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ABSTRACT

This study was conducted to investigate combining ability and gene action of
rice hybrids and their parental fines. Four CMS fines as female parents and three
restorers’ lines as male parents were hybridized to produce 12 Fy hybrids were used
in a fine x tester mating design. the resulted genotypes were used to estimate
combining ability, heterosis, and gene action for yield and yield components
characters. The results indicated that most characters were largely governed by
additive gene action. General and specific combining ability effects of the genotypes
for the characters under study wete estimated. The results showed that the characters
were controlled both general combining ability (GCA) and specific combining ability
(SCA} . The CMS and restorer lines showed variable effects for GCA. The study also
indicated the presence of hetercsis over the better parent (BP), Mid-parents (MP)
and over the best check variety Giza 178 for nine characters of yleld and yield
components,

INTRODUCTION

Rice has become one of the main factors of food security for the
world population. Hybrid rice offers from 15-20% yield advantage over the
high-yielding inbred varieties under simitar cultivation conditions. In order to
obtain good hybrids, it is essential to understand the nature of gene action
that controlls yield and its components. Combining ability estimation is a
powerful tool available to select the desirable parents and crosses for the
exploitation of heterosis. General combining ability (GCA) effects largely
involves additive gene effects, whereas specific combining ability (SCA)
effects represent onfy non-addifive gene action including dominance. The
presence of non-additive genetic variance offers scope for exploration of
heterosis (Yadav et al., 1999). The parents with good GCA and SCA could
good hybrids (Yan st al., 2000). The rice researchers around the world
carried out many studies on combining ability of different lines of rice among
them, (Sun ef al, 1993; Gong ef al, 1993, Chen et al, 1997).Their
achievements in this aspect Could recommend the use of hybrid rice by
selecting good parents in hybridization breeding program. In addition,
heterosis and combining ability of hybrid rice were studied by Zhang ef al.,
(2002). Line x tester analysis ‘provides information about GCA and SCA
effects of parents and is helpful in estimating various types of gene actions
(Rashid et al., 2007). Identification of suitable parents through line x tester
analysis in rice has been studied by Singh & Kumar (2004).
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The present study included the utilization of four CMS lines x three testers
to produce 12 F1s. All the hybrids and the seven rice genotypes were used to
estimate combining ability, heterosis, as well as gene action for yield and
yield components. .

MATERIALS AND METHODS

Four cytopasmic male sterility lines (CMS) vis., IR68885A mutant
type, IRG9625A possessing wild abortive type (WA) ,G46A possessing
Gambiaca type and Large stigma A possessing Kalinga type of cytoplasm,
were used as female lines (Table 1). These CMS lines were crossed with
three elite lines/varieties Giza 178R, Giza 182R and GZ5121-5-2R to
generate 12 hybrid combinations in fine x tester mating design. The hybrids
were evaluated along with parents in a randomized complete block design
with three replications at Rice Researsh Training Center during 2006 season.
Thirty—day—old seediings were transplanted { Each plot was made of seven
rows 5m long and spaced at 20 cm apart, 20 cm interplant dlstance) Days to
flowering, plant helght, panicie length, panicle weight, filled grains panicle™”,
spikelets 1pamcte spikelet fertility percentage, 1000-grain weight and grain
yleld tha” were noted Combining ability analysis was carried out following
the method of kempthorme (1957).

Table (1): Cytopasmic male sterile lines and restorer lines used for the

study.

Genotypes " Cytoplasm source Origin
CMS lings {female)
IRG8885A . Mutant IR62829A IRRI
IRGOG25A WA IRRY
G46A Gambiaca China
Large stigma A Kalinga China
Eestorer lines {male}

iza 178R Restores Egypt
Giza 182R Restorer Egypt
GZ5121-5-2R Restorer Egypt

RESULTS AND DISCUSSION

The analysis of variance revealed that the vanation in genotypes
(parents and hybrids) was highly significant for all the studied characters
(Table 2). The parents, hybrids and interaction between parents and hybrids
showed highly significant differences for all characters. The analysis of
variance for combining ability (Table 2) also showed highly significant
differences among the lines for all the characters. While the testers exhibited
hlghly significant differences for all the characters except for spikelets panice’

, which was non-significant. The significance of the mean of sum squares
due to lines and testers indicated a prevalence of additive variance. However,
means of sum:of squares.due to line x testers were also gignificant for all the
characters except for 1000-grain weight, which indicating that the importance
of both additive and non-additive variance. Severai workers reported the
predominance of dominant gene action for a majority of the yield trails
(Ramaligan et al,, 1993; Peng and Virmani 1990 and Stayanarayana ef al.,
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1998). Also EL-Mowafi 2001a, EL-Mowafi and AbouShoush (2003), Singh
and Kumar (2004), EL-Mowafi et al., (2005), Abd EL-Hadi and EL-Mowafi
(2005) and EL-Diasty et al., (2008) have reported the same results.

Genetic Parameters:

The estimates of genetic parameters viz, additive variance (o* A},
dominance variance (¢° D), environmental variance {o* E), genotypic variance
(o G), and phenotypic variance (o? P), broad sense heritability (h%), narrow
sense heritability {h%;), relative importance of GCA % and relative importance
of SCA % for all nine studied characters are presented in Table (3). It is
revealed that the estimation 6f additive genetic variance (o A) and relative
importance of GCA % for all studied characters except fo;;grain yield were
higher than non—additive or dominance genetic variance (o D) and relative
importance of SCA % for thess characters. These results indicated that the
former characters were largely governed by additive gene action. The
importance of additive gene action for the inheritance of these characters was
supported with similar resuits obtained by Lokaprakash et al. (1991), EL-
Mowafi (1994), Sharma and Koranne (1995), EL-Mowafi (2001a), Attia.
{2001), EL-Refaee (2002), EL-Mowafi and Abou shousha (2003), Ahmed
(2004), El.-Mowafi et al. (2005), Abd EL-Hadi and EL-Mowafi (2005) and EL-
Diasty et al. {2008). On the other hand, high estimate of dominance genetic
variance and its relative magnitude of SCA % were found to be more than
that of additive variance for grain yield characters. This result indicated that
dominance genetic variance played a major role in the inheritance of this
character, which was in general agreement with the results reported by
Sharma and Koranne (1995), Ramalingam ef al (1997) and EL-Refaee
{2002), and EL-Mowafi and Abou-Shousha (2003). Heritability estimation in
broad sense was high for all characters under study as given in Table (3).
Heritability estimates were high for plant height, panicle length, filled grains
panicle™, spikelets panicle”, spikelet fertility % and 1000-grain weight and
moderate for heading date andl panicle weight, indicating that a major part of
the total genotypic is additive, while heritability estimation in the narrow sense
for grain yield t ha™ was low.

Estimation of General Combining Ability (GCA) Effects:

The estimation of the general combining ability (GCA) effects of lines
and testers revealed that the parents: IR68885A and IR69625A, Giza 178R
and Giza 182R were good combiners for earliness and dwarfness (Tables 4
and 5). While, IR68885A, Giza 182R were found to be better combiners for
panicle length. Whereas, G46A, IR69625A, Giza 182R and Giza 178R
appeared to be better combiner for panicle weight. Large stigma, G46A, Giza
178R, and Giza 182R were good for filled grains panicle™; and spikelets
panicle”’. The lines : IR69625A, Giza 182R and Giza 178R had high GCA
effects for spikelet fertility %; Large stigma A. Also, the lines : G46A, Giza
182R and Giza 178 were found to be better combiners for 1000-grain weight.
While, IR69625A, G46A, and Giza 178R were identified as better combiners
for grain yield.
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Table (2}: Analysls of variance for combining ability.

Heading | oo nt peignt| Fanicle | Panlcle |y oining| Spikelots | Spiketet |19999I0(Goan vield
Source of varlance d.f date 9 length weight o gradns Plke ] pixe weight rain y'e
(days) {cm) (cm) @) panicle panicle fortility % @ ({t/ha)
Raplications 2 0.070 0.348 0.389 0.029 34.185 20.363 2.009 0.364 0.054
Genotypes 18 | 149.193** | 226.478" | 8.780" | 1.932* | 1140.893'* | 1831.816* | 74.219" | 19.938™ | 8.251*
Parents 6 246.984** 105.142™ 6.713* 0.949* 700.878* | 1278.217" | 65.325* | 27.550" 2.904™
Hybrids 11 | 106.513** | 180.475" 2475 1.532* | 1126.101** ] 1432.038™ | 67.466* | 11.808" | 6.033™
Parents vs hybrids 1 31.930" | 1460.495* | 90.702** | 12.229* | 3943.696** | 9550.972** | 201.856** | 62.697™ | B64.732™
Females(F) 3 63.583" 304.630™ 8.982** 2.884** | 2716.707* | 4354.804* | 122.147* | 37.800™ | 7.351™
Malos(M) 2 321.528* | 429.778™ 6.314* 1.609* 936.721* 197.877 113.660** | 6.942" 6.017*
Females x Males (FxM)| 6 56.306" 35.296* 0.942* 0.829* 393.924~ 381.997 24.726* 0.554 5.379"
Emor K] 0.959 1.144 0.127 0.026 41,991 48.389 1.282 0.353 0.049
ICV % 0.960 1.000 1.450 3.690 - 4,640 4.250 1.320 2.140 2.070
* ** Significant at 0.05 and 0.01 Jevels, raspectively.
Table (3): Genetic parameters for the nine studied characters.
_parameter 4 Hedadlng Plant Panicle Panicle Fllipd Spikelets Spikelet ;E:::" Graln
ate helght length welght grains nicle™ | fertitity (%) | weight yield
{days) (cm) {cm). ) panicte”’ | P2 ity ? cl (tha)
Additive varianca (o° A) 22910 62.800 0675 0.293 303.240 425.990 18.240 4.680 0.272
Dominant variance (f D) 18.450 11.380 0.272 0.268 117.310 111.200 7.820 0.067 1.780
Environmental variance (afz E) 0.959 1.140 0.127 0.026 41.990 48.389 1.280 0.353 0.049
Genotypic variance (0’ G) 41.360 74.180 0.947 0.561 420.550 537.190 26.060 4.750 2.052
Phenotypic variance (02 P) 42.320 75.320 1.074 0.587 462.540 585.580 27.340 6.100 2100
road sense heritability ( h%) % 0.980 0.990 0.882 0.956 0.910 0.920 0.950 0.930 0.980
rrow sense heritability { h'a)% 0.540 0.834 0.628 0.499 0.650 0.730 0.670 0.92 0.130
elative importance of gca %* 55.390 84.660 71.300 52.230 72.110 79.300 70.000 98.530 | 13.260
elative importance of sca %** 44.610 15.340 28.700 47.770 27.890 20.700 30.010 1.410 86.750
*, ** Relative importance gca = o~ A7 o G x 100 and Relative Importance sca = ¢* D/ o” G x 100, respactively.
Table (4): General combining ablility effects of CMS lines (A lines).
“f:.ﬂ"’ Plant height| Panicle Panicle |Filledgrains| Spikelets | Spikelet | 1000-grain | Graln yleld
(days) (cm} length{cm) | waight{g) panicle pankle fortility % | weight(g) tha
-2.9167 | -1.1667" 0.6611** -0.7428* | -25.1181** | .27.2333** | -1.5972* | -2.6806" | -0.6267**
-1.4722* -6.8333* 0.4722 03717 1.8419 -8.3000" 54361 -0.5028" 0.0744*
2.8611* T7.2778* -0.1167 0.5039* 11.2075™ 15.5556** -1.1306™ 13447 0.5422*
1.5278°" 07222 - 7167 -0,1328** 12.0686* 19.9778** -2.7083* 18417 -{).5800""
0.66 0.721 0.24 0.108 437 4.69 0673 0.401 0.15
0.88 0.964 0.321 0.145 5.84 6.27 1.02 0.536 0.199

*, ** Significant at 0.05 and 0.01 levels, respectively.
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Estimation of Specific Combining Ability (SCA) Effects:

The usefulness of a particular cross in exploiting heterosis is judged
by the specific combining ability (SCA) effect. The estimation of SCA of 12
crosses for nine characters are presented in Table 6. It is observed that out of
12 hybrid combinations, there were three hybrids exhibited positive and
significant SCA for grain yield. The promising combinations for grain yleld
along with other characters were : IR68885A/GZ5121R, IR69625A/GZ5121R
and G46A/Giza 182R. It was observed that the majority of these crosses had
high 8CA for grain yield involved with higherflow or average/low general
combining parents, while there was one hybrid combination showed low/ow
general combiners with high SCA. The hybrid combinations that showed high
negative SCA for days to heading (earliness) were : IR69625A/GZ5121R,
Large stigma A/Giza 182R, G46A/Giza 182R and IR68885R/Giza 178R. For
piant height, estimates of SCA were obtained where amang these hybrids
desirable and the good specific combiners for this were: G46A/GZ5121R,
IR69625A/Giza 182R, Large-stigma A/GZ5121R, IR68885A/Giza 178R, and
IR68885A/Ciza 182R. The hybrid combinations, G46A/GZ5121R,
IR69625A/Giza 182R/Giza 182R and large-stigma A/Giza 178R were good
combiners for panicie lengih. The best specific combiners for panicle weight
were G46A/Giza 178R, IR69625A/ GZ5121R, IR68885A/Giza 182R, large-
stigma A/Giza 178R, and IRG68885A/ GZ5121R. The hybrid combinations,
IR68885A/ GZ5121R and IR69625A/Giza 182R showed higher SCA for filled
grains panici” and spikelets panicle™. For spikelet fertility %, the hybrid of
IR68885A/ GZ5121R, IR69625A/Giza 182R, G46A/Giza 178R, and large-
stigma A/Giza 178R exhibited high SCA.
Heterosis o

Heterasis percent over better parent (BP), Mid-parents (MP), and
over best check variety Giza 178 was calculated for nine yield and vield
component characters (Tables 7,8,9). The degree of heterosis varied from
hybrid to hybrid, also from character fo character. Many scientists have
observed varying degrees of heterosis for yield and its related characters
(EL-Mowafi et al., 2001 b; Alam et al., 2004,Abd EL-Hadi and El-Mowafi 2005
and EL-Mowafi et al., 2005). For days to heading and piant height, negative
heterosis was desirable but for the rest of the characters pesitive heterosis
was desirable. Positive as well as negative BP, MP, and SH % were
observed for all the characters (Tables 7, 8, 9). Some of the hybrids flowered
earlier than their early parents. There were aiso some the hybrids flowered
later than late parents. Among the earlier hybrid there was : iR68885A/Giza
178Rwhich exhibited the highest significant heterosis of -9.00% over the BP,
-7.40% over MP and -9.00% over standard variety (SH %) for earliness.
Three cther hybrids viz. IRG9625A/Giza 178R, IR69625A/Giza 182R and
G46A/Giza 178R also manifested BP, MP, and SH % for earliness.
Regarding plant height, it was found that the hybrids were mostly tall in height
to be classified into either medium tafl or tall types. The results indicated that
the mean heterosis effects for grain yield were significant and positive in 9 out
12 hybrids, as deviation from the better parent value (Table 7).
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Table {5); General combining ability effects of testers.

Panicle Panicle “Spikelet Grain
Toster ding datel Plant helght Filled grajns | Spikel 1000-grain
- m‘(dafs cm) © ongth weight | ™ panicle” | DanicleT f:(’g'l't!' weight(g) | Yieid
Z : ; ; ; : 1516~ | 0. !
Glza182R <3, 1844* 22200 Q.71110* 0.2250"* 4.2739* 1.4472 2.0250* 0.4138" -0.0803"*
&Z'I 5121R 5.9722* 6.7778"™ -0.7389** -0.4225* -10.1594* -4.5861* -3.541m 0.4835" -0.86586™
0.5700 0.6240 0.2080 0.0940 3. . . X
1% 0.7600 0.8350 0.2780 0.1250 5.0600 5.4300 0.8840 0.4840 0.1700
*, ™ Significant at 0.05 and 0.01 levels, respectively.
Table (6): Speclfic combining ability of hybrid complgnatlons. -
‘Heaclng | Plant | Tanicle [ Panlcle | pyo4 graing | Spikes prealet | 1opograin | Grain
date | height | length | weight Jas | SRNER fertifity n lold
Hybrid combination days) fem) {em) panicle’ panicle (%) welght(g) t/ha)
060 | -1.333 0.2617 06 E ¥ -3.50000 -3.00111% 0.12222 -0.15000
2,750 | -1.333" | 0.189 0.403** -6.51944 -5.25833 -1.40278* | -0.00278 | -1.55447"
R -1.083 | 2667 | 0.072 0.207" 1501722 8.80833" 446380 | -0.11944 | 1.70417"
0625A /Giza178R 355 | -0.333 | -0.339 0.248° | 11.54222 | 13.71667 | -0.42778 0.47778 | -0.33444*
R 2.639* [ -3.333" ¢ 0478 -0.228" -8.17611* -12,05833* 2,03056™ 0.31389 -0.00861
5194 | 3867 | -0.139 0.446™ -3.36611 -1.55833 -1.60278" | 0.13614 | 0.34308*
-1,11% 1.556* 0.183 0.540" -5.39000 -10.47222* | 197222 | -0.66667 { 0.23444
2361 | 2.556™ | -0.787* 0.053 7.63500" 10.08611* 0.86044 0.50833 | 1.44504*
3472 | -4111*| 0583 | .0.503* -2.24500 0.08611 -1 10278 0.15833 | -1.68139"
;l&ma AfGizat78R | 0.778 0.111 0.417" 0287 2.34556 0.00556 151667 | 038667 | 0.25000
-3.028* | 2111 | 0.100 0.227 7.08056 7.23056 0.24167 -0.19187 | 0.11583
3.806" |.2.222* | D517 -0.060 -9.40811" -7.23611 -1.75833* | -0.17500_| -0.36583"*
1.34300 [ 1.24800 | Q41600 0.18700 7. X 1.32000 069400 [ 0.
1.53000 | 1.67000 | 0.55700  0.25000 10.12000 10.86000 1.77000 0.92800 | 0.35000
*, ** Significant at 0.05 and 0.01 fevels, respactively.
Tabla {7): Estimates of heterosls over better-parent (BP) for 9 characters of 12 hybrid combinations.
Heading [ riant " Tanicle T Panice Teilled grains] Spikeloty | Jouigre | 1000grain [ Sram
Iongt we
{days) fem) (em) panicle” panicle (%) welght(g) \ha
300~ -0.39 750 2, =y 200 .73 B4 | 9.
iGlza182R 1.33 9,30 13,10 24.30** -16.40* -10.40* -6.60™ 370 -12,24**
IGZ5121R 2.20" 15.60* 13.80" -9.40" -6.10 2.03 -8.00* 3.68 12,22
RE9G25A.. { Gizat78R -2.60™ -4.80* 5.50* 36.50" 17.90™ 9.60" 11,10 22.30 28.60™
/ Giza182R -2.80" 1.30" 12,20* 37.00* 1.50 -2.80 5.20" 3.30 21.82
1 GZ5121R -5.60" 11,00 16.70" 23.30™ 0.30 7.80" -6.90" 5.10 20,60
G46A / Giza 178R -2.90* 10.61"* 6,70 60.50* 16.20* 9.61" 6.00" 26.8" 27.98*
/Giza1B2R 2.00" 22 00" 560" 48.10™ 19,20 26.14* -5.50"* 13,2 31.89*
1 GZ5121R 7.50™ 17.10™ 12.50"* 1.50 8.10"" 25.45* -13.60" 12.10 -3.76*
rge stigma A / Giza178R -3.8" 90" 5.00* 50" 22.50" 18.40* 360" 33.50* 16.95**
0.00 14,80™ 6.80" 23.20" 19.50"* 27.15 £.10" 12.50 7.60"
Glza182R /GZ5121R 6.50" 12.70* 4,90 -1.20 3.40 23.20" -18.10™ 12.50 -1.99
162 198 0.59 0.2/ . 1148 1.87 5.89 03T
1% 2.16 2.65 0.79 0.36 14,31 15.36 2.5 7.88 0.49

*,* Significant at 0.05 and 0.01 levels, respectively.
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Table (8): Estimatas of heterosis mid-parents (MP) for 9 characters of 12 hybrid combinations.

Heading Plant Panicle Panicle Splkeist
Hybrid combination date helight | length | weight ‘F'g::,g:.'.'" i’;ﬂ‘,’c'l‘;ﬁ' fertiilty wgf;"’a‘:;‘ G’?ﬁ‘h{;""
{days) (cm) _{cm) )] (%)
R68885A  /GizatisR 740" ago- 570" 5.60 .90 -5.20 -2.00 8.30 17.88
/Glza182R -0.20 9.80* 1530 | 35.30™ 9.70° -5.30 -3.60™ 6.10 5.83"
G25121R 0.67 19.70* | 12.30" 3.50 -0.40 4.10 -4.20" 8.05 23.19*
(R69625A4  /Giza178R -3.30" 6.60* 5.00™ 20.50 23.30" 18.10" 3.0 10.30 20.41™
/ Giza182R -1.50" 410" 11.20 | 30.00* 5.00 270 290" 3.30 24,40
1GZ5121R 5.30" 8.40* 6.00* 24.20" 0.83 9.80* .14 5.10 2267
G4BA / Giza 178R -4.70" 110" | 10.30% | 44.50 14,20 10.10* 3.0+ 13.00 41,81
Giza182R -3.30" 18.40%* 9.10% 33.70™ 19.80* 23.98* -3.40* 12.20 46,00
fGZ5121R 6.60" 17.10" | 12.50* 2,60 5.50 18.30" | -11.00™ 11.10 6.15*
t arge stigma A / Giza178R 7.70" 1000 | 1440~ | 4850 | 4190 44.53 -3.30" 12.80 31.80"
8.60" 18.70" | 16.40 | 34.10" 40.80"" 52.60" -8.10" 6.10 21.25"
Giza182R __ /GZ5121R 20.40" 19.90* | 10.80™ 13.20* 19.10"* 4340 | -1r.20v 6.10 10.06™
SO 5% 1.40 1.72 0.51 0.23 926 9.4 1330] 1.62 5.10 0.32
1% 1.87 229 0.68 0.31 12.3 217 6.82 042
v, ** Significant at 0.05 and 0.01 levels, respectively,
Table {9); Standard heterosis for 8 characters of 12 hybrid combinations.
Heading 1o n¢ poigy| Panicle | Panicle f,.o, gralnl] Spikelets | Spikelat | 1000-grain |Grain yleid
Hybrid combination date {em) length waelght panlcl o panicle” fartllity (% )] weight{g} {Vha)
{days) {cm) )
683854 7 Gizai78R -9.00* -0.39 7.50" 2.70 1280 | 12207 073 8.04 975"
Giza182R -5.20™ 1.93" 12.90" | 2430 | 14227 | 1422 2,00 17.40 1241
1GZ5121R 2.20 14.50™ 6.30™ 1.10 -8.00 41 2.30* 17.40 14.10%
kRE9625A  /Giza178R -2,60* -4.80"* 5.50" 36.50 | 17.90" 9.60* 11.10" 2230 26 .60™
/ Giza182R -3.80* -5.50" 12.10* | 37.00" 6.04 -5.04* 14.80" 25.90 21.58"
1GZ5121R -3.50" 9.80" 3.30" 37.60% -1.03 ~4.29 360" 28.10™ 19.41
G464 / Giza 178R -2.90" 10.61* .70 8050 | 16.20™ 9.60" 6.00™ 26.80* 27.08"
{Giza182R 4.50" 13.80* 5.40" 410" | 24.60" 20.80" 3.20™ 38.00% | 31.83*
/1 GZ5121R 9.80" 16.00™ 5.00 13.20* 6.70 11.12% -390 36.60" 473"
i arge stigma A/ Giza178R -3.80" 2.90 500+ .50 | 2250 18.40" 3.60 33.50" 16.95"
-6.40* 7.04" 6.70" 2320 | 24.80" 21.70m 260" 37.10™ 7.39*
VGizatB2R.  /GZ5121R 8.90" 11.60" -2.10 10.30** 2.10 8.57* -6.60" 37.10™ -2.96
(50 5% 162 1.98 0.59 0.27 10.69 1148 187 5.89 0.37
1% 2.15 265 0.79 0.36 14.31 15.26 25 7.88 0.49

8002 “48QuIadeq ‘(Z1) £€ “AlUf) BINOSUBY ‘(9§ OUBY P

*,** Significant at 0.05 and 0.01 levels, respectively.
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The highest estimates were detected for the hybrids : G46A/Giza 182R
(31.89%), G46A/Giza 178R (27.98%), IR69625A/Giza178R (26.6) and
IR69625A/Giza 182R {21.82%). Moreover, significant and positive values of
heterosis were estimated for 11 hybrids also as deviation from the MP. The
highest heterctic effects over MP were (46.00%), (41.81%), (31.89%) and
(29.41%)for hybrids{G46A/Giza 182R, G46A/Giza 178R, Large stigma A/Giza
178R, andIR69625A/Giza178R), respectively. However, out of 12 hybrids, the
same nine hybrids exhibited highly significant and positive heterotic effects as
deviation from the standard variety (Giza 178R). The highest heterotic effects
were 31.63%, 27.98%, 26.60% and 21.58% for the above mentioned
hybrids. Significant heterosis for yleld and yield characters were also reported
by EL-Mowafi (2001 b), EL-Refaee (2002), EL-Mowafi et al., (2005) Rashid et
al., (2007) and EL-Diasty ot al., (2008}.
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