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ABSTRACT

A half diallel set of crosses was made among ten newly developed maize inbred
lines to evaluate combining ability and mean performance for grain yield / plant and
some of its components, i.e. No .of ears/ 10 plants, Na.rc:f rows / ear, No. of kernels/ row
and 100- kernels weight af three planting dates, i.e. 5* of May (early planting), 5* of
June (recommended planting) and 5* of July (late planting), The ten inbred lines were in
Sy generation namely; L3 (P1), L6 (P2}, L 22(P3), L24 (P4), L27 (PS), L58 (P¢), L6l
(P7), L63 (P8), L85 (P9} and L90 (PI0). A field experiment was devoted for each
planting date. Each experiment included 45 F, hybrids as well as the check variety S.C.
10 using randomized complete blocks design with three replicates at the Experimental
Station of National Research Center af Kalubia Governorate, Egypt. Results indicated
that mean squares due to planting dates, crosses and crosses » planting dates interaction
were significant for grain yield / plant and its components at cach planting date and their
combined data, except crosses mean squares which were not significant for No .of ears/
16 plants at late planting, revealing the presence of sufficient genetic variability among
crosses for the studied traits. General (GCA) and specific (SCA) combining ability mean
squares were found to be highly significant for all traits studied af each planting and the
combined analysis, except the mean squares due to GCA and SCA for No .of ears/ 10
planss at late planting and the mean squares due to SCA for No .of rows/ ear in
combined analysis and 100-kernels weight at recommended planting which were
insignificant, indicating the importance of both additive and non-additive gene effects in
the inkeritance of most studied traits. The ratios of 5°GCA / 5°SCA variances were
greater than unify for No. of rows jear af the three plantings, indicating that the additive
type of gene action is of great imporiance in the inheritance of this traii. However, these
rafios were less than unity for No. of kernels / row, 100 -kernel weight (except at
recommended planting) and grain yield / plant at the three planting dates and their
combined data, suggesting that these fraits are mainly conirolled by the non-additive
gene effects. Meantime, the ratios of $’GCA /525CA for No .of ears /10 plants and 106-
kernels weight were inconsistent across different planting dates. Interactions of the GCA

-ovith different planting dates were highly significant for all studie traits, except No. of
rows fear and 100-kernels weight, while interaction of SCA was insignificart for the
studied traits. Such results illustrate the importance of plarcing dates as effective factor
in declaring GCA voriance and its high sensitivity to planting dates than the SCA
variance. The parental inbred line P4 was found to be the best general combiner for all
the studied tralts followed by the parental inbred lines, P2, P7 and P19 for three tralts ai
most planting dates meanwhile, the inbred lines; P1, P5, P¢ and P8 seemed to ke best
combiners for one or two of yield components at certain planting dates. These garental

-inbred lines could be considered as good general combiners for improving ihese tralls



threugh hybridization programs at respective planting dates. Based on desirable $CA
effects, the best crosses were P xP; for No. of cars / 10 plants; PPy and Pyx Py, for No.
of rows/ ear; Psx Py, Psx Py, PexPy and PPy for No. of kernels/ row; PPy PP, and
PxPy, for 100- kernels weight and P,xP; and P;x P, for grain yield / plant. These crosses
are considered as good F; Iybrids for these traits and could be selected and used in maize
breeding programs for improving these traits. The results revealed that the two crosses;
P xPand PxP; significantly superiored the check cv. by 51.27 and 58.60g at early
planting date.
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INTRODUCTION

Maize is one of Egypt's principal cereal crops. It is used as feed for
livestock and pouliry, either as green fodder or as main component of dry
feed. Also, it is used for human food in rural areas where it is mixed with
wheat flour in bread making. In addition, it is a major component in several
importent industries such as corn oil, starch and fructose. The local
production is not enough to cover the consumption need. Increasing maize
production can be achieved by both increasing maize area in newly
reclaimed soils and increasing productivity of unit area via using high
yielding cultivars and improved cultural practices at suitable planting date.
Corn breeders give great and continuous efforts to improve the yield of this
crop. On the other hand, one of the most important factors affecting growth
and productivity of a cultivar is determining its optimum planting date. The
suitable date for maize planting mainly depends on many factors as weather
conditions and the previous crop. In Egypt maize is planted successfully
under irrigation from mid-April to mid-August, although most of the area is
planted between mid May to mid June as optimum period for production,
whereas grain yield decreases after this date. When maize grown at different
dates, plants exposed to various climatic factors like temperature, light and
humidity. Genotypes will interact differentially with these factors according
to their photothermal responses and adaptability. The corn breeder is
concered with estimating genetic parameters and their interaction under
different environmental conditions to choose the most effective breeding
program for his materials. Therefore many research workers studied general
{GCA) and specific (SCA) combining ability different planting dates and
the interaction between them. In general, GCA variance is assumed to be a
function of additive variance while SCA is a function of non-additive
variance. El -Hosary {1988) computed GCA and SCA in a half diallel cross
amoag ten inbred lines and their interactions with two.planting dates, i.c .4 "
of June and 3 ™ of July. He found a significant interaction between planting
dates and both types of combining abilities. The magnitude of the
interaction for GCA by planting dates were generally higher than those for
SCA ones, indicating that additive and additive by additive types of gene
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action appeared to be more affected by environments than non - additive
genetic type for number of rows per ear, number of kernels per row, 100 -
kernel weight and grain yield /plant. Sedhom (1994) studied GCA and SCA
for the same traits and their interaction with two planting dates at June 10
and July 10. He found highly significant variances for GCA and SCA for all
studied traits in the two planting dates as well as their combined data,
indicating the importance of both additive and no-additive genetic variance
in the inheritance of the traits studied. High ratios of GCA / SCA mean
squares were obtained for all traits indicating the predominance of additive
and additive x additive gene actions in the inheritance of the studied traits.
Significant interactions between both types of combining ability and
planting dates were detected for No. of rows / ear and grain yield / plant. Al-
Ahamed et al (2004) indicated that additive and additive by additive types
of gene action were more important than non-additive gene effects
controlling grain yield / plant. Mcan squares due to interaction of either
GCA or SCA effects with planting dates for grain yield / plant was
significant. The present investigation aimed to evaluate general and specific
combining ability and performance for grain yield and some of its
components in maize diallel crosses at three planting dates to find out the
best parental lines and the prospective single crosses for the sake of
improving maize productivity under target planting dates.

MATERIALS AND METHODS

The field experimental work of this investigation was carried out
during the two successive growing seasons 2006 and 2007 at the
Experimental Station of National Research Center at Kalubia Governorate,
Egypt.

Ten new white maize (Zea mays, L.) inbred lines were randomly
chosen to establish the experimental material of this investigation. The ten
inbred lines in the S; generation were developed from different sources, i.e.
the variety G.2; T.W.C. 310 and D.C. 215 by Prof .Dr. K.A .El-Shouny
through the breeding program at the Agronomy Department, Fac .of Agric.,
Ain Shams Univ Egypt. The code numbers of the ten parental inbred lines
are: L3 (P1), L6 (P2), L 22(P3), L24 (P4), 1.27 (P5), L58 (P6), L61 (PT7),
L63 (P8), L85 (P9) and L90 (P10). In 2006 summer scason, a half diallel
set of crosses was achieved among the ten inbred lines and 45 F, seeds were
obtained. In 2007 summer season, the seeds of 45 hybnds as well as the
chick cv. S C.10 were sown at three planting datea, ic. S" of May (early
planting), 5™-of June (recommerded planting) and 5% of July (late planting).
A field experiment was devoted for each planting date and laid out in a
randomized complete block dusign with three replications. Lach plot
consisted of one ridge, 5 m in length and 76 cm width. Seeds were sown at



25 cm within ridge; two kernels per hill and later thinned to one plant after
about three weeks of planting. Fy hybrids were cultivated using the dry
method (Afir) and preceding crop was clover (Trifolium alexandrinum L.).
Recommended cultural practices for ordinary maize fields in the area were
followed during the growing season. Data were recorded on ten individual
guarded plants chosen at random from each plot for grain yield / plant and
some of its components, i.e. No. of ears/10plants, No. of rows/ear, No. of
kernels/row and 100- kernels weight.

Statistical analysis was made for each planting date and their
combined data according to Gomez and Gomez (1984). L.S.D. was
computed to compare differences among means at 5% and 1% levels of
probability. The (GCA) and (SCA) combining ability variances and effects
were calculated using Griffing’s (1956) method 4, model 2, at each planting
date and their combined data. Superiority of hybrids was computed as the
percentage of F) mean from the check variety inean (S.C.10) for ail traits.

RESULTS AND DISCUSSION

Combining ability variances

Results in (Table 1) indicate that mean squares due to planting dates,
crosses and crosses x planting dates interactions were significant for grain
yield / plant and some of its components, i.e. No .of ears / 10 plants, No. of
rows / ear, No. of kernels / row and 100- kernels weight at each planting
date and their combined data, except for No .of ears / 10 plants at late
planting, revealing the presence of sufficient genetic variability among
crosses for the studied traits. General and specific combining ability mean
squares were found to be highly significant for all traits studied at each
planting and for combined analysis, except mean squares due to GCA and
SCA for No .of ears / 10 plants at late planting and mean squares due to
SCA for No .of rows / ear in combined analysis and 100-kernels weight for
recommended planting date which were insignificant, indicating the
importance of both additive and non-additive gene effects in the inheritance
of most studied traits. In this connection Sedhom (1994a), El-Shamarka
(2000), El-Beially (2003), Shafey et af (2003), Al-Ahmad ez af (2004), Ei-
Hosary et al (2005), El-Shenawy (2005), Katta er a/ (2007), Osman and
‘Ibrahim (2007) and Ali et af (2009) found that both general and specific
combining ability variances were significant for one or more of the studied
traits in present investigation.The ratios of GCA 8%/SCA variances were
greater than unity for No .of rows/ear on the three plantings, indicating
that the additive type of gene action is of great importance in the inheritance
of this trait. However, these ratios were less than unity for No. of kernels /
row, 100 -kernel weight (except at recommended planting) and grain yield /
plant at the three plantings and their combined data, suggesting that these
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Table 1. Mean squares of separate and combined analysis of variance for each planting date and across the three
planting dates for the studied traits in maize crosses.

Source of d.f Number of ears /10 plants Number of rows / ear Number of kernels / row
variation 7 ) D2 D3 Combined D1 D2 D3  Combined DI D2 D3 Combined
Single combined
Plan{ing dates 2 50,48 543" 1763.00
Crosses “ “ 692" 468" 076 827" 418" 417" 453" 11.86"  198.69" 15861 16082  464.69"
GCA n L1 LI L1) an 1] 1] (1] - [ £33
9 9 637" 428" 0.41™ 842 582" 600" 653 17.95 14479 12137 110,01 338,10
Sca 35 35 1267 0.8 021™ 130" 0260 021" 0247 0.36™ 46.03" 3526 39.10"  107.78"
Crs. X Date 88 2.04™ 0.541° 26727
b " -
GCA™ Date 18 1.32 020" 19.03
" .
x .
SCA Date 70 0.52 n 0.18 ny 6.30™
5 GCA/S*SCA 011 LYY - 1.01 590 816 6.32 - 0.28 0.36 0.26 0.35
Error 1.08 165 051 1.08 042 035 036 0.38 6.341 15.53 13.24 11.70
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Table . Cont.

Source of d.f 100- kernel weight Grain yield/plant
variation Single Combined bl D2 | D3 Combined m b2 D3 Combined
Planting dates 2 3451.36 80863.24"
Crosses “ 44 28217 25677 28587 47.55" 7063.34" 456871 1891.63" 11285.2"
GCA 9 9 2379 1634  2136" 4047 632644 357967 1666.56" 10132.66"
Sca 3s 35 570" 6.56™ 649" 951" 1333.07" 99398 364.14" 212349
Crs. X Date 58 | 17.453" 119.21°
GTAX Date 18 10.51 720,00
SCA Date n 4.61" 283.86™
8" GCA/3*SCA 0.68 - 0.55 0.68 0.56 0.56 0.47 0.57
Error 7.10 14.32 9.33 1025 65702 124383 5285 75124

D1,D2, D3= Plants at May 5, June §, July §, respectively.
*and ** denote significant differences at 0.05 and 0.01 levels of probability, respectively.
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traits are mainly controlled by the non-additive gene eftects. Meantime for
No .of ears /10 plants and 100-kernels weight, the ratios of 8’GCA 1 3'SCA
variances were inconsistent at different planting dates. In this respect
Sedhom (1994), Soliman ef al (2005), El-Zair ef al (1997 and 1999), El-
Shamarka (2000), El-Beially (2003), Al-Ahmad et al (2004) and Katta ef a/
(2007) indicated that additive gene action played the major role in the
genetic expression for one or more of the studied traits. While, Abd El
Sattar ef al (1999), Shafey er af (2003), Abd El-Moula (2005), El- Shenawy
(2005) and Aly and Mousa (2009) indicated that non-additive gene action
was more important in the inheritance of most studied traits. Interactions of
the GCA with different planting dates were highly significant for all studied
traits, except No .of rows /ear and 100-kernels weight, while interaction of
SCA with planting dates was insignificant for the studied traits. Such results
suggesting the importance of planting dates as an effective factor in
declaring GCA variance and its high sensitivity to planting dates than the
SCA. In this connection El -Hosary (1988), Sedhom (1994) and Al-Ahamad
et al (2004) indicated that the interactions of both GCA and SCA with
planting dates were significant for No. of rows /ear, No .of kernels /row,
100-kernel weight and grain yield/plant.
General combining ability effects (g;)

Significant positive GCA effects vere found for all the studied traits (Table
2). Based on GCA estimates, it could be concluded that the best general
combiners for No. of ears / 10 plants were the inbred lines; P2 and P4 at
early and recommended planting dates and their combined data and P1 and
PS5 at early planting date and for No. of rows/ ear were the inbred lines; P2,
P4, P8 and P10 at each planting and combined data. The best general
combiners for No. of kernels / row were the inbred lines; P4, P7 and P10 at
each planting date and across them and P8 and P9 at early and
recommended planting dates and the combined data and for 100-kernels
weight were the inbred lines; P4 at early and late planting dates and
combined data and P6 and P7 at early and recommended planting dates,
respectively. For grain yield / plant, the inbred lines P4 and P7 were the best
at the three planting dates and their combined data, P2 at early and late
planting and combined data and P10 at late planting date. These results
indicated that these inbred lines could be considered as good general
combiners for improving these trz:ts through hybridization programs in he
respective planting date.
Specific combining ability effects (5;;)

Significant positive SCA efferts were found in all studied traits (Table
3). Based on SCA estimates it could be concluded that the crosses which
showed significant and positive SCA effcets for No. of ears /10 plants were
P1xP2 at early and late planting dates and their combined data, P2xP3 and
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{ablc 2. (.eperal combining ability effects for the studied traits of the ten white r-aize inbred lines st three planting
dates and their combined data.

Inbred lines i — —
DI

Pl
P2
P3
P4
Ps
Peé
[
P8
ro9

—

:

> SE(ghgj)

SE(gi

o —Nﬁvmber of ears/ 10 plants —{r Number of rows /ear L _’\_f_mzl:_l:er _(;f kernels /row |
DI__ D2 | D3 [Combined| DI | D2 | D3 |Combined, DI | D2 ' D3  Combined

0657 : 0.0 | 028 034 [-1157 | -1127 [ -1.127 | -1137 5287 | 5517 4897 | -523"

1037 102" | 011 0.72" 1095 | 1.00™ | 1.02 | 099" | 028 | 096 ! 177 1.00

i 032 010 | o.11 0.18 -0.677 | -091" | -0.81" | -0.80" [ -4.62"|-3.92"|-2.67"| -3.74"

i .237 [ 123" | 0.44 0.97" 0.68" | 038 ) 0.56" 0547 ;2327 ; 223 | 3.05° | 253"

; 057 ! 019 | -0.14 0.20 -0.827 1-0.73" | -0.87" | -0.81" | -4.04" | -4.08" | -4.63" | -4.25"

| -048 | -048 | -0.10 035 [-1.097 |-085" |-1.017 | -098" }.416" )-3.76" |-3.15"| -3.69"

1 -0.35 | 022 | -0.8 -0.10 0.63 | 025 | 0.05 0.31 1.86" | 3.85" | 541" | 3.70™

P-1437 | -090" | <027 | -0.87" | 0987 140" | 1317 | 123" | 686" | 316" | 0.04 | 336"

: -1.067 | -0.90" | -0.14 | -0.707 0.05 | 0.08 | 0.12 0.08 410" | 2.06" | 0.69 2.28"
-0.48 | -0.57 | -0.10 038 | 0457 | 0507 | 075 | 056" | 2707 | 5.027 | 4397 | 4.03"
020 | 025 | 0.14 0.20 013 | 012 | 0.12 0.12 049 | 076 | 0.70 0.66
n3C | 037 | 0.21 0.30 019 | 017 | 017 0.18 0.73 | 114 | 1.05 0.99
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Table 2. Cont.

100-kernel weight Grain yield/plant
Inbred lines
. D1 D2 D3 Combined D1 D2 D3 Combined
P1 -0.16 -0.76 -0.40 -0.44 -222.88" -337.55" -159.78™ -240.07"
P2 1 .1.96" -1.83 1.45 .78 145.90 177.87 172.18™ 16531
P3 -1.08 -0.34 0.30 -0.37 -239.33" -159.10 97.12" -165.18"
P4 361" 1.83 2.19° 2.54" 602.78" 358.93™ 286.52" 416.08™
PS5 -1.00 -0.46 -0.33 -0.60 -175.15" -127.06 -160.26™ -154.16"
P6 0.36 2.10" 0.95 1.14 -352.64" -124.93 -60.53" -179.37"
P17 243" 0.97 -0.41 1.00 191.05™ 246.11" 70.94" 169.37°
PS8 -0.63 2158 -2.60" -1.79° 72.67 -28.33 -63.69™ -6.45
P9 -0.63 0.88 1.45 0.57 -118.62 73.15 -27.93 -73.23
P10 -0.93 -0.25 -2.62" -1.27 96.22 67.22 39.67" 67.70
SE(gl) 0.52 0.73 0.59 0.62 49.64 68.30 14.08 53.08
SE(gi-g)) 0.77 1.09 0.88 0.92 73.99 101.81 20.99 79.12

D1= (5 May), D2 =( 5 June ) and D3= (5 July) planting dates.
*and ** denote significant differences at 0.05 and 0.01 levels of probability, respectively.

P1 (L3), P2 (L6), P3 (L 22), P4 (L24), PS5 (L27), P6 (L58), P7 (L61), P8 (L63), PY (LSS) and P10 (190).
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P,xP7 at early and recommended planting dates, P1xP4 and P3xP6 at early
planting date, P4xP5 at recommended planting and P3xP4 at late planting.
For No. of rows/ ear, the best crosses were; P1xP6 and P2xP3 at
recommended and late plantings, P1xP5 at early and recommended planting
and P4xP8 and P8xP10 at early planting date. The crosses which exhibited
significant SCA effects for No. of kernels/ row were P2xP3, P2xP6, P5xP8,
P5xP10, P6xP8 and P6xP10 at the three planting dates and their combined
analysis as well as seventeen crosses at one to three environments. For 100-
kernels weight, the best crosses were P1xP8, P2xP7 and P2xP8 at early
planting, P1xP4 and P1xP9, P6xP8 and P7xP10 at late planting. For grain
yield / plant, the crosses were P2xP3 and P3xP4 at the three planting dates
and their combined data and P1xP4, P2xP5 and P5xP10 at early and late
planting dates and the combined data as well as 12 crosses at one or two
planting dates. These crosses are considered as good F; hybrids for these
traits at respective planting dates and could be selected and used in maize
breeding programs for improving these traits. However, the best Fihybrids
for grain yield/plant were P2xP3 and P3xP4, since both gave high SCA
effects at different environments and involved good x low general combiner
parents. Therefore both crosses can offer good possibility for improving
grain yield of maize.
- Performance of experimental hybrids relative to check cultivar.

Data of grain yield/plant and its components for F; crosses as well as
the check cv .S.C.10 at the three planting dates and their combined data are
listed in (Table 4) .As shown in this table yield and its components were
significantly affected by dates of planting. However, the studied traits
exhibited the best performance at early planting date and then began to
decrease gradually with delay in planting date. Reduction on late planting
was as much as in grain yield/plant which reached 55.33 %relative to the
early planting date. 100-kerenal weight was the most affected yield
component by delaying planting recording 31.07 %reduction which
considered to be the main component caused greater reduction in grain yield
/ plant on late planting date .Meanwhile, the least affected components by
delaying of planting were No .of rowsfear recoding 3.06 %reduction
followed by No .of ears/10plant (11.00%) and No .of kernels / row
(15.78%), suggesting that these traits are less sensitive to delay in planting
date than the other grain yield components. Effects and reduction caused by
delaying planting date on maize grain yield and its components has been
studied by several authors as El-Hosary (198%), Ali er al (1994), Sedhom
(1994), Hanyiat, El-Nimer et-al (1997), Gouda ef af (1998), Al-Ahamed ef
al (2004) and Mahfouz (2004) who found reduction by delay in planting
date from May to July .The cross P1xP4 yielded higher ears than the check
cv. S.C.10 by 1.34 ears across the three planting dates. The cross P4xP8 was
significantly higher than the check cv. in No. of rows / ear by 1.3 rows at
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Table 3. Specific combining ability effects for the studied traits of the
45F; maize crosses at three planting dates and their combined

1

data,
Crosses Number of ears/1{ plants Number of rows fear
D1 N2 D3 | Combined | DI D2 D3 Combined
P1xP2 | 208" | 0.04 1.67 127 0.42 0.03 0.58 0.34
PtxP3 | -187" } -1.04 | -0.66 -1.19° 0.18 £0.33 | -L06" -0.40
P1 xp4 1.88" | 0.84 0.34 1.02 0.16 -0.42 0.24 -6.01
P1=xPS | -1i2" | 0645 | -0.4% -0.66 0.99" 0.69" 020 0.49
P1xP6 | -1.08° | 0.21 022 -0.21 033 0.68° | 1.01” 0.67
P1 xP7 -1.20° § 0.18 -6.03 -0.35 -0.86" -0.55 -0.18 -0.53
Py xP38 021 | -0.04 | -028 -0.04 -0.67 -0.24 034 042
P1 xP9 6.17 | -0.04 | -0.4t -0.09 -0.41 0.15 .12 -0.13
PixP1o | 092 030 | -0.45 0.26 -0.14 0.00 0.06 -0.03
P2 xP3 1.09" | 238" | -0.49 099 -0.19 1.02 0.68 0.50
P2 xP4 | -1.83" | -1.417 | -0.15 -1.13" 033 -0.40 017 -0.08
P2 xP5 184" | 130 0.24 0.97 0.09 -0.36 0.60 0.11
P2 xP6 0.88 0.97 | 005 0.63 -0.04 -0.51 -0.06 -0.20
P2 xP7 024 | -0.08 | -0.20 -0.17 -0.02 -0.01 0.09 0.02
P2-xp8 | -1.16" | -0.96 | -0.12 0.74 0.1 0.45 -0.58 -0.08
P2xp9 | -1.54" | -1.29 | -0.24 -1.02 0.29 0.16 -0.13 0.1
P2xP10 | -1.12° | -095 | -0.28 -0.78 078" | 039 | -1.01” 0.73
P3 xP4 002 | 017 | 118 0.30 0.08 0.57 0.61 0.42
P3 xP5§ 021 | -0.79 { 0.09 -0.16 0.15 -0.52 023 -0.30
P3 xP6 192" | 079 | 028 0.28 0.11 -0.33 -0.56 -0.26
P3 xP7 087 | 083 | 013 -0.52 0.66 -0.10 -0.08 0.16
P3 xP8 0.21 030 | -0.12 0.13 0.62 0.09 0.51 -0.01
P3 xPY .16 | -0.04 | 0.43 0.08 0.04 -0.19 -0.15 2,10
Py =xPi0 | -0.41 | 096 | -0.28 0.09 -0.09 -0.21 0.28 -0.01
P4 xP5 004 | 142 | o010 0.49 -0.57 0.13 -0.40 -0.28
P4 xP6 033 | 024 | -029 -0.29 0.62 -0.29 0.14 0.16
P4xp7 | 1887 | 1.1 | -0.53 122 -0.43 0.08 -0.39 .25
Pa&xp8 | -1.37° | -1.16 | -0.45 -0.99 0.70° 053 0.38 0.54
P4 xP9 007 | 083 | -0.24 -0.38 0.03 0.15 -0.13 -0.08
P4xP10 | 000 | -0.16 | 006 -0.03 091" | -0.04 -0.29 041
P5 xP6 099 | 054 | -0.03 0.52 -0.14 0.2 -0.43 0.08
PS <P7 046 | -0.58 | 0.05 -0.33 -0.12 0.26 -0.16 0.0
PS5 %P8 030 | -045 | 0.13 -0.01 006 | -1.03™ | 017 -0.27
P 5xXP9 0.59 022 0.01 0.27 -0.61 -0.12 0.17 -0.19
P5xP10 | -033 | -0.02 | 030 -0.05 0.46 0.14 0.48 036
P6 %P7 | -0.41 | -0.58 | 0.01 .33 0.01 -0.42 0.38 -0.01
P6 xP§ 0.34 0.21 0.09 0.22 -0.64 -0.11 -0.35 035
P6 xP9 004 | 088 | -0.03 027 -0.08 -0.25 -0.62 -0.32
P6xP10 | 029 | -0.12 | 0.26 -0.05 -0.21 0.39 0.48 0.22
P7 P8 0.21 0.84 018 0.41 0.48 0.26 0.20 031
P7 xP9 017 | 016 | 0.05 0.02 0.08 0.38 0.32 0.26
PTxP10 | 093 | -0.50 | 0.34 0.26 0.21 0.09 -0.18 0.04
P8 %P9 0.92 0.96 0.46 0678 -0.01 0.03 025 0.09
P8 xP10 | 0.34 030 9.09 0.24 0.79" 0.01 0.24 0.19
POxPI0 | 0.04 | 030 { -no3 0.08 0.66 0.00 0.42 0.36
SE(Sip) 0.53 0.65 0.36 0.53 0.33 031 031 0.32
gf;“()s" 079 | 098 | 055 | o 049 | 046 | 046 0.48
gﬁl(}s"‘ 03 | 091 | 050 0.73 046 | 042 | 042 0.44
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Table 3. Cont.

Number of kernels /row

190 -kernet weights

crasses D1 D2 D3 |[Combined| DI D2 D3 | Combined
Pl xP2 278" 075 325 2.26 =322 ) 02s 1.66 -0.64
PIxP3y | .7.927 | -745" | 639" { 725" | -L77 | -143 -2.58 -1.92
Pl xP4 | .60 067 | 744" 390" 0.55 1.09 4.35" 2.00
PIxP5 | -9.78"" | -9.09" | 943" | -943" -1.8%5 -3.22 -2.49 -2.52
Pl xP6 { 945" | 554" | -LI1 -5.37" 1.94 0.17 -0.66 0.48
P1xP7 { 620 | 753" | 3.28 567 1.22 0.46 -1.52 0.06
P1xP§ { 632" 1.61 2.62 3.5 335 397 -1.99 1.78
P1 xP9 309" | 564" | -1.80 2.3 -0.64 -0.05 5.80" 170
Pi1xP10 | 516" | 589" 2.15 4.40° 0.40 -1.24 -1.98 -0.94
P2 xP3 292 | 5757 | 8507 sn" -1.22 -021 0.61 -0.27
PZxP4 | 476" | -L73 | -2.69 2306 | -3.8" 1 -356 -1.88 -3.10
P2xP5 | 4.07" | 664" | 439" 503" -0.81 0.90 0.02 0.04
P2xP6 | 879" | 427 | 571" | 626" -2.60 -0.98 -0.94 -1.51
P2 xP7 243 | -3.88 | 638" | -423" 3.00' 0.68 2.11 1.93
P2 xP8 | 610" | -7.72" {-11.62" | -848" | 528" .n -1.04 1.97
P2 xP9 1.26 078 | 414 206 2.08 1.21 -0.88 0.80
P2xPi0 | -6.54" | 485 | 530" { -556" 1.39 0.00 0.93 0.78
PIxP4 | 428" | 581" | 1.8 3.92° 0.98 6.51 -1.04 215
P3xP5 | 904" {-934" | 818" | -885" | -L80 | -3.57 -1.40 -2.26
P3IxP6 |-1058" ( 873" | -8.72" | -935" 0.83 -3.59 -0.31 -1.02
P3xP7 { 654" 193 | 6727 506" -0.95 -0.01 022 025
P3xP8 | 567" | 815" | 335 572" 0.70 -1.90 203 0.27
P3 xP9 2.90 2.65 -0.82 1.58 0.02 185 266 1.51
P3xPI0 | 523" 1.23 As7T 344 322 238 0.20 1.79
P4 xP5 296 1.77 4.18" 297 1.08 041 2.48 1.32
P4 xP6 | 442" | 345 | 523" 437 2.65 428" -0.85 2.02
P4xP7 | 560" | 6.1(" [ -3.46 | -507" 2.70 0.55 3.69 231
P4 %P8 248 | 227 | -2.70 -2.48 -1.76 -3.18 -1.29 -2.08
P4xP9 | 351" | -0.17 [ -6.03" | -324 -0.60 | -2.30 | -5.58" 2.83
P 4xP10 1.09 -1.38 | -3.64 -1.31 173§ -3.80 0.11 -1.81
PSxP6 |-11.62" | -8.64™ |-1097"{ -1041" | 1.97 -0.41 2.18 1.25
PSxP7 | 709" | 238 2.08 384 0.32 0.78 -3.97 -0.96
PsxP8 | 675" | 6047 | 4a1° 563" -0.84 -0.53 1.71 0.11
P 5xP9 245 2.01 4.007 2.82 -0.68 1.64 1.54 083
PsxpP10 { 712" | 826" | 9.83" 8.40" 2.63 4.01 -0.08 2.19
P6 xP? 268 | so4 0.33 246 -4.86" | -2.01 -2.52 -3.13
P6xP8 i 474" | 446 | 503" | 4757 -0.69 -0.73 342" 0.67
P6xP9 | 424" | -0.51 0.66 147 0.40 228 079 118
P6xP10 | 6.77" | 621" | 449 582" 0.37 102 -1.12 0.09
P7IxPg | 4N | 192 | 387 048 -1.86 1.95 025 0.11
PTxp9 | -7.18" | 4.18° | 477" | -s38" 213 -0.38 -2.10 .12
P7xP10 | -298° | 454" | -L.0@ -2.84 169 | -2.04 384 0.04
P8 xP9 1.02 -3.81 | 517" 0.79 -1.13 -2.60 -1.91 -1.88
P8 xP10 {-11.58" | -838™ | -9.84" | 994 | -3.03° 131 -1.18 -0.97
PO*P10 - | -4.29" | -2.41 { -0.55 -2.42 -1.58 | -1.62 -0.33 -1.18
E(Sij) 1.28 2.01 185 1.74 1.35 1.93 1.56 1.63
E(Sij-sik) [ 1.92 kYY1 2.78 2.61 2.03 2.89 2.33 245
E(Sij-Ski 1,78 2,79 257 2.42 1.88 2.67 2.16 2.26
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Table 3. Cont.

Grain yield \ plant
crosses D1 D2 D3 Combined
P1x P2 3298 74.1 269.6 2245
P1xP3 -694.3" 4029 22 456.5""
P1 xP4 565.6" 278.6 2794 3745
P1xP 5§ 5475 -406.3" -240.0" -397.9"
P1 %P6 -319.8° -186.7 -35.2 -180.6
P1 xP7 -58.1 256.3 153 71.2
P1 xP8 3142° 125.1 -19.9 139.8
P1 xP9 386 33 15.6 17.0
P 1xP10 371.5" 265.2 -12.5 208.1
P2 xP3 292.6° 601.4" 158.5" 350.8
P2 %P4 -665.8" 439.6" 2786 -461.3"
P2 %P5 424.07 3578 142.3" 308.0°
P2 xP6 241.1 98.5 130.2" 156.6
P2 xP7 1366 -171.9 -12.3 -15.9
P2 xP8 22229 -270.0 -318.8" -270.6
P2 xP9 -135.2 50.3 1255 13.7
P 2xP10 -400.2" -301.1 -216.5" -305.9
P3 xP4 3168" 533.0" 2290 359.6°
PIxP5 -541.0° -590.6™ -250.1" -460.6"
P3 xP6 -144.0 -454.1° -243. 7" -280.6"
P3 xP7 53.4 -1252 107.8" 12.0
P3 xP8 227.1 143.8 198.3" 189.8
P3 %P9 , 138.6 -7.1 10.9 47.5
P3 xP10 350.7" 301.7 61.5 238.0
P4 xPS 121.8 3553 165.0" 2140
P4 xP6 2200 249.0 12 156.7
P4 xP7 2250 20.) -17.5 75,9
P4 xP§ -401.2™ -255.5 -193.1" -283.3"
P4 xP9 -191.3 -229.8 -221.3" -214.1
P 4xP10 -190.9 -S1L1™ 359 -222.0
P5 xP6 4477 -53.1 -193,7" -233.1
PS xP7 151.6 349 963" 30.1
PS5 xP8 293.4° -157.8 21447 116.6
P 5xP9 1623 220.1 45.1 142.5
PS5 xP10 38317 2447 2133° 280.4°
P6 xP7 -246.8 -124.5 -90.5" -153.9
P6 xP8 276.4° 74.7 2688" 206.6
P6 xP9 2002 1146 60.0 124.9
P6 P10 2208 286.6 102.7° 2034
P7 =P8 -89.7 3947 130.7" 1452
P7 %P9 -192.7 -110.9 8.1 -128.9
P7 *P19 20.7 -173.5 458 381
P3 xP9 169.1 115 1.6 59.7
P8 xP10 5664 -66.5 2789 -303.9°
P9xP10 -189.4 -46.0 48.7 -62.2
SE(Sij) 130.51 17958 37.02 139.56
SE(Sij-5ik) 195.71 26933 55,53 20934
SE(Sij-Ski) 181.25 24938 £1.41 193.81

D1= (5 May), D2 (= 5 June ) and D3 =(5 July} planting dates.

*and ** denote siguificant differences at 0.05 and 0.01 levels of probability, respectively.
Pi(L3), P2 (1.6), P3 (L 22), P4 (L24), P5 (L27), PC {L58), P7 (161}, P8 (L63), P9 (L85) and P19
(LI},
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Table 4. Performance of the maize crosses for the studied fraits at the
three planting dates and their combined data.

Number of ears/10plant Number of rows fear

Genolypes Bi D2 | D3 | Combined | DI D2 | D3 | Combined
PIX P2 1533 ] 1233 | 1233 | 1333 | 1293 | 1240 | 1280 | 1271
P1X P3 1067 | 1033 | 1060 | 1033 | 1107 | 10.13 | 9.33 10.18
P1X P4 1533 | 1333 | 1133 | 1333 | 1240 | 1133 | 1200 | 11m
PL X PS 1167 | 1100 | 1000 | 1089 | 10.73 [ 1133 | 1013 1.7
PI X P§ 1067 | 100 | 1667 | 1078 | 1080 | 1120 | 1120 107
PIX P7 1067 | 1167 | 1033 | 1089 | 1133 | 1007 | 1007 | 1116
PIX P8 100 | 1033 | 1000 | 1045 | 1187 { 1253 | 1217 | 1219
PLX P9 1133 | 1033 | 1000 | 1es6 | 1120 | 11.60 { 1120 | 1133
PLX P10 1267 | 1100 | 1000 | 1122 | 1187 | 1187 | 1200 | 1191
P2XP3 1400 | 1467 | 10.00 | 1289 | 1280 | 1360 | 1320 | 1320
P2 X P4 1200 | 1200 | 1067 | 1156 | 1467 | 1347 | 1373 | 1396
P2 X PS 1500 | 1367 | 1000 | 1289 | 1203 | 1240 | 1307 | 1280
P2 X P6 1300 | 1267 | 1033 | 1200 | 1253 | 1213 | 1227 | 1231
PIXP7 1200 | 1233 | 1000 | 1544 | 1927 | 1373 | 1347 | 1382
P2 X P8 1000 | 1033 | 1000 | 10.11 1453 | 1533 | 1407 | 1465
P2XP9 | 1000 | 1000 | 1000 | 1000 | 1400 | 1373 | 1333 | 136
P2X P10 1.00 | 1067 | 1000 | 1056 | 1333 | 1360 | 1307 | 1333
P3 X P4 1300 | 1233 | 1200 | 1244 | 1280 | 1253 | 1267 | 1267
P3 X PS5 1267 | 1067 | 1033 | 1122 | 107 | 1033 | 1040 | 10.60
P3 X P6 1333 | 1000 | 1000 | 1Lt 1.07 | 1040 | 993 10.47
P3 X P7 1067 | 1067 | 1033 | 1055 | 1333 | 11713 | nar | 1218
P3X P8 1067 | 1067 | 10.00 | 1044 | 1240 | 1307 | 1333 | 1293
P3X P9 1067 | 1033 | 1067 | 1056 | 1213 | 1147 | 1147 | 1169
P3 X PI0 100 | 1167 | 1000 | 08 | 1240 | (187 | 1253 | 1227
P4 X P5 1333 | 1400 | 1067 | 1267 | 1200 { 1227 | 1160 | 1196
P4 X P6 1200 | 1167 | 1033 | 1133 | 1293 | 1173 | 1200 | 1222
P4X P7 1433 | 1433 | 1000 | 1289 | 1360 | 1320 | 1253 | 1311
P4 X P8 1000 | 1033 | 1000 | 1011 1507 | 1480 | 1457 | 1481
P4 X P© 1167 | 1067 | 1033 | 1089 | 1347 | 1280 | 1287 13.05
P4 X P10 1233 | 1167 | 1067 | 1156 | 1293 | 1333 | 1333 1320
PSX P6 1067 | 1033 | 1000 | 1033 | 1067 | 1173 | 1000 | 10.80
PSX P7 1133 | 1100 | 1000 | 1078 | 1240 | 1227 | 1133 | 1200
PSX P3 1.00 | 1000 | 1080 | 1033 | 1293 | 1213 | 1293 | 1267
PSX P9 1167 | 1067 | 1000 | 1078 | 133 | nms | 173 | 1160
PS X P10 133 | 1067 | 1033 | 1078 | 1280 | 1240 | 1267 | 1262
P6 X P7 1033 | 1033 | 1000 | 1022 | 1227 | 1147 | T3 | 1182
P6 X P8 1000 | 1000 | 1000 | 1000 | 1208 | 1293 | 1227 | 1240
P6 X P9 1900 | 1067 | 1000 | 1022 | 1160 | 1147 | 1080 | 1129
P6 X P10 1033 | 1000 | 1033 | 1022 | 1187 | 1253 | 1253 | izm
PTXPS 1000 | 1133 | 1000 | 1044 | 1480 | 1440 | 1387 | 1435
P7 X P9 1033 | 1033 | 1000 | 1022 | 1347 | 1320 | 1280 | 1316
P7X P10 167 | 1033 | 1033 | 1078 | 1400 { 1333 | 1293 | 1342
P8 X P3 1000 { 1033 | 1633 | 1022 | 1373 | 1400 | 1400 1391
P8 X P10 000 | 1000 | 1000 | 1000 | 1493 | 1440 | 1413 | 1449
P9 X P10 1000 | 1000 | 1000 ' 1000 | 1387 | 1307 | 1360 | 1351

Ch.S.C10 10.67 | 1067 | 1033 | 1056 | 1333 | 1387 | 1333 | 1351

Mean 1155 | 1106 | 1028 | 1099 | 1273 | i252 | 1234 | 1253

Genotype 5% | LG8 | 208 | 169 0.96 105 | 097 | 100 .57

1% 223 | 276 | 223 1.27 139 | 128 { 133 0.75

a % 024 718

“i Date 44 0.32 0.98

5% 1.65 n9g

Tnter o, 216 1.29
Reduction% 11.00 .06
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Table 4-Cont

Number of kerpels /row 100 kernel weight

Genotypes D1 D D3 | Combined D1 Dl D3 Combined
P1XP2 4347 38.60 38.60 40.22 2647 26.05 23.97 25.50
PIXPI 27.87 25.53 24.53 2598 28.80 25.86 19.18 24.62
P1XP4 46.33 39.80 4407 4340 35.81 30.55 28.00 348
P1XP5 26.60 23.73 19.53 23.29 28.79 23.94 18.64 23.79
PIXP6 26.80 27.60 129.33 2791 33.94 29.89 21.75 28.52
P1XP7 4847 48.27 4227 4633 35.30 29.06 19.53 27.96
PLXPS 53.60 41.67 36.25 43.84 3437 29,45 16.87 26.90
PIX P9 47.60 44,60 32.47 41.56 3038 28.46 28.76 29.18
P1 X P10 48.27 47.80 40.13 45.40 31.12 26.14 16.86 24.71
PZXP3 4427 | 4520 | 4647 4518 2754 | 2601 | 2422 2592
P2XP4 43.53 43.87 40.60 42.67 29.59 24.83 2362 26.01
P2XPS 46.00 45.93 40.00 4398 - 23.03 26.99 23.00 26.01
PZXP6 50.60 43.87 42.80 45.75 27.60 27.68 2332 26.20
P2ZXP7 45.40 43.33 39.27 42.66 3527 28.21 25.01 29.50
PIXPS8 46.73 38.80 28.67 38.07 34.46 26.12 19.67 26.75
PZXPY 5133 46,20 45.07 47.53 31.29 28.65 23.88 27.94
P2X P10 42.13 43,53 39.33 41.67 30.31 26.31 21.62 26.08
P3IX P4 4767 | 4653 | 40.53 4491 3531 | 3639 | 2331 3167
PIXPS 28.00 25.07 23.00 25.36 27.92 24.01 20.43 24.12
PIXP6 26.33 26.00 23.93 25.42 3191 26.55 2280 27,08
P}X P7 4947 | 4427 | 4793 47.22 3220 | 2901 | 2187 2773
PIXPS 5360 | 49.80 | 39.20 47.53 3079 | 24.00 | 2159 1844
P3X P9 48.07 | 4320 | 35.67 4231 3041 | 3078 | 2627 29.05
P3IX PIO 49.00 44,73 44.07 4593 33.02 30.14 19.34 275G
P4XPS 46.93 4233 41.07 43.44 35.49 30.16 26.20 el
PAX P6 4827 4433 43.60 45.40 38.42 36.59 24,14 33.08
P4 X P7 4427 | 4233 | 4347 4336 4054 | 3174 | 1133 3321
P4X PS8 5240 | 4553 | 38.87 45.60 3303 | 2439 | 2016 26.02
P4X P9 4860 | 4653 | 36.18 43.71 3418 | 2880 ¢ 1991 27.63
P4 X P10 S1.80 | 4827 | 4227 47.44 3276 | 2617 1 2153 16.82
P5 X P6 2887 | 2593 | 13.73 23.84 3313 | 2961 | 2466 29.14
P5 X P7 50.60 | 4453 | 41.33 45.49 3358 | 29.67 | 1115 26.79
P5X P8 5527 | 4753 | 38.09 46.93 2933 | 2525 | 2064 25.08
PSX P9 48.20 42,40 38.53 43.04 29.49 30.44 24.52 28.18
PS5 X PHY) 5147 | 5L60 | 48.07 50.38 3250 | 3168 | 18383 27.67
PEXPT 46.067 4153 40,40 44,67 29.73 29.44 1988 2635
P6 X P8 5333 | 4627 | 40.4¢ 45.60 3085 | 2761 | 23463 27.36
P6X P9 49.87 40,26 36.67 42,24 31.53 33.62 25.64 30.20
P6 X PID 5100 | 4987 | 4426 48.35 a6l | 3125 | 1906 7.
-PTX P8 50,07 83133 47,80 49.74 375 29.16 19.10 26.67
P7 X P? 4447 | 4443 { 3538 4280 357 1 1386 7 2080 18.80
P7X PIO 4727 | 4673 | 4717 4709 3162 | 2706 | 2287 712
PAXPY 5767 43.82 44,37 48.62 29.42 24.52 1880 24.34
P8 X Pi0 43.67 42.20 3347 39.65 27122 27.3¢ 1E4E 23.35
P X P10 48.20 47.07 43.00 46.09 28.67 27.40 20,25 25.47
Ch S.C.16 4847 | 4337 | a0.RT 44.20 3621 1 3646 | 28.i8 31.62
Mesn 45,75 42,43 38.53 42.24 31.90 28.56 21.99 27.43
Genotype 5% 4.09 6.3¢ 555 317 432 6.14 519 .97
1% 5.41 3.47 735 4,19 5.73 8.13 688 3.92
5% 0.89 6.74
Q| pate 1% 1.06 .98
) 5% 5.43 510
Inter o 7.34 678

Redeetion% 15.73 31.47

233




Table 4.Cont.

Grain yicld/plant

Genotypes DI b3 D3 Combined
PIX P2 715.63 125.74 11233 152.57
P1XP3 7470 48.34 3121 51,42
P1X P4 284.90 168.29 124.74 192.65
P1XPS 95.30 5121 2812 5838
P1XP6 100.82 73.38 58.58 7759
PLXP7 181.36 154,78 76.77 137.64
PIX P8 206.75 114.21 59.79 126,92
P1X P9 160.06 96.90 6692 107.96
P1X P10 214.34 137.18 7086 141.16
PZXP3 21027 20031 107.48 172.69
P2X P4 198.64 148.02 102,14 149.60
P2XPS 229.82 179.16 99.55 169.51
P2XP6 193.78 153.44 108.32 151.85
P2X P 277 163.50 w07.21 169.47
PZX P8 189.92 12625 63.10 126.42
PIXPY 179.55 153.88 111.10 148.17
P2X P10 174.54 132.69 83.66 130,30

P3X P4 258.38 211.58 125.97 198.64 -
PIXPS 9481 50.62 3338 59.60
P3IXP6 116.75 64.48 43.99 75.07
PIXPT 190.36 134.48 92.29 139.21
P3X P8 196.40 133.94 $7.88 139.40
PIXP9 168.42 114.36 72.72 118.50
P3X P10 2111 159.28 84,53 151,64
P4 X P5 24529 197.01 113,25 185.18
P4XP6 237.36 186.59 106.85 176.93
PAXPT 20223 200.81 118.13 203.72
P4 X P8 21778 145.81 87.10 150.23
P4 X P9 219.64 143.89 87.86 150.46
P4X P10 24116 129.80 120.33 183.77
PS X P6 92.80 107.29 42.68 3092
PSX P7 207.10 153.69 65.56 142.12
PSX P8 209.44 106.97 8317 133.20
PSX P9 177.20 140.29 69.82 129.10
PS X P10 22077 156.78 93.40 156.98
P6 X PT 149.51 137.97 76.12 12120
PSX P8 189.99 130.44 98.59 139.67
P6X P9 163.24 129.95 8128 124.83
P6 X P10 186.79 161.19 9232 146.76
PTXPS 207.78 199.54 97.93 168.41
PTXPY 178.32 144.50 80,12 13432
PIXPI0 22118 15228 99.77 157.73
PEX P9 202.66 129.30 74,81 135.59
P$ X P10 150.60 135.53 5384 11333
PO X P10 169.17 133.10 20.17 130.81
Ch.S.CI0( 223.63 193.67 140.81 185.34
Mean 191.07 139.49 85,36 138.64
5% 4159 5122 a7 7544
Genotype 1% 55.11 7582 5892 33.54

% .51
§ Date 1% 8.55
o % 4720
Inr 1% 58.09
Reduc. o8 % 5533

D1= (5 May), D2 (= 5 June ) and D3 =(5 July) planting dates.

*and ** denote significant differences at 0.05 and 0.01 levels of probability, respectively.
P1(L3), 2 (L6), P3 (L 22), P4 (L24), PS (L27}, P6 (L58), P7 (L61), P8 (L63), P (L8S)

nnd P16 (L99)
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combined analysis. The two crosses; P;xP; and P4xP; significantly
superiored the check cv. by 51.27 and 58.60g at early planting date.
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