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ABSTRACT

The present research was undertaken to study the effect of certain
environmental (reaiments on the nature of geme action, narrow sense
heritability, correlations among the studied iraits and path coefficient analysis for
grain yield and its contributing traits. Eight inbred lines of white maize were crossed in
2003 season using a holf diallel pattern. During 2004 season, 28 F; crosses were
evaluated at two sowing dates, i.e. 20" of May (normal sowing} and 30" of June (lute
sowing) under two plant densities, ie. 30000 plants/fed (high density) and 20000
plents/fed (fow density), A field experiment was devoted for each sowing date and laid
out in a split plot design with three replications in which the plant densities and 28
maize entries were distributed at random within the main and sub-plots, respectively.
The results indicated that all estimates of additive and dominance genetic variances
were significant for all studied traits under the four environmental treatments. The
narrow sense heritability estimates for days to 50% silking, ear height, number of
rows/ear, number of kernels/row and 100-kernel weight at normal sowing under both
densities were higher than those under the twe other environmenis, while the opposite
was true for other studied traits. The results of narrow sense heritability estimates
suggest the importance of choosing suitable environments for exhibiting the best
expression of genes of different characters in the studied hybrids for improving traits.
The phenotypic correlation coefficients indicated that grain yleld/iplant exhibited
significant and positive correlations with each of plant height, ear height and 100-kernel
weight In all environments, ear diameter in three environments and number of rows/ear
and days to 50% silking in two environments. Suchk results could help the breeder to
select high yielding genotypes through selection for one or more of these trails
under target environment. Results of path coefficient analysis indicated that ear
diameter, number of Kernelsifrow and 100-kernel weight proved to be the major
contributors to grain yield variation in most environments. Therefore, these traits should
be considered as selection criteria for grain yield improvement in white maize under
target environmential treatments,

Key words: Maize, Gene action, Narrow sense heritability, Correlation and path
coefficient analysis.

INTRODUCTION
Nowadays, the need for increasing maize production in Egypt
received considerable attention to overcome the serious gap between
production and the huge consumption of maize by human and animal.
Increasing maize production per unit area could be possible rather than



increasing the area devoted for maize production through the extensive
growing of high vyielding hybrids along with the most favorable
environmental conditions.

Yield of maize {(Zea mays L) is considered as a complex inherited

trait, that is greatly influenced by envircnmental conditions Therefore, direct
selection for yield may not be the most efficient method for its
improvement, but indirect selection for other yield related traits, which
closely associated with yield and have high heritability values will be more
effective. However, environmental fluctuations had greatly influenced the
phenotypic expression of quantitative traits and consequently different
estimates of variability and covariability may have an effect on various traits
sensitive to environmental modifications. Furthermore, evaluation of
genotypes across different environments comes more important in planning
selection programs for improving yield and would help the breeders to
decide the traits showing consistent associations with grain yield in different
or particular environments. Such traits should be faken into account, when
selection is practiced for superior maize genotypes.
. Several researchers (Tbrahim 2004, Ali er al 2009 and Wannows et al
2010) studied the environmental effects on genetic variability in maize
populations. Most of them obtained variable estimates. Concerning
heritability estimate, it was found to be high for days to 50% silking and
moderate for grain yield/plant (Ali et al 2009). Moreover, Amer and Mosa
{2004) reported that heritability estimates in narrow sense were 44% for
silking date, 39% for plant height, 44% for ear height, 27% for ear length,
31% for ear diameter, 29% for number of rows/ear, 23% for number of
kernels/row and 36% for grain yield/plant. Yassien (1993} found that the
narrow sense heritability estimates were 65% for plant height, 51% for ear
length, 63% for ear diameter, 44% for number of rows/ear, 66% for
number of kernels/row, 42% for 100-kernel weight and 27% for
grain yield.

Studying the correlation and path coefficient analysis are helpful for
the breeder to determine the importance of yield components in influencing
grain yield. Many investigators determined the associations among different
characters in maize under different environments. El-Beialy (2003) found
that grain yield/plant correlated positively and significantly with each of ear
length, number of rows/ear and number of kernels/row, but it had negative
‘and significant correlation with 100-kernel weight. Also, Wannows ef o/
(2010) indicated that grain yield was positively and significantly associated
with ear length and number of kernels/row. Efforts were made to determine
the relative contributions of yield related characters to grain yield variation

“and revealed that the most sources of variation in plant yield were the direct
‘effects of number of kerneis/row (Ojo et af 2006 and Wannows et al 2010).
‘Moreover, the direct effect of the ear diameter and number of kemels/row
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had the highest effect on yield variation {Yasien 2000). Amin et al (2003)
and Ibrahim (2004) also indicated that pumber of kernels/row and 100-
kernel weight were the highest contributors to grain yield variation directly
or indirectly.

The main objective of the present investigation was to study the
effect of four environmental treatments on the estimates of genetic
variance, heritability, correlations and path coefficients for grain yield
and some agronomic traits of 28 F hybrids of white maize.

MATERIALS AND METHODS

The field work of the present investigation was conducted during the
two successive growing seasons of 2003 and 2004,

Eight inbred lines of maize namely; Giza 4, Rg-11, Rg-29, Rg-34,
Rg-39, Rg-59, L216A and L232A, obtained from Maize Dept., Agric. Res.
Cent., Giza, were used in this study. These parental lines were chosen on the
basis of the existence of wide differences between them with respect to
certain plant characteristics.

A half diallel set of crosses was performed among the eight parents
in 2003 summer season at the Experimental Farm of the Faculty of
Agriculture, Ain Shams University, Shoubra El-Kheima and 28 F, seeds
were obtained. In 2004 growing season, the seeds of the 28 F, hybrids were
grown in the Agricultural Research Station of the Faculty of Agric., Ain
Shams Univ., Shalakan, Kalubia Governorate, Egypt, on two sowing dates,
ie. 20" of May (normal sowing, S;) and 30™ of June (late sowing, S3) in
two separate adjacent field experiments. Each experiment was designated in
a split plot design with three replications in which plant densities were
allocated to the main plots and the subplots included the 28 maize entries.
Two planting spaces, i.e. 20 and 30 cm between hills gave the two plant
densities, i.e. 30000 plants/fed (high density, D)) and 20000 plants/fed
(recommended density, ;). Each experimental plot consisted of one ridge,
four meters long and 70 cm width. Hills were thinned at one plant for each.
The other recommended cultural practices for maize production were
followed during growing season. The combinations between the two sowing
dates and the two plant densities were considered as the four different
environmental treatments under study. These environments were designated
as normal sowing and 30000 plants/fed (S,D1), normal sowing and 20000
plants/fed (S,D,), late sowing and 30000 plants/fed (S,D)) and late sowing
and 20000 plants/fed (S,D5).

Observations and measurements were recorded on ten guarded plants
chosen at random from each plot for the following traits; 1- Days to 50%
silking, 2- Plant height (¢cm), 3- Ear height (cm), 4- Ear length (cm), 5- Ear
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diameter (cm), 6- Number of rows/ear, 7- Number of kernels/row, 8- 100-
kernel weight (g), 9- Grain yield /plant (g).

Genetic analysis:

Data were subjected to analysis of variance assuming all genetic
components to be random. Environments representing the combination
between two sowing dates and two plant densities were considered as fixed
effects. An additive-dominance (AD) model was employed for data
analysis. A mixed model, minimum norm quadratic unbiased estimation
(MINQUE) approach was used to estimate genetic variance components
(additive variance V,, dominance variance Vp, additive X environment
variance Va5, dominance x environment variance Vpg and residual variance
V) in the AD model (Zhu et al 1993). Estimates of VA/Vp resulted in
estimate of narrow-sense heritability (h%). MINQUE  and  analysis  of
variance estimators are similar if the data set are balanced (Searle et af
1992). Zhu et gl (1993) found close agreement between MINQUE estimates
and analysis of variance estimates of Griffing {1956) in a balanced diallel
data set. The data were balanced and normally distributed; however,
MINQUE with a mixed model was used to take advantage of a computer
program by Zhu et al (1993) to compute the genetic variances.

The phenotypic comelation coefficients were calculated as
described by Snedecor and Cochran (1981) for all possible pairs of the
studied characters. To obtain more information about the relative
contribution of specific characters to grain yield and remaining characters,
the path coefficient analysis was performed for all crosses. Partitioning
correlation coefficients into direct and indirect effects at phenotypic
level was made by determining path coefficients using the method
proposed by Wright (1934) and utilized by Dewey and Lu (1959).

RESULTS AND DISCUSSION

Analysis of variance

As shown in Table (1), mean squares of sowing dates and plant
densities were significant for all the studied traits. These results indicated
that these traits are influenced by environmenta! treatments under study. The
variances of the crosses for all traits were highly significant, indicating the
existence of wide genetic variability among these maize entries. The effect
of interaction between the crosses and sowing dates was highly significant,
proving that the rank of crosses was affected by varying sowing dates. On
the other hand, the crosses x plant densities interactions were insignificant
for all studied traits, except days to 50% silking, ear diameter and grain
yield/plant, revealing that the hybrids performed consistently under plant
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Table 1. Significance of mean squares for grain yield/plant and other agronomic traits
across two sowing dates and two plant densities.

Mean sguares
Days Plant . Ear Ear Ear No.of No.of 100- Grain

sov df t050%  height  height length diameter rows/ kemnels/ kemnel ~ yield/
silking ear oW weight plant
Sowing dates (S) 1 1199.18%* 74914.99%6119.84**1438.38%* 7.75** ]1.14**1879.67**1977.31%* 142758.9%*
Replications /S 4 3.15 9223  68.63* 220 002 237 587 348 2502
Plant densities (D' 1 206.39** 3909.18%*3658.68%* 111.45%% 5.52%* 7.79** 11227 167.15%* 9387.8**
SxD 1 15.74* 5.15 024 5.00* 0.20** 3.54* 1.31 46.89* 2619
Error (a) 4 1.20 278 455 0.28 0.01 0.29 6.11 297 125.6
Crosses (C) 27  125.80** 1889.44*+2311.61%* 21.48** 134** 183.51%* 117.97** 145.66%* 4750.0**
CxS§ 27 12.67%¢  819.31%* 441.33%* 6.53*F 0.12** 130* 12.28%* 469** 1358.5%*
CxD 27 1.43%* 16.26° 822 105 0.04** 045 5.49 0.59 136.2*%+
Cx8xD 27 1.50** 27.16% 1333 0.39 0.04* 046 5.46 0.55 120.6**
Error (b) 216 0.60 12.18 13.03 071 0006 0.72 4.44 121 52.9

* and ** denote significant at 0.05 and 0.01 levels of probability, respectively.
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densitics used in this study. The second order interaction of crosses x

sowing dates x plant densities was highly significant for days to 50%
silking, plant height, ear diameter and grain yield/plant, indicating that
maize hybrids performed differently from one environment to another
concerning these traits. Such result suggested that these traits are highly
affected by the different environmental conditions used in this study.

Genetic variance and heritability estimates

Variance components for general (Vgea) and specific (Vi)
combining abilities estimated for the studied traits in four environmental
treatments (combinations between two sowing dates and two plant densities)
and their combined data were translated in terms of additive (V) and
dominance (Vp) genetic variances according to Griffing (1956) and are
summarized in Table (2). The results revealed that all estimates of V,
and Vp were significant for all studied traits in all environmental treatments
and combined data. Moreover, the magnitude of V4 was larger than that of
Vp for days to 50% silking, plant height, ear height, ear diameter and 100-
kernel weight in all environments and combined data, for number of
rows/ear in three environmenis and combined data, for ear length in three
environments and for number of kernels/row in one environmeni. Whereas,
Vp values were greater than V, for grain yield/plant in all environments
and combined data, for number of kemnels/row in three environments and
combined data, ear length in one environment and combined data and for
number of Tows/ear in one environment. This finding indicates that the
additive genetic variance was more important than the dominance genetic
variance in the inheritance of most studied traits under such
environments as well as the effectiveness of selection in the early
segregating generations in the studied crosses under any environment for
improving these traits. These results agreed with those obtained by Ibrahim
(2004), El-Shouny er af (2005), Ali ef al (2009) and Wannows et af {2010).

' The data in Table (2) revealed that the interactions of both additive
and dominance genetic variances with environments (Vg and Vpg) turned
to be significant for all studied traits, except Vpg for number of rows/ear,
indicating that the environmental factors used in this study had great effects
on these parameters concerning these traits. Such result indicated also that
the combinations between sowing dates and plant densities could be
considered as stress conditions for declaring additive and dominance
variances. These results are in coincidence with those mentioned by Sedhom
(1994) and Khalil and Khattab (1998). For number of rows/ear, the Vg
interaction was highly significant, while Vpp interaction was insignificant,
suggesting that the additive genetic variance was influenced more with
environments, while the dominance variance was more stable across the
studied environmental treatments for this trait. This finding was supported

182



Tabie 2. Estimates of genetic variance components and narrow sense heritability (h‘) for grain yvield and its contributing traits of 28 F,
maize hybrids under four ¢nvirphments and combined data.
Parameter Days to 50% silking Plant t (cm Ear height (cm)
$p' S§D, &b, §D;, Comb §D, 8P SD, SD, Comb S§D) SD, SD SD;, Comb
Va 14.54*  13.16**  9.57** $.83%  11.41%* 167.45°* 153.83%% 119.44%*137.59* 118.45%* 233.39% 251.35%% 130.79** 103.69** 169.57**

Vo 1.70** 1.02%* 4.01** 347 L15**  122.56°" 137.87*" B7.00%* T4.34°* 49.11°* 8516 7346 TI0T**  RLE3%* 48.35%
Vg 0.12%* 26.13% 10.24*¢
Vi 1.40%* ' ‘ - §6.34% 30.28%
A 0.67 0.69 0.66 064 066 2061 1181 974 1242 1364 1648 1385 1405 1143 1395
Ve 1690%  14.87%  1423%%  12.94*%  14.74%* 310.61%% 303.51%* 216.18%% 224.35%" 263.66** 335.02%% 338.67%* 217.91%* 197.94%* 27239+
n’ 8600 8852 6725  68.21 7741 5381 5068 3528 6133 4493 6966 7422 60.02 _ 5238 8001

*, ** Significant different from zero at 0.05 or 0.01 level of probability, respectively.

Table 2, Cont.

Parameter Ear length (em) M No. of rows/ear

5Dy 5,0, S0y 50; Comb &b 8D, S0 5D, Comb D 8D, b S, Comb
Va 0.62¢+  0.64** 2.08** 180%  0.64**  0.10** 007** 0.18%* 0.19** 0.13*  1.63%*  L31%*  158**  0.56%* 1.26%
Vo 0.59%*  0.69%* 057 L53%* 0.65%*  0.02°*  0.02**  0.02*% 0.03** 0.01°* 035%* 023 026 0.5 043
Vag 0.64+* 0.01* 0.014%+
Voe 0.19%+ 0.01%+ 0.0
v, 0.94 0.88 0.64 0.66 678 0005 0007 0007 0006 0006 @ 0598 0757 0.797 1.064 0.304
Vi 214 222% 320% 399%* 291% 0.13%%  00**  021%% 0.23%* (.17%%  258%* 230 263 238 250%™
u 284 28.94 63.23 4511 2210 7950 7533 8615 8478 7830 6333  $708 5999 2367 5028

*, ** Significant different from zero at 0.05 or 0.01 jevel of probability, Jr;peetlvcly.
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Table 2. Cont.

Parameter No. of kernels/row 100-kernel weight {g) Grain yield/plant (g}

§D, __SD; §D _ SD,  Comb &D,_ 8§D, SD,_ S0 Cemb__SD, 8§D, S, b, Comb
A\’ 330 6.52% 2.13%* 34)1% 365" 1094v%  BRR** G905  701%%  B2I%*  J04.22%F 12613%* 24522%* 250.35%* 8458
Vo 3.08%* 5.79%* 5.84%* T26%* 4720 324 2% 4.01." 4.79%% 365  214.53** 285.67** 340.05%* 396.26** 162.35**
Ve 0.22v* 0.23** 2165+
Vo 0.98 0.05+* 146.78**
v, 468 480 4.04 4.64 454 1.05 1.34 1.39 1.38 1.29 70.67 70.46 36.34 56.05 5851
Vp 11.92%+  17.20%*  12.01** 1530* 14.11%* 1523% 12.94%% ]235%% 13.17%F .13.42%* 479.41** 48226*" 622.11%* T711.66** 573.86**
'S 2178 38.49 17.77 2225 2585 7182 6860 5626 537 6119 40.51 26.15 39.42 3644 3217

*, ** Siguificant different frow zero at 0.05 ar 0.01 level of probability, respectively.
l S;D, is normal sowing date ander 30000 plantafed, S,D, ia normat sewing date under 20000 plants/ed,
8§, is Inte sowing date under 30000 plants/fed and 5,D, is Iate sowing date under 20000 planta/fed.
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by Sedhom (1994) and Khalil and Khattab (1998). Furthermore, the
magnitude of Vg was greater than that of Vg for ear length and 100-kemnel
weight, suggesting higher sensitivity of additive genetic variance to these
environmental factors than dominance one for these traits. These results
agreed with those obtained by El-Shamarka (1995). Whereas, the opposite
was true for days to 50% silking, plant height, ear height, number of
kernels/row and grain yield/plant, indicating that the dominance genetic
variance was more sensitive to change in environments than additive one as
well as reflecting the differential response of F; hybrids under different
environments. Similar findings were obtained by Ibrahim (2004). Meantime,
the magnitudes of both Vg and Vpg were equal for ear diameter, indicating
that the sensitivity of both kinds of genetic effects to the variation under
various environments. Also, the obtained results of interaction indicated that
no clear trend can be drawn between the magnitudes of genetic variance-
components and environments, suggesting the importance of choosing
suitable environments for exhibiting the best expression of genes for
different traits.

Heritability estimates

Narrow sense heritability is the ratio of the additive genetic variance
to the phenotypic variance among maize population studied and it is
indication of the expected response from selection. Estimates of heritability
in narrow sense for the studied traits under four environmental treatments -
are presented in Table (2). The results showed that the heritability values
ranged from 27.79% for number of kernels/row to 86.00% for days to 50%
silking at normal sowing under high plant density (8,D;), from 26.15% for
grain yield/plant to 88.52% for days to 50% silking at normal sowing under
low density (S,D,), from 17.77% for number of kemels/row to 86.15% for
ear diameter at late sowing under high density (S;D;) and from 22.25% for
number of kernels/row to 84.78% for ear diameter at late sowing under low
density (S;D-). This wide range of such estimates attributable to different
environmental treatments used in this study indicated that heritability
percentages for these traits relatively altered from one environment to
another, suggesting the existence of genotype X environment interaction
resulted in high phenotypic variance due to the presence of sizeable
magnitude of environmental variance. It is obvious that overall the four
environmental treatments, the low heritability values were observed for ear
length, number of kernels/row and grain yield/plant, indicating that these
traits are greatly influenced by agricultural treatments. Whereas, the high
heritability estimates were detected for days to 50% silking, ear diameter
and 100-kernel weight, proving the main role of genetic constitution in the
expression of these traits. Therefore, the breeder can select maize plants
with desirable traits according to his breeding objectives, especially in the
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environment exhibiting the highest heritability values. Moreover, the
heritability estimates for days to 50% silking, ear height, number of
rows/ear, number of kemels/row and 100-kernel weigh at normal sowing
under both densities were higher than those under the two other
environments, while the opposite was trae for other studied traits. These
results are in harmony with those obtained by Yasien (2000), Abd El-
Sattar (2003), Tbrahim (2004), Ojo et al (2006), Ali et al (2009) and Rafiq et
al (2010). _

The present results of narvow sense heritability estimates
emphasized the portion of additive genetic variance for most studied traits
and suggest the importance of choosing suitable environments for exhibiting
the best expression of genes of different characters in the studied hybrids
for improving such traits.

Correlations amoug studied traits

For selecting high yielding genotypes, correlation studies supply
reliable information on the nature, extent and direction of selection. The
interrelationships among different yield attributes help the breeder to find
out the nature and magnitude of the associations between traits, which are
mostly used to attain better yield under target environments.

Values of phenotypic corrclation coefficients estimated for all
pairs of the studied traits under four environmental treatments are presented
in Table (3). The resuits revealed that grain yield/plant exhibited
significant and positive correlations with plant height, ear height
and 100-kernel weight in all environments, with ear diameter in
three environments (8,Dy, 8;D and S,D;), with number of rows/ear
in 8D, andS D, and with days to 50% silking in S;D, and S:Ds.
Such results could help the breeder to select high yielding genotypes
through selection for one or more of these traits under target
enviroament. Similar results were reported by Hassan (2000), Yasien
(2000), Abd El-Aty and Katta (2002), Ibrahim (2004), Sadek et al
(2006), Soengas et al (2006) and Aydin er a/ (2007). However, insignificant
correlations were observed between grain yield and any of the other studied
traits. [n addition, it is appeared that the correlation values between grain
yield and 100-kernel weight gave approximately similar magnitudes or signs
under different environments, indicating the important role of this trait in
selection of high grain yield in maize. While, its correlation values with other
studied traits exhibited different magnitudes or signs under the four
environments, suggesting that the phenotypic expression of such traits was
altered under different environmental treatments. Other inter-character
correlations showed that days to 50% silking exhibited significant and
positive correlations with each of ear height, ear diameter and number of
rows/ear in all enviromments, with plant height in §;D and S;D> and with
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Table 3. Phenotypic correlation coefficients between grain yield per plant and its contributing
traits under four different environmental treatments in maize crosses.

Character Enw! X, X3 Xe Xs X X; X, Xs
Days to 50% silkig (X,)  S,Dy 0.672* 0.775%* -0.500%* 0.654%* 0.764** -0.430* 0314 0318
S,D; 0.624%* 0.717%* -0.391% 0.663%* 0.758%* 0.509+* 0349 0192
S;D; 0220 0444* -00BF 0.705%* 0.556** -0.383* 0.458* 0.557**
S0, 0212 0477* 0088 0.769** 0.489** -0.331 0.433** 0.572**
Plant height (X;) 8D, 0.943%* 0253 0.587%% 0.464% 0.015 0.411* 0.496%*
s 0.913** 0073 0324 0465° -0.128 0404* 0.494%*
8,0, 0450* 0.596** 0239 0357 0.448% 0187 0420°
8,y 0369  0720% 0198 0212 0.597* 0046 0.455*
Ear height (X;) 5D, -0.394* 0.619** 0.538** -0.130 0.361 0.465*
S,D; 0290 0356 0531%* -0.167 0325 0.3092%
S,y 0.275  0384* 0267 0165 0010 0.429*
8;D, 0232 0442* 0247 0147 0021 0443%
Ear length (X,} Sy -0434% 0369 0.729** .0.132 0.044
8D, 0290 -0.099 0414* 0021 0285
8,0, 0.166 -0.153 0.627** 0107 0058
5;D, 0,058 -0.025 0.683% 0179 0345
Ear dinmetes (Xs) 8D, 0.726%* -0.479%* 0.543%% 0.6]15%*
5,D; - 0.655%* -0.585%% 0,529** 0270
8,D, 0.627¢* 0248 0.599%% (.714%
8,y 0.533%% 0274 0.395% 0.727%* .
No. of rows/ear () $D;. 0.387° 0459* 0.503%
S 0.396* 0472% 0435%
Sy 0225 0.519%* 0323
§;Dy 0457 0269 0173
No. of kemelerow (X;) S, 0238 0158
S\D, -D.404* 0266
S,Dy 0142 00T7
$,D, 0.126 0163
100-kerned weight (X,) 8D, 0.391*
i $,D, 0.417°
Sy 0397+
5D 0.415*
Grain yield/plant (X,) 5Dy
$,b;
5,0
5Dy :

* and ** denote significant differences at 0.05 and 0.01 levels of probability, respectively.
# 8§D, is normal sowing date under 30000 plants/fed, 5,1 is normal sowing date under 20000 plantsffed,
5,1, is late sowing date under 30000 plants/fed and S;D; is late sowing date under 20000 plants/fed.
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100-kernel weight in S;D and S,D,. While, it gave significant and negative
correlations with ear length in §;D; and $,D; and with number of
kemels/row in S|y, S$iD2 and $;D,. These results are in accordance with
the findings of Amin ef al (2003), Ojo et al (2006), Asrar et al (2007) and
Najeeb et al (2009). Plant height was significantly and positively associated
with ear height in §;Dy, $)D; and S;Dy, with ear length and number of
kernels'row in S;D) and S;D», number of rows/ear and 100-kernel weight in
$;D; and §,D; and ear diameter in §,D,. Similar findings were obtained by
Ahsan (1999), Guzman and Lamkey (2000), Mohammadi er al (2003),
Ojo et al (2006), Sadek et al (2006) and Abou- Dieif (2007). Concerning ear
beight, significant and positive correlations were detected with each of ear
diameter in $,D, S;Dy and S;D, and with number of rows/ear in S;D; and $)Ds,
while it gave significant and negative association with ¢ar length in §,D;. Such
results are in accordance with the findings of Amin et af (2003), Sadek et
al (2006) and Abou-Deif (2007). Ear length gave significant and positive
correlations with number of kemels/row in all environments, while it gave
significant and negative correlation with ear diameter in S,D). These results
agreed with those mentioned by Salama et al (1994), Soliman ez al (1999),
Yasien (2000), Ei-Beially (2003), Mohammadi et af (2003) and Sadek ef a/
(2006). Ear diameter exhibited significant and positive associations with
mumber of rows/ear and 100-keme! weight in #ll e¢nvironments, while it
exhibited significant and negative correlation with number of kernels/row in
SiD; and $1D;. Such results are in harmony with those obtained by Yasien
(2000), Amin et al (2003) and Mohammadi e# a/ (2003). Number of rows/ear
showed significant and positive associations with 100-kemel weight in S,D,,
SiD; and S;D, while it exerted significant and negative cormrelations with
number of kernels/row in S;D;, S;D; and S5;D,.- Similar results were
obtained by Amin et al (2003), El-Beially (2003) and Mohammadi et al
(2003). With respect to number of kemels/row, significant and negative
correlation was found with 100-kernel weight in 5;D;.

In general, the existence of positive correlations between grain
yield and each of ear diameter, 100-kernel weight, plant height and ear
height in the present study suggests that an increment of production may
be achieved upon improving either one or more of these traits.

The foregoing results indicated that both planting dates and plant
densities had considerable effects on the magnitude and sign of correlation
coefficients between grain yield and other studied traits or between different
pairs of the traits. Thus, selection criteria for improving grain yield depend,
in a great extent, upon the environmental conditions, under which the maize

genotypes are grown.
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Path coefficient analysis

It is worthy to mention that the simple correlation coefficient
measures only mutual associations, by which it becomes difficult to
understand the direct and indirect effects of the studied characters. Plant
breeder uses the path coefficient analysis as a method of partitioning
correlation coefficient into direct and indirect effects. Estimates of direct
and indirect effects of the four yield related traits, viz. ear length, ear
diameter, number of kernels/row and 100-kernel weight on plant yield
variation as well as the components in percent of plant yield variation under
four environments are presented in Tables (4 and 5).

As shown in Table (4), the direct effects of car diameter on grain
yield/plant were high and positive in $;Dy, S;D| and S,D, (0.861, 0.813 and
0.853, respectively) and moderate in $;D; (0.464). Whereas, the indirect
effects of this trait through other studied traits were very low and negative.

100-kernel weight seemed to have moderate and positive direct effect
{0.432) on grain yield/plant in S,D,. The indirect effects of this trait through
ear diameter were moderate in §;D;, S;D; and S:D; and low in $,D».
Whereas, its indirect effects through other traits were negligible or negative
in all environments.

Number of kernels per row expressed high and positive direct effects
on grain yield per plant in S;D; (0.587) and 8;D, (0.655) compared to low
and positive direct effects in S, Dy (0.253) and S;D» (0.335). However, it had
moderate to low and negative indirect effects through ear diameter in all
environments (-0.412, -0.271, -0.202 and -0.234, respectively). Meanwhile,
its indirect effects through other traits were negligible or negative in all
environments.

Ear length exhibited low positive direct effect on grain yield per
plant in 8;D». The indirect effects of this trait vicz number of kemels/row
were moderate or low in all environments. While, its indirect effects through
other traits were negligible or negative. These results indicated that the
environmental treaiments altered the contribution of the four studied traits
on grain yield/plant.

To show the relative importance of the four studied causal variables
on plant grain yield, as so far they affect the variation in grain yield, the
coefficient of determination was calculated and values are tabulated in Table
(5). For normal sowing under 30000 plants/fed (S,D,}, the main sources of
plant yield variation in order of importance were; the direct effect of ear
diameter (36.94%) and its joint effect with number of kernels/row (24.12%),
followed by the direct effect of number of kemels/row (17.17%) and the
joint effect of ear diameter with 100-kernel weight (2.94%). It is obvious
that these four traits and their interactions accounted for 82.40% of plant
yield variation, while the residual effect amounted to 17.60% of the total
variation. '
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Table 4. Phenotypic path coefficient analysis for grain yield/plant and its contributors
under four environmental treatmens in maize crosses.

Source of variation sD/ - §D, S,D, $,D,

1- Ear length vs. grain yield/plant:
Direct effect -0.002 0.139 0.029 0.078
indirect effect via ear di.  -0.374 0.135 -0.135 0.050
indirect effect via No. ol  0.428 0.271 0.159 0.229
indirect effect viz 100-ke  -0.008 0.009 0.006 -0.012
Total 0.044 0.285 0.058 0.345

2- Ear diameter vs. grain yield/plant: ) -
Direct effect 0.861 0.464 0.813 0.853

indirect effect via ear lan ~ 0.001 -0.040 -0.005 0.005
indirect effect via No. o1 -0.281 -0.383 -0.063 -0.092
indirect effect via 100-ke  0.034 0.229 -0.031 -0.039
Total 0.615 0.269 0.715 0.727

3- No. of kernels/row vs. grain yield/plant: :
Direct effect 0.587 0.655 0.253 0.335

indirect effect via ear let  -0.002 0.058 0.018 0.053
indirect effect vig cardii  -0.412 ~0.271 -0.202 -0.234
indirect effect via 100-ke  -0.015 0.175 0.007 0.008
Total 0.158 0.267 © 0077 0.163

4- 100-kernel weight vs. grain yield/plant:

Direct effect 0.063 0.432 -0.051 -0.065
indirect effect viaearlet  0.001 0.003 -0.003 0.014
indirect effect via ear dii  0.468 0.246 0.487 0.508
indirect effect via No. of  -0.140 -0.265 -0.036 -0.042
Taotal 0.391 0416 0.397 0.414

# S,D, is normal sowing date under 30000 plants/fed, 5, is normal svwing date under 20000 plants/fed,
§,D, iz late sowing date under 30008 plants/fed and S;D; is late sowing date under 20000 plants/fed.

190



Table 5. Phenotypic components (direct and joint efects) in percent of grain yield/plant variation
under four environmental treatments in maize crosses.

5,0’ 5D, 5D, 5D,

Source CD RI % b RI % CD RI% Ccb RI %

Ear length &) 0.0001 0.01 0.0193 0.86 0.0008 0.06 0.0061 0.42
Ear diameter & 0.7413 3694 02153 9.60 0.6610 50.11 0.7276 50.22
No. of kemels/row (X;) 0.3446 17.17 0.4290 19.13 0.0640 4.85 0.1122 7.75
100-kernel weight (X} 0.0040 . 0.20 0.1866 8.32 0.0026 0.20 0.0042 0.2
(X)) x (%) 0.0015 0.07 -0.0374 1.67 -0.0078 0.59 0.0077 0.53

(X)) x (%) -0.0017 0.09 0.0754 336 0.0092 0.70 0.0357 246

(X)) x (X) ©.0001 0.01 0.0025 p.I1 0.0003 0.02 -0.0018 0.13

(%) x (Xs) 04842 2412 03556 15.88 0.1020 173 -0.1566 10.81

(%) x (X9 0.0589 294 02121 9.45 -0.0497 377 -0.0660 455

(%) x (X) 0.0176 0.88 0.2286 10.19 0.0037 0.28 0.0055 038

Residua effect 0.3532 17.60 0.4814 21.46 0.4179 31.68 03253 2246
Total 1.0000 109.00 1.000¢ 100.00 1,0000 100.00 1.0000 100.00

CD : Coefficient of determinition and RI% : Relative importance.
* 8D, bs normal sowing date under 30000 plants/fed, S,D; is normal sowing date under 20000 plants/tod,
8,10, is late sowing date under 30000 plantsfed and 5,D), is late sowing date under 20000 plants/fed.
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Concerning the normal sowing under 20000 plants/fed (S,D;), the
main sources of plant yield variation in order of importance were the direct
effect of number of kernels/ row (19.13%) and its joint effects with either
ear diameter (15.85%), 100-kernel weight (10.19%), followed by the direct
effect of ear diameter (9.60%) and its joint effect with 100-kernel weight
(9.45%). The total contribution of the four traits was 78.54%, while the
residual effect amounted to 21.46% of the total variation.

Regarding the late sowing under 30000 plants/fed (S:D;), the main
sources of plant yield variation in order of importance were the direct effect
of ear diameter (50.11%) and its joint effect with number of kernels/row
(7.73%), followed by the direct effect of number of kernels/row (4.85%) and
the joint effect of ear diameter with 100-kernel weight (3.37%). The total
contribution of the four traits was 68.32%, while the residual effect was
amounted to 31.68% of the total] variation.

With regard to the late sowing under 20000 plants/fed (S;D;), the
main sources of plant yield variation in order of importance were the direct
effect of ear diameter (50.22%) and its joint effect with number of
kernels/row (10.81%), followed by the direct effect of number of
kernels/row (7.75%), the joint effect of ear diameter with 100-kernel weight
(4.55%) and the joint effect of ear length with number of kernels/row
(2.46%). The total effect of the four traits was 77.54%, while the residual
effect was 22.46% of the total variation. The total contributions of the four
studied traits were 82.40, 78.54, 68.32 and 77.54% in the four
environmental treatments, respectively. Whereas, the residual effects
amounted to 17.60, 21.46, 31.68 and 22.46% of the total phenotypic
variation in the corresponding sequence, respectively. From the
aforementioned results, it can be indicated that most of the factors involved
in plant yield were identified. These findings supported those mentioned
before in Table (4). Ear diameter, number of kermels/row and 100-kernel
weight were the most important factors contributing to plant yield variation
in the four environmental treatments. It would be worthy to consider the
three factors as main selection criteria for high yielding ability in maize
breeding programs. These results coincide with those obtained by Hassan
(2000), Yasien (2000), Amin ef al (2003), Ibrahim (2004) and Ojo ef al
(2006), who mentioned also that number of grains per row and 100-kernel
weight were the main sources of plant yield variation in maize.

In general, it is noticeable that there is some contradiction between
the results of the four environments. This contradiction is mainly due to the
differences between comrelation values that could be altered by
environmental conditions.

192



REFERENCES

Abd El-Aty, M.S. and Y.S. Katta (2002). Correlation and path coefficient
analysis for grain yield and its components in some maize hybrids
{(Zea mays L.). J. Agric. Sci., Mansoura Univ., 27(6): 3697-3705.

Abd El-Sattar, A.A. (2003). Genetic parameters estimation from design-1 and 51
lines in maize. Minufiya J. Agric. Res. 28 (5): 1387-1402.

Abou-Deif, MLH. (2007). Estimation of gene effects on some agronomic
characters in five hybrids and six populations of maize (Zea mays L.).
World J. Agric. Sci. 3(1): 86-90.

Ahsan, M. (1999). Performance of six maize (Zea mays L.) inbred lines and their all
possible as well as reciprocal cross combinations. Pakistan J. of Biol. Sci.
2(1): 222- 224,

Ali, M\M.; A.G. Eraky; H.A. Rabie; A.R. Alkaddoussi and J, Eder (2009).
Combining ability and heterosis for earliness, grain yield and quality
characters of white and yellow maize (Zea mays L.) across eight
environments. Zagazig J. Agric. Res. 36(2): 285-312.

Amer, E.A. and H.E. Mesa (2004). Gene effects of some plant and yield traits in
four maize crosses, Minufiya J. Agric. Res. 1(29): 181-192.

Amm, Amal Z.; H.A. Khalil and R.K. Hassan (2003). Correlation studies
and relatlve importance of some plant characters and grain yield in
maize single crosses. Arab Univ. J. Agric. Sci.,, Ain Shams Univ,,
Cairo, 11 (1): 181--190,

Asrar-ur-Rehman, S.; U. Saleem and G.M, Subhani (2007). Correlation
and path coefficient analysis in maize (Zea mays L.). J. Agric. Res.
45(3): 177-183,

Aydin, N.; 8. Gikmen; A. Yildirim; A. Oz; G. Figliuolo and H. Budak
{2007). Estimating genetic variation among dent corn inbred lines
and topcrosses using multivariate analysis. J. Appl. Biol. Sci. 1(2):
63-70,

Dewey, J.R. and K. H. Lu (1959). Corretation and path coefficient analysis
of components of crested wheat grass seed production. Agron. J. 51:
515-518.

El-Beially, LE.M.A, (2003). Genetic analysis of yield characters in yellow
maize inbred lines. Zagazig J. Agric. Res., 30(3): 677-6389.

El-Shamarka, Sh.A. (1995). Estimation of heteronc and combmmg ability
effects for some quantitative characters in maize under two
nitrogen levels. Minufiya J. Agric. Res. 20(2): 441-462.

El-Shouny, K.A.; Olfat H, El-Bagoury; K.LLM. Ibrahim and S.A. Al-Ahmad
(2005). Correlation and path coefficient analysis in four yellow maize
crosses under two planting dates. Arab Univ. J. Agric. Sci, Ain Shams
Univ., Cairo, 13(2): 327-339.

Griffing, B. (1956). Concept of general and specific combining ability in
relation fo diallel crossing systems. Australian J. Biol. Sci. 9: 463-493.

Guzman, P.5. and K.R. Lamkey (2000). Effective population size and
genetic variability in the BSII maize population. Crop Sci., 40; 338-346.

193



Hassan, A.A. (2000). Effect of plant population density on yield and yield
components of eight Egyptian maize hybrids. Bull. Fac. Agric., Cairo
Univ,, 51: 1-16,

Ibrahim, K.LM. (2004). Evaluation of genetic variances, heritabilities,
correlation and path coefficient analysis for grain yield and its
contributors in maize hybrids under different N-levels. Arab Univ. J.
Agric, Sci., Ain Shams Univ., Cairo, 12(1): 185-200.

Khalil, A.N.M. and A.B. Khattab (1998). Influence of plant densities on
the estimates of general and specific combining ability effects in
maize. Menufiya J. Agric. Res. 23(3): 521-543.

Mohammadi, S.A.; B.M. Prasanna and N.N. Singh (2003). Sequential
path model for determining interrelationships among grain yield
and related characters in maize. Crop Sci. 43: 1690-1 697.

Najeeb, S.; A.G. Rather; G.A, Parray; F.A. Sheikh and S.M. Razvi (2009).
Studies on genetic variability, genotypic correlation and path
coefficient analysis in maize under high altitude temperate ecology
of Kashmir. Maize Genetics Cooperation Newsletter., 83: 1-8.

Ojo, D.K.; O.A. Omikunle; O.A. Oduwaye; M.O. Ajala and S.A. Ogunbayo
(2006). Heritability, character correlation and path coefficient
analysis among six inbred lines of maize {Zea mays L.). World I.
Agric. Sci. 2(3): 352-358.

Rafiq, C.M.; M. Rafique; A. Hussain and M. Altaf (2010). Studies on heritability,
correlation and path analysis in maize (Zea mays L.). J. Agric. Res. 48(1):
35-38.

Sadek, S.E.; MLA. Abmed and H.M. Abd El-Ghaney (2006). Correlation and
Path coefficient analysis in five parents inbred lines and their six white
maize {Zea mays L.) single crosses developed and grown in Egypt. J.
App. Sci. Res., 2(3): 159-167.

Salama, F. A.; H. El-M. Gado; A. Sh. Goda and 8. E. Sadek (199%4).
Correlation and path coefficient analysis in eight white maize (Zea mays
L..) hybrid characters. Minufiya J. Agric. Res., 19(6): 3009-3020.

Searle, S.R,; G. Casella and C.E. McCulloch (1992). Variance
Components. John Willy & Sons, Inc., New York.

Sedhom, S.A. (1994). Estimation of general and specific combining ability in
maize under two different planting dates. Annals of Agric. Sc.,
Moshtohor 32(1): 119-130.

Snedecor, G. W. and W. G, Cochran (1981). Statistical Methods. 6™ (Edit),
Towa Stat. Univ., Press. Ames, Jowa, U. 8. A.

Soengas, P.; B. Ordis; R. A. Malvar; P. Revilla and A. Ordis (2006).
Combining abilities and heterosis for adaptation in flint maize
populations. Crop Sci., 46: 2666—2669.

Soliman, F. H.; G. A. Morshed; M. M. A. Ragheb and M. Kh. Osaman
(1999), Correlations and path coefficient analysis in four yellow maize
hybrids grown under different levels of plant population densities
and nitrogen fertilization. Bull. Fac. Agric. Cairo Univ., 50: 639-658.

194



Wannows, A.A.; H.K. Azzam and S.A. Al-Ahmad (2010). Genetic variances,
heritability, correlation and path coefficient analysis in yellow maize
crosses (Zea mays L.). Agric. Biol. ]. N. Am., 1(4):630-637.

Wright, S. (1934). The method of path coefficient. Ann. Math. Stat. 5: 161-215.

Yassien, H.E. (1993). Genetic analysis in three yellow maize (Zea mays
L.) crosses. J. Agric., Mansoura Univ., 24(10): 5319-5331.

Yasien, M. (2000). Genetic behavior and relative importance of some
yield components in relation to grain yield in maize (Zea mays L.).
Annals of Agric. Sc., Moshtohor, 38 (2): 689-700.

Zhu, J.; D. Ji and F. Xu (1993). A genetic approach for analyzing intra-cultivar
heterosis in crops. Chin, J. Genet. 20: 183-191.

Lall 353 cat (A 59 pall Jalaa g Bl V1 g g ) gt SS9 (A gt Sl

daaa Cad %5
o S a — Al 1l — L e ke — ded 3 Al — Jualad) wd

Sy gl GplAS i ki At Jadd daph Ll Laa clly il L0 didg gl Ve e
Yool (20 gl (AT gy gt Jpanad gapad Jabae Jylady ST CObilaay (Bl (el
8 Ao p3a 8 ekl 3,30 G B3 A0 D kS O aaly olpd b Ll iy 500 Je g
DA LAl cagd del) G sah Opd YA o Jdpaall Andl udy ol o dady diygh
Uiblasy GRlE) uad (e Anady Aot 30 1) Lol p 0 Cigaglly o ladll ey Yoo f 0150 pugal
Gady (daps g8 Lad) Lig e B alL ATy e Yo 3 pastaal el gudage b Ayl
Sy dag b Adgka (e 4B glabfels i) v g (Ldakdi. BUS) abfald i Yo Les ol oS
ahill 321,50 4o ga L lial Sua b e S0 A Baady b e ABAIe 1By padl pyanadll 1Sy Adilide
G0 gkl GG Jpase Glis o clil ol de il ghill B LGS o) Gadans Ll
Job = L UL gy — shedy wgall e — ey bl die — ol - eS8 Jab - qugal)
Lle Jeaalall mAiil puldy . pubpall e %o papli gia Aol Oe di¥) 33 — S8 pliiy ~ byl
sk ba gt
Sy ag V) iad gl Cliialt arand 4y gine dpdyadl g disaiaad 40 08 CLLLAY s~y
P VRPN I L IOV TN PR TS I A I PYPRR QLR PATT P h TR
J9SI sk saey ClD BURly shoadl (s %o o agh a plit e Clisal Alial Sagad
s AV clhuall ke il S Ly« o Voo ) Ojag sludly el daey
b ARLA Clhall Sy gwed Gl had A Apdial cliyd) sl Gl g okl -
Al ol ciag g
EUi s il (ol (e J8g cupiadl O Sl Jpana Gy L piney Lip pa bippdia Ll ) dlia oS —
30 ga p illy 30 A JeSH ER ey Lo jalh Ciad U o JS A e Ve (e Jush

195



SR gy palt il oda MGy ity (Bl ad) e oo v agds A Al 3oy SHy skl

Uph @ad Glicall ol Ga A8 g Saalyl QAT NE g dgsanadl Lo 40 Gust 30

A e O Qg Shodly el 19y o<t b Gl 0 N Jgsal dlaa gelad @Il s -

Cliaal ada Jbic) JSay i (A5 g . kid pBaa b dpanad ol B Ladlus clisall pal Jia
Absgioal) chiph @il Ll )3 Jaana opuai 4 pihind GtdIDU ppias

(1) 1IN 1YY (1)) 0 Clpudll Ly il 4y puaall dLanl

196





