10 35.06** 24.27* 44.16™* 58.05** 50** 107.69** 8.79 -0.85 15.01
66 YP @ 4 #07-22 x CI-5 66.34** 50.73** 46.9** 37.63** 18.52* 64.1** 41.3** 25.56 19.83
67 YP @ 4 #07-23 x Prabha 34.97** 29.63** 33.86™* 47.06** 16.28* 92.31** 7.39 3.04 3.19
68 YP @ 4 #07-23 x KDMI-10 46.21** 38.19** 60.3** 19.47* 4.65 73.08** 25.45* 16.87 35.58**
69 YP 'El 4 #07-23 x CI-5 57.18** 38.84** 43.37** 35.27** 8.53 79.49** 28.31* 11.67 11.84
70 YP @ 4 #07-24 x Prabha 78.89** 74.93** 66.34** 29.23* 12 7.69 54.84** 51.89** 39.78**
71 YP @l 4 #07-24 x KDMI-10 38.06** 23.11* 42.82** 36.84** 7.22 33.33** 12.87 -0.5 15.42




Contd...

SI.No Characters Grain yield per plant (g) Fodder yield (t/ha) Grain yield (g/ha)
Single cross hybrids RH HB SH RH HB SH RH HB SH
72 YP @' 4 #07-24 x CI-5 74.28** 63.04** 48.18** 118.05* 85.9** 85.9** 44.69** 32.96* 17.7
73 YP @ 4 #07-25 x Prabha 78.64™* 59.81** 51.96™* 13.1 2.15 21.79 53.98** 36.23" 25.37
74 YP 'El 4 #07-25 x KDMI-10 59.11** 31.02** 51.99** 14.74 12.37 39.74** 35.58** 9.17 26.65
75 YP @ 4 #07-25 x CI-5 107.7** 102.29** 60.15** 89.47** 74.19* 107.69** 86.77** 82.54** 35.4*
76 YP @l 4 #07-26 x Prabha 79.3** 62.64™* 54.65™* 30.95™* 18.28 41.03** 53.3** 37.91* 26.91*
77 YP @ 4 #07-26 x KDMI-10 71.56™* 43.02** 65.91** 2.1 0 24.36* 45.48** 18.85 37.88**
78 YP @ 4 #07-26 x CI-5 78.47* 76.49* 39.72* -1.75 -9.68 7.69 49.43** 48.79** 10.37
79 YP 18] 4 #07-27 x Prabha 65.61** 64.15** 56.09** 3.23 0 2.56 44.02** 42.76** 31.37*
80 YP @ 4 #07-27 x KDMI-10 43.53** 29.56** 50.29** 45.76** 32.99** 65.38** 19.5 6.31 23.33
81 YP @ 4 #07-27 x CI-5 85.59* 71.43* 60.15** 20.25* 18.75 21.79 64.53** 49.76** 35.4*
82 YP @ 4 #07-28 x Prabha 63.82** 55.9** 48.24** 35.77** 24* 19.23 39.39** 31.28* 20.81
83 YP @ 4 #07-28 x KDMI-10 58.78** 38.18** 60.29** 25.79** 3.09 28.21% 37.41** 16.86 35.57**
84 YP @ 4 #07-28 x ClI-5 93.34** 85.76™* 59.56™* 37.14** 23.08* 23.08" 68.79** 61.38** 31.23*
85 YP @l 4 #07-29 x Prabha 60.99** 50.2** 42.82** 122.22* 100** 92.31** 36.37** 26.02 15.97
86 YP @ 4 #07-29 x KDMI-10 55.86* 33.25* 54.57** 84.71* 49.48** 85.9** 28.62* 7.58 24.8
87 YP (%) 4 #07-29 x CI-5 88.69** 85.05** 52.37** 49.28** 32.05** 32.05** 63.45** 59.38** 24.41

RH = Relative heterosis

HB = Heterobeltiosis

SH = Standard heterosis




4.8.3 Plant height

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from -10.42 (YPE24#07-6 x CI-5) to 46.58 (YP(4#07-29 x Prabha), -14.24

(YP@4#07-12 x CI-5) to 42.15 (YP)4#07-18 x Prabha) and -13.11 (YP(24#07-6 x CI-5) to

28.84 (YP%04#07-18 x Prabha and YP&4#07-9 x KDMI-10) percent respectively. Twenty-

five crosses exhibited significantly positive heterosis over mid parent, nine crosses over better
parent and seven crosses over best check. None of the crosses showed significant mid
parent, better parent and standard check in positive direction. The highest positive significant

standard heterosis was manifested by YPE4#07-9 x KDMI-10 and YP &4#07-18 x Prabha

(28.84%) and the lowest positive standard heterosis was manifested by YP(#£4#07-7 x KDMI-
10.

4.8.4 Ear length

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from -21.35 (YP{z)4#07-5 x KDMI-10) to 44.99 (YPG)4#07-8 x CI-5), -25.53

(YPE4#07-5 x KDMI-10) to 37.69 (YP(24#07-8 x CI-5) and -28.26 (YP& 4#07-5 x KDMI-10)

to 13.45 (YPE)4#07-3 x KDMI-10) per cent respectively. Twelve crosses exhibited
significantly positive heterosis over the mid parent, three crosses over the better parent and
none of the crosses over the standard parent. Only one cross YPE}4#07-5 x KDMI-10
showed significantly negative heterosis over mid parent, better parent and standard check.
The highest standard heterosis was manifested by YP &)4#07-3 x KDMI-10 and the lowest

standard heterosis by YPEJ4#07-2 x CI-5 and YPG24#07-16 x CI-5 in the positive direction.

The highest negative standard heterosis on the other hand was observed in cross YP ()4#07-
5 x KDMI-10 (-28.36%).

4.8.5 Ear circumference

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from -7.35 (YP&EI4#07-11 x KDMI-10) to 22.56 (YP{&)4#07-16 x Prabha), -8.36

(YP{E)4#07-11 x KDMI-10) to 16.34 (YPE4#07-16 x Prabha) and -11.36 (YP(4#07-6 x ClI-
5) to 12.09 (YPE)4#07-1 x KDMI-10) per cent respectively. Twenty-two crosses exhibited

significant positive heterosis over mid parent, one cross (YP ¢4#07-16 x Prabha) over better

parent and none of the crosses showed significant over the standard check. None of the
crosses showed significant negative heterosis over the mid parent, better parent and standard

parent. The highest standard heterosis was manifested by YP&4#07-1 x KDMI-10 (12.09%)
and lowest standard heterosis by YP &4#07-2 x CI-5, YP&)4#07-9 x CI-5, YP& 4#07-19 x
Prabha and YP 4#07-28 x Prabha.

4.8.6 Number of kernel rows per ear

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from -12.82 (YPE)4#07-12 x CI-5) to 11.11 (YP(E)4#07-8 x Prabha), -14.93
(YP{E)4#07-6 x KDMI-10) to 6.98 (YP{E)4#07-4 x Prabha) and -13.08 (YP(4#07-15 x
Prabha) to 8.46 (YP(24#07-20 x CI-5) per cent respectively. Out of 87 crosses, two and six

crosses exhibited significant positive and negative heterosis over mid parent. Four and 18
crosses exhibited significant negative heterosis over standard check and better parent
respectively.



4.8.7 Number of kernels per row

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from -14.29 (YP({4#07-23 x Prabha) to 41.31 (YP&)4#07-8 x Prabha), -22.47

(YP(24#07-6 x KDMI-10) to 27.6 (YP()4#07-24 x Prabha) and -26.41 (YPE)4#07-15 x

Prabha) to 21.36 (YP&24#07-20 x CI-5) per cent respectively. Fifty seven crosses showed

significantly positive heterosis over mid parent, 17 crosses over better parent and 12 crosses
over standard check respectively. Four crosses showed significantly negative heterosis over
mid parent, 14 crosses over better parent and nine crosses over standard check.

4.8.8 100-grain weight

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from -20.41 (YPE4#07-6 x CI-5) to 102.56 (YPE4#07-28 x Prabha), -31.25

(YPG4#07-17 x Prabha) to 102.56 (YP&4#07-28 x Prabha) and -40.63 (YP&4#07-15 x

Prabha) to 28.13 (YPG24#07-3 x KDMI-10) per cent respectively. Sixty-three crosses

exhibited significant positive heterosis over the mid parent, 41 crosses over better parent and
19 crosses over the standard check. Five crosses exhibited significantly negative heterosis
over mid parent, 14 crosses over better parent and 30 crosses over standard check. The

lowest positive heterosis was manifested by YP £4#07-27 x KDMI-10 (0%).

4.8.9 Shelling percentage

The percentage of heterosis over shelling percentage over mid parent, better parent
and commercial parent ranged from -5.49 (YP(£4#07-22 x Prabha) to 11.85 (YP&04#07-5 x

Prabha), -7 (YP 4#07-22 x Prabha) to 7.42 (YP&)4#07-5 x Prabha) and -8.16 (YP &4#07-

22 x Prabha) to 4.17 (YP&24#07-20 x CI-5) per cent respectively. Sixteen crosses exhibited

significant positive heterosis over the mid parent, eight over better parent and none over
standard check, while one crosses exhibited negative heterosis over the mid parent, four over
better parent and seven over standard check.

4.8.10 Grain yield per plant

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from 24.48 (YP&4#07-12 x KDMI-10) to 107.7 (YP&4#07-25 x CI-5), 19.73
(YP(E)4#07-21 x KDMI-10) to 102.29 (YP{)4#07-25 x CI-5) and 32.83 (YP{&4#07-15 x
Prabha) to 75.66 (YP (4#07-20 x CI-5) per cent respectively. Eighty-seven crosses exhibited

significantly positive heterosis over mid parent, 86 crosses over better parent and 87 crosses
over standard check.

4.8.11 Fodder yield per hectare

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from -26.63 (YP&4#07-6 x CI-5) to 251.79 (YPE4#07-10 x CI-5), -39.18

(YPE4#07-21 x KDMI-10) to 157.33 (YP(D4#07-15 x Prabha) and -21.79 (YP(4#07-5 x

KDMI-10) to 152.56 (YPE)4#07-10 x Prabha) per cent respectively. Sixty-two crosses

exhibited significantly positive heterosis over mid parent, 52 crosses over better parent and
70 crosses over standard check. Three crosses exhibited significantly negative heterosis over
mid parent, 8 crosses over better parent and none of the crosses over standard heterosis was
significant in negative direction. The lowest standard heterosis (0%) was expressed by

YP (£34#07-20 x CI-5.



4.8.12 Grain yield per hectare

The percentage of heterosis over mid parent, better parent and commercial checks
ranged from 0.02 (YPE4#07-12 x KDMI-10) to 88.21 (YP&)4#07-20 x CI-5), -14.57

(YP(24#07-6 x KDMI-10) to 82.54 (YP(24#07-25 x CI-5) and -1.87 (YP()4#07-15 x Prabha)

to 53.3 (YP(24#07-20 x CI-5) per cent respectively. Sixty-five crosses exhibited significantly

positive heterosis over mid parent, 35 crosses over better parent and 18 crosses over
standard check. None of the crosses showed significant negative heterosis over mid parent,
better parent and standard check respectively. The lowest standard heterosis (-0.9%) was

expressed by YP&4#07-6 x KDMI-10.

4.9 Inter character correlation

Selection for specific character is known to result in correlated response in certain
other characters. Generally plant breeders make selection for one or two attributes at a time
then it becomes important to know the effect on other characters. Improvement in yield is the
most important target character in most of the crops. It is a complex one and can be achieved
by direct selection through other easily observed characters. But this needs a good
understanding of association of different traits with yield and their possible association among
themselves. The phenotypic and genotypic correlations between grain yield and 11 yield
component traits are computed and presented in Table 12 and 13 respectively. Phenotypic
correlation coefficient were generally lower than genotypic correlation coefficients (Fig 3).

4.9.1 Days to 50 per cent tasseling

Days to 50 per cent tasseling showed negative and significant association with ear
circumference (-0.277, -0.304), number of kernels per row (-0.215, -0.254), 100-grain weight
(-0.236, -0.329), grain yield per plant (-0.370, -0.606) and grain yield per hectare (-0.248, -
0.571) and positively significant for days to 50 per cent silking (0.804, 0.919) at phenotypic
and genotypic levels respectively.

4.9.2 Days to 50 per cent silking

Days to 50 per cent silking showed negatively significant association with 100-grain
weight (-0.205, -0.361), grain yield per plant (-0.278, -0.442) and grain yield per hectare (-
0.223, -0.403) at phenotypic an genotypic level whereas for ear circumference (-0.223)
showed negatively significant association at phenotypic level, while for number of kernels per
row (-0.202) and shelling percentage (-0.202) showed negatively significant association at
genotypic level.

4.9.3 Plant height

Plant height showed highly significant positive correlation with ear length (0.447,
0.233), number of kernels per row (0.341, 0.627), 100-grain weight (0.369, 0.716), shelling
percentage (0.217, 0.362), grain yield per plant (0.344, 0.827), fodder yield per hectare
(0.575, 0.998) and grain yield per hectare (0.297, 0.946) at phenotypic and genotypic level
whereas ear circumference (0.565) showed significant positive correlation at phenotypic level
and number of kernel per ear (0.906) at genotypic level.

4.9.4 Ear length

Ear length showed highly significant positive correlation with plant height (0.447,
0.233), ear circumference (0.741, 0.720), number of kernels per row (0.449, 0.412), 100-grain
weight (0.327, 0.362), shelling percentage (0.216, 0.899), grain yield per plant (0.442, 0.948),
fodder yield per hectare (0.378, 0.958) and grain yield per hectare (0.515, 0.911) at
phenotypic and genotypic level whereas number of kernel rows per ear (0.275, -0.468)
showed significant positive and negative correlation at phenotypic and genotypic level.



Table 12: Phenotypic correlation coefficient for grain yield and its components in maize

SI.No Characters X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
1 Days to 50% tasseling 1.000 0.804* | -0.186 | -0.161 -0.277* 0.024 -0.215* | -0.236* -0.062 -0.370** -0.124 -0.248*
2 Days to 50 % silking 1.000 | -0.189 | -0.163 | -0.223* | -0.022 -0.178 | -0.205* | -0.089 -0.278* -0.071 | -0.223*
3 Plant height (cm) 1.000 | 0.447** | 0.565** 0.133 0.341** | 0.369** | 0.217* 0.344** 0.575** | 0.297**
4 Ear length (cm) 1.000 0.741* | 0.275* | 0.449* | 0.327** | 0.216* 0.442** 0.378* | 0.515*
5 Ear circumference (cm) 1.000 0.266** | 0.517* | 0.486** | 0.225* 0.553** 0.509** | 0.570*
6 No. of kernel rows per ear 1.000 0.700™ | 0.231* | 0.323** | 0.396™* 0.143 0.515**
7 No. of kernels per row 1.000 0.418* | 0.421* | 0.761* | 0.347* | 0.803**
8 100 grain weight (g) 1.000 0.167 0.434** 0.300* | 0.411**
9 Shelling (%) 1.000 0.364** 0.176 | 0.399**
10 | Grain yield per plant (g) 1.000 0.462** | 0.946**
11 Fodder yield (t/ha) 1.000 0.389**
12 | Grain yield (g/ha) 1.000

*-Significant at 5% level

X1 - Days to 50% tasseling

X2 - Days to 50% silking
X3 - Plant height (cm)

**-Significant at 1% level

X4- Ear length (cm)
X5 - Ear circumference (cm)

X6 — Number of kernel rows per cob

X7 — Number of kernels per row

X10 — Grain yield per plant (g)

X8- 100-grain weight (g)
X9 — Shelling percentage (%)

X11 — Fodder yield (t/ha)
X12-Grain yield (g/ha)




Table 13: Genotypic correlation coefficient for grain yield and its components in maize

Sl.

No Characters X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

1 Days to 50% tasseling 1.000 | 0.919** | 0.201 | -0.144 | -0.304** -0.164 -0.254* | -0.329** -0.145 -0.606** -0.101 -0.571**
2 | Days to 50 % silking 1.000 | 0.206 | 0.097 -0.189 -0.180 -0.202* | -0.361** | -0.202* | -0.442** | -0.014 | -0.403**
3 | Plant height (cm) 1.000 | 0.233* 0.188 0.906** | 0.627** | 0.716** | 0.362** | 0.827** | 0.998* | 0.946**
4 Ear length (cm) 1.000 0.720** -0.468** 0.412** 0.362** 0.899** 0.948** 0.958** 0.911**
5 Ear circumference (cm) 1.000 0.679** 0.752** 0.423** 0.553** 0.968** 0.928** 0.926**
6 No. of kernel rows per ear 1.000 0.667** | 0.493** | 0.821* | 0.797** | 0.310** | 0.962**
7 No. of kernels per row 1.000 0.473** | 0.714* | 0.898* | 0.383** | 0.954**
8 | 100 grain weight (g) 1.000 | 0.306** | 0.486** | 0.320** | 0.549**
9 | Shelling (%) 1.000 | 0.553** | 0.303** | 0.710**
10 | Grain yield per plant (g) 1.000 0.523** 0.987**
11 Fodder yield (t/ha) 1.000 0.527**
12 | Grain yield (g/ha) 1.000

*-Significant at 5% level

X1 - Days to 50% tasseling
X2 - Days to 50% silking
X3 - Plant height (cm)

**-Significant at 1% level

X4- Ear length (cm)
X5 - Ear circumference (cm)

X6 — Number of kernel rows per cob

X7 — Number of kernels per row
X8- 100-grain weight (g)
X9 — Shelling percentage (%)

X10 — Grain yield per plant (g)

X11 — Fodder yield (t/ha)
X12-Grain yield (g/ha)
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Fig.3. Comparison between phenotypic genotypic correlations with respect to 11 quantitative characters of maize




4.9.5 Ear circumference

Ear circumference showed highly significant positive correlation with ear length
(0.741, 0.720), number of kernels per row (0.266, 0.679), number of kernels per row (0.517,
0.752), 100-grain weight (0.486, 0.423), shelling percentage (0.225, 0.553), grain yield per
plant (0.553, 0.968), fodder yield per hectare (0.509, 0.928) and grain yield per hectare
(0.570, 0.926) at phenotypic and genotypic level whereas days to 50 per cent tasseling (-
0.277. -0.304) showed significant negative correlation at phenotypic and genotypic level.
While for days to 50 per cent silking (-0.223) and plant height (0.565) showed negative and
positive significant association at phenotypic level and no association was found at genotypic
level.

4.9.6 Number of kernel rows per ear

Number of kernel rows per ear showed highly significant positive correlation with ear
circumference (0.266, 0.679), number of kernels per row (0.700, 0.667), 100-grain weight
(0.231, 0.493), shelling percentage (0.323, 0.821), grain yield per plant (0.396, 0.797) and
grain yield per hectare (0.515, 0.962) at phenotypic and genotypic level whereas fodder yield
per hectare (0.310) and plant height (0.906) showed significant positive correlation at
genotypic level and ear length (0.275, -0.468) showed positive and negative association at
phenotypic and genotypic level respectively.

4.9.7 Number of kernels per row

Number of kernels per row showed highly significant positive correlation with plant
height (0.341, 0.627), ear length (0.449, 0.412), ear circumference (0.513, 0.752), number of
kernels per row (0.700, 0.667), 100-grain weight (0.418, 0.473), shelling percentage (0.421,
0.714), grain yield per plant (0.761, 0.898), fodder yield per hectare (0.347, 0.383)) and grain
yield per hectare (0.803, 0.954) at phenotypic and genotypic level whereas days to 50 per
cent tasseling (-0.215, -0.254) showed significant negative correlation at phenotypic and
genotypic level and days to 50 per cent silking (-0.202) at genotypic level.

4.9.8 100-grain weight

100-grain weight showed highly significant positive correlation with plant height
(0.369, 0.716), ear length (0.327, 0.362), ear circumference (0.486, 0.423), number of kennel
rows per ear (0.231. 0.493), number of kernels per row (0.418, 0.473), grain yield per plant
(0.434, 0.486), fodder yield per hectare (0.300, 0.320) and grain yield per hectare (0.411,
0.549) at phenotypic and genotypic level whereas shelling percentage (0.306) showed
significant positive correlation at genotypic level. Days to 50 per cent tasseling (-0.236, -
0.329) and days to 50 per cent silking (-0.205, -0.361) showed significant negative correlation
at phenotypic and genotypic level respectively

4.9.9 Shelling percentage

Shelling percentage showed highly significant positive correlation with plant height
(0.217, 0.362), ear length (0.216, 0.899), ear circumference (0.225, 0.553), number of kernels
per row (0.323, 0.821), number of kernels per row (0.421, 0.714), grain yield per plant (0.364,
0.553) and grain yield per hectare (0.399, 0.710) at phenotypic and genotypic level whereas
100-grain weight (0.306) and fodder yield per hectare (0.303) showed significant positive
correlation at genotypic level and days to 50 per cent silking (-0.202) showed significant
negative correlation at genotypic level.

4.9.10 Grain yield per plant

Grain yield per plant showed highly significant positive correlation with plant height
(0.344, 0.827), ear length (0.442, 0.948), ear circumference (0.553, 0.968), number of kernel
row per ear (0.396, 0.797), number of kernels per row (0.761, 0.898), 100-grain weight
(0.434, 0.486), shelling percentage (0.364, 0.553), fodder yield per hectare (0.462, 0.523) and
grain yield per hectare (0.946, 0.987) at phenotypic and genotypic level whereas days to 50



per cent tasseling (-0.370, -0.606) and days to 50 per cent silking (-0.278, -0.442) showed
significant negative correlation at phenotypic and genotypic level respectively.

4.9.11 Fodder yield per hectare

Fodder yield per hectare showed highly significant positive correlation with plant
height (.575, 0.998), ear length (0.378, 0.958), ear circumference (0.509, 0.928), number of
kernels per row (0.347,0.383), 100-grain weight (0.300, 0.320), grain yield per plant (0.462,
0.523) and grain yield per hectare (0.389, 0.527) at phenotypic and genotypic level whereas
shelling percentage (0.303) and number of kernel rows per ear (0.310) showed significant
positive correlation at genotypic level.

4.9.12 Grain yield per hectare

Grain yield per hectare showed highly significant positive correlation with plant height
(0.297, 0.946), ear length (0.515, 0.911), ear circumference (0.570, 0.926), number of kernel
rows per ear (0.515, 0.962), number of kernels per row (0.803, 0.954), 100-grain weight
(0.411,0.549), shelling percentage (0.399, 0.710), grain yield per plant (0.946, 0.987) and
fodder yield per hectare (0.389, 0.527) at phenotypic as well as genotypic level. While
negatively and significantly associated with days to 50per cent tasseling (-0.248, -0.571) and
days to 50 per cent silking (-0.223, -0.403) at phenotypic and genotypic level respectively.

4.10 Path coefficient analysis

Path coefficient analysis was done to find the direct and indirect contributes of
different quantitative traits to the grain yield. The grain yield per hectare was the dependent
variable, while the other characters that influenced grain yield directly as well as indirectly
under study were independent variables. The direct and indirect effects of component
character on grain yield are presented in Table 14 and 15 (Fig 4 and 5).

4.10.1 Days to 50 per cent tasseling

Days to 50 per cent tasseling exerted negative direct effect of very high magnitude (-
1.684) on grain yield per hectare. Its indirect effects viz., days to 50 per cent silking (1.207)
plant height (0.09), ear length (0.033), ear circumference (0.098), grain yield per plant (0.076)
were positive while number of kernel rows per ear (-0.022), number of kernels per row (-
0.137), 100-grain weight (-0029), shelling percentage (-0.072), fodder yield per hectare (-
0.049) were negative for genotypic path.

It exerted positive direct effect of low magnitude (0.172) on grain yield per hectare.
Its indirect effects viz., days to 50 per cent silking (-0.075), ear length (-0.016), ear
circumference (-0.013), number of kernels per row (-0.012), shelling percentage (-0.001),
grain yield per plant (-0.326) were negative while plant height (0.011), number of kernel rows
per ear (0.002), 100-grain weight (0.003) and fodder yield per hectare (0.008) were positive
for phenotypic path.

4.10.2 Days to 50 per cent silking

Days to 50 per cent silking exerted positive direct effect of very high magnitude
(1.314) on grain yield per hectare. lts indirect effects viz.,, plant height (0.009), ear
circumference (0.061), grain yield per plant (0.055) were positive while days to 50 per cent
tasseling (-1.547), ear length (-0.022), number of kernel rows per ear (-0.024), number of
kernels per row (-0.109), 100-grain weight (-0.032), shelling percentage (-0.101) and fodder
yield per hectare (-0.007) were negative for genotypic path.

It exerted negative direct effect of negligible magnitude (-0.093) on grain yield per
hectare. Its indirect effects viz., days to 50 per cent silking (0.138), plant height (0.011), 100-
grain weight (0.003) and fodder yield per hectare (0.005) were positive while ear length (-
0.017), ear circumference (-0.011), number of kernel rows per ear (-0.002), number of
kernels per row (-0.010), shelling percentage (-0.002) and grain yield per plant (-0.245) were
negative for phenotypic path.



Table 14: Direct and indirect effects of different characters on grain yield (Genotypic path)

Sl.no Characters X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 | Xxi1 C°gr2';“;gl‘év”h
1 | Days to 50% tasseling 1.684 | 1.207 | 0.009 | 0.033 | 0.098 | -0.022 | -0.137 | -0.029 | -0.072 | 0.076 | -0.049 0.571*
2 | Days to 50 % silking 1547 | 1.314 | 0.009 | -0.022 | 0.061 | -0.024 | -0.109 | -0.032 | -0.101 | 0.055 | -0.007 -0.403"*
3 | Plant height (cm) -0.338 | 0.271 | 0.043 | -0.053 | -0.061 | 0.119 | 0.339 | 0.064 | 0.180 | -0.103 | 0.486 0.946*
4 | Earlength (cm) 0.242 | 0127 | 0.010 | -0.227 | -0.232 | -0.061 | 0.223 | 0.032 | 0.448 | -0.118 | 0.466 0.911*
5 | Ear circumference (cm) 0512 | -0.248 | 0.008 | -0.163 | -0.322 | 0.089 | 0.407 | 0.038 | 0.276 | -0.121 | 0.452 0.926*
6 | No. of kenel rows perear | 0.276 | -0.237 | 0.039 | 0.106 | -0.219 | 0.409 | 0.361 | 0.044 | 0.131 | -0.100 | 0.151 0.962**
7 | No. of kernels per row 0.428 | -0.265 | 0.027 | -0.093 | -0.242 | 0.087 | 0.541 | 0.042 | 0.356 | -0.112 | 0.186 0.954**
8 | 100 grain weight (g) 0.089 | -0.474 | 0.031 | -0.082 | -0.136 | 0.065 | 0.256 | 0.554 | 0.153 | -0.061 | 0.156 0.549**
9 | shelling (%) 0.244 | -0.265 | 0.016 | -0.204 | -0.178 | 0.108 | 0.386 | 0.027 | 0.498 | -0.069 | 0.147 0.710"
10 | Grain yield per plant (g) 0125 | -0.581 | 0.035 | -0.215 | -0.312 | 0.104 | 0.486 | 0.043 | 0.276 | 1.020 | 0.255 0.987**
11 | Fodder yield (tha) 0.170 | -0.018 | 0.043 | -0.217 | -0.299 | 0.041 | 0.207 | 0.029 | 0.151 | -0.065 | 0.487 0.527*

R=0.3816

X1 - Days to 50% tasseling
X2 - Days to 50% silking
X3 - Plant height (cm)

*-Significant at 5% level

X4- Ear length (cm)
X5 - Ear circumference (cm)

**-Significant at 1% level

X6 — Number of kernel rows per cob

X7 — Number of kernels per row
X8- 100-grain weight (g)

X9 — Shelling percentage (%)

X10 — Grain yield per plant (g)
X11 — Fodder yield (t/ha)
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Table 15: Direct and indirect effects of different characters on grain yield (Phenotypic path)

Sl.no Characters XA X2 X3 X4 X5 X6 X7 X8 X9 | x1t0 | xi 003;‘:;“;’;"&"”“
1 | Days to 50% tasseling 072 | -0.075 | 0.011 | -0.016 | -0.013 | 0.002 | -0.012 | 0.003 | -0.001 | -0.326 | 0.008 -0.248*
2 | Days to 50 % silking 0.138 | -0.093 | 0.011 | -0.017 | -0.011 | -0.002 | -0.010 | 0.003 | -0.002 | -0.245 | 0.005 0.223*
3 | Plant height (cm) 0.032 | 0.018 | -0.058 | 0.046 | 0.027 | 0012 | 0.020 | -0.005 | 0.004 | 0303 | -0.038 0.297*
4 | Earlength (cm) 0.028 | 0.015 | -0.026 | 0102 | 0.036 | 0.026 | 0.026 | -0.005 | 0.004 | 0.389 | -0.025 0.515*
5 | Ear circumference (cm) 0.048 | 0.021 | -0.033 | 0076 | 0.048 | 0.025 | 0.030 | -0.007 | 0.005 | 0.487 | -0.033 0.570**
6 | No. of kernel rows per ear | 0.004 | 0.002 | -0.008 | 0.028 | 0.013 | 0.093 | 0.040 | -0.003 | 0.007 | 0.349 | -0.009 0.515**
7 | No. of kernels per row 10.037 | 0.017 | -0.020 | 0.046 | 0.025 | 0.065 | 0.058 | -0.006 | 0.009 | 0.670 | -0.023 0.803**
8 | 100 grain weight (g) 0.041 | 0019 | -0.021 | 0033 | 0.024 | 0022 | 0.024 | -0.014 | 0.003 | 0382 | -0.020 0.411*
9 | Shelling (%) 0.011 | 0.008 | -0.013 | 0.022 | 0011 | 0030 | 0.024 | -0.002 | 0.020 | 0320 | -0.012 0.399**
10 | Grain yield per plant (g) 0.064 | 0.026 | -0.020 | 0.045 | 0.027 | 0.037 | 0.044 | -0.006 | 0.007 | 0.880 | -0.030 0.946*
11 | Fodder yield (tha) 0.021 | 0.007 | -0.033 | 0.039 | 0.025 | 0.013 | 0.020 | -0.004 | 0.004 | 0.407 | -0.065 0.389**

R= 0.2354

X1 - Days to 50% tasseling
X2 - Days to 50% silking

X3 - Plant height (cm)

*-Significant at 5% level

X4- Ear length (cm)

X5 - Ear circumference (cm)
X6 — Number of kernel rows per cob

**-Significant at 1% level

X7 — Number of kernels per row
X8- 100-grain weight (g)
X9 — Shelling percentage (%)

X10 — Grain yield per plant (g)
X11 — Fodder yield (t/ha)




= Pl hegit
EL = Eat lngth

EL = Fan circiinfaisicn
HHPE - Mo, of bernd raws per |7
wr .;,'
HHPR: = Mo of kemets o 1o

Ha=1.135

HE = T vl
BP = Shed liney prarcemogs
YRR = dmiyial par gl
FYPH - Fodder weld per hedare

g

&

| DG

El

O

[RITIE

| s

| nnm

Lo

1 i

RN

URLIE

-

Fig 5: Phanotypic path diagram showing tha influanc e of nine characters on yiald per hectara in maiza

Fig.5. Phenotypic path diagram showing the influence of nine characters on yield per hectare in maize

611



4.10.3 Plant height

Plant height exerted positive direct effect of negligible magnitude (0.043) on grain
yield per hectare. Its indirect effects viz., days to 50 per cent silking (0.271), number of kernel
rows per ear (0.119), number of kernels per row (0.339), 100-grain weight (0.064), shelling
percentage (0.180), fodder yield per hectare (0.486) were positive while days to 50 per cent
tasseling (-0.338), ear length (-0.053), ear circumference (-0.061), grain yield per plant (-
0.103) were negative for genotypic path.

It exerted negative direct effect of negligible magnitude (-0.058) on grain yield per
hectare. lts indirect effects viz., days to 50 per cent silking (0.018), ear length (0.046), ear
circumference (0.027), number of kernel rows per ear (0.012), number of kernels per row
(0.020), shelling percentage (0.004), grain yield per plant (0.303) were positive while days to
50 per cent tasseling (-0.032), 100-grain weight (-0.005) and fodder yield per hectare (-0.038)
were negative for phenotypic path.

4.10.4 Ear length

Ear length exerted negative direct effect of moderate magnitude (-0.227) on grain
yield per hectare. Its indirect effects viz., days to 50 per cent tasseling (0.242), days to 50 per
cent silking (0.127), plant height (0.010), number of kernels per row (0.223), 100-grain weight
(0.032), shelling percentage (0.448) and fodder yield per hectare (0.466) were positive while
ear length (-0.232), number of kernel rows per ear (-0.061), grain yield per plant (-0.118) were
negative genotypic path.

It exerted positive direct effect of low magnitude (0.102) on grain yield per hectare. Its
indirect effects viz., days to 50 per cent silking (0.015), ear circumference (0.036), number of
kernel rows per ear (0.026), number of kernels per row (0.026), shelling percentage (0.004),
grain yield per plant (0.389) were positive while days to 50 per cent tasseling (-0.028), plant
height (-0.026), 100-grain weight (-0.005) and fodder yield per hectare (-0.025) were negative
for phenotypic path.

4.10.5 Ear circumference

Ear circumference exerted negative direct effect of high magnitude (-0.322) on grain
yield per hectare. lIts indirect effects viz., days to 50 per cent tasseling (0.512), plant height
(0.008), number of kernel rows per ear (0.089), number of kernels per row (0.407), 100-grain
weight (0.038), shelling percentage (0.276), fodder yield per hectare (0.452) were positive
while days to 50 per cent silking (-0.248), ear length (-0.163), grain yield per plant (-0.121)
were negative for genotypic path.

It exerted positive direct effect of negligible magnitude (0048) on grain yield per
hectare. Its indirect effects viz., days to 50 per cent silking (0.021), ear length (0.076), number
of kernel rows per ear (0.025), number of kernels per row (0.030), shelling percentage
(0.005), grain yield per plant (0.487) were positive while days to 50 per cent tasseling (-
0.048), plant height (-0.033), 100 grain weight (-0.007) and fodder yield per hectare (-0.033)
were negative for phenotypic path.

4.10.6 Number of kernel rows per ear

Number of kernel rows per ear exerted positive direct effect of high magnitude (0.409)
on grain yield per hectare. lts indirect effects viz., days to 50 per cent tasseling (0.276), plant
height (0.039), ear length (0.106), number of kernels per row (0.361), 100-grain weight
(0.044), shelling percentage (0.131) and fodder yield per hectare (0.151) were positive while
days to 50 per cent silking (-0.237), ear circumference (-0.219), grain yield per plant (-0.100)
were for genotypic path.

It exerted positive direct effect of negligible magnitude (0.048) on grain yield per
hectare. lts indirect effects viz., days to 50 per cent tasseling (0.004), days to 50 per cent
silking (0.002), ear length (0.028), ear circumference (0.013), number of kernels per row
(0.040), shelling percentage (0.007), grain yield per plant (0.349) were positive while plant



height (-0.008), 100-grain weight (-0.003) and fodder yield per hectare
(-0.009) were negative for phenotypic path.

4.10.7 Number of kernels per row

Number of kernels per row exerted positive direct effect of high magnitude (0.541) on
grain yield per hectare. Its indirect effects viz., days to 50 per cent tasseling (0.428), plant
height (0.027), number of kernel rows per ear (0.087), 100-grain weight (0.042), shelling
percentage (0.356), fodder yield per hectare (0.186) were positive while days to 50 per cent
silking (-0.265) , ear length (-0.093), ear circumference (-0.242), grain yield per plant (-0.112)
were negative for genotypic path.

It exerted positive direct effect of negligible magnitude (058) on grain yield per
hectare. lts indirect effects viz., days to 50 per cent silking (0.017), ear length (0.046), ear
circumference (0.025), number of kernel rows per ear (0.065), shelling percentage (0.009),
grain yield per plant (0.670) were positive while days to 50 per cent tasseling (-0.037), plant
height (-0.020), 100-grain weight (-0.006), fodder yield per hectare (-0.023) were negative for
phenotypic path.

4.10.8 100-grain weight

100-grain weight exerted positive direct effect of negligible magnitude (0.554) on
grain yield per hectare. Its indirect effects viz., days to 50 per cent tasseling (0.089), plant
height (0.031), number of kernel rows per ear (0.065), number of kernels per row (0.256),
shelling percentage (0.153), fodder yield per hectare (0.156) were positive while days to 50
per cent silking (-0.474), ear length (-0082), ear circumference (-0.136), grain yield per plant (-
0.062) were negative for genotypic path.

It exerted negative direct effect of negligible magnitude (-0.014) on grain yield per
hectare. lts indirect effects viz., days to 50 per cent silking (0.019), ear length (0.033), ear
circumference (0.024), number of kernel rows per ear (0.022), number of kernels per row
(0.024), shelling percentage (0.003), grain yield per plant (0.382) were positive while days to
50 per cent tasseling (-0.041), plant height (-0.021) and fodder yield per hectare (-0.020) were
negative for phenotypic path.

4.10.9 Shelling percentage

Shelling percentage exerted positive direct effect of high magnitude (0.498) on grain
yield per hectare. Its indirect effects viz., days to 50 per cent tasseling (0.244), plant height
(0.016)), number of kernel rows per ear (0.108), number of kernels per row (0.386), 100-grain
weight (0.027) and fodder yield per hectare (0.147) were positive while days to 50 per cent
silking (-0.265), ear length (-0.204), ear circumference (-0.178) and grain yield per plant (-
0.069) were negative for genotypic path.

It exerted positive direct effect of negligible magnitude (0.020) on grain yield per
hectare. lts indirect effects viz., days to 50 per cent silking (0.008), ear length (0.022), ear
circumference (0.011), number of kernel rows per ear (0.030), number of kernels per row
(0.024), grain yield per plant (0.320) were positive while days to 50 per cent tasseling (-
0.011), plant height (-0.013), 100-grain weight (-0.002) and fodder yield per hectare (-0.012)
were negative for phenotypic path.

4.10.10 Grain yield per plant

Grain yield per plant exerted positive direct effect of very high magnitude (1.020) on
grain yield per hectare. Its indirect effects viz., plant height (0.035), number of kernel rows per
ear (0.104), number of kernels per row (0.486), 100-grain weight (0.043), shelling percentage
(0.276) and fodder yield per hectare (0.255) were positive while days to 50 per cent tasseling
(-0.125), days to 50 per cent silking (-0.581), ear length (-0.215), ear circumference (-0.312)
were negative for genotypic path.



It exerted positive direct effect of high magnitude (0.880) on grain yield per hectare.
Its indirect effects viz., days to 50 per cent silking (0.026), ear length (0.045), ear
circumference (0.027), number of kernel rows per ear (0.037), number of kernels per row
(0.044) and shelling percentage (0.007) were positive while days to 50 per cent tasseling (-
0.064), plant height (-0.020), 100-grain weight (-0.006) and fodder yield per hectare (-0.030)
were negative for phenotypic path.

4.10.11 Fodder yield per hectare

Fodder yield per hectare exerted positive direct effect of high magnitude (0.487) on
grain yield per hectare. Its indirect effects viz., days to 50 per cent tasseling (0.170), plant
height (0.043), number of kernel rows per ear (0.041), number of kernels per row (0.207),
100-grain weight (0.029), shelling percentage (0.151) were positive while days to 50 per cent
silking (-0.018), ear length (-0.217), ear circumference (-0.299) and grain yield per plant (-
0.065) were negative for genotypic path.

It exerted negative direct effect of negligible magnitude (-0.065) on grain yield per
hectare. lts indirect effects viz., days to 50 per cent silking (0.007), ear length (0.039), ear
circumference (0.025), number of kernel rows per ear (0.013), number of kernels per row
(0.020), shelling percentage (0.004), grain yield per plant (0.407) were positive while days to
50 per cent tasseling (-0.021), plant height (-0.033), 100-grain weight (-0.004) were negative
for phenotypic path.



5. DISCUSSION

In the recent years considerable emphasis has been given for the development of
high yielding single cross and hybrids in maize. The main aim of any plant breeding
programme is to develop high yielding genotypes. The breeding programme can efficiently be
planned with prior knowledge of the genetic makeup of complex quantitative character like
yield and its attributes. So there is a need to examine the genetic architecture of various
quantitative characters in relation to breeding behaviour of the genetic material available.

Exploitation of heterosis or hybrid vigour is an important method of crop improvement
adopted in many of the crops especially in cross pollinated crops. This phenomenon of
heterosis was attracted the attention of plant breeders due to its conspicuous effect on
economic characters especially grain yield and this heterosis has been successfully exploited
in many cross pollinated crops among which maize is the major one.

In order to exploit hybrid vigour/heterosis choice of suitable parents is an important
step. The selection of parents depends on factors like per se performance of the parents and
their combining ability. The concept of general and specific combining ability (Sprague and
Tatum, 1942) helps the breeder in assessing many of the lines to be used as parents in the
production of hybrids and also in identifying the superior hybrids having additive and non-
additive genes. It is therefore necessary to assess the genetic potentialities of the parents in
hybrid combination through systematic studies in relation to general and specific combining
ability which are due to additive and non-additive gene actions. Thus, the information
regarding heterosis, combining ability and nature of gene action are the basic requirements
for a thorough understanding of genetic architecture of yield and its components. The
available literature on maize indicated the possibility of exploiting heterosis for realizing higher
yield potentiality; being monoecious in nature it provides an ample scope to exploit heterosis
commercially.

The present study therefore was undertaken to study the genetics of 12 quantitative
traits using line x tester analysis (L x T), involving 29 lines (females) and 3 testers (males).
The results obtained in the present investigations are discussed here under.

5.1 Analysis of variance

The analysis of variance for all entries, including parents, hybrids and checks for 12
characters revealed that the treatment variances were highly significant for days to 50 per
cent tasseling, days to 50 per cent silking, number of kernel rows per ear, number of kernels
per row, 100-grain weight, shelling percentage and fodder yield per hectare. This indicates
the presence of variability among treatments.

From the analysis of variance of parents and hybrids it was clear that the mean sum
of squares and females were highly significant for all the traits. This indicated the presences
of sufficient variability among parents and hybrids.

The mean sum of squares of males were highly significant for five traits viz., number
of kernels per row, 100-grain weight, grain yield per plant, fodder yield per hectare and grain
yield per hectare which signifies that males were diverse for these five traits. The mean sum
of squares of females versus male were significant for eight traits viz., days to 50 per cent
tasseling, days to 50 per cent silking, plant height, number of kernel rows per ear, number of
kernels per row, 100-grain weight, grain yield per plant and grain yield per hectare. This
implies that the divergence of testers from lines with respect to these eight characters.

The mean sum of squares for hybrids were highly significant for all traits except for
plant height, ear length, ear circumference, grain yield per plant and grain yield per hectare
including the diverse performance of different cross combinations for remaining seven traits.
The parents versus hybrids mean sum of squares were highly significant for all the traits
revealing the presence of average heterosis due to the significant differences in the mean
performances of hybrids and parents.



The contribution to total hybrid variances was found to be higher from females than
males for all characters under study as females were genetically diverse than males the
contribution of the females x males interaction for the total hybrid was also higher than that of
males for all characters. On the other hand, the contribution of the female x male interaction
was higher than that of females for the characters viz., ear length, number of kernel rows per
ear, number of kernels per row, shelling per cent, grain yield per plant and grain yield per
hectare, revealing the importance of either female or male parents for the expression of other
traits in hybrids.

5.2 Genetic components of different characters

5.2.1 Maturity characters

Maturity is an important attribute of a given genotype, which directly or indirectly
affects economic yield. Maturity itself is expressed by several components such as days to 50
per cent tasseling, days to 50 per cent silking etc. Normally, in maize it has been reported that
the female inflorescence i.e., ear formation is very sensitive to environment fluctuation, plant
density etc., where as male inflorescence i.e., tassel formation is less affected by such
situations (Gieshercht, 1960). Therefore, the synchronization between male and female
flowering is a very crucial phenomenon with direct bearing on yield.

5.2.1.1 Days to 50 per cent tasseling

Days from planting to pollen shedding is one of the important maturity characters. As
many as six lines were found to be good combiners. Among these YP (X)4#07-2, YP (X)4#07-

4, YP(E4#07-13, YP{4#07-6 and YP(4#07-26 were the best general combiners for

earliness in developing tassel (Table 9 and 16). The combining ability analysis revealed the
greater importance of SCA variance than GCA variance. The GCA variance was non-
significant. Similar observation was reported by Lee (1983). However, Sanghi et al. (1982)
indicated predominance of SCA variance for this trait, which supported the present finding.

The crosses viz., YPE4#07-13 x CI-5 in negative direction showed significant sca
effects (Table 10 and 16). Forty-nine, 55 and 30 crosses showed significant relative heterosis,
heterobeltiosis and standard heterosis respectively (Table 11 and 17) in the desired direction.
As many as 74 hybrids took shorter period as compared to hybrid check, DMH-2 and EH-

434042 (Arjun) (Table 6). Among them YP(4#07-13 x CI-5, YP{®4#07-2 x Prabha,

YP (24#07-2 x KDMI-10, YP()4#07-4 x KDMI-10, YP(&4#07-6 x Cl-5 were the top five
crosses showed earliness to best check, DMH-2 and EH-434042 (Arjun). The cross
combination, YP@4#07-13 x CI-5 also exhibited significant relative heterosis and standard

heterosis while, the hybrid YP&4#07-6 x CI-5 expressed heterobeltiosis in the desired

direction. Earlier workers Hassaballa et al. (1980), Turgut et al. (1995) and Perez Velasquez
et al. (1995) also reported highly significant heterosis effects for early tasseling.
Satyanarayana et al. (1994) reported the heterobeltiosis for earliness.

The ratio of additive to dominance was lesser than unity this indicated the importance
of dominance gene action for the inheritance of this character. These results are in agreement
with those of Hassaballa et al. (1980) and Guo et al. (1986). Those crosses, which exhibited
significant heterosis are obtained from parent with good general combining ability for
earliness. Hence, it is suggested that these hybrids will serve as useful genetic material for
development of early parents by selection in advanced generations.

5.2.1.2 Days to 50 per cent silking

Days to 50 per cent silking is another maturity character often used and more reliable
to predict maturity (Shaw and Thom, 1951). Studies on gca effects revealed that seven

parental lines viz., YP &4#07-2, YP()4#07-26, YP (:)4#07-24, YP (£)4#07-25, YP (£)4#07-13,

YP (4#07-11, YP&4#07-27 showed significant gca effects. However, none of the testers
showed significant gca effects.



The SCA variance was significant and higher than GCA variance in the inheritance of
this trait. Similar results were reported by Sedhom (1994) and Dehghanapour et al. (1997).

The cross combination YP &)4#07-6 x Cl-5 showed significant sca effects revealing that this
cross can be used as specific combiner for this trait (Table 10 and 16). Heterosis study

expressed that 25 crosses exhibited significant relative heterosis, 38 for heterobeltiosis and 6
for standard heterosis in the desired direction (Table 11 and 17).

As many as 60 hybrids exhibited early silking as compared to the check EH-434042
(Arjun). Among these YP&4#07-13 x CI-5, YP(4#07-2 x ClI-5, YPE4#07-4 x KDMI-10,

YP (4#07-24 x KDMI-10 and YP{4#07-26 x KDMI-10 are the top five crosses which
showed earliness in silking. The ratio of additive to dominance variance was lesser than unity.
Thus again confirms the importance of dominance gene action in the inheritance of this trait.
These findings support the earlier report of Paul and Duara (1991).

5.2.2 Plant characters
5.2.2.1 Plant height

Plant height is one of the major concerns to plant breeders since yield has positive
correlation with plant height (Rupak et al, 1979). Only three lines viz., YP &4#07-19,

YP 34#07-29 and YP{4#07-1 were found to be good general combiners for increased plant
height.

Analysis of variance for combining ability revealed that variance component due to
GCA was lower than SCA. Predominant role of SCA variance was also reported by Herbert
and Gallis (1986) and El-Hosary et al. (1994a). However, Vasal et al. (1992) and Zheng-
Zuping et al. (1995) reported predominant role of GCA variance for this trait.

The additive and non-additive ratio was also lower then unity indicating the
importance of non-additive gene action. From earlier workers Guo et al. (1986), Pal et al.
(1986), Dehghanapour et al. (1997) and Petrovic (1998) reported the importance of non-
additive component. None of the crosses showed significant sca effects indicated that the
contribution of non-additive gene action in the inheritance of this character was nil.

Twenty-five, nine and seven crosses exhibited significant positive relative heterosis,
heterobeltiosis and standard heterosis respectively. The highest positive standard heterosis
was registered by YP &24#07-9 x KDMI-10 and YP{4#07-18 x Prabha (Table 11 and 17).
This expression of high heterosis and sca effects also indicates the presence of non-additive
gene action. Several workers like Beck et al. (1990), Vasal et al. (1992), Reddy and Agarwal
(1992) and Alvarez et al. (1993) reported low heterosis for these traits which contradicted the
present investigation. Gomes-e-Gama et al. (1993) noticed average and also non-significant
heterosis, which also antagonised the present results.

Thus, in the present investigation the preponderance of non-additive component for
the inheritance of plant height was realized. As many as seven crosses, which had significant

positive standard heterosis viz., YPE4#07-18 x Prabha, YPG24#07-9 x KDMI-10,
YP)4#07-19 x KDMI-10, YP Z4#07-1 x KDMI-10, YP{4#07-1 x Prabha, YP{4#07-19 x

KDMI-10 and YP24#07-15 x Prabha were obtained from parents which had good general

combining ability, so one can expect transgressive segregants in later generations in these
crosses for carrying out selection to improve this trait.

5.2.3 Ear characters

Several workers reported that yield of maize can be increased by increasing the ear
length and ear circumference.



Table 16: Number of parents and crosses which showed significant gca and sca effects to the positive and negative direction and ranges

Number of parents with gca effects

Number of crosses with sca effects

SI.No Characters
Positive Negative Total Range Positive Negative Total Range

1. Days to 50 % tasseling 6 6 12 -2.46 - 1.71 0 1 1 -1.82 - 1.51
2. Days to 50 % silking 2 7 9 -2.07-1.76 1 1 2 -256-4.4
3. Plant height (cm) 3 5 8 -19.75 - 13.42 0 0 0 -15.57 - 14.26
4. Ear length (cm) 1 1 2 -1.81-1.64 0 0 0 -2.05-1.99
5. Ear circumference (cm) 2 2 4 -1.06-1.17 0 0 0 -0.96 - 1.06
6. Number of kernel rows per ear 1 3 4 -0.73-0.71 1 1 2 -1.05-1
7. Number of kernels per row 9 7 16 -4.01 — 3.56 11 12 23 -6.99 - 5.1
8. 100-grain weight (g) 12 13 25 -5.7-53 24 24 48 -9.91-7.76
9. Shelling percentage 3 6 9 -1.81-2.09 6 4 10 -3.88-3.19
10. Grain yield per plant (g) 1 0 1 -6.94 - 8.73 1 0 1 -10.71 -13.28
11. Fodder yield (t/ha) 13 11 24 -2.19-2.16 20 32 52 -1.91-257
12. Grain yield (g/ha) 1 1 2 -5.67 - 5.95 1 0 1 -7.51-8.82




Table 17: Number of crosses showing significant heterosis levels with respective directions and ranges

S| Relative heterosis Heterobeltiosis Standard heterosis
No Characters

Positive | Negative Range Positive | Negative Range Positive Negative Range
1. | Days to 50 % tasseling 0 49 -8.82-1.89 0 55 -10.71-0 0 30 -7.46-0.75
2. | Days to 50 % silking 0 25 -8.51-3.14 0 38 -9.15-2.07 1 6 -6.52-7.25
3. | Plant height (cm) 25 0 -10.42 - 45.58 9 0 -14.24 - 42.15 7 0 -13.11 - 28.84
4. | Earlength (cm) 12 1 -21.35 - 44.99 3 1 -25.53 - 37.69 0 1 -28.26 - 13.45
5. | Ear circumference (cm) 22 0 -7.35 - 22.56 1 0 -8.36 - 16.34 0 0 -11.36 - 12.09
6. | Number of kernel rows per ear 2 6 -12.82 -11.11 0 18 -14.93 - 6.98 0 4 -13.08 — 8.46
7. | Number of kernels per row 53 4 -14.29- 41.31 17 14 -22.47- 27.6 12 9 -26.41 - 21.36
8. | 100-grain weight (g) 63 5 -20.41- 102.5 41 14 -31.25 - 102.56 19 30 -40.63 - 28.13
9. | Shelling percentage 16 1 -5.49-11.85 8 4 -7.0-7.42 0 7 -8.16 - 417
10. | Grain yield per plant (g) 87 0 24.48-107.7 86 0 24.48 - 107.7 87 0 32.83 - 75.66
11. | Fodder yield (t/ha) 62 3 -26.63 - 251.79 52 8 -39.18 - 157.33 70 0 -21.79 - 152.26
12. | Grain yield (g/ha) 65 0 0.02 - 88.21 35 0 -14.57 - 82.54 18 0 -1.87-53.3




5.2.3.1 Ear length

Ear length has much effect on grain yield and it is the only component which affects
the ear traits like kernel number and to lesser degree the kernel weight (Herczecijji, 1970).

The general combining ability effects studies revealed that only one line YP{E4#07-16
expressed significant gca effects and found to be good general combiner.

Higher SCA variance than GCA variance was observed which resulted in the ratio of
GCA/SCA variance to be less than unity indicated the predominance of SCA variance both
being significant. This finding is in the line with that of Mohammad (1993), Pal and Prodhan
(1994), Sedhom (1994) and Sinobas and Monteagudo (1994).

None of the crosses exhibited significant sca effects in any direction indicated that
the contribution of non-additive gene action in the inheritance of this character was nil. Twelve
crosses showed significant relative heterosis, three crosses showed heterobeltiosis in the

positive direction and only one cross YP&4#07-5 x KDMI-10 showed significant standard

heterosis in the negative direction because there existed no genetic variability among hybrids
for this character as analysis of variance for hybrids showed no significant mean sum of
squares. These results are in accordance with those of Verma and Singh (1980), Debnath
(1987) and Turgut et al. (1995).

From this study the importance of non-additive gene action for the inheritance of ear
length was evident. Similar results were also reported by Khristova et al. (1995) and Ali and
Topera (1986).

5.2.3.2 Ear circumference

There was an indication that selection for a character such as ear circumference
could lead to considerable importance in the yield (Williams et al., 1965).

From gca study it was found that only two parents; YP G4#07-1 and YP 4#07-26
were found to be good general combiners for this trait. From the combining ability analysis it
was known that the GCA variance was relatively less than the SCA variance indicating the
preponderance of non-additive gene action for this character. Such findings are reported by
Mohammad (1993), El-Hosary et al. (1994a) and Sinobas and Monteagudo (1994). None of
the crosses showed significant sca effects in any direction.

Twenty-two crosses showed significant heterosis for relative heterosis and one cross
for heterobeltiosis. None of the crosses showed significant standard heterosis because there
is no genetic variability among hybrids for this character as analysis of variance for hybrids
showed no significant mean sum of squares. None of the crosses showed significant sca
effects indicated that the contribution of non-additive gene action in the inheritance of this
character was nil. Moreover, the additive to non additive variance ratio was found to be
slightly lesser than unity. These results indicated the equal importance of additive and non-
additive gene action. These findings support the work of Quadri et al. (1983).

5.2.3.3 Number of kernel rows per ear

This character is positively correlated with grain yield. Parents viz., YP{)4#07-20,
YP (4#07-5, YP(£4#07-6 and YP(4#07-7 were good sources of favourable genes for
increase in number of kernel rows. From the combining ability analysis it was clear that, GCA
variance was less than SCA indicating predominance of SCA variance. Crosses YP (£)4#07-
23 x KDMI-10 and YP (£)4#07-15 x Prabha was found to be good general specific combiner.

Out of 87 crosses, only two crosses exhibited positive mid parent heterosis and
none of the crosses exhibited positive heterosis over better parent and standard check.
Presolska and Kamara (1991) also reported heterosis for this trait. Salillari and Hoxha (1998)

however reported that there was no heterosis for this trait. Four crosses viz., YPG34#07-6 x
Prabha, YP G34#07-6 x KDMI-10, YP)4#07-15 x Prabha and YP{4#07-23 x Prabha



exhibited negative standard heterosis and their performance was rather on par with the best
check, Pinnacle and they also had negative relative heterosis and heterobeltiosis for six and
18 crosses respectively.

The additive to non-additive variance ratio was lower than unity, which again
confirms the predominance of non-additive gene action for the inheritance of their character.
The results were in line with the findings of Pal and Prodhan (1994), Dehganapour et al.
(1997) and Kumar et al. (1998).

5.2.3.4 Number of kernels per row

Nine parents viz., YPER4#07-1, YPE 4#07-3, YPR) 4#07-4, YP (R4#07-8, YP (D4407-
13, YPE4#07-20, YPE 4#07-25, YP(E4#07-27 and YPE4#07-28 were identified as good

combiners for this trait. From the combining ability analysis, it was learnt that ratio of
GCA/SCA variance was far less than unity indicating the importance of SCA variance. Eleven
crosses exhibited significant sca effects in positive direction. Very less additive variance was
observed indicating the importance of non-additive gene action in inheritance of this
character. These results were in agreement with that of Pal and Prodhan (1994),
Dehganapour et al. (1997) and Kumar et al. (1998).

Fifty-three, 17 and 12 crosses showed significant positive relative heterosis,
heterobeltiosis and standard heterosis, respectively. This was in line with the findings of
Presolska and Kamara (1991), Salillari and Hoxha (1998) who reported considerable
heterosis for this character.

5.2.3.5 100-grain weight

It is one of the important grain characters. The grains are the net result of various
components. The total yield in maize is influenced by several grain component characters.
Ultimate grain yield of a plant depends mainly on 100-grain weight through various other
component characters. The study of 100 grain weight deserves much attention because grain
yield is product of interaction of various grain components so improvement will be quite easier
and study will help in understanding the complex trait and grain yield.

From the study of general combining ability, out of 12 lines viz., YP{& 4#07-28,

YP (x4#07-26, YP(4#07-21, YP(X4#07-1, YP{)4#07-3 were found to be the top five good

general combiner for this character. Among testers, Cl-5 and KDMI-10 also found to be the
good general combiner for this character.

Greater SCA variance was observed from the combining ability study. The GCA/SCA
variance was lower than unity, which indicated the importance of non-additive gene action.
This supports the findings of Mohammad (1993) and Dehghanapour et al. (1997). As many as

24 crosses showed significant for sca effects. Among these viz., YP &4#07-14 x Prabha,
YP(£4#07-15 x KDMI-10, YP(£4#07-3 x KDMI-10, YPE24#07-19 x CI-5, YPE4#07-7 x
Prabha, YP&4#07-25 x KDMI-10, YP{&4#07-15 x CI-5, YP (4#07-8 x CI-5, YP &J4#07-28 x

Prabha, YP{4#07-6 x KDMI-10 were top 10 crosses indentified as good specific combiner.

The additive to non-additive ratio was lesser than one indicating the predominance of non-
additive variance in the inheritance of this trait. These results are in agreement with the
investigation of Pal et al. (1986).

Sixty-three, 41 and 19 crosses revealed that relative heterosis, heterobeltiosis and

standard heterosis respectively. Similar results were reported by different authors like, Turgut
et al. (1995), Salillari and Hoxha (1998) and Petrovic (1998).

5.2.6 Shelling percentage

From the study of general combining ability effects it was evident that parents,
YP()4#07-17, YP{4#07-20 and YP4#07-25 were good general combiners. The



combining ability analysis showed higher SCA variance than the GCA variance and
GCA/SCA ratio was lower than the unity indicating the performance of SCA variance. Crosses

viz., YPE4#07-4 x Prabha, YP{4#07-5 x Prabha, YP{&4#07-6 x Prabha, YP &4#07-20 x
Cl-5, YPE)4#07-22 x CI-5 and YP()4#07-27 x CI-5 were found to be good specific
combiners.

Sixteen, eight and none of the crosses showed significant positive relative heterosis,
heterobeltiosis and standard heterosis, respectively. A good number of crosses with sca
effects indicated the contribution of non-additive gene action. This finding is in accordance
with Mathur et al. (1998).

5.2.7 Fodder yield per hectare

From the study of general combining ability it was evident that lines YP&4#07-18,

YP (04#07-10, YP(24#07-9, YPE4#07-8 and YP(24#07-13 were top five good general
combiners. Among testers, Prabha and KDMI-10 were also found to be good general
combiners. The combining ability analysis showed higher SCA variance than GCA variance
and GCA/SCA variance ratio was lower than unity indicating the predominance of non-
additive gene action.

The cross combination; YP&4#07-15 x Prabha, YP G4#07-25 x CI-5, YP(4#07-17
x ClI-5, YP&E4#07-10 x CI-5, YPEI4#07-24 x Cl-5, YP14#07-9 x KDMI-10, YP&14#07-21 x

Cl-5, YPE4#07-22 x KDMI-10, YP 4#07-19 x KDMI-10 and YP£4#07-13 x KDMI-10 were

found to be the top 10 good specific combiners and the additive / dominance variance ratio
studies showed importance of non-additive gene action. These findings were in agreement
with Suneeta et al. (2000).

Sixty-two, 52 and 70 crosses showed positive relative heterosis, heterobeltiosis and
standard heterosis, respectively. A good number of crosses with sca effect indicate non-
additive gene action. As many as 73 crosses showed high fodder yield over best check 900-

M. Among them, crosses viz., YP#4#07-10 x CI-5, YP &04#07-9 x KDMI-10, YP (04#07-15 x
Prabha, YP4#07-18 x Prabha, YP&4#07-8 x KDMI-10, YP{&4#07-13 x KDMI-10,

YP E4#07-19 x KDMI-10, YP E214#07-25 x CI-5, YP{£)4#07-22 x KDMI-10 and YP{4#07- 18
x KDMI-10 were top 10 crosses found to be better than the 900M.

5.2.5 Yield characters

Grain yield is a complex quantitative character, which is influenced by other ancillary
and component characters, which may tend to counter balance each other giving in effect,
homeostasis for yield. Hence all changes in the components would not be expressed as
changes in yield but any changes in yield would be accompanied by changes in one or more
components.

Johnson (1973) reported that genetic variability for grain yield in single ear attributed
to additive and non-additive genetic variance expressed through yield components. Because
of influence from various ancillary characters and environmental factors, comprehensive
study is very difficult and it is the focal point about which plant breeding experiments are
centered around.

5.2.5.1 Grain yield per plant

From the study of general combining ability, the line YP &24#07-20 found to be good

general combiner for this trait. Analysis of variance showed higher SCA variance than GCA
variance as reported by El-Hosary et al. (1994a).



The cross combination; YP (£)4#07-20 x CI-5 showed significant sca effects in

desirable direction. The additive to non- additive variance ratio revealed the importance of
non-additive gene action for the inheritance of this character, such findings were also reported
by Joshi et al.,(1998).

Eighty-seven, 86 and 87 crosses showed significant relative heterosis, heterobeltiosis
and standard heterosis respectively. The crosses such as YP{&4#07-20 x CI-5, YP 24#07-

24 x Prabha, YP{4#07-26 x KDMI-10, YP&4#07-4 x Prabha, YP4#07-3 x KDMI-10,
YP (4#07-8 x Prabha, YPG4#07-23 x KDMI-10, YP&)4#07-28 x KDMI-10, YP&E4#07-27 x

Cl-5 and YP{4#07-25 x CI-5 was found to be far better than the standard check i.e.,

Pinnacle and these crosses involve parents with high general combining ability effects, that
selection for segregating materials from this cross can also be employed for improvement of
this trait.

5.2.5.2 Grain yield per hectare

From the gca effects studies only one parent viz., YPE)4#07-20 was found to have

significantly high gca effects. Combining ability studies revealed higher SCA variance than
GCA variance and thus the GCA/SCA variance ratio was lower than one, indicating the
importance of SCA variance than GCA variance. These results are in line with findings of Paul
and Duara (1991) and Sedhom (1994), Mohammad (1993) and Satyanarayana et al. (1994).

The cross YPE4#07-20 x CI-5 which showed significant sca effects in positive

direction. The additive to dominance variance ratio result also revealed the preponderance of
non-additive gene action in the inheritance of this trait. Sixty-five, 35 and 18 crosses showed
significant positive heterosis, heterobeltiosis and standard heterosis respectively. Crosses

viz., YPE4#07-20 x CI-5, YP(£)4#07-24 x Prabha, YPE14#07-26 x KDMI-10, YP 4#07-4 x
Prabha, YP4#07-3 x KDMI-10, YPE)4#07-8 x Prabha, YP&4#07-23 x KDMI-10,

YP(x14#07-28 x KDMI-10, YP{14#07-27 x ClI-5 and YP&4#07-25 x Cl-5 showed higher

grain yield per hectare over standard check, Pinnacle. Such levels of heterosis were also
reported by Verma and Singh (1980), Debnath (1984). Jha and Khehra (1992) and Larish and
Brewbaker (1999).

Among these, which showed positive standard heterosis, relative heterosis and
heterobeltiosis in the desired direction. The hybrid YP &4#07-20 x CI-5 had high sca effects,

s0 one can go for selection in the segregating materials to improve yield per hectare. But for
the rest of the crosses, hybrid development is the only way of attaining high grain yield per
hectare as the non fixable components is operating in these crosses with high sca effects.

From this study it was found that grain yield per hectare was predominantly
governed by non-additive gene action as reported by Guo et al. (1986), Crossa et al. (1990),
Joshi et al. (1998), Murthy et al. (1981) and Shanti et al. (2002).

5.3 Inter character correlation

Yield is a complex quantitative character governed by large number of genes and in
greatly effected by environmental factor. Hence, the selection of superior genotypes on yield
is not effective. For a rational approach towards the improvement of yield selection has to be
made for their component association of yield with their attributes thus, assumed special
importance as the basis for selecting desired strains. Genetic correlation between different
characters of plant often also because of either linkage or plieotrophy (Harland, 1939).

The results of phenotypic (Table 12) and genotypic (Table 13) correlation between
yield and their components in the present investigation are discussed below. In this
investigation, genotypic correlation coefficient were higher than phenotypic value (Fig. 3)



indicating that strong intrinsic association are reduced at phenotypic level due to
environmental effects.

The data presented in Table 12 and 13 revealed that genotypic correlation coefficient
were slightly higher in magnitude than phenotypic once. This low magnitude is due to
modifying effects of environment on the association characters. There was a general
agreement in both sign and magnitude between estimates of genotypic and phenotypic
correlations. The characters which are genotypically but not phenotypically correlated may not
be of practical value in selection since selection is based on phenotype.

5.3.1 Grain yield per hectare

Grain yield per hectare was positively and significantly associated with plant height,
ear length, ear circumference, number of kernel rows per ear, number of kernels per row,
100-grain weight, shelling percentage, grain yield per plant and fodder yield per hectare but
days to 50 per cent tasseling and days to 50 per cent silking were negatively and significantly
associated with yield per hectare at phenotypic level.

Similarly the grain yield per hectare was significantly and negatively associated with
days to 50 per cant tasseling and days to 50 per cent silking in desirable direction but it was
significantly and positively associated with all the characters viz., plant height, ear length, ear
circumference, number of kernel rows per ear, number of kernels per row, 100-grain weight,
shelling percentage, grain yield per plant, fodder yield per hectare at genotypic level.

The positive association of yield with plant height (Sharma et al., 1982, Tyagi et al.,
1988, Singh et al., 1991, Debnath and Khan 1991, Krishna and Natrajan 1995, Packiaj 1995,
Swarnalatha Devi and Shaik Mohammad 2001), ear length, ear circumference (Appadurai
and Nagarajan 1975, Alok Kumar et al., 1999, Pradeep Kumer and Satyanarayana, 2001),
number of kernels per row (Appadurai and Nagarajan, 1975, Tyagi et al., 1988, Geeta and
Jayaram 2000a), fodder yield per hectare (Krishnan and Nararajan, 1995), 100-grainweight
(Saha and Mukherjee, 1985, Tyagi et al., 1988, Umakanth and Khan, 2001) and grain yield
per plant (Nawar et al.,1999) was reported. The negative association was observed between
grain yield and maturity characters by Netaji et al. (2000).

5.4 Path analysis

The correlation value denotes only the nature and extent of association existing
between pairs of characters. The yield is dependent on several component characters that
are mutually associated, which will in turn impair the true association existing between a
component and economic characters and change in any one component is likely to disturb
the whole network of cause and effect. Each component has two parts of action viz. (1) the
direct effect and (2) indirect effects through components on economic characters which are
not revealed from the correlation studies. Path analysis first suggested by Wright (1921). In
the present study 11 characters were considered for path analysis (Table 14 and 15).

5.4.1 Grain yield per hectare

The characters viz., days to 50 per cent silking, plant height, number of kernel rows
per ear, number of kernels per row, 100-grain weight, shelling percentage, grain yield per
plant and fodder yield per hectare has positive direct effect on yield while days to 50 per cent
tasseling, ear length and ear circumference has negative direct effect (Fig 4) for genotypic
path.

The characters viz., days to 50 per cent tasseling, ear length, ear circumference,
number of kernel rows per ear, number of kernels per row, shelling percentage and grain yield
per plant has positive direct effect on yield while days to 50 per cent silking, plant height, 100-
grain weight and fodder yield per hectare had negative direct effect (Fig 5) for phenotypic
path.

The direct effect on grain yield by plant height, 100-grain weight (Packiaraj, 1995),
number of kernel rows per ear, number of kernels per row (Manivannan, 1998), ear



Table 18: Scoring of parents based on their gca effects for 12 characters in maize

SI.No Characters | Xt | X2 | X8 | X4 [ x5 | X6 | X7 | X8 | X9 | X10 [ X11 | X112 | Total | Rank
Females (Lines)
1 YP &) 4 #07-1 0 0 1 0 1 0 1 1 -1 0 1 0 4 1
2 YP & 4 #07-2 -1 -1 0 0 0 0 0 1 0 0 -1 0 -2 7
3 YP & 4 #07-3 0 0 0 0 0 0 1 1 0 0 2 3
4 YP & 4 #07-4 -1 0 0 0 0 0 -1 1 0 0 0 -1 6
5 YP &) 4 #07-5 0 0 -1 -1 0 -1 -1 -1 0 0 -1 0 -6 11
6 YP & 4 #07-6 -1 0 -1 0 -1 -1 -1 -1 -1 0 -1 -1 -9 14
7 YP &) 4 #07-7 0 0 0 0 0 -1 1 -1 0 0 -1 0 -2 7
8 YP & 4 #07-8 0 0 0 0 0 -1 0 0 1 0 1 4
9 YP & 4 #07-9 0 0 0 0 0 -1 0 0 1 0 0 5
10 YP & 4 #07-10 0 0 0 0 0 0 0 0 1 0 1 4
11 YP & 4 #07-11 0 -1 -1 0 -1 0 -1 -1 0 0 -1 0 -6 11
12 YP & 4 #07-12 0 0 0 0 0 0 0 -1 -1 0 0 0 -2 7
13 YP & 4 #07-13 -1 -1 -1 0 0 0 0 0 0 1 0 -1 6
14 YP () 4 #07-14 1 0 0 0 0 0 0 0 0 1 0 2 3
15 YP & 4 #07-15 0 0 0 0 0 0 -1 -1 0 0 1 0 -1 6
16 YP & 4 #07-16 0 0 0 1 0 0 0 1 0 0 1 0 3 2
17 YP & 4 #07-17 1 0 0 0 0 0 0 -1 1 0 1 0 2 3
18 YP &2 4 #07-18 1 1 0 0 0 0 0 0 -1 0 1 0 2 3
19 YP & 4 #07-19 1 1 1 0 0 0 -1 0 0 0 1 0 3 2
20 YP & 4 #07-20 0 0 0 0 0 1 0 1 1 1 1 4 1
21 YP & 4 #07-21 1 0 0 0 0 0 1 0 0 0 0 2 3
22 YP & 4 #07-22 0 0 0 0 0 0 0 -1 0 0 -1 6

Contd....




Sl

No. Characters X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X112 | Total | Rank
Females (Lines)

23 YP & 4 #07-23 0 0 0 0 0 -1 -1 0 0 1 0 -1 6

24 YP () 4 #07-24 -1 0 0 0 0 0 0 0 0 -1 0 -2 7

25 YP (2 4 #07-25 -1 0 0 0 0 1 1 1 0 0 0 2 3

26 YP ) 4 #07-26 -1 -1 0 0 1 0 0 1 0 0 -1 0 -1 6

27 YP &) 4 #07-27 -1 -1 0 0 0 0 1 1 -1 0 -1 0 -2 7

28 YP =) 4 #07-28 0 0 0 0 0 1 1 1 0 -1 0 2 3

29 YP & 4 #07-29 1 1 0 0 0 0 -1 0 0 1 0 2 3
Males (Testers)

30 Prabha 0 0 0 0 0 0 0 -1 0 0 1 0 0 5

31 KDMI-10 0 0 0 0 0 0 0 1 0 0 1 0 2 3

32 CI-5 0 0 -1 0 0 0 0 1 0 0 -1 0 -1 6

X1 - Days to 50% tasseling
X2 - Days to 50% silking

Scoring: 1= Significant gca effects in desired direction, 0 = Non-significant gca effects and 1 = Significant gca effects in undesired direction

X3 - Plant height (cm)

X4- Ear length (cm)
X5 - Ear circumference (cm)
X6 — Number of kernel rows per cob

X7 — Number of kernels per row
X8- 100-grain weight (g)
X9 — Shelling percentage (%)

X10 — Grain yield per plant (g)
X11 — Fodder yield (t/ha)
X12-Grain yield (g/ha)
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Fig.6. Scoring of parents based on their gca effects




Table 19: Performance of promising hybrids for grain yield

. . Mean grain Heterosis gca effects Other characters with
Sl.No Single cross hybrids yield (g/ha) female x male sca effects significant sca effects
SH HB RH

1. YP (#4#07-20 X ClI-5 67.29 53.3** 7277 88.21** High x Low 8.82* HGW,GYP,NKPR,SP

2. YP(4#07-4 X Prabha 61.54 40.2** 43.17* 47.62** Low x Low 6.38 HGW,FYH, NKPR,SP

3. YP{©4#07-24 X Prabha 61.35 39.78** 51.89** 54.84** Low x Low 6.49 NKPR, FYH

4. YP(#4#07-8 X Prabha 61.07 39.15** 51.21** 77.03** High x Low 4.85 HGW

5. YP(#4#07-3 X KDMI-10 60.55 37.97* 18.93 43.18** High x High 5.06 HGW,FYH

6. YP (14#07-26 X KDMI-10 60.52 37.88** 18.85 45.48** Low x High 5.60 NKPR

7. YP (14#07-23 X KDMI-10 59.51 35.58** 16.87 25.45* Low x High 8.18 NKRPE, NKPR

8. YP (534#07-28 X KDMI-10 59.50 35.57** 16.86 37.41* High x High 2.76 HGW

9. YP (4#07-27 X CI-5 59.42 35.4** 49.76** 64.53** Low x Low 2.69 SP

10. YP (£14#07-25 X CI-5 59.42 35.4** 82.54** 86.77* High x Low 3.09 FYH

*-Significant At 5% Level

**-Significant at 1% level

NKRPE= Number of kernel rows per ear, NKPR= Number of kernels per row, SP= Shelling percentage, HGW = 100-grain weight, GYP = Grain yield
per plant, FYH = Fodder yield per hectare, GYH = Grain yield per hectare.
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Fig.7. Specific combining ability (Sca) effects of top ten single cross experimental hybrids of maize in respect of 12 characters




Table 20: Standard heterosis for top 10 experimental hybrids of maize with respect to 12 quantitative characters over the five commercial checks

sl Days to 50 per cent tasseling Days to 50 per cent silking Plant height (cm)
No Experimental hybrids
Ct c2 C3 C4 C5 Ct c2 C3 C4 C5 Ci c2 C3 C4 C5
1. | YP@4#07-20 X CI-5 -1.5 -15 | -6.43* | -57* | -6.43** | -0.71 0.00 -4.79* | -479* | -479* | 10.29 | -0.37 | 1.9 2.29 16.02
2. | YP()4#07-4 X Prabha -3.76* | -3.76* | -857* | -7.91** | -857** | -2.86 | -2.16 | -6.85** | -6.85** | -6.85** | 24.69* | 12.64 | 15.21 | 15.65 | 31.17*
3. | YP(4#07-24 X Prabha 226 | 226 | -7.4** | -6.47** | -7.14** | -429 | -3.6 | -8.22* | -822* | -822* | 21.81 | 10.04 | 12.55 | 12.98 | 28.14*
4. | YP(24#07-8 X Prabha 0.00 0.00 -5 -4.32* -5 -0.71 0.00 -4.7* -4.79* | -479* | 2222 | 10.41 | 12.93 | 13.36 | 28.57*
5. | YP{4#07-3 X KDMI-10 -1.5 -15 | -6.43* | -576* | -6.43** | 0.00 0.72 -4.11 -4.11 -4.11 27.16* | 14.87 | 17.49 | 17.49 | 33.77**
6. | YP)4#07-26 X KDMI-10 -3.76* | -3.76* | -8.57* | -7.91* | -857** | -571* | -5.04* | -959** | -9.59** | -9.59** | 29.22* | 16.73 | 19.39 | 19.85 | 35.93*
7. | YP{£4#07-23 X KDMI-10 15 15 | -6.43* | -576* | -6.43** | -143 | -0.72 | -5.48* | -5.48* | -5.48 | 28.4* | 1599 | 18.63 | 19.08 | 35.06**
8. | YP(2)4#07-28 X KDMI-10 -3.01 | -3.01 | -7.86** | -7.19** | -7.86** | -3.57 | -2.88 | -7.583* | -7.53** | -7.53** | 19.75 | 8.18 | 10.65 | 11.07 | 25.97*
9. | YP{)4#07-27 X CI-5 1.5 -15 | -6.43* | -576* | -6.43** | -2.86 | -2.16 | -6.85** | -6.85** | -6.85** | 11.11 | 0.37 | 266 | 3.05 16.88
10. | YP(Z4#07-25 X CI-5 -3.01 | -3.01 | -7.86* | -7.19** | -7.86** | -5.0* | -4.32 | -89 | -8.9** -8.9** | 1852 | 7.06 | 951 | 992 | 24.68
*-Significant At 5% Level **-Significant at 1% level
C1 = DMH-2 C2 = EH434042 (Arjun), C3 = 900M C4 = Bio9681 C5 = Pinnacle




sl . . Ear length (cm) Ear circumference (cm) Number of kernel rows per ear
No Experimental hybrids
Ci c2 C3 c4 C5 Ci c2 C3 c4 C5 Ct c2 C3 c4 C5
1. | YP(£4#07-20 X CI-5 13.53 | -2.58 | -4.43 7.09 168 | -409 | -883 | -7.86 | -1.9 | -444 | 175 | 522 | 11.9* | 93 | 292
2. | YP(X4#07-4 X Prabha 29.7* | 11.29 | 9.18 22.34 16.16 | 11.52 | 6.01 | 7.14 | 14.07 | 11.11 15** 2.99 | 952 | 698 | 0.73
3. | YP{X)4#07-24 X Prabha 36.09* | 16.77 | 1456 | 28.37* | 21.89 | 6.32 | 1.06 | 214 | 875 | 593 | 13.33* | 149 | 794 | 543 | -0.73
4. | YP(@4#07-8 X Prabha 35.34* | 16.13 | 1392 | 27.66 | 21.21 | 283 | 226 | -1.21 | 517 | 2.44 12.5* 075 | 7.14 | 465 | -1.46
5. | YP(@4#07-3 X KDMI-10 45.86** | 25.16 | 22.78 | 37.59** | 30.64* | 9.29 | 3.89 5 11.79 | 8.89 12.5* 075 | 714 | 465 | -1.46
6. | YP(4#07-26 X KDMI-10 36.09* | 16.77 | 14.56 | 28.37* | 21.89 | 13.01 | 7.42 | 857 | 15.59* | 1259 | 11.67* 0 6.35 | 3.88 | -2.19
7. | YP(£4#07-23 X KDMI-10 27.44 9.35 | 7.28 20.21 1414 | 855 | 3.18 | 429 | 11.03 | 815 | 11.67* 0 6.35 | 3.88 | -2.19
8. | YP(24#07-28 X KDMI-10 17.29 | 065 | -1.27 | 10.64 505 | 3.72 | -1.41 | -0.36 | 10.65 | 7.78 | 11.67* 0 6.35 | 3.88 | -2.19
9. | YP(4#07-27 X CI-5 5.64 -9.35 | -11.1 -0.35 539 | 312 | -1.98 | -093 | 548 | 2.74 | 11.67* 0 6.35 | 3.88 | -2.19
10. | YP(4#07-25 X CI-5 30.08* | 11.61 | 9.49 22.7 165 | 9.29 | 3.89 | 500 | 11.79 | 889 | 10.83* | -0.75 | 556 | 3.1 | -2.92
*-Significant At 5% Level **-Significant at 1% level
C1=DMH-2 C2 = EH434042 (Arjun), C3 = 900M C4 = Bio9681 C5 = Pinnacle




Number of kernels per row 100-grain weight (g) Shelling percentage (%)

Sl
Nc; Experimental hybrids

C1 c2 C3 C4 C5 C1 c2 c3 C4 C5 C1 c2 C3 C4 C5
1. | YP()4#07-20 X CI-5 53.2** | 14.9* | 47.1* | 272 | 7.35 3.08 2.9 24.1* | 155 | 26.4** | 105" | 4.4* | 85" | 58 | 3.8*
2. | YP(X)4#07-4 X Prabha 49.8** | 12.4* | 43.8* | 24.2** | 499 | 9.23* 29 31.5* | 224 | 33.9* | 87 |245| 6.5 | 3.81* | 1.9
3. | YP{X14#07-24 X Prabha 472 | 10.4* | 414> | 225 | 315 | -7.69 | -13.0" | 11.1* 345 | 1321* | 7.9 | 209 | 6.1 | 345 | 154
4. | YP(4#07-8 X Prabha 41.6** 6.2 35.9** | 17.4* | -0.79 | -29.3** | -33.3** | -14.8** | -20.7** | -13.2* | 7.8 | 1.79 | 58* | 315 | 1.25
5. | YPE4#07-3 X KDMI-10 40.8** 5.6 35.3** | 16.7** | -1.31 | 26.2** | 18.84** | 51.8** | 41.4* | 547" | 7.2* | 143 | 55 | 2,79 | 0.89
6. | YPE)4#07-26 X KDMI-10 40.8** 5.6 35.5% | 16.7** | -1.31 | 18.5** | 11.59** | 42.6** | 32.8* | 453 | 6.9 | 119 | 52 | 254 | 0.65
7. | YPZ)4#07-23 X KDMI-10 40.8** 5.6 35.3* | 16.7** | -1.31 | -18.5** | -23.2** -1.85 8.62 0 6.6 | 0.96 | 497 | 23 | 042
8. | YP)4#07-28 X KDMI-10 40.8** 5.6 35.5** | 16.7** | -1.31 6.15 0 27.8* | 18.9** | 30.2** | 6.6 | 0.9 | 491* | 224 | 0.36
9. | YPE)4#07-27 X CI-5 39.7** 4.8 34.7* | 15.8* | -21 7.69 1.45 29.6** | 20.7** | 32.2** | 6.2 | 054 | 453* | 1.8 0
10. | YP&D4#07-25 X CI-5 39.3** 4.5 33.8** | 15.5** | -2.36 4.62 -1.45 25.9** | 17.3** | 28.3** 6** 0.3 | 4.26* | 1.63 | -0.24

*-Significant At 5% Level **-Significant at 1% level
C1=DMH-2 C2 = EH434042 (Arjun), C3 =900M C4 = Bio9681 C5 = Pinnacle




sl . . Grain yield per plant (g) Fodder yield (t/ha) Grain yield (g/ha)
No Experimental hybrids

Ct c2 C3 c4 C5 Ct c2 C3 C4 C5 Ct c2 C3 c4 C5
1. | YP(E4#07-20 X CI-5 35.7** | 10.78 | 18.4* | 12.7 | 10.03 | -15.22 25 -17.02 30~ 30~ 51.8** | 15.93 | 30.6* | 22.1 | 15.6
2. | YP(X4#07-4 X Prabha 27.6** | 4.16 | 11.34 | 6.04 | 3.46 | 54.5* | 77.5* | 51.6** | 136.7** | 136.7** | 38.9* | 6.02 | 19.49 | 11.67 | 5.72
3. | YP(£4#07-24 X Prabha 28.51 49 | 1213 | 68 | 4.2 -8.7 5 -10.64 40** 40** 385 | 57 |19.13 | 11.33 | 54
4. | YP{4407-8 X Prabha 26.1** | 2.94 | 10.03 | 48 | 225 | 75 | 101.3** | 71.3** | 168.3** | 168.4** | 37.8* | 523 | 18.59 | 10.83 | 4.93
5. | YP(X4#07-3 X KDMI-10 27.3** | 392 | 11.08 | 58 | 322 | 57.6** | 81.25* | 54.3** | 141.7** | 141.7* | 36.8* | 4.33 | 17.58 | 9.89 | 4.04
6. | YP(Z4#07-26 X KDMI-10 28.2** | 463 | 11.84 | 6.53 | 3.93 | 543 21.5¢ 3.19 61.7** 61.7* | 36.6* | 426 | 175 | 9.82 | 3.97
7. | YP(Z4#07-23 X KDMI-10 23.8* | 1.09 | 806 | 292 | 042 | 46.7** | 68.7 | 43.6* | 125 125** 34.3* | 252 | 1554 | 7.98 | 2.23
8. | YP(Z4#07-28 X KDMI-10 23.8* | 1.09 | 805 | 2.91 | 0.41 8.7 25 6.38 66.7** 66.7** | 34.3* | 252 | 1553 | 7.98 | 2.22
9. | YP(24#07-27 X CI-5 23.7* 1 7.95 | 2.82 | 0.32 3.26 18.75 1.06 58.3** 58.3** 34.3* | 239 | 1539 | 7.84 | 2.1
10. | YP(24#07-25 X CI-5 23.7* 1 7.95 | 282 | 0.32 | 76.1* | 1025 | 72.4* 170** 170** 34.3* | 239 | 1539 | 7.84 | 21

*-Significant At 5% Level **-Significant at 1% level
C1=DMH-2 C2 = EH434042 (Arjun), C3 = 900M C4 = Bio9681 C5 = Pinnacle
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Fig.8. Standard heterosis for top 10 experimental hybrids for days to 50 percent tasseling
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Fig.9. Standard heterosis for top 10 experimental hybrids for days to 50 percent silking
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Fig.10. Standard heterosis for top 10 experimental hybrids for plant height (cm)
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Fig.11. Standard heterosis for top 10 experimental hybrids for ear length (cm)
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Fig.12. Standard heterosis for top 10 experimental hybrids for ear circumference (cm)




Number of kernel rows per ear

E DMH-2 B EH-434042(Arjun) 0900M H Bio9681 @ Pinnacle

-5 I I I I I I I I I r
YPo4#07-20 X  YPed#07-4 X  YPo4#07-24 X  YPed#07-8X  YPe4#07-3 X  YPed#07-26 X YPo4#07-23 X YPe4#07-28 X YPed#07-27 X YPe4#07-25 X
CL5 Prabha Prabha Prabha KDMI-10 KDMI-10 KDMI-10 KDMI-10 CL5 CL5

Fig.13. Standard heterosis for top 10 experimental hybrids for number of kernel rows per ear
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Fig.14. Standard heterosis for top 10 experimental hybrids for number of kernels per row
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Fig.15. Standard heterosis for top experimental hybrids for 100-grain weight (g)
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Fig.16. Standard heterosis for top 10 experimental hybrids for shelling percentage
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Fig.17. Standard heterosis for top 10 experimental hybrids for grain yield per plant(g)
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Fig.18. Standard heterosis for top 10 experimental hybrids for foder yield per hectare (t/ha)
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Fig.19. Standard heterosis for top 10 experimental hybrids for grain per hectare (g/ha)




circumference (Gautam, 1999) and fodder yield per hectare (Krishan and Natarajan, 1995) as
also reported by several workers. The negative direct effect was observed by Umakantha et
al. (2001).

The indirect effects on yield were excreted by grain yield per plant, 100-grain weight,
days to 50 per cent silking and ear circumference. These findings were in accordance with
Shaik Mohmmed (2001).

5.5 Selection of desirable line and hybrids for future use

Based on the general combining ability effects best lines were used for scoring
techniques (Table 9 and 18). Among 29 lines, YP £04#07-1 and YP ¢24#07-20 exhibited high

gca effects for maximum number of yield contributing characters. It is evident from the pooled
score analysis of parents for gca effects that these females parents stood out as top potential

combiners with highest pooled score of +4. The second rank was taken by YP&)4#07-16 and
YP{)4#07-19 with pooled score of +3, YPGM4#07-3, YP&4#07-14, YP4#07-17,

YP 4#07-18, YPD4#07-21, YPE)4#07-25, YPGD4#07-28 and YP &E4#07-29 with pooled

score of +2 ranked third. Among the male parents (testers), KDMI-10 was the best combiner
with pooled score value of +2 (Fig 6).

Based on the performance, top 10 single cross hybrids are selected for grain yield
(Table 19). These single cross hybrids were on par with standard check Pinnacle for grain

yield. The hybrids viz., YP&4#07-20 x CI-5, YP{)4#07-4 x Prabha, YP &4#07-24 x Prabha,
YP4#07-8 x Prabha, YPE4#07-3 x KDMI-10, YP £14#07-26 x KDMI-10, YP{4#07-23 x

KDMI-10, YPG24#07-28 x KDMI-10, YP(304#07-27 x CI-5 and YP{)4#07-25 x CI-5 topped

the list of crosses for grain yield per hectare. This high yielding ability may be due to
possession of significant plant height, ear length, ear circumference, number of kernel rows
per ear, number of kernels per row, 100-grain weight and grain yield per plant. These hybrids
had combination of parents with low x low, low x high and high x high gca effects (Fig 7).

These also had considerably high sca effects through they were not significant. Thus,
these can be directly used as hybrids or apply standard selection procedure in segregating
populations. This holds true for the crosses, which were obtained from high x high gca effect
parent combinations.

But these high yielding crosses obtained from low x low gca effects and also low x
high gca effects which indicates that even though the individual lines have less gca effects,
but when they are crossed the gene contributing for grain yield from female and male
combines well with each other without any negative effects. Thus low x low gca effect crosses
show higher yield when compared to high x high crosses.

Future line of work

v From this investigation, 10 promising single cross hybrids viz., YP&)4#07-20 x CI-5,
YP (24#07-4 x Prabha, YPG)4#07-24 x Prabha, YP&)4#07-8 x Prabha, YP 4#07-
3 x KDMI-10, YP&)4#07-26 x KDMI-10, YP14#07-23 x KDMI-10, YP (£4#07-28 x

KDMI-10, YPE24#07-27 x CI-5 and YPE4#07-25 x CI-5 identified for grain yield

need to be tested in multilocation trials or on farmer’s fields in large area to study the
performance of these crosses across different environments for their wider
adaptability.

v' These 10 promising single cross hybrids need to be screened for pest and disease
resistance.



v' Parents with high gca can be used in multiple crosses and their segregating
population can be screened for segregation which posses all favourable alleles
distributed among the parents for the desired characters.

v The promising lines (females) may be evaluated with large number of other testers to
identify still better single cross hybrids.



6. SUMMARY AND CONCLUSIONS

An experiment was conducted to evaluate single cross experimental hybrids of
maize, which were obtained by crossing 29 lines with three testers in a line x tester fashion.
An attempt was made to understand the genetic nature of 12 quantitative characters viz.,
days to 50 per cent tasseling, days to 50 per cent silking, plant height, ear length, ear
circumference, number of kernel rows per ear, number of kernels per row, 100-grain weight,
shelling percentage, grain yield per plant, fodder yield per hectare and grain yield per hectare.
87 Fis, 29 lines, three testers and five commercial checks viz., DMH-2, EH-434042 (Arjun),
900M, Bio-9681 and Pinnacle were evaluated in a randomized block design during Rabi,
2009 at All India Co-ordinated Maize Improvement Project, Agricultural Research Station
(ARS), Arabhavi.

The objectives of the study were

1. To evaluate the performance of single cross experimental maize hybrids for grain and
fodder yield.

2. To estimate the gca and sca effects in respect to grain yield and its components.

3. Assessing of combining ability of single cross experimental hybrids and parents by
involving line x tester analysis.

The salient features of experimental findings are summarized below

Analysis of variance clearly indicated the presence of significant differences among
parents, hybrids and checks for all the traits indicating the presence of genetic variability in
the materials used for the study. The analysis of variance revealed higher magnitude of SCA
variance to GCA variance for all characters. Hence, the ratio of additive to dominance
variance was lesser than unity for all traits. This indicated that all traits posses higher
dominance variance than additive variance.

Among 29 lines, YP &)4#07-1 was the best general combiner for plant height, ear

circumference, 100-grain weight and fodder yield per hectare and YP%24#07-20 was the best

general combiner for plant height and fodder yield per hectare. Among testers, KDMI-10 was
the best general combiner for 100 grain weight and fodder yield per hectare.

The hybrids such as YPE4#07-20 x CI-5, YP&4#07-4 x Prabha, YPEI4#07-24 x
Prabha, YP@&4#07-8 x Prabha, YP@&4#07-3 x KDMI-10, YP{4#07-26 x KDMI-10,

YP (£4#07-23 x KDMI-10, YP E4#07-28 x KDMI-10, YPE)4#07-27 x CI-5 and YPE)4#07-25
x Cl were the five top crosses with higher sca effects.

Heterosis studies indicated the expression of relative heterosis and heterobeltiosis in
several crosses for most of the character in both desirable and undesirable direction. The

cross combination YP{&4#07-20 x CI-5, YPE)4#07-4 x Prabha, YP(£4#07-24 x Prabha,
YP &14#07-8 x Prabha, YPE4#07-3 x KDMI-10, YP (4#07-26 x KDMI-10, YP&) 4#07-23 x

KDMI-10, YPE24#07-28 x KDMI-10, YP (24#07-27 x CI-5 and YP3)4#07-25 x Cl were found

to be promising for grain yield as they had high standard heterosis. These crosses had the
combinations of low x low, low x high and high x high gca effects.

Correlation and path analysis indicated that plant height, ear length, ear
circumference, number of kernel rows per ear, number of kernels per row, 100-grain weight,
grain yield per plant had strong association and directly affected grain yield.

From this investigation, it is suggested to evaluate best hybrids viz., YP (24#07-20 x
CI-5, YP (£)4#07-4 x Prabha, YP )4#07-24 x Prabha, YPE)4#07-8 x Prabha, YPE4#07-3 x
KDMI-10, YP{4#07-26 x KDMI-10, YPE24#07-23 x KDMI-10, YP{E4#07-28 x KDMI-10,



YP (04#07-27 x CI-5 and YP&4#07-25 x CI-5 for grain yield for commercial utilization.

Further, the promising single cross experimental hybrids having parental combinations with
low x low, high x high and low x high gca effects for yield may be used for improvement of
parental lines by selection in advanced generation.
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ABSTRACT

The study was conducted to assess the nature of gene action and combining ability
studies in single cross hybrids of maize. The crossing programme was carried out at Main
Agricultural Research Station, Agricultural College, Dharwad during kharif 2008. The main
experiment was executed at All India Co-ordinated Maize Improvement Project, Agricultural
Research Station, Arbhavi during rabi’summer 2008-09. The experiment comprised of 29 S,
lines derived from national yellow pool, three testers, 87 single crosses and five commercial
checks. The 87 single cross experimental hybrids were generated by crossing 29 lines and
three testers in line x tester design and evaluated in randomized block design with two
replications.

Hybrids exhibited significant variability for 12 characters studied. The computed
variance ratios (6°GCA/6°SCA, 6°A/a°D) revealed non-additive gene action in the inheritance
of all the traits studied. The study on the combining ability revealed that the tester KDMI-10

was found to be best general combiner among three testers. The sca effect of YP(4#07-20

x CI-5 single cross hybrid was highest for grain yield. The cross YP&4#07-20 x CI-5 showed
highest heterosis percentage with gca combination of high x low.

The correlation studies depicted that plant height, ear length, ear circumference,
number of kernel rows per ear, number of kernels per row, 100-grain weight, shelling
percentage, grain yield per plant, fodder yield per hectare were positively associated with
grain yield per hectare while negatively associated with days to 50 per cent flowering. The
characters viz., days to 50 per cent silking, plant height, number of kernel rows per ear,
number of kernels per row, 100-grain weight, shelling percentage, grain yield per plant and
fodder yield per hectare has positive direct effect while days to 50 per cent tasseling, ear
length and ear circumference has negative direct effect on grain yield for genotypic path.



