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ABSTRACT

A half diallel cross among eight yellow inbred lines of maize was made in 2017
growing season. The resulted 28 F1 crosses along with the check hybrid SC166 were
evaluated under two sowing dates, i.e. 15" May (normal sowing date) and 1% July (late
sowing date) using a randomized complete block design (RCBD) with three replications
at the Experimental Farm, Faculty of Agriculture, Kafrelsheikh University in 2018
growing season, to estimate general (GCA) and specific (SCA) combining ability effects
as well as to identify type of gene action controlling the inheritance of the studied traits.
Data were taken on days to 50% silking, plant height, ear height, ear length, ear
diameter, No. of rows/ear, No. of kernels/row and grain yield/plant. The results showed
that, the mean squares due to genotypes (G) and crosses (C) were significant for all the
studied traits. Moreover, general (GCA) and specific (SCA) combining ability mean
squares were highly significant for all the studied traits under both sowing dates. The
non-additive gene action played an important role in the inheritance of most studied
traits under the two sowing dates. The inbred lines Ps and Ps showed the best desirable
GCA effects for earliness and P1and P2 for shortness and low ear placement. Whereas,
the inbred lines P+, P-and P were the best general combiners for grain yield under the
two sowing dates. The crosses PixPs, P2xPs, P2xP7, P3xPg, P3xPs, PsxPs, P4xP7 and
P7xPg had the best SCA effects for grain yield/plant as well as one or more of its
components under both sowing dates. The two crosses P2xP7 and PsxPs had significant
and positive superiority over the check hybrid SC 166 under both sowing dates.
Therefore, these crosses could be released as commercial hybrids after further
evaluation.
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INTRODUCTION

Maize (Zea mays L.) is one of the main cereal crops worldwide. The
local production of maize is not sufficient to the local consumption in
Egypt. Therefore, there is an urgent need to increase its productivity in
order to reduce the amount of imported yellow maize grains used for poultry
and animal feeding (El-Refaey et al 2018). The development of superior
hybrids could contribute to the improvement of maize productivity. The
genetic parameters general (GCA) and specific (SCA) combining ability are
necessary for selection of suitable inbred lines for hybridization and
identification of promising hybrids. Different investigators estimated GCA
effects for parents and SCA effects for crosses in maize among them Badu-
Apraku and Oyekunle (2012), Mousa et al (2012), Katta et al (2013), Abd El
Mottalb and Gamea (2014) and El-Hosary et al (2018).The GCA and SCA
provide a simple approach to predict additive and non-additive effects,
respectively. The additive gene effects have been reported to be important in
the inheritance of maize grain yield (Abd El-Mottalb et al 2013, Abo El-
Haress 2015 and El-Hosary et al 2018). However, other researchers reported



that the non-additive genetic effects were represented the major role in the
genetic expression of maize grain yield and most of its components (Estakhr
and Heidari 2012, Abdel-Moneam et al 2014, Attia et al 2015, Kamara,
2015 and Wani et al 2017). There is no agreement among the researchers on
the type of gene action controlling the inheritance of maize grain yield or its
related traits.

Testing the genetic materials under different environments is
valuable to select the high yielding maize hybrids (Murtadha et al 2018).
Sowing date is one of important factors in maize cultivation (Hefny 2010).
In Egypt, Maize is sown successfully from (15 May to 15 June) as optimum
period for high production, and grain yield significantly declined after that date
(Ahmed 2013). In this concern, EI-Shouny et al (2005), El-Hosary and El-
Gammaal (2013), El-Hosary (2014) and Kamara (2016) found that in most
cases the mean values of grain yield and its components were higher under
normal sowing date compared with those under late sowing date. The
optimum sowing date which gives the highest estimates of genetic
components is the best for practicing selection (Abd El-Aty et al 2014).

The main objectives of the present study were: (1) to estimate
general (GCA) and specific (SCA) combining ability effects under normal
and late sowing dates, (2) to determine type of gene action controlling the
inheritance of the studied traits and (3) to identify the promising inbred
lines and F1 crosses to be used in maize breeding programs.

MATERIALS AND METHODS
Plant materials

Eight yellow inbred lines of maize (Zea mays L.) were used as
parents in this study. Four of them namely; CML217 (P1), CML223 (P2)
CML224 (P3) and CML225 (P4) were introduced from CIMMYT. The
remaining four inbred lines; Inb. 205 (Ps), Inb. 213 (Ps), Inb. 200 (P7)
and Inb. 202 (Pg) were obtained from Maize Res. Dep., Field Crops Res.
Inst., ARC, Egypt.

Field experiments

In 2017 season, a half diallel set of crosses excluding reciprocals
was made among the eight inbred lines giving a total of 28 F1 crosses. In
2018 season, two adjacent experiments were undertaken in two different
sowing dates, i.e. 15" May (normal or recommended sowing date) and 1%
July (late sowing date) at the Experimental Farm, Faculty of Agriculture,
Kafrelsheikh University, Egypt. Each experiment included the 28 F1 crosses
along with the commercial check hybrid SC166. The experimental design
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was randomized complete block design (RCBD) with three replications.
Each plot consisted of two ridges of five meters length and 70 cm width.
The hills were spaced at 25 cm with two kernels per hill on one side of the
ridge. The seedlings were thinned to one plant per hill. The other cultural
practices were followed as usual for ordinary maize field in the area.

Data were collected for days to 50% silking (day), plant height (cm),
ear height (cm), ear length (cm), ear diameter (cm), number of rows/ear,
number of kernels/row and grain yield/plant (g) adjusted at 15.5% grain
moisture content. The obtained data were statistically analyzed for the
analysis of variance according to Steel and Torrie (1980). Superiority of
grain yield/plant was calculated for individual crosses as the percentage
deviation of F1 mean performance from the check hybrid SC166 average
value. General and specific combining ability were estimated according to
Griffing (1956), method-4, model-1.

RESULTS AND DISCUSSION
Analysis of variance

Genotypes (G) and crosses (C) mean squares were found to be highly
significant for all the studied traits under the two sowing dates (Table 1),
indicating a wide diversity among the genetic materials used in the present study.
This result corroborates with the findings of Abo El-Haress (2015), Sadek et al
(2017) and El-Hosary et al (2018). They found significant differences among
the F1 hybrids for the different characters in maize. Mean squares due to crosses
vs. check were significant for ear height at normal sowing date (SD1), ear
diameter at late sowing date (SD2) and ear length, No. of rows/ear, No. of
kernels/row and grain yield/plant at both sowing dates.

Mean squares due to general combining ability (GCA) and specific
combining ability (SCA) were highly significant for all the studied traits
under both sowing dates (Table 1), indicating that both additive and non-
additive types of gene action were important in the inheritance of these
traits. These results are in general agreement with those previously reported
by Makumbi et al (2011), Abd El Mottalb et al (2013), Mousa (2014) and
Sadek et al (2017).

To determine the genetic effects of greater importance, GCA/SCA
ratio was computed. The GCA/SCA ratio was less than unity for all the
studied traits, except No. of rows/ear under normal sowing date (SD1), days
to 50% silking and ear height under late sowing date (SD2) and plant height
under both sowing dates. These results indicated that these traits were
predominantly controlled by the non-additive gene action.
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Table 1. Mean squares from ordinary and combining ability analysis of

variance for all the studied traits under the two sowing dates.
SOV of Daysto 50%silking|  Plant height (cm) Ear height (cm) Earlength (cm)
SD1 SD2 SD1 SD2 SD1 sD2 sD1 SD2
Genotypes (G) | 28 |21.29**| 18.74** |2563.89** | 1621.90** | 358.80** | 346.57** | 13.75** | 1343**
F1 Crosses (C) | 27 [22.08**| 19.19** |2655.02** | 1681.91** | 361.11** | 351.64** | 14.00** | 13.62**
GCA 7 |20.54**| 22.05** |3618.55**| 1900.48** | 344.61** | 435.08** | 10.73** | 6.17**
SCA 20 |22.62**| 18.19** |2317.78** | 160542** | 366.89** | 322.44** | 1514** | 16.23**
C vs. Check 1| 003 6.36 10352 150 | 296.31* | 20945 | 7.12%* | 827*
Error 56| 135 176 8547 105.20 49.79 55.17 0.76 0.86
GCAJ/SCA 091 121 156 118 0.94 135 0.71 0.38
SOV of Ear diameter (cm)|  No. of rows/ear No. of kernels/row | Grain yield/plant (g)
SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
Genotypes (G)| 28 | 0.19** | 0.24** | 548 | 544** | 5421** | 58.06™* | 2092.54** | 1666.84**
F1Crosses (C) | 27 | 0.19** | 024** | 568** | 557** | 5450** | 57.89** | 2092.51**| 1678.40**
GCA 7 10177 023" | 6.06** | 332 | 52.31** | 34.79** |1485.16**| 981.50**
SCA 20 | 020** | 025** | 554** | 636™* | 55.26** | 65.98** | 2305.08**|1922.31**
C vs. Check 1| 019 | 028* 033 189 | 4651** | 62.76** | 2093.43**|1354.77**
Error 56 | 0.06 0.07 0.78 049 221 345 86.38 10431
GCAJ/SCA 0.88 0.90 11 052 095 053 0.64 051

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
SD1= normal or recommended sowing date and SD2 = late sowing date.

These findings are in agreement with those of Mosa (2010), El-
Badawy (2013), Katta et al (2013), El-Hosary (2014) and Wani et al (2017).
For the exceptional traits, the ratio of GCA/GCA was more than unity,
indicating the preponderance of the additive gene action in controlling the
inheritance of these traits. Similarly, Abo El-Haress (2015), Sadek et al
(2017) and El-Refaey et al (2018) recorded predominance of the additive
gene effects in controlling the inheritance of days to 50% silking and plant
height.

Mean performance

Mean performance of the 28 F; crosses and the check hybrid SC166 for all the
studied traits under the two sowing dates are presented in Table (2). Generally,
the mean values of the 28 F; crosses and the check SC166 were higher under
normal or recommended sowing date (SD1) than those in late one (SD2) for all
the studied traits. The increase of mean values in normal sowing date may be due
to the prevailed favorable temperature and day length which led to better
vegetative growth, yield and its components of maize plants. Therefore, normal
sowing date seemed to be non-stress environment. These results are in good
agreement with those reported by El-Shouny et al (2005), Ahmed (2013),
Abd EI-Aty et al (2014), ElI-Hosary (2014) and Kamara (2016).
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Table 2. Mean performance of the 28 F1 crosses and the check hybrid
SC166 for all the studied traits under the two sowing dates as
well as superiority percentage relative to the check hybrid
SC166 for grain yield/plant.

Days to 50%
Cross silking
SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2
P1xP; 60.5 57.7 233.3 | 221.3 | 125.7 | 118.6 17.3 15.2

Plant height (cm)| Ear height (cm) | Ear length (cm)

P1xPs3 67.3 63.0 227.0 | 209.3 | 1229 | 110.0 15.0 144
P1xPy4 68.5 65.3 1953 | 1843 | 116.8 | 107.7 18.8 14.0
P1xPs 65.3 59.8 277.0 | 258.0 | 141.0 | 129.8 21.8 18.2
P1xPs 63.5 60.0 225.8 | 211.8 | 1278 | 120.8 175 17.0

P1xP7 65.3 64.0 220.8 | 193.0 | 1255 | 108.6 21.6 19.5
P1xPg 66.7 63.3 218.3 | 203.0 | 123.8 | 1133 18.2 15.6
P2xP3 63.5 60.0 187.0 | 173.0 | 109.5 | 100.2 17.2 15.2
P2xP4 65.5 65.0 270.7 | 231.8 | 1473 | 1326 20.4 18.9

P2xPs 63.5 62.0 286.3 | 223.0 | 127.7 | 1156 17.4 15.6
P2xPs 69.0 64.0 218.3 | 203.0 | 108.3 | 1045 17.9 13.6
P2xP7 68.3 66.5 223.8 | 2143 | 126.5 | 120.0 22.5 19.9
P2xPsg 71.0 65.0 220.0 | 181.8 | 140.8 | 128.2 21.2 18.0

P3xPy 62.6 61.5 262.0 | 246.8 | 140.8 | 13538 17.6 16.0
P3xPs 59.5 56.5 2775 | 253.0 | 138.3 | 1283 20.9 19.0
P3xPs 61.5 59.0 260.8 | 2355 | 146.5 | 137.0 19.8 19.0
PsxP7 63.0 59.0 240.8 | 216.3 | 143.0 | 1356 16.6 16.0

P3xPsg 65.3 58.5 275.6 | 248.0 | 133.3 | 1255 18.6 16.4
P4xPs 66.7 61.5 278.7 | 230.0 | 130.2 | 123.3 22.4 21.8
P4xPs 66.0 60.5 265.1 | 221.8 | 133.0 | 127.0 22.0 19.5
P4xP7 64.8 58.5 2453 | 219.2 | 133.3 | 122.8 16.8 14.2

P4xPg 66.0 61.5 252.8 | 233.0 | 148.3 | 138.0 17.4 15.6
PsxPe 63.5 61.3 300.3 | 254.3 | 143.3 | 1289 20.2 16.6

PsxP7 68.7 62.7 235.8 | 218.0 | 128.2 | 1145 18.5 16.5
PsxPg 65.3 63.0 197.0 | 188.0 | 122.7 | 117.0 16.5 14.5
PexP7 68.0 63.3 2195 | 193.8 | 136.5 | 1256 18.2 14.6
PexPs 65.3 60.3 267.5 | 253.0 | 148.7 | 139.2 16.2 15.8
P7xPs 62.3 59.7 2495 | 221.8 | 128.7 | 110.3 16.0 14.8

Crosses 65.2 61.5 2440 | 2193 | 132.1 | 1221 18.7 16.6
Check SC166| 65.3 63.0 238.0 | 220.0 | 142.2 | 130.6 20.3 18.3
LSD 0.05 1.9 2.2 15.1 16.8 11.5 12.1 1.4 1.5
LSD 0.01 2.5 2.9 20.1 22.3 154 16.2 1.9 2.0
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Table 2. Cont.

Superiority%

Ear diameter No. of No. of Grain relative to
Cross (cm) rows/ear | kernels/row |yield/plant (g) | SC166 for grain
yield/plant
SD1 | SD2 | SD1 | SD2 | SD1 | SD2 | SD1 | SD2 | SD1 SD2
P1xP; 52 | 47 | 151 | 13.3 | 39.6 | 34.7 |117.8|107.9| -29.6** | -26.6**
P1xP3 45 | 41 | 142|133 | 36.4 | 31.9 |113.8|101.3]| -32.1** | -31.1**
P1xPy4 45 | 3.9 | 132|115 | 40.3 | 31.0 |127.8|120.5| -23.7** | -18.0**
P1xPs 43 | 39 |16.8 | 155 | 37.1 | 32.8 |180.8|158.7| 8.0 79
P1xPsg 46 | 43 | 13.7 | 123 | 36.7 | 31.0 |143.9|115.3| -14.1** | -21.6**
P1xP7 48 | 43 | 153 | 13.3 | 39.5 | 33.2 |123.7|107.9| -26.1** | -26.6**
P1xPsg 43 | 3.7 | 133|123 | 30.6 | 26.5 |128.7|113.2| -23.2** | -23.0**
P2xP3 47 | 41 |16.0| 14.2 | 31.6 | 27.0 |101.7 | 83.3 | -39.3** | -43.4**
P2xPy4 45 | 43 | 169 | 159|419 | 37.0 |178.9|153.8| 6.9 4.6
P2xPs 46 | 43 | 135 | 12.0 | 34.2 | 32.3 |125.8|109.5| -24.8** | -25.5**
P2xPsg 46 | 3.9 | 147 | 11.0 | 39.2 | 30.3 |159.4|138.3| -48 -5.9
P2xP7 53 | 48 | 18.0 | 16.7 | 45.8 | 42.7 |184.8|167.3| 104* | 138*
P2xPsg 45 | 43 | 13.0| 11.3 | 38.2 | 32.3 |119.3|116.3| -28.7** | -20.9**
P3xPg4 48 | 46 | 16.0 | 13.3 | 30.8 | 29.5 |122.5|113.8| -26.8** | -22.6**
P3xPs 5.0 | 45 | 150 | 13.0 | 36.5 | 33.3 |140.5/130.9| -16.1**| -11.0
P3xPsg 48 | 47 | 16.3 | 140 | 40.2 | 40.8 |{173.1|143.9| 34 21
P3xP7 5.2 | 45 | 158 | 13.8 | 36.2 | 27.9 |124.6|118.2 | -25.6** | -19.6**
P3xPs 49 | 43 | 157 | 140 | 43.8 | 38.0 |167.3|159.7| -01 8.6
P4xPs 50 | 45 | 13.7 | 13.2 | 454 | 41.3 |179.7|160.4| 7.3 9.1
P4xPs 47 | 43 | 16.2 | 150 | 449 | 40.8 |183.0/163.9| 9.3* 115*
P4xP7 47 | 39 | 130 | 12.4| 37.8 | 34.3 |112.3|103.3| -32.9** | -29.8**
P4xPs 49 | 40 | 144 | 128 | 395 | 30.3 |126.5(119.2| -24.4** | -18.9**
PsxPg 49 | 43 | 133|127 | 37.2 | 29.3 |{159.3|149.7| -49 18
PsxP7 45 | 43 | 153 | 140 | 40.2 | 345 |151.7|123.7| -94* | -159**
PsxPs 48 | 45 | 13.7 | 13.0 | 30.1 | 27.5 |116.7 |105.0| -30.3** | -28.6**
PexP7 47 | 43 | 143 | 13.0 | 40.7 | 31.8 |121.5|107.0| -27.4** | -27.2**
PexPs 47 | 41 | 13.7 | 12.7 | 35.0 | 32.0 |104.4 | 88.7 | -37.6%* | -39.7**
P7xPs 49 | 47 | 16.0 | 153 | 40.0 | 34.1 |145.8|130.1| -12.9** | -115*
Crossesmean| 4.7 | 43 | 149 | 13.4 | 38.2 | 33.1 |140.5|125.4 - -
Check SC166| 5.0 | 46 | 152 | 14.2 | 42.2 | 37.8 |167.4|147.0 - -
LSD 0.05 04 | 04 | 14 | 1.1 | 24 | 3.0 | 152 | 16.7 - -
LSD 0.01 05 | 06 | 1.9 | 15 | 3.2 | 40 | 20.2 | 22.2 - -

Where; SD1= normal or recommended sowing date and SD2 = late sowing

date.

* and ** significant at 0.05 and 0.01 levels of probability, respectively.

Concerning the performance of the F1 crosses in comparison with
the check hybrid SC166, data in Table 2 showed that, the crosses P3xP4 at
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normal sowing date (SD1), P1XPs, P1xPg, P2XP3, P3xPg, P4xPs and PsxPg at
late sowing date (SD2) and P1xP2, P3xPs, P3xPgs, P3xP7 and P7xPg under both
sowing dates were found to be significantly earlier than the check hybrid
SC166. Earliness in maize is favorable for saving water irrigation and
escaping destructive injuries caused by the stem corn borers (El-Hosary
2014). The eight crosses P1xPa, P1xP7, P1xPg, P2xP3 P2xPg P2xPg P5sxPgand
PexP7 under the two sowing dates were significantly shorter than the check
hybrid SC166. As for ear height, the crosses P1xP, and P,xP7 under normal
sowing date (SD1), P>xPs, PsxP7 and P7xPg under late sowing date (SD2) and
P1XP3, P1xPs, P1xP7, P1xPg P2xP3 P2xPg and PsxPg under both sowing dates
had significantly lower ear placement than the check hybrid SC166.
Concerning ear length, the crosses P1xPs and P4xPs at normal sowing date
(SD1) and P2xP7 and P4xPs under the two sowing dates significantly
surpassed the check hybrid SC166. Regarding ear diameter, none of the
crosses significantly surpassed the check hybrid SC166. Meanwhile, the two
crosses P1xP> and P>xP7 did not differ significantly from the check hybrid
SC166. The three crosses P1xPs, P2xP4 and P>xP7 under both sowing dates
gave the highest mean value for No. of rows/ear and significantly surpassed
the check hybrid SC166. The four crosses P1xPs, P2xP7, P4xPs and P4xPg
under both sowing dates possessed higher No. of kernels/row than the check
hybrid SC166. Superiority percentage for grain yield/plant relative to the
check hybrid SC166 (Table 2) revealed that the two crosses P2xP7 and P4xPg
under both sowing dates had positive and significant superiority percentage
over the check hybrid SC166. Moreover, the four crosses Pi1xPs, PoxPy,
P3xPs and P4XxPs gave positive superiority percentage over the check hybrid
SC166 under the two sowing dates, but it was not significant. Therefore, it
could be concluded that these crosses offer possibility for improving grain
yield of maize. These results are in harmony with those reported by EI-
Ghonemy (2015), Sadek et al (2017) and El-Hosary et al (2018). They
found positive and significant superiority percentages compared to the
check hybrids for maize grain yield.
General combining ability (GCA) effects

Estimates of general combining ability (g, ) effects of the eight inbred

lines under the two sowing dates are presented in Table (3). High positive
values of (g, ) effects would be of interest from the breeder point of view for
all the studied traits, except days to 50% silking, plant and ear heights, where
high negative values would be favored. The parental inbred line P1 showed
highly significant and negative (§, ) effects for plant and ear heights under both
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Table 3. General combining ability (g, ) effects of the eight inbred lines
for all the studied traits under the two sowing dates.

Inbred line Days to 50% silking Plant height (cm) | Ear height (cm) | Ear length (cm)
SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2

P1 0.09 042 |-1842**| -9.03** | -6.85** | -7.65** | -0.15 | -041*
P2 0.78** | 159** |-1143**|-14.48**| -647** | -583** | 046* | 001

Ps -2.31%* | 2197 | 379 | 7837 | 162 295 [-090*| -0.06

P4 0.57* 053 |10.34**| 530* | 4.18** | 542** | 0.71** | 0.61**

Ps -0.69** | -0.63* |24.12%*|1488** | 1.13 045 | 1.10** | 0.98**

Ps 0.03 035 | 822 | 6.35** | 3.25* | 472** | 011 | -004

P7 0.64* 051 |-12.09**| 9.77**| -048 | -288 | 015 | -0.14

Ps 0.89*%* 0.12 -453* | -108 | 3.62* 280 |-117*%*|-0.94**
LSD (0.05) gi 051 0.58 4.05 450 3.09 326 | 038 | 041
LSD (0.01) gi 068 | 077 | 538 | 597 | 410 | 432 | 051 | 054
LSD (0.05) gi-gj | 0.77 0.88 6.13 6.80 4.68 492 | 058 | 062
LSD (0.01)gi-gj | 102 | 117 | 813 | 902 | 620 | 653 | 077 | 082

Inbred line Ear diameter (cm)| No. of rows/ear |No. of kernels/row Grain y(ie)ld/plant
SD1 SD2 SD1 SD2 SD1 SD2 SD1 SD2

P1 -0.17*%* | -019** | -040* | -0.35* | -1.19** | -1.83** | -7.90** | -8.80**

P2 0.03 006 | 052** | 0.12 0.53 0.71 065 | 021

Ps 0.11* 0.13* | 0.83** | 0.33* |-198**| -0.61 |-6.73**| -444

P4 -0.02 -0.09 -0.12 0.07 | 2.21** | 2.03** | 7.82** | 9.54**

Ps -0.02 0.05 -045* | 007 |-111**| -017 |[11.78**|10.04**

Pe -0.04 -0.02 -032 | -051** | 1.09* | 066 |10.12**| 4.85*

P7 0.15** | 0.13* | 0.63** | 0.79** | 2.14** | 1.08** | -323 | -3.38

Ps 0.04 007 | -071%*| -0.38* | -1.69** | -1.89** |-12.52**| -7.60**
LSD (0.05) gi 011 0.12 0.39 031 0.65 081 | 408 | 448
LSD (0.01) gi 014 | 015 | 051 | 041 | 086 | 108 | 541 | 594
LSD (0.05)gi-gj | 016 | 017 | 059 | 046 | 098 | 123 | 616 | 677
LSD (0.01)gi-gj | 021 | 023 | 078 | 061 | 131 | 163 | 817 | 898

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
SD1= normal or recommended sowing date and SD2 = late sowing date.
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sowing dates. However, it gave significant undesirable or insignificant (g, )
effects for other traits. The parental inbred line P> gave highly significant and
negative (g, ) effects for plant and ear heights under both sowing dates as well
as showed highly significant and positive (g, ) effects for ear length and No. of

rows/ear under normal sowing date (SD1). The parental inbred line Pz exhibited
the highest significant and negative (g,) effects for days to 50% silking,

indicating that this inbred line could be considered as a good combiner for
earliness. Also, it gave significant and positive ( g, ) effects for ear diameter and
No. of rows/ear under the two sowing dates. The parental inbred line P4
seemed to be suitable combiner for ear length, No. of kernels/row and grain
yield/plant under both sowing dates, due to its positive and highly
significant (g, ) values in this concern. The parental inbred line Ps expressed
highly significant and negative (g§,) effects for days to 50% silking and
showed highly significant and positive (g, ) effects for ear length and grain
yield/plant under both sowing dates. The parental inbred line Ps recorded
highly significant and positive (§,) effects for No. of kernels/row under
normal sowing date (SD1) and grain yield/plant under both sowing dates.
However, it gave significant undesirable or non-significant (g, ) effects for
other traits. The parental inbred line P7 expressed highly significant and
negative (g,) effects for plant height and showed significant and positive
(g,) effects for ear diameter, No. of rows/ear and No. of kernels/row under
both sowing dates. The parental inbred line Ps was marked as bad combiner
under both sowing dates, since it had either significant undesirable or non-
significant (§,) effects for all the studied traits. From the obtained results, it
could be concluded that, the best combiners under both sowing dates were
the inbred lines P3 and Ps for earliness, P1, P> and P7 for short plants and low
ear placement as well as P4, Ps and Pe for grain yield and some of its
components. Such results indicated that these inbred lines possess favorable
genes and that improvement in respective traits may be attained if they are
incorporated in maize hybridization program. Katta et al (2013), El-
Shamarka et al (2015) and El-Hosary et al (2018) found desirable and
significant (g, ) effects for earliness, grain yield and its components.
Specific combining ability (SCA) effects

Estimates of specific combining ability (s,) effects of the 28 F1 crosses for
all the studied traits under the two sowing dates are presented in Table (4).
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Table 4. Estimates of specific combining ability (éij) effects of the 28 F:
crosses for all the studied traits under the two sowing dates.

Days to 50% silking | Plant height (cm) | Ear height (cm) | Ear length (cm)
SD1 SD2 SD1 SD2 SD1 SD2 SD1 | SD2

Cross

P1xP> -5.60** | -5.87** |19.12** | 25.57**| 6.93* | 9.98** |-1.74**| -1.02*

P1xPs 4.33** | 3.25** | -2.35 | -8.74 | -3.95 | -7.40* |-2.67**|-1.75**

P1xP4 2.60** | 2.86** |-40.57**|-31.21**|-12.62**|-12.17**| -0.49 |-2.82**

P1xPs 0.70 -1.48* |27.32** | 32.87** | 14.63** | 14.90** | 2.13** | 1.01*
P1xPs -1.85** | -1.59* | -8.03 | -4.85 | -0.69 1.63 |-1.19**| 0.83
P1xPy -0.63 1.55* 7.28 -1.47 0.75 -2.97 | 3.18** | 3.43**
P1xPg 0.45 1.27 -2.78 | -6.17 | -5.05 | -3.95 | 0.79 | 0.33
P2xPs -0.20 -0.92 |-49.34**|-39.63**|-17.74**|-19.02**| -1.09* |-1.37**
P2xP4 -1.09 1.36* |27.81**|21.65**|17.50**|10.91**| 0.49 |1.66**
P2xPs -1.82** | -0.48 |29.65**| 3.32 0.95 -1.12 |-2.89**|-2.00**

P2xPs 2.95** 1.25 |-22.52**| -8.15 |-20.57**|-16.49**|-1.41**|-2.99**

P2xPy 1.68** | 2.88** | 3.29 |19.22**| 1.36 6.61 |3.46**|3.41**

P2xPs 4.09** | 1.77** | -8.02 |-21.97**|11.56**| 9.13* |3.18** | 2.31**

P3xP4 -0.90 1.63* 3.89 |14.35**| 2091 5.33 | -0.94* | -1.17*
P3xPs -2.73** | -2.20** | 5.61 | 11.01* | 3.46 2.80 | 1.98**|1.46**
P3xPs -1.45* 0.02 4.76 2.04 | 9.55** | 7.23* |1.86** | 2.48**
PsxP7 -0.56 -0.84 5.07 -1.00 | 9.78** |13.43**| -1.07* | -0.42

PsxPg 1.52** | -0.95 |32.36**|21.97**| -4.02 | -2.35 |1.94**| 0.78

P1xPs 1.55** 0.08 0.23 -9.46 | -7.20* | -4.67 |1.86** |3.60**

P4xPs 0.16 -1.20 2.54 -9.18 | -6.52 | -5.24 |2.44**|2.31**
PaxP7 -1.62** | -4.06** | 3.07 4.36 -249 | -1.84 |-2.49%*|-2.89**
P1xPg -0.70 -0.67 3.02 9.50 8.41* | 7.68* | -0.87* | -0.69
PsxPs -1.07 0.80 |24.01**|13.73**| 6.83 1.63 0.26 | -0.95*
PsxP7 3.48** 1.27 |-20.26**| -6.39 | -454 | -5.17 |-1.17**| -0.95*
PsxPs -0.10 | 2.00** |-66.57**|-45.09**|-14.14**| -8.35* |-2.16**|-2.15**
PsxP7 2.09** | 1.66* |-20.61**|-22.03**| 1.65 1.66 | -0.49 |-1.84**
PsxPg -0.82 -0.95 |19.84**|28.44**| 9.75** | 9.58** |-1.47**| 0.16
P7xPs -4 44%* | -2 48** | 22.15%*| 13.32**| -6.52 |-11.72**|-1.41**| -0.74

LSD 5% (sij) 1.13 1.29 8.97 9.95 6.85 7.21 0.85 | 0.90

LSD 1% (sij) 1.50 1.71 11.90 | 13.20 9.08 9.56 112 | 1.20

LSD 5% (sii-si)| 1.72 1.97 13.71 | 1521 | 1046 | 11.01 | 1.29 | 1.38

LSD 1% (si-si)| 2.28 2.61 18.18 | 20.17 | 13.87 | 1460 | 1.72 | 1.83

LSD 5% (Si-s)| 1.54 1.76 12.26 | 13.60 9.36 9.85 116 | 1.23

LSD 1% (Sij-sw)| 2.04 2.37 16.26 | 18.29 | 1241 | 13.29 | 153 | 1.66
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Table 4. Cont.

Ear diameter No. of Grain

Cross (cm) No. of rows/ear kernelsfrow | vyield/plant (g)
SD1 | SD2 | sDb1 | sD2 | sD1 | SD2 | SD1 | sSD2

P1xP, 0.60** | 0.54** | 0.11 017 | 207** | 2.67** |-1546**| -8.44
P1xPs3 019 | -013 | -110* | -004 | 137 115 |-12.16**| -10.80*
P1xPy4 005 | 011 |-118*|-161**| 109 | -2.35* |-12.69** -559
P1xPs 0.25% | -025 | 2.83** | 252** | 121 165 |3641**|32.06**
P1xPs 0.06 022 | 048 | 020 | -139 | 098 | 110 | -6.15
P1xP7 0.08 0.07 024 | 051 | 036 080 | 574 | -5.27
P1xPsg 0.24* | -033* | 042 | 033 |-471**|-293*| 853 | 419
P2xPs3 019 |-038**| -0.22 | 039 |-5.14**|-6.25%*|-32.79**|-37.47**
PoxPy4 0.25* | 004 | 163* | 2.32** | 0.97 111 [29.91**|19.13**
P,xPs 015 | -010 |-143**|-144**|-341**| -139 |-27.14**|-25.70**
P,xPs 014 |-043**| -040 |-200**| -0.61 |-4.22**| 805 | 832
P,oxP7 0.38** | 0.32* | 1.98** | 2.36™* | 4.94** | 7.76%* | 46.79** | 45.47**
P2XxPg -024* | 002 |-167**|-1.79**| 117 033 | -935* | -131
P3xPs4 004 | 027 | 042 | -046 |-7.63**|-5.07**|-19.13**|-16.73**
P3xPs 0.16 004 | 024 | 066 | 139 093 | 508 | -007
P3xPs 002 | 0.30* | 0.95* | 0.79* | 2.89** | 7.60** | 29.15**|18.13**
PsxP7 020 | 005 | -050 | -0.68* |-2.16**| 572 | -595 | 0.62
PsxPsg 008 | 005 | 068 | 066 |9.27* | 7.35** |45.96™*|46.33**
P4xPs 030* | 025 | -0.62 | -0.22 | 6.11** | 6.29** | 19.53**|1547**
P4xPs 0.01 012 | 1.77* | 2.06™ | 341** | 496** | 24.52** | 24.13**
P4xP7 -0.17 | -043** | -2.38** | -1.85** | -4.74** | -1.96* |-32.80**|-28.28**
P4xPsg 021 | 013 | 036 | 024 | 079 |-299**| 934* | 812
PsxPg 0.21 -001 | 079 | 014 | 098 |-434**| -318 9.41
PsxP7 -0.37**| -0.16 0.29 -0.12 0.97 0.44 2.59 -8.36
PsxPg 011 024 | 003 | 0.06 |-5.29**|-3.50** |-23.12**|-22.81**
PsxP7 015 | -010 | -0.88* | -0.67 | -0.73 |-3.09** |-25.93**|-19.87**
PsxPsg 003 | 010 | 017 | 047 |-259**| 0.08 |-33.72**-33.96**
P7xPg 005 | 035* | 1.25%* | 147** | 136 176 |21.04**|15.69**
LSD 5% (si) 0.23 0.25 086 | 0.68 144 1.80 9.02 | 991
LSD 1% (sy) 031 0.33 114 | 090 191 239 | 1196 | 1315
LSD 5% (sj-si) | 0.36 0.39 131 1.03 2.20 2.75 13.78 | 15.14
LSD 1% (sj-si) | 047 051 174 137 292 365 | 1827 | 20.08
LSD 5% (sj-sw) | 0.32 0.34 117 093 197 246 | 1232 | 1354
LSD 1% (sj-s) | 042 047 1.55 1.25 2.61 3.32 16.34 | 18.28

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
SD1 = normal or recommended sowing date and SD2 = late sowing date.
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Negative and significant estimates of (s,) effects toward earliness

were exhibited by the crosses P2xPs under normal sowing date (SD1), P1xPs
under late sowing date (SD2) and P1xP2 P1XPs, P3xPs P4xP7 and P7xPg under
both sowing dates. The crosses P2xPs and PsxP7 under normal sowing date
(SD1), PoxPg under late sowing date (SD2) and P1xPs, P2xP3, PsxPg and
PsxP7 under both sowing dates showed significant and negative (s,) effects
for plant height towards short plants. Moreover, the crosses P4xPs under
normal sowing date (SD1), P1xPz and P7xPg under late sowing date (SD2) and
P1xP4, P2xP3, P2xPs and PsxPg under both sowing dates exhibited negative
and significant estimates toward low ear placement. Regarding to ear
length, the crosses PsxPg under normal sowing date (SD1), P2xP4 under late
sowing date (SD2) and P1xPs P1xP7, P2xP7, P2xPg, P3xPs P3xPs P4xPs and
P4xPg under both sowing dates had positive and significant (s, ) effects. The
crosses P1xP2, PoxP7 and P4xPs under both sowing dates and P3xPs, P3xPsg
and P7xPs under late sowing date (SD2) had positive and significant (s,)

effects for ear diameter. Moreover, positive and significant (s,) effects

under both sowing dates were obtained by the crosses P1xPs, PoxPs, P2xP7,
P3xPs P4xPs and P7xPg for No. of rows/ear, P1xP2 P2xP7 P3xPg, P4xPs and
P4xPs for No. of kernels/row and P1xPs, P2XPs P2xP7, P3xPg P3XPg PsXPs,
P4xP7and P7xPg for grain yield/plant. The previous crosses might be fruitful
in future maize breeding programs as most of them involved at least one
good combiner for the traits in view. It is worth noting that the two crosses
P> x P7 and P4 x Pg showed significant and positive SCA effects coupled
with positive and significant superiority percentage over the check hybrid
SC166 for grain yield, hence it might be used for commercial hybrid
development after further evaluation.

REFERENCES

Abd EI-Aty, M.S., M.A. El-Hity, H.E. Mosa and M.A.A. Hassan (2014). Combining ability
analysis in yellow maize under different planting dates and nitrogen rates. Jordan J.
Agric. Sci. 10: 237-251.

Abd El-Mottalb, A. A, M. A. Mostafa and H. Al. A. Gameaa (2013). Combining ability
estimates in some white maize inbred lines for yield and other traits. Egypt. J. Plant
Breed. 17(3): 13 - 22.

Abd ElI-Mottalb, A.A. and H.A.A. Gamea (2014). Combining ability analysis in new white
maize inbred lines (Zea mats L.). Minufiya J. Agric. Res.1: 143-151.

Abdel-Moneam, M.; M. Sultan; S. Salama and A. El Oraby (2014). Evaluation of
combining ability and heterosis for yield and its components traits of five maize
inbreds under normal and stress nitrogen fertilization. Asian J. Crop Sci., 6: 142-149.

648



Abo El-Haress, S.M. (2015). Diallel analysis for yield, downy mildew and agronomic
characters in maize (Zea mays L.). Alex. J. Agric. Res. 60 (1): 25-31.

Ahmed, M.F. (2013). Diallel analysis and biochemical genetic markers for heterosis and
combining ability under two sowing dates of maize inbred lines. Asian J. Crop Sci. 5:
81-94.

Attia, AN, M.S. Sultan, M.A. Badawi, M.A. Abdel-Moneam and A.R.M. Al-Rawi
(2015). Estimation of combining ability and heterosis for some maize inbred lines and
its single crosses. J. Plant Production, Mansoura Univ. 6 (1) 83 -98.

Badu-Apraku, B. and M. Oyekunle (2012). Genetic analysis of grain yield and other traits of
extra-early yellow maize inbreds and hybrid performance under contrasting
environments. Field Crops Res. 129: 99-110.

El-Badawy, M.E.M. (2013). Heterosis and combining ability in maize using diallel crosses
among seven new inbred lines. Asian J. Crop Sci. 5(1): 1-13.

El-Ghonemy, M.A.M. (2015). Combining ability of seven new white maize inbred lines for
yield and some agronomic traits. Egypt. J. Plant Breed.19 (1): 15-24.

El-Hosary, A.A.A. (2014). Comparison between some methods of diallel cross analysis in
maize. Egypt. J. Plant Breed. 18 (4):715 —736.

El-Hosary A.A.A. and A.A. EI-Gammaal (2013). Combining ability, heterosis and assessing
genetic diversity using RAPD marker in maize. Minufiya J. Agric. Res. 38(1):109-125.

El-Hosary A. A. A., M. H. Motawea and A. A. Elgammal (2018). Combining ability for yield
and some of its attributes in maize across two locations. Egypt. J. Plant Breed. 22(3):
625-640.

El-Refaey, R.A., A AA. Motawei, A.A. EI-Gammal and M.S. Kotp (2018). Estimation of
combining ability and superiority percentage of half diallel crosses between yellow
maize inbred lines for growth characters and some diseases resistance. Alex. J. Agric.
Sci. 63: 1-17.

El-Shamarka, Sh.A., M. Abdel-Sattar Ahmed and M. M. EI-Nahas (2015). Heterosis and
combining ability for yield and its components through diallel cross analysis in maize
(Zea mays L.). Alex. J. Agric. Res. 60 (2): 87-94.

El-Shouny, K.A.; O.H. El-Bagoury; K.I.M. Ibrahim and S.A. Al-Ahmad (2005). Genetic
parameters of some agronomic traits in yellow maize under two planting dates. Arab
Univ. J. Agric. Sci. 13: 309-325.

Estakhr, A. and B. Heidari (2012). Combining ability and gene action for maturity and
agronomic traits in different heterotic groups of maize inbred lines and their diallel
crosses. J. Crop Sci. Biotech. 15(3): 219- 229.

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

Hefny, M. (2010). Genetic control of flowering traits, yield and its components in maize (Zea
mays L.) at different sowing dates. Asian J. Crop Sci. 2: 236-249.

Kamara M.M. (2016). Combining ability and genetic diversity using SSR markers for some
maize inbred lines. Egypt. J. Plant Breed. 20 (2): 373-394.

Kamara, M. M. (2015). Diallel analysis of some yellow maize inbred lines under low and
normal nitrogen levels. International J. of Plant Breeding and genetics 9(2): 32 - 43.

Katta, Y.S., M.M. Kamara, M.A. El-Hity and H. Koyama (2013). Combining ability for
some growth and yielding traits in maize under two nitrogen levels. Egypt J. Plant
Breed. 17(2): 331-345.

649



Makumbi D., J.F. Betran, M. Banziger and J.M. Ribaut (2011). Combining ability, heterosis
and genetic diversity in tropical maize (Zea mays L.) under stress and non-stress
conditions. Euphytica 180:143-162.

Mosa, H.E. (2010). Diallel analysis of nine yellow maize inbred lines. Egypt. J. Plant Breed. 14
(3): 37-47.

Mousa, S.Th.M. (2014). Diallel analysis for physiological traits and grain yield of seven white
maize inbred lines. Alex. J. Agric. Res. 59: 9-17.

Mousa, S. Th. M., R.S.H. Aly and M.A.G. Khalil (2012). Combining ability, gene action and
heterosis for new yellow maize ( Zea mays L.) inbred lines via diallel mating design.
Egypt. J. Agric. Res. 90(4): 63-75.

Murtadha, M., O. Ariyo and S. Alghamdi (2018). Analysis of combining ability over
environments in diallel crosses of maize (Zea mays). Journal of the Saudi Society of
Agricultural Sciences, 17(1), 69-78.

Sadek, M.S.E.; M. G. Balbaa and M.A.A. Mostafa (2017). Combining ability analysis of new
yellow maize inbred lines for yield and some related characters. Alex. J. Agric. Sci. 62:
209-217.

Steel, R.G.D. and J.H. Torrie (1980). Principles and Procedures of Statistics. A Biometrical
Approach. 2™ Ed. Mc Graw Hill, N.Y., USA.

Wani, M. M. A, S. A. Wani, Z. A. Dar, A. A. Lone, I. Abedi and A. Gazal (2017).
Combining ability analysis in early maturing maize inbred lines under temperate
conditions, Int. J. Pure App. Biosci. 5(2): 456-466.

650



sl Lualdd) B e Y and Callal e oadl
Ayl (e Opalage s
" edlad g '8y tane ana
s gl i€ daala —del) 3 L —Jralaal) 1 )
s — 58 daala —del) N AU —Jualaal) aud LY

peisa B shial Lald) §I Ga LSl olya &Y Mew duiled G yoils chall g slia) A7
avaal A (11T o48 Guas) Djlde] puas A dilaylL ALY (g8 Juas YA audi af LYY
oA ) S deals — def il LS dejja defi il o Gpiles ciad Sy pCa ENL Lifpdal) dalslf cile Lhdl
Ly A L) Al Jodl) punily ALY o dualidly doled] il Sl it dlis ¥ 1A apa
Elsy) ccliil] gD « plall o %60+ ysghi 3 aLY) e A Cléal) dufs 2T At aT Clial)
of il cyghf . cbilfeigalf Jpanag dm/«.g.n.// e i jgSfisdall quc i jpSl s jeSl Jb i Sl
il aa il Sl IS . dulpal) ciad Sldeal] giast Ly.eu Ol Caglly Llisl cuShl Ga JS aaflf ool
chuiad b uall Jedll SIS . Gpdlesed) NS A dufal) cad cilial) grasd [pins AT Ao dualidly daled
S P, 5 Py i) cfdlesd) copglif . Gulasal) NS 4 dafyal) cind Cléalf abina 15 4 dust] JISYI 5
S pdpe ylisily il g LT sall Py g Py c¥leddly pSill iRy Ao dalel) 808l fpilst sl
Juaf cils il fespund] Jpara dbal AT Ao b dale 505 Py o Py 5 Py ¥l cighf Loty
3 Py¥Ps P3xPg P3xPs P2XP7 PoxPy PixPs ab o4 ALY e dualil) 5ad) cidli 5 gl
5 P2XPy Jling Jyana g5i7 . pilesal| S 4 DlipSa a ST of 3lyg cigenl) J,MM dial PrxPy
Cagll 0ds Gl Al g culagall NS S (177 (508 (pas) dijliad] pas Jpana Ao b,w-« i PyxPy
- Sliiws Lylad agS lgDUY | pgad dAlisal) acdll Jafpa 5 gl Sag Sudua sued

(Ye18) 7o =iy (€)1 ol duil dipaall daall

651



