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ABSTRACT

A half set of crosses among eight Ss inbred lines of yellow maize were
evaluated in 2002 and 2003 seasons at the Agricuitural Experimental Station, Faculty
of Agriculture, Minufiya University to estimate, a) the relative magnitude of general
and specific combining ability and their interactions with years. b) the heterotic effects
and the economic heterosis relative to the check variety (S.c156). c) the genetic
diversity and the phylogenetic relationship among these lines and their hybrids. d) the
correlation coefficients between genetic distance and each of heterosis, specific
combining ability (S.C.A.) and mean performance.

The crosses (1x4}, (6x7), (6x9), (1x3) and (3x4) were the best for grain yield
and its components, and earliness; while crosses (7x9) and (8x9) were the best for
plant height (towards shortness) and ear height (towards low ear placement).
Significant differences for general combining ability (G.C.A.) mean squares were
detected for grain yield/plot, ear length, and number of kernels/row. Meanwhile, non-
significant differences were found for ear diameter, number of rows/ear, 100-kernel-
weight, plant and ear heights, days to tasseling and days to silking. Specific
combining ability mean squares exhibited significant differences for most studied
traits except for plant and ear heights. Ratios of k’ G.C.AK® S.C.A were less than
unity for all the studied traits except plant and ear heights exhibited prevalent
dominance gene effects. Generally, for grain yield/plot and scme of its components,
most sources of variations were highly significant including their interaction with
years. Generally, the most desirable values of general combining ability effects (gi)
were obtained from Popsss for grain yield/plot, number of rows/ear and number of
kernels/row, Popses for ear length and ear diameter, Popsss for days to silking
(towards lateness); and Popssa (towards earliness). Crosses (1x4), (1x3), (1x5),
(3x4). (3x5), (3x7), (4x9), (6x7) and (6x8) showed mean performances, (S.C.A.) and
heterotic effects which may be of prime importance for breeding programs. The
correlation coefficients between genetic distance between parents and heterosis,
ang per se hybrids performance exhibited positive significant correlation coefficients
(0.43) and (0.41) for grain yield per piot and significant negative correlation
coefficients (-0.41) and (-0.41) for days to tasseling. However, of the ten characters
only ear length showed positive significant correlation coefficient (0.38) between the
genetic distances between the parental genotypes of 28 hybrids and their SCA
values. Generally, from these results it appeared that heterosis could not be
considered as a funclion of genetic divergence and it is impossible to predict hybrid
performance from genetic distance,

INTRODUCIION

Maize is one of the most important crops for food , feed and industrial
use (Dowswell et al. 1996). Extensive research has been done in different
disciplines on this novel crop. One of the main objectives of the National
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Maize Program is breeding and releasing high yielding maize hybrids to
increase the national production of maize, (Barakat et al. 2003). Populations
of maize (Zea Mays L.), either open - pollinated varieties or derived
synthetics, may be useful sources for inbred lines if improved for agronomic
traits. Development of commercially acceptable hybrids requires that the
various types of hybrid combinations are evaluated in yield trials.

Many investigators used diallel cross mating scheme to estimate
general and specific combining ability for grain yield and other quantitative
characters for determining the most suitable breeding programs to improve
these traits. They also showed that general and specific combining ability
effects should be taken in consideration to evaluate and release new inbreed
lines and hybrid maize, i.e. Hallauer and Miranda (1981), Nawar and El-
Hosary (1985), El-Hosary et al. (2001), Barakat et al. (2003). They found that
both general (G.C.A.) and specific combining ability (S.C.A.) effects were of
equal importance in the inheritance of grain yield and other agronomic traits.
Another Researchers found that S.C.A. was predominantly, i.e., Leon et al.
(1989), Alika (1994), Konak et al. (1999), Leon (2000), Vacor et al. (2002) and
Alamnie et al. (2003).

Genetic diversity is one of the important source of the genetic variation

in germplasm which provides the plant breeders with the best knowledge to
achieve the progress in their programs. Several investigators studied the
genetic diversity at the phenotypic levels to assess maize genetic diversity
(Smith (1986), Gonzalez (1997), Melo et al. (2001), Mohammdi and Prasanna
(2003), Betran et al. (2003), Menkir et al. (2004) and Mohamed (2005).
The present study is an attempt to estimate, a) the relative magnitude of
general and specific combining ability and their interactions with years. b) the
heterotic effects relative to the check variety (economic heterosis). ¢} the
genetic diversity and the phylogenetic relationship among these lines and their
hybrids to assess the possible relationship between combining ability,
heterosis and per se hybrid performance in these lines and their hybrids and
the genetic diversity as determined by morpho -agronomic traits.d} the
correlation coefficients between genetic distance and each of heterosis,
specific combining ability (S.C.A.) and mean performance.

MATERIALS AND METHODS

Eight S, inbred lines of corn, i.e., Popsg.; (P1), Popss.s (P2), Popsss
(P3), Popse.s (Ps), Popses (Ps), POpsa.7 (Ps), popsss (P7) @and Popss.g (Ps) were
used in this study. Popsg maize population, which was used in this study, was
developed by the Agricultural Research Center (ARC), and was planted at the
Agricultural Experimental Station, Faculty of Agriculture, Minufiya University.
In 2000 season, 25 ears of S; from Popsg maize population were planted and
crossed to produce S, lines. In 2001 season, all possible combinations,
without reciprocals were made among the eight S, lines to produce 28
hybrids.

The hybrids and their eight parents were tested in the two successive
seasons 2002 and 2003. Randomized complete block design with three
replications was used. Each hybrid was represented by five rows, 6m. long
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and 70cm. a part with two kernels per hill on one side of the ridge. The
seedlings were thinned te one plant per hill. The normal cultural practices
were followed during the two growing seascens. Data were measured on ten
quantitative characters i.e., grain yield/plot, ear length, ear diameters, number
of rows/ ear, number of kernels/row, 100-kernel- weight, plant height, ear
height, days to tasseling, and days to silking. Random samples of 10 guarded
plants in each plot were taken to measure the previous characters except
yield of ears/plot which recorded on yield of three guarded rows for each
entry. Grain yield/plot was adjusted based on 15.5% moisture and shelling
percentage. Data were analyzed by using Griffing's (1956) procedure,
Method-4, Model-1 (fixed model) for each year. The combined analysis of the
two years was done whenever homogeneity of variance was not significant.
Genotypes for all studied morpho-agronomic characters of the maize
genotypés were subjected to a multivariate analysis (Johnson and Wichern,
1988). Data were analyzed using the hierarchical Euclidean cluster analysis.
The cluster analysis and dendrogram construction were performed using the
SPSS (1995).

RESULTS AND DISCUSSION

The present study was carried out to investigate the heterosis and
combining ability and their interactions with years in eight S, inbred lines of
Popss maize population by means of diallel mating scheme for ten quantitative
traits. To achieve this target, half diallel cross was studied. The data obtained
was devided into the following, i.e., mean performance, analysis of variance,
combining ability, economic heterosis, genetic distance and cluster analysis.

Mean performances:

Mean performances of twenty-eignt single crosses resulted from eight
S, inbred lines derived of the Popse maize population. The combined data ars
presented in Table {1).

For grain yield/plot, number of rows/ear, and 100-kernel-weight, the
best cross was (1 x 4) where showed the highest mean values for these
characters. For grain yield/plot, the best cross was (9x1). For ear length, 100-
kernel-weight and two flowering dates, towards earliness, the best cross was
{(1x3). For grain yield/plot, ear diameter and egg length, the best cross was
(6x9). For ear diameter the best crosses were (8x6) and (4x9). For number of
rows/ear and plant and ear heights the best cross-exhibited dwarfism was
{4x6). For number of kernels/row and days to silking, the best cross exhibited
earliness was (3x4). For 100-kernel-weight and number of kernels/row the
best cross was (3x4). For plant and ear height towards shortness the best
crasses were {(7x9) and {8x8). For fiowering dates towards earliness the best
cross was (3x5).

Generally, the crosses (1x4), (6x7), {6x9), (1x3) and {3x4} were the
best for grain yield and its companents, and towards earliness; while crosses
(7x9) and (8x9) were the best for plant height (towards shortness) and ear
height (towards low ear pltacement).
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Analysis of variance and general and specific combining ability:

The analysis of variance for the studied traits of hybrids are presented
in Table (2).Estimates of year mean squares in combined data were
significant for grain yield/plot, ear length, 100-kernel-weight, and ear heignt,
while the other characters exhibited non-significani differences.

Mean squares of hybrids were significant for ail studied traits except

for ear height.
Significant differences for general combining ability (G.C.A.) mean squares
were detected for grain yield/plot, ear length, and number of kernels/row.
Meanwhile, non- significant differences were found for ear diameter, number
of rowslear, 100-kernel-weight, plant and ear heights, days to tasseling and
days to silking.

Specific combining ability mean squares exhibited significant
differences for most studied traits except for plant and ear heights.

Ratios of k¥ G.C.A/K® S.C.A were less than unity for all the studied
traits except plant and ear heights.

Generally, for the combined data, all traits exhibited prevalent
dominance gene effects except plant height and ear height, thus the
dominance variance effects played the major part in total genetic variance.
This finding was also cbtained by Nawar ef al. (1979 and 2002), lL.eon et al.
{1989), Sedhom {1992), El-Shamarka (1995), Rabie et al. (1997), EL-Hosary
et al. (1929); Konak et af. (1999), EL-Absawy (2000), Leon (2000}, Singh et
al. (2000}, Vacor et al. (2002) Turgut (2001), El-Shenawy et al. {2002), Amer
(2003}, Barakat ef al. (2003), GuangChang et af. {2003), Mousa {2003),
Alamnie et ai. (2003) and Mochamed (2005) for grain yield and some of its
components.

Hybrid x years mean squares interactions showed significant
differences for most of the studied traits except few cases i.e., number of
rows/ear, ear height and the two flowering dates.

General combining ability x years mean squares were significant for
most of the studied traits except number of rows/ear, plant height and ear
height. Meanwhile, specific combining ability X years mean squares were not
significant for most of the studied traits except grain yield/plot, ear length,
number of kernels/row and ear height.

The Ratios of G.C.A x years/S.C.A x years interactions showed that,

for most of the studied traits the G.C.A effects were found to be more
influenced by the effects of the growing season. Meanwhile, S.C.A were
found to be less influenced by the year seasonal effects for number of
rows/ear, and ear height.
Generally, for grain vield/plot and some of its components, most sources of
variations were highly significant including their interaction with year. This
means that, the behavior of that sources, i.e., hybrids, G.C.A and S.C. A were
markedly differed ffom one year to ancther. This
finding was also obtained by EL-Reouby and Galal (1972}, Rabie et af, (1997),
EL-Shamarka {1999), EL-Absawy (2000), EL-Hosary et &/ {1999). On the
other hand, Sadek et al. (2000) and Barzkat ot af. (2003} found that S.C.A.
interaction exceed G.C.A. interaction.
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Estimates of general combining ability effects (gi) are presented in
Table (3).Desirable significant effects were obtained from the lines Popse. for
number of rows/ear and number of kernels/row, Popssg for ear length and
diameter, and Popsgg for days to silking (lowards lateness) and Popsss
(towards earliness).

Generally, the most desirable values of general combining ability
effects {gi) were obtained from Popsg.4 for grain yield/plot, number of rows/ear
and number of kernels/row, Popsg ¢ for ear length and ear diameter; Popsgg
for days to silking (towards iateness); and Popss. (towards earliness).

Estimates of specific combining ability (S.C.A.) show significant
effects (Sij) for the studied traits are tabulated in Table (4). The single
hybrids, {(1x4), (1x9), (5x8), (6x7},and (6x9) for grain yield/plot;, (1x3,and (6x7)
for ear length, (3x8),and (7x8) for ear diam=t=r; (5x9) for number of rows/ear;
{1x4), (6x7} and {7x8) for number kernels::: <3), {1x4) and (6x8) for 100-
kemel-weight; (4x8) and (8x9) for plant height (toward taliness) and {toward
shartness) respectively and (7x8) for ear height (toward ear high placement.

Generally, the best crosses were {(5x8), (6x9), (1x3) (1x4), and (7x8).
These crosses may be of prime importance for breeding programs of hybrids
maize providing the additive genetic system which is present in the good
combiner as the complementary and epistatic effects and acts in the same
trend to reduce undesirable plant characteristics and hence maximize the
character in view. These results were partially in agreement with those
obtained by El-Hosary et al. (1990 a, and b), Nawar et al. (1994 and2002),
Nigussie and Zelieke (2001), Rabie ef al. (1997), Tulu and Ramachandrappa
(1998), EL-Absawy (2000), Abd Ei-Maksoud et al. {2003and 2004} and Abd
El-Hadi et al. (2004).

Economic heterosis:

Economic heterosis effects were computed only relative 1o the check
variety {S.c158) for grain yield/plant and some of its componenis and are
presented in Table {5). Most of the crosses showed desirable heteratic values
relative to the check variety (S.c. 156). Aimost all the studied traits showed
desirable economic heterosis effects except ear diameter and the two
flowering dates. On the other hand, no differences, either positive or negative
were detected for plant and ear height. These results are in agreement with
those of EL-Hosary et al (1999), EL-Absawy (2000), Mousa (2001 and
2003}, Nawar et al. (2002), GuangCheng (2003) Abd El-Maksoud et af. (2003
and 2004) and Abd El-Hadi et a/l. (2004). ’

Such promising genetic materials which showed desirable values of
mean performances, (S.C.A.) and heterotic effects i.e., hybrids (1x4), (1x3),
{1x5), (3x4), (3x5), (Ix7), (4x9), (6x7) and {6x8) may be used in improving
yielding ability and some other agronomic characters in maize breeding
programs. ‘

Genetic diversity and cluster analysis:

The level of genetic diversity based on morpho- agronomical
characters among maize genotypes was assayed using the hierarchical
Euclidean cluster analysis. A matrix of genetic distance values among the
(36) maize populations is presented in Table (6).
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The genetic distances for all (630) pairs ranged from (1.97) to (18.62).
The highest genetic distance of (18.62) was detected between (Ps) and (C,)
this was followed by a distance (18.49) between (P;) and (C,). This indicated
that (Ps) is the most divergent genotype from all other maize genotypes.
Meanwhile, the minimum Euclidean distance of (1.97) was observed between
the most similar genotypes (Cs) and (C,,), followed by a distance of (2.18),
between (Cy) and (Cy4).

The dendrogram produced from genetic distance based on morpho-

agronomical characters among maize genotypes is shown in Figure (1).
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Figure (1): Linkage dendrogram for studied maize genotypes based on
their morpho-agronomical characters.

Table (7): Grouping pattern of parents and F1 hybrids based on their

morpho-agronomical characters.

No. of
Cluster {Genotype| Maize Genotypes {parents and F1 crosses) falling in
] cluster

i 1 [C14:(MaxV5) ]

1 7 C6:(M1xM8),C13:(M3xMB),C15:(M4xME),C1:(MdxM7),C17.
{M4xM8),C22: (M5xM9),C24(MExM8)

I 9 C3:(M1xM5),C4:(M1xM6),C5:(M1xM7),C11:(M3xM7),C12:(M3
xM8),C20:(M5xM7),C21:(M5xM8),C27:(M7xM9),C28:(M8xM2)

v 10 C1:{M1xM3),C7:(M1xM9),C8:(M3xM4},C9:(M3xM5),C10:(M3Ix
M8),C 18:(M4xM9),C19:(M5xM8B),C23:(MBxMT7),C25:(MBxMS),
C26:(M7xM8)

Y] 1 C2:(M1xM4)

Vi 8 P1:M1,P2:M3,P3:M4,P4:M5,P5:M6,P6:M7,P7:M8,P8:M9

-

Based on the extent of relative dissimilarity among maize genotypes,
the 36 maize populations were grouped into (6) clusters. Cutoff point at (8.0),
Euclidean distance was fixed as minimum dissimiarity.

Cluster | contained the single genotype (Cy4). Cluster Il consisted of
seven genotypes, (Cs,Cia, Cis, Cis, Ci7, C22 and Cy,).Cluster analysis further
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united Cg and Cy3. Cpand Cy4 ;and Cys and Cyg into discrete group within a
larger cluster. Cluster Ili consisted of nine genotypes; C;, C4,Cs, Ci1, Cia. Coo,
Cz1, Cy7and Cyg. Cluster analysis further united 5 and C;,. Csand C,y. Cyand
Cao and Cy7 and Cye. Cluster IV comprised ten genotype; Cy, C7, Ca Ca. Cio,
Cig. Cio, Caa, Css, and Cye. Cluster analysis further united C; and Cy3; Cs and
Cyq, and Cz and Cys. Cluster V comprised the single genotype C,. Cluster VI
comprised of eight genotype, Py, Py, Ps3 P4 Ps. Ps. P;, and Py Ciuster
analysis further united Pg and Pg; and P;, and Py (Fig.1). However, in none of
the hybrids which are derived from one parent are grouped together into one
cluster. It is worthy to mention the performance of either C. and C; crosses
which each occupied single cluster was quite different from each other and
from the rest of all crosses and parental lines as well.

The parents were distributed in one cluster. The distribution of hybrids
was also over five clusters, which revealed that diversity in hybrids was
greater than that in their parents. These data indicated that distribution of
genotypes into different clusters was at random and was not infiuenced by
their parentage distribution. Moreover, considerable genetic divergence
induced by hybridization in this set of maize genotypes. The existence of such
a wide genetic diversity was previously reported by Smith (1986}, Autrique et
al (1996), Gonzalez (1997), Melo et al. (2001), Vacor et al. (2002), Alamnie et
al. (2003}, and partially with Mohamed (2005},

The average intra-cluster and inter-cluster genetic distances are
presented in Table (8).

Table {8): Euclidean average intra- and inter- cluster genetic distances
among six clusters of studied maize genotypes based on
their morpho-agronomical characters.

No.of | Cluster | Cluster |Cluster| Cluster | Cluster | Cluster

Cluster | H il v v Vi
Cluster | 0.000 9032 | 9272 | 9.90% 14.094 | 16.634
Cluster il 0746 | 0.919 | 1.508 4.74 8.496
Cluster Iii 0.882 2.317 6.126 5.481
Cluster IV 0.877 2.329 | 14.487 |
Cluster V 0.000 21.378
Cluster VI 0.996

The maximum inter-cluster distance {21.378) was found between
cluster (V1) and {V), which were followed by the distance {16.634) between
clusters (V1) and (i) ;and (14.487) between clusters (VI} and {IV), suggesting
the presence of wide genetic diversity between them.

The minimum inter-cluster distance {0.819) was observed between
cluster (11} and (1), which were foliowed by (1.508) between cluster (V) and
(I, indicating close reiationship among the genotypes included within these

clusters.

Generally the Euclidean genetic distances observed indicated that the
magnitude of inter-cluster distance refiects the diversity which exists among
the genotypes.
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The intra-cluster distance was maximum (0.996) in cluster (VI) and
followed by cluster (IV) and (lil); and was the minimum (0.000) in cluster (/)
and (V), indicating that the maize genotypes Cy4 and C, in cluster (1) and (V),
respectively to be the most hetercgeneous.

Relationship between genetic distance and each of heterosis, specific
combining ability (S.C.A.) and mean performance:

The correlation coefficients between genetic distance between
parents and heterosis, and per se hybrids performance exhibited positive
significant correlation coefficients (0.43) and (0.41) for grain yield per plot and
significant negative correlation coefficients (-0.41) and (-0.41) for days to
tasseling. In addition, significant negative correlation coefficient (-0.37) was
also observed between genetic distance and heterosis for days to silking.

However, rest characters showed insignificant correlation coefficients
between genetic distance and heterosis. Since significant association
between hetzrosis and parental divergence would depend on several factors
including availability of optimum environmental for the expression of heterosis
and the extent of internal cancellation or balancing of the various components
of heterosis (Falconer,1989). However, non correspondence between genetic
divergence and heterosis have been reported by Behl et al. (1985) in tritical;
Martin et a/. (1995) in wheat, and Rosa et al. (2000) in maize.

However, of the ten characters only ear length showed positive
significant correlation coefficient (0.38) between the genetic distances
between the parental genotypes of 28 hybrids and their SCA values.
Meanwhile, nen-significant correlation coefficients were obtained for rest of
the ten characters. In this regard Wang et al (2002). Reported that aithough
specific combining ability for yield can be predicted from the divergence of
inbred lines of sweet corn, no definite relationship could be found for the other
characters. Generally, from these results it appeared that heterosis could not
be considered as a function of genetic divergence and it is impossible to
predict hybrid performance from genetic distance. Similar results were
detected by Mohamed (2005).
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