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FOR DIFFERENT CHARACTERS UNDER DIFFERENT
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ABSTRACT

A Number of 36 single crosses obtained directly from crossing of nine inbred
lines in a haif diallel system and two checks were evaluated in a randomized
complete block design, with four replications, in three locations; i.e., Sakha, Gemmeiza
and 3ids Res. Stations in 2005 summer season. The objectives of this study were to
estimate heterosis and combining ability. The combined analysis of data across
environments showed highly significant for locations {Loc), genefal combining
ability (GCA), specific combining ability (SCA) and GCA x Loc. interaction for all
studied characters except GCA x Loc interaction for ear height. Additive genetic
effects exhibited to have played an important role than the non-additive genetic effects
in the expression of all studied characters, except for grain yield under and over the
three locations. Also, the additive genetic effects were much more influenced by
change of lacation than the non-additive genetic effects for all studied characters. The
highest desirable values of GCA effects were obtained from Sk5170 and Sk8170
inbreds for silking date, plant and ear height, Sk6017, Sk8014 and Sk9185 inbreds for
grain yield and ear length and Gm152 inbred for number of rows/ear. The best crasses
having desirable values for both SCA and heterotic effects relative to the best check
were Sk8012 x Sk8170 for silking date; Sk63 x Sk8012, Sk5170 x Sk&8170 and Sk8014
x Sk8185 for plant and ear height, Sd63 x Sk6017, Sk6017 x Sk8014 and Sk6018 x
Sk9195 for grain yield, Sd63 x Sk6017 for ear length and Gm152 x Sk6017 and
Gm152 x Sk9185 for number of rows/ear. It is worth noting that a cross having good
SCA effects, may come from two parents when at least one of them possesses high

GCA effects.
INTRODUCTION

Combining ability of inbred lines is the ultimate factor determining
future usefulness of the lines for hybrids. Combining ability initially was a
general concept considered callectively for classifying an inbred line relative
to its cross performance. Sprague and Tatum (1942) refined the concept of
combining ability; general combining ability (GCA) and specific combining
ability (SCA) have a significant impact on inbred line evaluation and
population improvement in maize breeding. Dhillon ef al. {1978), Maggiore et
al. (1979), Nevado and Cross (1990), Melchinger ef al. (1990), Lima et
al.(1995), Tulu and Ramachandrappa (1998), Choukan (1999), Rameeh ef al.
(2000), Zelleke (2000), Desai and Singh (2001), Mahto and Ganguly (2001),
San Vicente ef al. (2001) and Fan Xing Ming ef al. (2001) found that both
GCA and SCA were significant for silking date, plant and ear heights, grain
yield, ear length and number of rows/ear. However Debnath ef al. (1988),
Nawar ef al ((1979), Crossa et al. (1990), Pal and Prodhan (1994), Lima ef al.
(1995), Dehghanpour ef al. (1996) and Geetha and Jayaraman (2000)
reported that the SCA (or non additive gene effecis) was more important than
GCA (or additive gene effects) in the inheritance of grain yield. While, Nawar
et al. (1879), Cross ef al. (1990), Tulu and Ramachandrappa (1998), Choukan
(1999), and Nigussie and Zelleke (2001) found that the additive gene effects
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were the primary type of gene actions operative in the crosses for silking date,
plant and ear heights, ear length and number of rows/ear. This study aimed to
estimate of type and relative amount of genetic variance components and
their interaction with locations and heterotic effects relative to check variety.

MATERIALS AND METHODS

The materials used in this study were nine white maize inbred lines
obtained by the maize research program i.e., Sd63, Gm152, Sk5170, Sk6017,
Sk6018,Sk8012, Sk8014, Sk8170, Sk9195. In 2004, summer growing season,
the nine inbred lines were hand crossed in half diallel fashion to obtain hybrid
seeds of 36 genotypes i.e., 36 F,s. At the 2005 growing season, the obtained
hybrid seeds of 36 genotypes plus the two commercial hybrids i.e., SC10 and
SC129 were grown at three locations i.e., Sakha, Gemmeiza and Sids
Experimental Stations. The maize genotypes were grown in four replications
of a randomized complete block design. Each plot was a single row, 6m long,
80cm apart and 25cm hill spacing. After 21 days from planting date, plants
were thinned to one plant per hill. The recommended cultural practices were
applied at the proper time. Data were recorded on grain yield ard/fed (1 ardab
=140 Kg and 1 feddan = 4200 m?), adjusted on 15.5 basis grain moisture
content and shelling percentage, ear length (cm), number of rows/ ear, plant
height (cm), ear height (cm) and number of days from planting to 50% sitking
emergence. An ordinary analysis of varance for the data was performed for
each location then combined over the three locations according to Steel and
Torrei (1880). The effect of hybrids was considered fixed effect while that of
locations was considered to be random effect. Vanations among the 36
hybrids was partitioned into GCA and SCA and their interactions with
locations according to Griffing (1956) for Method-4, Modei-1.

RESULTS AND DISCUSSION

Mean squares of diallel analysis of 9x9-inbred lines combined over
three locations for six characters are presented in Table (1). Locations mean
squares were highly significant for all characters with mean values for Sakha
Res. Station (North Egypt) being higher than those for Gemmeiza and Sids
Res. Stations (Middle and South Egypt, respectively) for ail characters. Frey
and Maldonado (1967) defined the stress environment as the one in which
mean performance for certain attribute is low. Therefore, Sakha Station
seemed to be the non-stress environment. The mean squares of GCA and
SCA were highly significant for all studied characters. Thus both additive and
non-additive gene actions were found to be important in controlting all studied
characters. These results are in agreement with those obtained by Nawar ef
al. (1979) for silking date, El-Hosary (1988) for plant height, El-Shamarka
(1995) for ear height, Abdel-Sattar ef al. (1999) for ear length and number of
rows/ear Mosa (2005) for grain yield. However, the additive genetic effects
(K* GCA) exhubcted to have played an important role than the non-additive
genetic effects (K SCA) in the expression of all studied characters, except for
grain yield under three locations and their combined Table (2). These resuits
support the findings of Nawar ef al. (1988) for plant and ear heights, Mosa
(2005) for silking date, Mosa (2003) for grain yield, Motawei (2005) for ear
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length and El-Shenawy (2005) for number of rows/ear. Meanwhile the mean
squares of interaction between GCA and locations were significant or highly
significant for all studied characters, except for ear height, The magnitude of
interactions for GCA x locations was generally higher than that for SCA ones
for all characters (Table 2), revealing that additive genetic effects were much
more influenced by change of locations than non-additive genetic effects in all
studied characters. These results are in agreement with those previously
attained by Matzinger ef al. (1959) El-Rouby et af (1973), Debnath and Sarkar
(1987), El-Hosary (1988), Mahmoud (1996) and Mosa (2003 and2005)
suggested that the additive gene effects were more infinenced by interaction
with environments than the non-additive gene effects.

Table (1): Mean squares of diallel analysis of 9 x 9 inbred iines combined
over three locations for six characters.

. . . . Ear
Silking |Plant height| Ear height | Grain yield No.of
sov af date (days) {cm) {cm) ard/fed 'igg‘t{' rows/ear
Locations {L)] 2 | 1004.22** | 25069.02'* | 7856.81"* | 9422.70*" | 347.08' | 21.79°"
Rep/Loc 9 22,11 1876.47 1099.99 30.43 516 0.60
GCA €& | 30264 | 12246.09** | 9928.08°* | 43869 | 117.08"" | 31.56""

SCA 27 | 1174 1059.9** 548.28** | 208.56 | 17.56** 1.66'"
GCAxL | 16 2.85* 67617 115.97 75.07"* 11.64"* 3.66"
SCAxL | 54 1.61 207.44 95.67 12.38 2.85 0.68

Error ‘333 1.42 134.63 86.42 1212 215 0.51
*,'* significant at the 0.05 and 0.01 levels of probability, respectively
+ Including checks

Table {2): Estimates of genetic and genetic x environment parameters

for six characters under three locations.
Silking date Plant height Ear height Grain yleld [ Ear length Ho.of

Loca days cm cm) ardied cm rowslear
‘“’RLTK i H-e—..u (T ‘R'__Lacu [TGEAT | 'i"s'g"'u [7“L—‘°,ecnu RGEAT F’;acnu waea SGEAIL |
scanl

K'SCA | olscaxt [Wisch | #scast

KiSCA | o’scaxl | K'SCA | o'scaxi | K'SCA | o’SCAxL | K'sca
Sakha| 2.58 a—- 3.28 - 545 —emn 0.35 amen 130 [ - [4.01 ——
Gemm.| 6.84 e 0.38 e ki —- 0.20 o 0.80 — [160] -
Sids 452 480 [ .- 6.20 —- 0.81 v 1.05 - |75 -

b. 422 | _1.25 193 | 106 | 309 38 _]026 ] 373 [ 1.02 1.8 [406; 275

Estimates of GCA effects for the nine parental inbred lines in the
combined analysis are presented in Table (3). The parental inbred lines
Sk5170, Sk8012, Sk8170 and Sk9195 showed desirable values of GCA
effects for silking date and plant and ear height, indicating that the four inbred
lines could be considered as good combiners for developing early and short
stalk genotypes. The inbred lines Sk6017, Sk8014 and Sk9195 had significant
positive GCA effects for grain yield and ear length, while inbred line Gm 152
exhibited positive GCA effects for grain yield and number of rows/ear. inbred
lines Sd63 and Sk6018 for ear length and inbred line Sk9195 for number of
rows/ear .These results suggested the importance of these lines o be
involved for improving maize.
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Table (3): Estimates of general combining ability effects of nine inbred

fines for six characters over three locations.
Sitking Plant Ear Grain Ear
Line date | height | height | yield | length | Numberof
(days) {cm) (cm) ard/fed {cm)

Sd 63 2.46° 2.26 437" ERTS 0.35° -0.41*
Gm 152 0.81° -4.75" 3.93° 132 -0.53° 1.45°
Sk5170 2.78" -15.96° | -17.54" -1.91* -1.20° 0.07
Sk6017 1.46° 24.17" 20.44* 3.23° 1.79° -0.12
Sk6018 1.86° 10.71* 7.25" -0.21 0.58" 044"
SkB012 -0.60° -2.96" 274" -3.92° -1.20" -0.19°
ske014 0.42° 1.36 0.49 0.90" 0.98* -0.50°
Sk8170 -2.69° -13.06° | -0.69° 212" -1.60" -0.23"
Sk9195 0.94° .77 5.54° 3.06° 0.84° 0.37

LSD g 0.05 0.24 233 1.87 0.70 0.29 0.14

* significant from zero at 0.05 level of probability.

Mean performance (M), % heterosis relative to the best check (H) and
specific combining ability effects for six characters over three locations are

shown in Table

(4).

Table (4): Mean performance( M); % heterosis relative to the best check
(H) and specific combining ability effects (SCA) for six
characters over three locations.

SIWIH date [days) Plant height (cm[ Ear he gﬁi cm
Cross M TRHISCA M T%H [ SCA [ A I
Sd 63 x Gm152 5.5 . (X -4.33* 3.02 166 3.7¢ 3.43
X Sk3170 | 6133 3.15° | 0.59° | 256.68 | -7.89° | 3.99 a4, -8.63° 3.49
X Sk5017_| 65.83 14~ | -0.34 | 309.25] 7.25" 51" 1186.16| 16.35° 7.08°
X 5k-6018_| 65.66 | 3.67° | 0.89° | 284,66 -1.27 | -3.61 62.25] 140 364
% Sk8012 | 66,83 | 5.52° | 2.73" | 247.08 {-14.30°| -27.61 |137.08| -13.32 | -18.80° |
% Sk-8014_| 65. 63° | 0.13 25| -2.10 .3 00| -1.25 .14
% Sk8170_| 61.00 | 3.67" | -1.01* | 267.60 | -7.. .00 3783 | -7.60° 1.10
xSk-9198 |63.91| 091 | 0.16 |286.08| 0.78 | 10.29° [162.75] 1.79 G
Gm152x Sk-8170 1'60.25 | 4.86° | -0,02 | 255.25 |-11.47" 66 [ 138.25| -13.59° -2.40
T xSk6017_| 64.66 | 2.10° | 0.15 1300.00| 4.04° | 627 79331 12. 0.70
X Sk6018 . 2.28° | 0.16 | 276.33| 4.16° | -4.9] 60.33 .20 A1°
% 58012 _| 61.41 | -3.03° | -1.03° | 264.91| 8.12° | 2.6 5350 -4.06 195
% Sk8014_| 634 A2_| 0.05 1271.58] -5.80° | _-0.34__|159.50| -0.31 18
% Sk-8170_| 60.50 | 4.46° | 015 |262.99| 881" | 54 15316 4.27 87
T xSk-9195 | 63.00 | 0.52 | 0.89" | 262.33 | -9.01° 44"_[151.50 .31 .15
[SkE170x5k-6017 $0.42 | 4.59° | 0.51 | 282.66| -1.9 085 __|15866] 0.83 151
x Sk6018 | 61,08 | -3.55° | 0.23 | 271.68] -5.78° 62113775 -139° | 622 |
X Sk9012 | 58.08 | -8.25° | 0.76" | 267.83 | <7.10% | 11.46° | 141.50| -11.56" 53" ]
% Sk-8014 | 59.58 | -5.92° | 0.29 | 262.4 .98° ki 41,58 -11.56" 5.36
% SkB8170_| 59.33 | 6.31° | 2.57° | 226.50 | -21.44" | -19.7 83| -26.98" -10.18°
x SK-9195_| 58.33 | -7.89° | -0.17 | 258.75[-10.25°| 1.19 33.08 | 17457 0.91
Sk-5017xSk-601 65.081 2.76" | 048 [295.66] 2. -14.53" 2.66| 14.16° Q.71
x Sk-8012 | 64.41 | 1.70° | 1.32° {300.25] 4.13* 3.74 158 7.23° 038
% SKk-8014_| 64.16 | 1.31 04| 303.66] 6.31° | 282 |175.75] 9.84° 153
x Si8170 | 60.75 | 4.07 | 0.26_|293.50] 1.7 7.08°_ 116733 4.58 235
% Sk9195 | 62.83 | 0.7 .08_|286.66 | -0. 11.04% [95566] -2.71 13457
Sk-6018XSk-8012 63.25| 0.12 | -0.24 |287.25| 0.3 4.20 66.33 K] 757
% 5k-0014 | 66,08 | 4.34" | 1. 331 2 .95° [ 164.256| 265 323
x Sk 8170 | 62.00 | -2.10- | 0.60° |273.91] -5. .95 | 1505 | -5.93° | 132 |
% Sk-919% | 63.00 | 0.52 | -0.15 |293.58 | 1.82 .34% | 160.75| 0.46 4.78°
SKB012x x SkB8014 | 61.50 | -2.88" | <0.55 | 270.75| 6.09° | <-2.96 | 146.41] -8.49° 4.50°
X Sk-8170_| 67.83 | -B. -1.107 | 269.00| 56.70" | 9.72 | 147.33[ -1.91° 562
X SK-9195 33 4.73° | 035 | 27456 | 4.76° | _ 4.02 5 Al 511"
Sk-8014 x Sk-8170__ [ 53.41 | 6.18° | 0.54 | 258.33 |-10.40°| 528 | 143.41| -10.36" 0.85
X Sk-9195 | 61.66 | -2.63° | -0.04 | 268.66 | E XA Y AL 11.46° 655 |
Sk-8170 x Sk-9135 16 | 8.16° | 0.42 | 259.33 |-10.05° -1.13 [ 139.75| -12.65" 0.73
(Check SC10_______ 6533 | — — 1301.50] — — 172.0 — —
Check SC129 63 e - 128833 — — 160.0 — —
* significant frorn zero at the 0.05 level of probability.
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Cont. (4):
¢ Grain yield {ard/fed) Ear length (em) No.of rowslear
ross M| %H | SCA | M | %H | SCA | M | %H | SCA

63 XOmIs3 | 29.04 | 1483 | 023 | 20.78| 784" | 034 (1461 013 | -0.28
x Sk-E170 [30.86] 950" | 4.86" (15.80 | 1219 | 048 | 144 | -289 | 059"
X SkBOTT (3542 387 | 456" |24.31] 7.60° | 159 11396| -5.86" | 035
% 5k5018 [25.65| 2478 | 182 | 214 | 5.08 | 040 |1303] -12.43° [ Q.21
% SRG012 |12.72| 62.69° | 11.99° | 15.85 | 059" | 4.06~ 1280 -13.01" | D.62°
X Sk014 [30.01 | -11.89" | 148 [ 219 | <288 | .01 |13,16| 126" | 0.08
X Ska170 [27.90 | 16.18° | 226" | 20.33 | -0.84" | 1.08 | 140 | 559 | 0567
X5Kk.8195 [31.11| 876 | 032 [ 228t 169 | 0.96° |13.66] -7.88° | 40.36°
Emibax Sk-B170 12732 | -19.80° | D78 | 1883 | 161" | 051 [15.83] 6.74° | 0.22
 SKE017_[34.70 | _1.81 126 (2083 | 7.1 | 0.9 |15.80] 6.54- | 0.35"
A SKkG018 (3116 | 865 | .30 11991 ] -11.70 | 062 [15.10] 1.82 | 001
(: X SkB012 2779 8.7 | 063 [1956| -13.0 | 066 |1853| 472 | 0.08
~ X Sk-8014 [30,33] -11.06° | _-0.74 | 2148 474 | 038 |14.66  -1.14 | -0.43°
xSKB170 2847 -16.51" (038 | 103 | 1441 | 089 [1510] 182 | 0.28
X Sk-8186 (3081 -8.95° | -2.31" | 2058 ] .82 | 042 | 162 | 9.20" | 0.35°
BK5170xSKB017  31.95] 630 | 1.6 | 2260 0.23 132 [1473] 472 | .02
X SKE018 [26.97 | -20.9° | 0.20 [20.10| -10.86° | 0.2 (13.66| -7.86° | 003
X SkB8012 [26.60 | 2228 | 270" [1&.71| 7.0 | 048 [14.23] 408 | 0.05 |
X 5k-8014 | 27.67 | -16.85 | _-0.05 | 20.60 | -B.68" | 0.0 |13.26 | -10.58° | 0.30 |
13.85] £0.30° | 30.08° | 1548 | 2136 | 297 |13.03] 12.43" | 0.83" |
3239 601 | 228" | 2053 | -8.95° | 0.6 [14.88] 030 | 0.1
2967 13.28" | -237 | 2248 | 031 | 0.46 [13.48] J1.26' | -0.33
2801 -17.86" | -0.95 | 2140 -5.09 | 0.5 |13.93| 741" | 0.08
i x SkB014 | 35,21 3.25 236" | 22.88 | 1486 | 044 |13.76| 21" | 0.22
X Sk-8170 |36.68| 1002 | 083 [21493| 629 | G385 [1353 805 | 0.03 |
x Sk-9196 127.85 | 1832 | -7.23° | 2181 ] 446 | 164" [13.03] 741" | 0.56"
kGUTBXSKB012_ {25.74 | 2451 | 0.33 2080 -7.06° | OB/ |13.60| -8.96° | 0.07
% Sk-B014 | 27,08 | -20.64" | -248° | 22.76 | 0.3 068 [13.40] -9.64 | 0.13
A SkB170 | 28.66 | -16.85" | 247" | 16.91| 16,14 | -0.64 |13.60| -8.29" | 0189
X 5k-5185 | 34.70 041 264" | 22481 164 015 [14.16| 481" | 0.16
K-B012% x $k-8014 |27.61 | 115.05* | 086 | 3033 | 984" | 011 [13.66| -7.88° [ 0.3 |
X SKB170 | 2715 | 20.38" | 350" | 1931 | -1436" | 199 |13.86| -664° | Q.11
XSk-5155 (3369 -1.20 | 4.89" | 20.98 | -T.84" | 081 1483 -202 | 075
Sk-B014 x SkBIT0 (2832 | 16.95° | 063 | 19.35] 1419 | 071" [1366| -7.88° | 0.33
x §k-5195 |30.56 | 9.50° | 189" | 2233 | 097 | 008 |13.88] -6.64° | .02
KB170 x 5k-9195 | 31.11| -8.76 131 | 19.65 | -12.66" | 015 [14.16| 451° | 012

Lheck SC10 34.10 - — 2285 —_ — 1134 — —
Chetk SC129 30.60 —— ~— 121148 —_— _— 14.83 _— -—

* significant from zerc at 0.05 Jevel of probability.

Six crosses showed significantly negative SCA effects for silking date, where
five of them significantly had heterotic effecls for earliness than the best check
SC129 (63.3 days). The cross Sk8012 x Sk8170 had the best desirable
values for bath SCA and heterolic effects. Six crosses showed significantly
negative SCA effects for plant height, where three of them significantly had
shorter stalks than the best check SC129 (288.33 cm). Meanwhile seven
crosses exhibited significantly negative SCA effects for ear height, five of
them significantly were shorter than SC129 (160 cm).Concerning plant and
ear height, the crosses Sd 63 x Sk8012 and Sk5170 xSk8170 and Sk8014 x
Sk9195 had best values for both SCA and heterotic effects among tested
genotypes and could be of value for breeding for lodging resistance. Eleven
crosses showed significantly positive SCA effects for grain yield, where three
of them; i.e. SdB63 x Sk6017, Sk6017 x Sk8014 and Sk6018 x Sk9195
outyielded the best check SC10 (34.1 ard/fed). Hence it could he conciuded
that these creszes offer good possibility for improving grain yield of maize.
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Seven crosses showed significantly positive SCA effects for ear length; the
cross Sd63 x Sk6017 had the highest values for both SCA and heterotic
effects. Five crosses showed desirable values for SCA effects for number of
rows/ ear, out of them i.e. Gm152 x Sk6017 and Gm152 x Sk9195
significantly had more rows/ear than the best check SC129. It is worth noting
that a cross having good SCA effects may come from two parents possessing
good GCA or from one with good GCA and the other with poor GCA effects ,
similar findings were obtained by Nawar et al., (1979), El-Hosary (1988),
Mahmoud (1996) and Mosa (2003).
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