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ABSTRACT

Eight yellow inbred lines were made at Gemmeiza Research Station and crossed in a
diallel cross system in the growing season 2009. The eight parents were (Gml340, Gmi343,
Gm. 1346, Gm. 1342, Gm. 1345, Gm. 1347, Gm. 1341 and Gmi344). The 28 crosses in
addition to two checks (SC 162, SC 166) were evaluated at Gemmeiza and Mallawy
Agricultural Research Stations in 2010 growing season. Data were collected on number of
days to 50% silking date (day), plant and ear heights, resistance to late wilt disease, grain
yield (Mg/ha), ear length (cm.), ear diameter (cm), number of rows/ear, number of
kernels/row and weight of 100-kernels (g) and analyzed according to Griffing (1956)
method-4 model-1 fixed model. Mean squares of locations were highly significant for all
studied traits except, number of days to 50 % silking date. Significant differences were
obtained among general (GCA) and (SCA) specific combining ability as well as their
interaction with locations for most studied traits. Additive gene action played an important
role in the in heritance of most studied traits, except number of days to 50% siliking date, ear
length and ear diameter according to the ratio K> GCA/ K? SCA as well as their interactions
with locations for all studied traits, except ear diameter, indicating the importance additive
type of gene action in the inheritance of these studied traits and more affected by
environmental conditions (locations) according to K’\GCA x loc/K? SCA x loc ratio. The
inbred line Gm1343 exhibited desirable and significant GCA effects for resistance to late wilt
disease, ear length, number of kernels/row and grain yield, seemed the best combiner for
these traits, two inbred lines (Gm 1340 and Gm.1345) exhibited desirable and significant
GCA effects for earliness. Two new crosses ie. 2x5 and 2x7 (11.59 and 11.36 Mg./ha)
surpassed significantly and out yielded the check SC162 ( 8.97 Mg/ha). While, the single
cross 2x5 (11.59 Mg/ha) surpassed significantly and out yielded comparing to the highest
check SC166 (9.48 Mg/ha). These crosses were defined as superior and promising genotypes
Jor grain yield and can be used in maize breeding programs.
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INTRODUCTION

Maize (Zea mays L.) is the world's most widely grown cereal and is the primary staple
food in many developing countries. The concept of general combining ability (GCA) and
specific combining ability (SCA) was introduced by Sprague and Tatum (1942) and its
mathematical modeling was set about by Griffing (1956) in his classical paper in conjunction
was the diallel crosses. Diallel crosses have been widely used in genetic research to
investigate the inheritance of important traits among asset of genotypes. These were devised,
specifically, to investigate the combining ability of the parental lines for the purpose of
identification of superior parents for use in hybrid development programs. Analysis of diallel
data is usually conducted according to the methods of Griffing (1956) which partition the total
variation of diallel data into GCA of the parents and SCA of the crosses (Yan and Hunt.
2002). A diallel is simple manipulate in maize and supplies important information about the
.studied population for various genetic parameters (Vacaro et al, 2002). The analysis is also



useful for evaluation of population per se. Therefore, the objectives of the present
investigation were; 1) to estimate general combining ability for inbred lines and specific
combining ability for new crosses and their interaction with locations. 2) to identify superior
parental lines and their prospective crosses to be used in hybrids maize breeding programs.

MATERAILS AND METHODS
Eight Sg yellow maize inbred lines i.e. Gm 1340 ~Gm 1343— Gm 1346 Gm 1342—- Gm
1345-- Gm1347- Gm1341 and Gm 1344 and its pedigree are presented in Table (1).

Al possible combination, without reciprocals, were made between the eight inbred lines
at Gemmeiza Agricultural Research station in 2009 season. The 28 single crosses and two
checks (SC 162 and SC 166) were evaluated in 2010 growing season at two locations
(Gemmeiza and Mallawy) Agricultural Research Stations. Randomized Complete Block
Design with four replication were used at each location. Plot size was one row, 6 m long and
80 cm width and 25 cm between hills. All cultural operation were applied as recommended.
Data were recorded for grain yield (Mg/ha) adjusted to 15.5% moisture, days to 50% silking
date, plant height, ear height, resistance to late wilt % (was submitted to the arcsine of the
square root transformation), ear length, ear diameter, number of rows/ear, number of kernels/
row and weight of 100-kernels. The analysis of variance was done for every locations and
over two locations. Also in each location the deviation sum squares among genotypes were
partitioned into variation among general and specific combining ability. The genetic analysis
for the diallel crosses was computed according to Griffing (1956) Method — 4 model -1 (fixed
mode]) for all studied traits.

Table (1) Names and pedigree the used inbred lines in this study

No. Lines. Name Pedigree

1 P1 Gm. 1340 Comp-45

2 P2 Gm. 1343 Comp-21

3 P3 Gm. 1346 CIMMYT-[)OP-31

4 P4 Gm. 1342 CIMMYT-pop-445
5 PS Gm. 1345 CIMMYT-pop-24

6 26 Gm. 1347 CIMMYT-pool-22

7 P Gm, 1344 CIMMYT-pool-446
8 P8 Gm. 1341 CIMMYT-pool-18

RESULTS AND DISUSSION

Mean squares of the ten studied traits are shown in Table (2). Locations mean square
were highly significant for all studied traits except, days to 50% silking date. This would
indicated that the genotypes were affected from location to another. These results agreed with
that obtained by Soliman et ¢/ (1995) and El-Zeir et al. (1999). Highly significant differences
were obtained among crosses and their partition (GCA and SCA) and their interaction with
location for most studied traits. These results indicate that the genotypes and their partitions
were differed in performance from one location to anther for most studied traits as reported by
Mahmoud ef al. (1990), El-Shamarka (1994). The GCA and SCA mean squares were highly
significant of their combined for most studied traits, indicting that additive and non—additive
effects were very important for the ten studied traits. The ratios of GCA/SCA was greater than
unity for all studied traits ,except ear length and ear diameter indicating that the additive
effects played an important role in the inheritance of these traits. These results are agreement
with Abdel- Aziz et al. (1994), Mosa (1996), Ibrahim (1996), Amer et al. (1998), Ibrahim
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(2001), Amer (2003) and El- Ghonemy and Tbrahim(2010). While, the ratios of GCA x Loc./
SCA x Loc. was more than unity for number of days to 50% silking date, plant height, ear
height, resistance to late wilt disease, ear length, number of rows/ear, number of kernels/row,
weight of 100 — kernels and grain yield ( Mg/ha), this indicate that these traits were affected
by additive effect with location than non- additive effects as reported by El ~Hosary (1988),
El- Hosary (1989), Mahmoud (1996) , Soliman and Sadek (1999) and Ibrahim et al. (2007).

Mean performance of crosses for combined data are shown in Table 3 Mean
performance of crosses as the average of the two locations (their combined). Mean
performance of grain yield trait ranged from (7.43 Mg/ ha) for (2x7) cross to {11.54 Mg/ ha)
for (2x5) cross, two new crosses i.e. 2x5 and 2x7 (11.59 and 11.36 Mg./ha) surpassed
significantly and out yielded the check SC162 ( 8.97 Mg/ha ). While, the single cross 2x5
(11.59 Mg/ha) surpassed significantly and out yielded comparing to the highest check SC166
(9.48 Mg/ha), indicating that these crosses have favorite and desirable genes for yield
potentiality, means of number of days to 50% silking date trait ranged from 54.6 day for (5x6)
cross to 61.8 day for (2x8) cross and most of these crosses have earliness trait, means of
plant height trait ranged from 222.1 cm. for (5%7) cross to 261.3 cm. for (2x8) cross, means
of ear height trait ranged from 114.6 cm. for (5x7) cross to 146.1 cm. for (2x8) cross, means
of resistance to late wilt trait ranged from 92.2 % for (6%7) cross to 100% for the remaining
crosses, means of ear length trait ranged from 16.1 cm. for (4x8) cross to 21.2 cm. for (2x4)
cross, means of ear diameter trait ranged from 4.4 cm for (4x8) cross to 5.1cm. for (3x8)
cross, means of number of rows/ear trait ranged from 14.0 rows for (4x5) cross to 17.0 rows
for (2x3) cross , means of number of kernels /row trait ranged from 32.5 kernels for (4x8 )
cross to 42.1 kernels for (3x8) cross and means of weight of 100- kernelis trait ranged from
29.6 gm. for (4x6) cross to 37.4 gm. for (2x7) cross. Also and in this respect, two new single
crosses i.e. 2x5 and 2x7 (11.59 and 11.34 Mg/ha) surpassed significantly and out-yielded
the check SC162 (8.97 Mg/ha), while, the single cross 2x5 (11.59 Mg/ha) did not differ
significantly than the highest check SC 166 (9.48 Mg/ha). These results are agreement with
what obtained by Mosa (2003), Abd El-Azeem et al (2009) and Abd El-Moneam et al (2009).
These crosses were defined as superior and promising genotypes for grain yield and can be
used in maize breeding programs.

Estimates of general combining ability effects for eight inbred lines for combined data
are presented in Table (4) high positive values would be of interest for all traits in question
except; days to 50% silking date, plant and ear heights, high negative ones would be useful
from the breeder point of view. The inbred line Gm 1343 gave desirable positive significant
GCA effects for grain yield, resistance to late wilt disease, ear length and number of kernels/
row and it seemed to be the first best combiner for these traits. The two inbred lines (Gm 1340
and Gm 1345) exhibited desirable and negative significant GCA effects for number of days to
50% silking date towards (earliness). These results exhibited that the three previous lines Gm
1340 , Gm1345 and Gm1343 possessed favorable genes for improving hybrids with earliness
and yielding ability as reported by El-Shamarka et al. (1994} and Motawei ef al. (2009).

Estimates of specific combining ability effects of 28 crosses for combined are presented
in Table (5). Single cross (3x6) gave desirable and significant SCA effects for resistance to
late wilt disease, ear length and grain yield , where, it considered the best combiner for these
traits. The single crosses 1x2, 3x4, 3x7, 4x8, 5x6, 5x7 and 6x8) exhibited desirable and
significant SCA effects for number of days to 50 % siliking date towards (earliness), while the
single cross 1x2 considered the best combiner for earliness, shortness and lower ear position.
These results are similar with reported by El-Ghonemy and Ibrahim (2010). These crosses

- would interest and favorite and it recommended to be use it in maize breeding programs.
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Table (2): Mean squares of combined analysis for the ten studied traits under the two locations (Gemmeiza and

Mallawy) in 2010 season,
Source DF | No.of days te Plant Ear Resistance Ear Esar No.of No. of 100- Grain
50% Silking | pione height | 1wt | g0 | diameter | rowstear | Kernels | Wernels yield
date Irow welght | (Mg/ha)
Locations 1 0.004 ns 23636.6** | 26600.4** 75.56%* 20.89%+ 6.97%* 17.78%* 211.8%* 238.22%* 473244
Rep/loc. 6 2.44 80.5 88.3%* 2.63 6.79 0.12 2.0 2373 16.84 1.358

GCA 7 28.08*+ 2591.2ns 968.2ns 302.80* 10.0%* 0.08ns 5.68ns 45.52ns 45.52ns 23.064*

SCA Y 20 24.30** 302.4ns 337.6ns 147.93* 10.96*%* 0.16ns 3.36ns 28.40ns 28.40ns 4.55ns
GCAxLoe. 7 3.28% 867.44%* | 484.96%* 114.74%* 2.96ns 0.08ns 4.80%* 55.20% 48.80%* 6.66**

8CAxLoc | 20 2.24%+ 154.96%* | 163.52%* 52.14%+ 2.24ns 0.096ns 3.20%+ 21.92ns 30.40* 3.381%*

Error 162 0.80 36.4 28.7 11.17 274 0.07 0.88 13.40ns 9.13 0.665

X 583 2405 1311 863 18.7 180 15.5 385 3461 9.44

C.V% 1.54 2.51 4.1 3.87 89 5.51 6.1 9.51 8.73 8.65

K2GCA/KSCA 0.183 9.091 3.021 2229 0.931 0.529 1.885 1.729 191 5.552
K*GCAxLoc

s 9.02 5.937 3.094 2288 1.830 0.139 1.598 2.942 1.722 1.063
K*SCAxLo¢

* ** significant at 0.05 and 0.01 levels of probability, respectively.
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Table (3): Means performance of the crosses for the ten studied traits from the combined analysis for the two

locations in 2010 season,

Crosses No. of days Plant Ear Resistance to Ear Ear No .of No, of 100- Grain
to 50% height | height late wilt length | diameter | rows/ear | kernels/row | kernmels yield
silking date disease weight { Mg/ha)
1x2 553 240.8 134.4 90.0 13.7 4.9 16.2 419 336 10.21
1x3 576 252.0 143.5 82.5 18.1 4.6 14.9 39.2 351 9.33
1x4 59.0 2229 1206 90.0 19.0 4.9 15.8 36.8 335 9.0
I1x5 580 228.4 123.8 90.0 18.7 4.6 15.7 36.6 36.3 9.87
1%6 57.3 235.6 1293 88.6 17.7 49 15.2 36.0 33.1 8.12
1x7 58.1 237.5 127.0 71.6 19.7 4.8 14.7 385 344 8.75
1x8 573 240.0 134.5 90.0 18.1 49 15.8 34.9 314 7.96
2x3 59.5 256.5 131.0 90.0 19.1 5.0 17.0 380 36.4 10.74
2x4 59.6 2549 142.5 90.0 21.2 49 15.5 40.5 37.0 10.40
2x5 593 256.1 1359 90.0 183 4.8 164 4083 365 11.60
2x6 594 256.4 1395 86.6 19.3 5.0 15.7 39.2 372 9.88
2x7 59.6 258.6 1433 86.3 18.7 4.9 143 40.0 374 11.36
2x8 61.5 261.3 146.1 90.0 20.8 4.8 14.8 419 34.1 10.35
Ix4 56.3 241.0 130.5 90.0 17.6 5.0 15.8 36.6 36.3 9.58
ixs 58.0 2383 121.3 90.0 17.5 4.8 16.5 334 365 10.85
3x6 59.1 2394 1356 90.0 194 4.8 163 38.7 363 10.82
Ix7 556 2389 1284 33.0 16.6 4.8 15.7 371 327 843
3x8 58.0 239.3 1355 86.8 194 5.1 15.7 421 325 9.48
4x5 61.4 238.0 137.1 84.1 19.4 49 14.0 39.0 326 7.80
4x6 60.1 238.5 130.3 86.5 19.5 47 14.8 37.3 29.6 7.43
4x7 60.1 236.8 1335 90.0 19.9 4.9 15.0 41.4 339 9.41
4x8 58.1 2331 1273 83.8 16.1 44 143 325 36.2 7.83
5x6 546 230.0 193 74.8 16.7 4.9 154 37.8 342 8.30
5x7 553 222.8 114.6 77.5 19.2 4.8 15.5 39.3 35.1 9.4
5x8 575 235.0 1319 90.0 18.6 49 15.1 38.2 369 9.44
6x7 589 236.0 1225 75.60 18.8 4.9 16.0 36.9 323 9.44
6x8 57.0 231.3 125.6 85.3 18.1 4.8 154 394 326 8.53
7x8 60.0 234.9 127.1 90.0 19.2 4.8 15.6 382 35.7 9,14
Checks 5C162 62.5 263.0 151.0 %0.0 224 5.0 15.8 40.9 368 897
SC166 64.0 265.0 142.5 90.0 22.6 5.2 16.0 39.3 37.1 9.48
LS.D 0.05 1.62 18.89 16.11 8.50 1.60 0.31 1.95 5.66 6.08 2.11
) 0.01 2.19 25.53 21.76 11.49 2.16 0.42 2.63 7.66 8.21 2.69
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Table 4. General combining ability effects of eight inbred lines for combined data in 2010 season.

Li No. of days to Plant Ear R .te Ear Ear No .of No. of Weight of G.rsﬁln
ines oF Q. ) . yie
50% Silking date | peight | height | late wilt | Length | diameter | rows/ear | kernels/row | 100-kernels (Mg/ha)
1-Gm1340 -0.891** -4.391 | -0.818 0.682 -0.118* -0.036 0.010 -0.894 -0.815 -0.453
2- Gm1343 1.047%* 16.84*% | 9,120%*% | 3.337% | (.927** 0.079 0.273 3.153%* 1.650 1.359*%
3- Gm1346 -0.620** 3.630 1.307 1.224 | -0.479%=* 0014 0.591 0.135 0.579 0.484
4- Gm1342 1130%* -3.057 | 0.641 1.62 0.175* -0.015 -0.528 -1.865 -0.540 -0.724
5- Gm1345 -0.641* -5.828 | -5.693 -1.681 | -0.365*%* | -0.034 0.033 0.123 0.969 0.318
6- Gm1347 -0.245 -2.724 | 22,650 -2.880 | -0.350%* 0.014 0.106 -0.673 -1.185 -0.557
7- Gm1341 -0.035 -3.016 | -3.589 | -4.109%* | (0.252%* 0014 -0.223 0.365 -0.152 -0.057
8- Gm1344 0.255 -1.453 1.682 .1.807 -0.042 -0.036 -0.262 -0.344 -0.506 -0.370
LSD | 0.05 0.64 9.03 6.75 3.28 0.12 0.090 0.67 2.28 2.14 079
gi 0.01 0.7 9.94 743 362 0.14 0.095 0.78 2.51 2.36 0.87
LSD | 0.05 0.84 13.65 10.20 496 0.28 0.13 0.95 3.44 3.24 1.20
gi-gj | 0.0} 0.92 15.03 11.24 547 0.31 0.14 1.12 3.79 3.56 1.32

* %% sigpificant at 0.05 and 0.01 levels of probability, respectively.
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Table (5): Specific combining ability effects of 36 crosses for combined data in 2010 season

Crosses No.of days to Plant Ear R.to late Ear Ear Na.of No. of 100-kerne Grain yield
50% Sill. date height height | wilt disease length diameter | rows/ear | Kern/row weight (Mg/ha)
1x2 -3.170%* -12.19** | -5.06* -0.098 -0.798 0.005 0.490 2.190 -1.871 -0..241
1x3 0.872 12.26%* | 11.88%* -5.786* -0.032 -0.205* -1.178%* 1.532 0.700 -0.116
Ix4 0.497 -10.17* | -10.33* 1318 0.238 0.124 0.815* 0.057 0.256 (.842
1x5 1.268** -1.90 -0.87 4.318 0.553 -0.157 0.155 -1.081 1.535 0.551
1x6 0.122 224 1.59 4443 -0.462 0.070 -0.343 -0.935 0.489 -0.324
1x7 0.789 441 028 -5.327* 0.861* -0.005 -0.539 0.552 0.768 -0.199
1x8 -0.378 5.35 2.51 1.131 -0.370 0.170 0.599 -2314 -1.877 -0.512
2x3 0.810** -4.46 -10.56 * -0.64G -0.003 0.036 0.634 ~2.789 0415 0.679
2x4 -0.815 0.600 1.61 -1.036 1.468*~ 0.034 0.303 0.761 1.254 0.280
2x5§ 0.580 4.62 1.32 1.964 -0.918* -0.034 0.593 0.023 -0.692 1.588**
2x6 0.310 1.76 1.90 0.089 0.093 0.055 -0.105 -0.756 2112 -0.387
2x7 0.351 431 6.59 0.943 -1.110 -0.020 -1.201+* -1.018 1.266 1.238*
2x8 1,935 5.37* 4.19 -1.223 1.259* -0.070 -0.714 1.550 -1.654 -0.199
3x4 -2.524%> -0.07 -2.58 0.777 -0.726 0.174 0.234 -1.173 1.662 0.405
3x5 0.997%* -0.05 -5.49 3.77 -0.287 -0.032 0.386 -0.335 0.329 0.613
3x6 1.726** -2.03 5.84 5.277* 1.570%* -0.080 0.151 0.786 2.283 1.363*
3x7 -1.982%* -224 -047 -0.494 -1.803%* -0.030 -0.120 -1.852 -2.363 -1.512*
3x8 0.101 -342 1.38 -2.911 1.278** 0.145 -0.107 3.832+ -2.196 -0.074
4x5 2.622%* 6.39* 11.05%* -2.494 0.884 0.072 -1.007 1,290 -2.415 -1.179*
416 0.976** 379 1.13 1.281 0.057 -0.126 -0.230 0.336 -3.286 -0.679
4x7 0.768* 233 532 6.110% 0.818 0074 0299 3.473* -0.069 0.821
4x8 -1.524** -2.86 -6.20 -6.057* -2.739%* -0.351%+ -0414 -4,743** 2.598 -0.491
5x6 <2.753%* -1.94 -3.54 -7.369%* -1.291*= 0.068 -0.241 -0.177 -0.244 -0.345
5x7 -2.336%* -8.90* -7.22 -3.390 0.657 -0.007 0.263 0.336 -0.315 -0.220
5x8 -0.378 1.79 476 3.193 0.401 0.093 -0.149 -0.056 1.802 0.092
6x7 0.893* 1.24 -239 -3.765 0218 -0.005 0.640 -1218 -0.986 -0220
6x8 -1.274% -5.07 -4.59* -0.057 -0.189 0.093 0.128 1.965 -0.369 0.592
7x8 1.518* -1.15 -2.10 5.923+* 0.359 -0.005 0.657 -0.273 1.698 0.592
LSD | 0.05 0.93 1.77 7.99 4,54 0.93 0.19 1.12 292 3.44 .15 )
Sij 0.01 1.28 10.60 16.96 6.18 127 (.26 1.52 3.99 4.70 1.57
LSD | 0.05 1.43 11.88 12.20 6.93 1.43 143 1.71 447 526 1.75
SijSik | 0.01 1.95 16.19 16.63 9.41 1.95 1.95 233 6.0% 7.17 239
LSD | 0.05 1.78 10.62 7.31 6.20 1.28 1.28 1.53 3.99 4.70 1.57
Sij-Ski | 0.01 1.74 14.48 9.97 8.45 1.74 1.74 2,08 5.45 6.42 2.14

* ** significant at 0,05 and 0.01 levels of probability, respectively
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