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Abstract 

T 
his investigation was carried out during 2013 and 2014 rice 
growing seasons at the Experimental Farm of Agriculture 
Research Station, Sakha, Kafr El-Sheikh, Egypt, to study the 

magnitude of genotypic variation, the magnitude of both general 
and specific combining abilities (GCA & SCA) and their interaction 
with the two years as two different environmental conditions, 
estimation of the genetic parameters and broad and narrow senses 
heritability and the potentiality of heterosis expression for 
agronomic and yield and its components characters. Hybrids with a 
yield advantage of > 1.St/ha over the highest yielding check 
variety Giza 178R were considered as promising. Among 12 hybrid 
combinations tested, six were most promising with mean 
performance of grain yield ranging from 11.62 t/ha for large stigma 
A/Giza 182R to 12.99 t/ha for G46A/Giza 178R. The yield over the 
best local inbred check, Giza 178 ranged from 1.10 to 2.47 ton ha· 
1

• Among the four cytoplasmic male sterile (CMS) lines, G46A and 
IR 58025A were the best general combiners for grain yield. The 
restorer, Giza 178R was the best general combiner among testers 
for grain yield and most studied characters. 

INTRODUCTION 

·" 

Hybrid rice has become a field reality in Egypt. The long cherished goal of 

developing and usin9 rice hybrids in Egypt agriculture, has been accomplished with 
-

the release of Egyptian hybrids for commercial cultivation in 2005. For development of 

commercially useable hybrids, choice of appropriate parental lines possessing good 

combining ability, high yield potential, good grain quality, resistance to major pests 

and diseases is a pre-requisite. Development of new improved parental lines 

possessing desirable characteristics and evaluation of them are the major activities of 

heterosis breeding programme (El-Mowafi et al. 2005 and El-Mowafi 2006). 

Hybrid rice technology is such one innovative breakthrough that can further 

increase rice production leading to food security and reduction of poverty in Egypt. 

Hybrid rice varieties can out yield conventional cultivars by at least 15% under the 

same input levels. Hence, this technology can be used to break the current yield 

plateau in rice, where yield levels of the conventional released cultivars has stabilized 

(Bastawisi et al. 2003 and El-Mowafi et al. 2005). 
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Combining ability provides an important tool for selection of desirable parents 

and getting required information on gene action controlling desirable traits ( Rastogi 

et al. 2011). Kempthone (1957) suggested line x tester analysis as faster and more 

reliable method to estimate combining ability and screen suitable lines for 

·hybridization. The parents with good GCA can be used to obtain hybrid with strong 

heterosis in all the crosses developed from them and function of the two parents of a 

hybrid (Yan et al. 2000). 

The aim of the present study is to estimate combining ability and standard 

heterosis ( economic heterosis) for the yield and its components in F1 hybrids 

developed using male sterility-fertility restoration system using cytoplasmic male 

sterile lines (CMS) and three Egyptian restorer lines. 

MATERIALS AND METHODS 

The present investigation was carried out during 2013 and 2014 rice growing 

seasons at the farm of Agriculture Research Station, Sakha, Kafr El-Sheikh, A:gypt. 

The experiment comprised hybrid progenies derived from 12 hybrid rice 

combinations generated through line x tester mating design. Four cytoplasmic male 

sterile lines (CMS) Viz., IR 58025A (WA) type, IR 68885 A (mutant type), G46A and 

large stigma, were used as female lines. Three Egyptian restorer varieties Viz., Giza 

178R, Giza 181R and Giza 182R were used as pollen parents (testers) (Table 1). Each 

of the three restorers, Giza 178R, Giza 181R and Giza 182R and the four CMS lines 

were grown in isolated plots surrounded by sorghum or coen plots with a row ratio of 

10A:3R to get hybrid seeds for all the hybrid rice combinations tested. 

Table 1. Name, source and origin of cytoplasmic male sterile (CMS) and restorer (R) 

lines used inthe study. 

Genotype Cytoplasmic source Origin 
CMS lines (female): 
IR 58025 A CMS line wide abortive (WA) IRRI 
IR 58025.B Maintainer line 
IR 68885 A Mutant IR 62829A IRRI 
IR 68885 B Maintainer line 
G 46 A CMS lines Gambica China 
G 46 B Maintainer line 
Larqe stiqma A CMS line (Kalinqa) China 
Larqe stiqma B Maintainer line 
Restorer lines (male): 
Giza 178 R Restorer Eqvot 
Giza 181 R Restorer Egypt 
Giza 182 R Restorer Egypt 
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The F1 hybrid combinations along with their respective parents were grown in 

a randomized block design with four replication. Thirty day-old seedling were 

transplanted with one seedling hiU-1 adopting a spacing of 20 cm between rows and 

20 cm between plants. Each test entry consisted of 10 rows of five meter length. 

Observations were recorded on ten plants plor1 taken at random from each 

. entry in each replication for heading date ( days to 50% flowering), plant height, 

panicles planr1
, panicle length ( cm), panicle weight (g), spikelets panicle-1 

( bagged 

and unbagged), filled grains panicle-1
( bagged and unbagged), spikelet fertility % 

(bagged and unbagged) and 1000 grain weight (g). Five guarded rows (5 m2
) were 

harvested from each entry in each replication to determine grain yield (ton ha-1
). 

The data were subjected to analysis of variances for RCBD as suggested by 

Panse and Sukhatme (1954) and the analysis of variance for line x tester was carried 

as suggested by Kempthorne (1957) for random lines representing certain population. 

The combined data was also calculated over the two years to test the 

interaction of the different genetic components with the two years. The test described 

by Bartlett (1937). .!" 

Standard heterosis ( over the best check variety, Giza 178) was calculated for 

the studied characters. 

RESULTS AND DiSCUSSION 

Analysis of variance 

Analysis of variance (Table 2) revealed highly significant differences among 

the 19 genotypes (12 hybrids, four CMS lines and three restorers) tested for all 

studied characters. The parental lines and the hybrids showed highly significant 

differences for all characters. Parents Vs crosses mean square indicated that average 

of heterosis was significant in all crosses for all studied characters at the two years 

and across them. 

The four interaction types, i.e. gensitypes with years, parents with years, 

hybrids with years and parents vs. hybrids with years werefound to be significant for 

grain yield ton ha-1
• However the three types of interaction, i.e. genotypes, hybrids 

and parents vs. crosses were found to be significant or highly significant for plant 

height, panicles planr1, panicle weight, filled grains panicle-1 (unbagged) and spikelet 

fertility % (unbagged). On the other hand, the interactions of genotypes, parents, 

hybrids and parents vs. hybrids with years were insignificant for heading date except 

hybrids, panicle length, spikelets panicle-1 (bagged and unbagged), filled grains panicle-

1 (bagged), spikelet fertility % (bagged) and 1000-grain weight except P vs. hybrids. 
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The interaction of parents with years was found to be insignificant for all agronomic 

and yield and its components characters except yield ton ha-1
• 

The analysis of variance for general combining ability (GCA) given in table (2) 

revealed significant differences among CMS lines at both years and across for plant 

height, panicles planr1
, spikelets panicle-1(bagged and unbagged), filled grains 

panicle-1(bagged and unbagged) at the two years and 1000- grain weight. The testers 

exhibited significant differences for days to heading at the first year and combined 

analysis, panicles planr1
, spikelets panicle-1 (bagged and unbagged) and at the two 

years for 1000-grain weight. 

The line x tester (SCA) variance exhibited significant differences at the two 

years and their combined analysis for heading date, plant height, panicle length, 

panicle weight, spikelets panicle-1 (bagged and unbagged), filled grains panicle-1 

(unbagged) spikelet fertility % (bagged and unbagged) 1000-grain weight and grain 

yield ton ha-1 characters. On the other hand, the L x T (SCA) variance showed highly 

significant at the second year and combined analysis for panicles planr1 and at the 
.:" 

first year only for filled grains panicle (bagged) characters indicating the importance of 

dominance or non additive variance in their expression (Table 2). 

General Combining Ability effects (GCA) 

The estimates values of GCA effects gi for the studied characters are 

presented in table (3). Among CMS line IR68885A was best combiner for earliers (due 

to having negative and highly significant gca for days to heading) and short stature of 
/\ 

plant. The CMS line IR 58025A exhibited highly significant positive gi effects and 

best combiner for panicle length (cm), panicle weight (g), spikelets panicle-1 (bagged 

and unbagged), filled grains panicle-1 
( bagged and unbagged) and good combiner for 

yield t/ha. G46A was good combiner for panicle weight (g), filled grains panicle-1
, 

1000-grain weight a.nd best combiner for spikelet fertility % ( bagged and unbaggM) 

and grain yield ton ~a-1 • Large stigma A was good combiner for days to heading, 

spikelets panicle-1
, filled grains panicle-1 and best combiner for 1000-grain weight. 

Among testers (Table 3), Giza 178R was the best general combiner for plant 

height, panicle weight (g), spikelets panicle-1
, filled grains panicle-1

, spikelet fertility % 

and yield ton ha-1 and good combiner for days to heading. On the other hand, the 

restorer variety Giza 181R was good combiner for panicle length and good combiner 

for panicles planr1 and 1000-grain weight. Giza 182R was best combiner for days to 

heading, panicles plant+ and 1000-grain weight and good combiner for panicle weight 

character. 

Specific Combining Ability effects (Sij) 
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/\ 

The estimates of Sij effects revealed that none of the hybrid were 

consistently superior for all the characters (Table 4). The hybrid combination IR 

68885A / Giza 178R was superior or ranking the first in earliness and significant for 

grain yield ton ha-1
. With respect to heading date and plant height five and three 

hybrid combinations showed negative and significant effects in the desired direction 
/\ 

for the two traits, respectively. For panicle length, three hybrids had superior Sij 

effects, five hybrids for spikelets panicle-1 
( bagged and unbagged), five hybrid 

combination for filled grains panicle-1
, three for spikelet fertility %, three for 1000-

grain weight and five for grain yield ton ha-1
• The hybrid combinations IR68885A / 

Giza 181R, G46A/Giza 178R, IR68885A/Giza 181R, and large Stigma A/ Giza 182R 

were best combination for most of studied characters. 

Genetic parameters: 

Line x tester mating design were developed partition genetic variance into its 

components. The total genetic variance was divided to lines, testers and line x tester 

interaction components. The first portion of variance i.e., line and tester estimate 

additive genetic variance while the second portion line by tester interaction estimate 

non-additive genetic variance including dominance. The estimates of gooetic 

parameters viz., additive variance (a2A), non-additive including dominance va~iance 
(a2D), environmental variance (a2E), genotypic variance (a2G), phenotypic variance 

( a2p ), brood sense heritability (h2b%) and narrow sense heritability (h2n%) were 

obtained and the results are shown in Table (5). In the same time, the relative 

importance of GCA % and relative importance of SCA% for all the studied characters 

are presented in the same table. 

The results reveled that the estimates of the additive variance (a2A) and the 

relative importance of GCA % for days to heading, plant height, tillers planr1
, 

spikelets panicle-1 (bagged and unbagged), filled grains panicle-1 (bagged and 

unbagged) and 1000-grain weight was higher than those dominance variance (a2D). 

These findings indic~ted. the former characters were largely governed by additive gene -

action. On the other hand, the results cleared that the estimates of the non-additive 

(a2D) and the relative importance of SCA%. for spikelet fertility % (bagged and 

unbagged), panicle length, panicle weight and grain yield was higher than those 

additive variance (a2A) and relative importance of GCA%, indicated that the former 

characters were largely governed by non-additive gene action. Many authors obtained 

similar results which indicated to importance of the additive gene action among them 

El-Mowafi (2001a), El Mowafi and Abou Shousha (2003), El Mowafi et al. (2005) and 

Abd Allah (2008). On the other hand, the importance of the non-additive or 

dominance gene action for the inheritance of the former characters were reported by 

Babu and Reddy (2002), El Refaee (2002), El Mowafi et al. (2005) and El Diasty et al. 

(2008). 
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Concerning heritability estimates in brood sense (h2b ), the results indicated 

that the values estimated of h2b were high for most of the studied characters. 

However, heritability estimates in the narrow sense (h2n) were high for days to 

heading (50.53% ), plant height (78.42% ), tillers planr1 (75.01 % ), spikelets panicle-1 

under bagged (69.17%), spikelets panicle-1 under unbagged (69.49%), filled grains 

panicle-1 under bagged and unbagged (61.18% and 65.31 %) and 1000 grain weight 

(87.93%). These results indicated that a major part of the total genotypic variances 

was additive in nature and are in general agreement with those reported by El Mowafi 

and Abou Shoush (2003), El-Mowafi et al (2005) and Abd Allah (2008). On the hand, 

heritability values in narrow sense were relatively low for spikelet fertility % with 

bagged and unbagged (8.86 and 29.95%), panicle length (-15.02%), panicle weight 

(38.80%), and grain yield character (0.29%). The results also illustrated that a major 

part of the total phenotypic variance was due to non-additive or dominance genetic 

for the former characters. Accordingly, it was expected that an effective heterosis on 

breeding program or hybrid rice breeding for these characters. Similar results were 

obtained by El Refaee (2002), Abd Allah (2008) and El-Badawi (2009). ·"" 

MEAN PERFORMANCE 

Mean performance of seven parental lines (four CMS and three restorers) and 

their 12 hybrid combinations of line x tester for the ten studied characters are 

presented in table (6). For days to heading, theF1 mean values of 11 hybrid 

combinations were towards the lower parents ( early flowering parents), while one 

only tended to higher parents (late flowering parents). Days to heading ranged from 

94.4 days to 112.8 days. The hybrids IR68885A / Giza 178R, large stigma A / Giza 

182R and IR68885A / Giza 182R were noted to be early maturing hybrid 

combinations, while IR58025A / Giza 181R was a late maturing hybrid. Early maturing 

hybrids are desirable as they produce more yield per day. Highest plant height were 

observed in G46A / Giza 182R (116.0 cm), G46A / Giza 178R (113.0cm) and IR 

58025A / Giza 181R (111.4cm) and lowest in IR68885A I Giza 178R (97.7 cm) and 

IR68885A / Giza 182R (98.6cm). The hybrid IR68885A / Giza 182R was exhibited 

highest panicles planr1 and least was found in large stigma A / Giza 178R ranged 

from 24.8 to 17.6 panicles. While the check variety Giza 178 exhibited 20.8 panicles. 

Hybrids are generally characterized by having larger panicles indicating their efficiency 

in partitioning of assimilates to reproductive parts ( Neelam et al 2009). Panicle 

length character was varied from 25.3 cm ( in larg stigmaA / Giza 181R) to 28.7 cm 

(in IR58025A I Giza 181R). 



-
-
-
·-

·
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
-

--
--

--
--

Ta
bl

e 
2.

 E
st

im
at

es
 o

f 
th

e 
m

ea
n 

sq
ua

re
s 

of
 o

rd
in

ar
ie

s 
an

al
ys

is
 f

or
 a

gr
on

om
ic

 a
nd

 y
ie

ld
 c

om
po

ne
nt

 c
ha

ra
ct

er
s 

in
 t

he
 t

w
o 

ye
ar

s 
an

d 
th

ei
r 

co
m

bi
ne

d 
da

ta
. 

d.
 f

. 
H

ea
di

ng
 d

at
e 

P
la

nt
 h

ei
gh

t 
P

an
ic

le
s 

p
la

n
r1

 
P

an
ic

le
 le

ng
th

 
P

an
ic

le
 w

ei
gh

t 
S

.O
.V

. 
S

in
gl

e 
C

om
b.

 
Y1

 
Y2

 
C

om
b.

 
Y1

 
Y2

 
C

om
b.

 
Y1

 
Y2

 
C

om
b.

 
Y1

 
Y2

 
C

om
b.

 
Y1

 
Y2

 
C

om
b.

 

Y
ea

rs
 (

Y
) 

1 
1 

-
-

1.
7 

-
-

0.
71

 
-

-
63

.3
1 

**
 

-
-

0.
02

4"
·5 

-
-

0.
07

**
 

R
ep

s/
 (

Y
) 

3 
6 

-
-

0.
7 

-
-

0.
75

 
-

-
2.

13
 

-
-

0.
14

9 
-

-
0.

02
 

G
en

ot
yp

es
(G

) 
18

 
18

 
28

9.
3*

* 
29

6.
7*

* 
58

4.
6*

* 
17

7.
0*

* 
15

3.
9*

* 
31

9.
9*

* 
23

.0
1 

** 
52

.4
2*

* 
64

.2
0*

* 
23

.0
1 

**
 

52
.4

2*
* 

30
.8

2*
* 

2.
71

 **
 

2.
28

**
 

4.
88

**
 

P
ar

en
t 

(P
) 

6 
6 

64
07

**
 

68
5.

3*
* 

13
24

.7
**

 
16

5.
7*

* 
18

2.
8*

* 
34

6.
3*

* 
31

.1
5*

* 
32

.0
0*

* 
60

.7
0*

* 
31

.1
5*

* 
32

.0
0·

· 
18

.8
1 

** 
0.

95
**

 
0.

95
**

 
1.

91
 **

 

G
ro

ss
es

 (
C

) 
11

 
11

 
81

.2
**

 
70

.1
 **

 
14

9.
7*

* 
16

4.
9*

* 
12

8.
4*

* 
27

6.
9*

* 
18

.3
8*

* 
49

.5
6*

* 
54

.8
8*

* 
18

.3
8*

* 
49

.5
6*

* 
7.

78
**

 
2.

52
**

 
1.

69
**

 
4.

03
**

 

P.
Vs

. 
(C

) 
1 

46
9.

9*
* 

45
8.

6*
* 

92
8.

4*
* 

37
8.

8*
* 

26
1.

5*
* 

63
4.

8*
* 

25
.0

6*
* 

20
6.

4*
* 

18
7.

68
**

 
25

.0
6*

* 
20

6.
4*

* 
35

6.
36

**
 

15
.3

5*
* 

16
.7

5*
* 

32
.0

8*
* 

G
x
Y

 
18

 
-

-
1.

5 
-

-
10

.9
**

 
-

-
11

.2
3*

* 
-

-
0.

29
"·

5 
-

-
0.

11
· 

P
x
Y

 
6 

-
-

1.
3 

-
-

2.
2 

-
-

2.
45

 
-

-
0.

56
"·

5 
-

-
0.

00
 

C
x
Y

 
11

 
-

-
1.

6*
 

-
-

16
.3

**
 

-
-

13
.0

6*
* 

-
-

0.
16

"·
5 

-
-

0.
18

**
 

P.
Vs

. 
C

 x
 Y

 
1 

-
-

0.
04

 
-

-
5.

4*
 

-
-

43
.8

2*
* 

-
-

0.
00

"·
5 

-
-

0.
02

* 

Li
ne

s 
(G

C
A

) 
3 

3 
70

.7
 

73
.2

 
14

3.
8 

50
2.

2*
* 

39
6.

8*
* 

87
6.

3*
* 

62
.3

3*
* 

12
2.

9*
 

16
4.

72
**

 
62

.3
3*

* 
12

2.
9*

 
5.

71
".s

 
4.

58
 

3.
24

 
7.

58
 

T
es

te
rs

 
2 

2 
22

7.
5*

 
17

2.
6 

39
8.

2*
 

18
.5

 
41

.6
 

54
.3

 
6.

27
**

 
17

.3
3 

21
.2

2 
6.

27
**

 
17

.3
3 

7.
72

"·
5 

2.
58

 
0.

81
 

3.
13

 
(G

C
A

) 

L 
x 

T
 (S

C
A

) 
6 

6 
37

.7
**

 
34

.3
**

 
69

.8
**

 
44

.9
**

 
23

.1
 **

 
51

.5
**

 
0.

44
 

23
.6

4*
* 

11
.1

9*
* 

0.
44

 
23

.6
4*

* 
8.

83
**

 
1.

47
**

 
1.

20
**

 
2.

55
**

 

L
x
Y

 
3 

-
-

1.
6 

-
-

22
.7

 
-

-
20

.s
o·

 
-

-
0.

09
"·

5 
-

-
0.

24
 

20
.5

0*
 

T
x
Y

 
2 

-
-

0.
2 

-
-

5.
8 

-
-

2.
38

 
-

-2
.3

8 
0.

33
"·

5 
-

-
0.

26
 

L
x
T

x
Y

 
6 

-
-

1.
9 

-
-

16
.6

* 
-

-
12

.8
9*

* 
-

-1
2.

89
**

 
0.

16
"·

5 
-

-
0.

12
 

E
rr

or
 

54
 

10
8 

0.
90

 
0.

74
 

0.
8 

3.
20

 
3.

59
 

3.
55

 
1.

09
 

1.
11

 
1.

15
 

1.
09

 
1.

15
 

0.
18

5 
0.

09
 

0.
03

 
0.

05
 

C
.V

%
 

0.
95

 
0.

86
 

0.
91

 
1.

69
 

1.
80

 
1.

78
 

5.
39

 
4.

22
 

5.
38

 
5.

39
 

5.
38

 
1.

70
 

7.
22

 
4.

11
 

4.
90

 

* a
nd

 *
* 

si
gn

ifi
ca

nt
 a

t 
5%

 a
nd

 1
 %

 p
ro

ba
bi

lit
y 

le
ve

ls
, 

re
sp

ec
tiv

el
y.

 
r:..

 

;;u
 

m
 §; ~
 

3
: 

V
1 

0 "-
J 



(.'.) 
(.'.) 

z
z
 

............ 
l/l 

0 
;:) 

w
 

l/l 
w

 
w

 
0::: 

,__. 
ID

 
O

w
 

;:) 
u 

I-
...... 

l/l 
0::: 

l/l 
0 

ti) a: 
0 

ID
 

~
 

>-
w

 
:r: 

tu 
z 

:r: 
...... 

0 
ti] 

z 
u 

<
~
 

g
~
 

...... 
l/l 

ID
 

;:E 
<

u
 

(.'.) 
I-

Z
z
 

...... 
w

 
~
~
 

ID
 

W
 

::E 
u.. 

0 
!:!:; 

u
o

 

tO
 

0 Lf'l 

C
ont. T

able 2. E
stim

ates o
f th

e
 m

ean squares o
f ordinaries analysis for. agronom

ic and yield co
m

p
o

n
e

n
t characters in th

e
 tw

o
 years and th

e
ir com

bined data. 

S
pikelets panicle- 1 

Filled grains panicle- 1 

G
enotypes 

Bagged 
U

n bagged 
B

agged 
U

n bagged 

Y1 
Y2 

C
om

b. 
Y1 

Y2 
C

om
b. 

Y1 
Y2 

C
om

b. 
Y1 

Y2 
C

om
b. 

Years (Y
) 

-
-

31.3 
-

-
222.7* 

-
-

3844.3 
-

-
55.0 

R
eps/ (Y

) 
-

-
23.4 

-
-

85.1 
-

-
5230.5 

-
-

66.1 

G
enotypes(G

) 
4863.0'" 

4159.9** 
8967.1'" 

4181.2** 
4306.8'" 

8455.3** 
3182.8** 

2795.6** 
5908.6** 

3284.2 .. 
3064.8** 

6250.6"* 

P
arent (P) 

5661.4** 
4766.9** 

10363.2'" 
4661.5 .. 

4736.o·· 
9384.5'" 

2685.i** 
2478.5'" 

5104.9"' 
2681.2'" 

2664.7'" 
5327.2'" 

G
rosses (C

) 
4234.6** 

3404.7'' 
7588.3"' 

3734.5 .. 
3859.8** 

7548.3" 
3448.8 .. 

2836.7** 
6206.4 .. 

3647.2"* 
3429.7'* 

6937.4'" 

P.Vs. (C
) 

6985.5" 
8825.2" 

15757.0 
6213.2" 

6648.7" 
12858.2" 

3242.9"* 
4245.4" 

7454.5'* 
2909.8"* 

1451.4 .. 
4235.7'* 

G
x
Y

 
-

-
55.9 

-
-

32.6 
-

-
69.8 

-
-

98.4" 

P
x
Y

 
-

-
65.2 

-
-

13.1 
-

-
58.7 

-
-

18.7 

C
x
Y

 
-

-
51.1 

-
-

45.9 
-

-
79.1 

-
-

139.5' 

P.Vs. C
x
Y

 
-

-
53.7 

-
-

3.7 
-

-
33.8 

-
-

125.5' 

Lines (G
C

A) 
11774.8' 

1006.9' 
21825.8" 

10630.9' 
11071.7* 

21613.4" 
8742.0'" 

7865.9' 
16474.1 

9576.5" 
8704.7' 

17887.2 

Testers ( G
C

A) 
1156.7 

536.7 
1605.2 .. 

871.3 
1095.3 

1940.1'* 
1434.3 

594.8 
1896.2 

• 
1745.6 

1935.4 
3674.4 

LxT
(S

C
A

) 
1490.5'" 

1004.6' 
2463.8'" 

1240.6" 
1175.2" 

2385.1'" 
1437.8" 

1069.4 
2509.3 

1316.4'" 
1288.8" 

2550.2" 

L
x
Y

 
-

-
65.9 

-
-

89.3 
-

-
133.8 

-
-

397.0 

T
x
Y

 
-

-
88.2 

-
-

26.4 
-

-
132.9 

-
-

6.6 

L
x
T

x
Y

 
-

-
31.3 

-
-

30.7 
-

-
33.9 

-
-

55.0 

E
rror 

45.7 
42.9 

45.3 
53.8 

50.2 
35.6 

42.7 
51.0 

41.1 
45.9 
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%
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3.86 
4.13 

4.22 
4.19 

4.98 
4.25 

4.95 
4.72 

4.27 
4.50 

* and ** significant a
t 5

%
 and 1 %

 probability levels, respectively. 
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Highest panicle weight was observed in " IR58025A I Giza l8lR 11 (5.65g) and 

lowest in 11IR68885A / Giza 181R" (3.67g). The trait spikelets pacinle-1 was varied from 

134.5 spikelet (in IR58025A / Giza 181R) to 226.2 spikelets ( in IR58025A I Giza 

178R). Filled grains panicle was exhibited highest in 11G46A I Giza178R" (189.9) and 

lo"'."est in "IR68885A / Giza l8lR11 (108.8). The hybrid rice combination G46A I 
Giza178R was exhibited highest spikelet fertility (94.2%). Hybrid large stigma A I Giza 

182R was exhibited highest 1000-grain weight (30.88g), while the hybrid rice 

combinations, " IR68885A / Giza 178R11 and 11IR58025A / Giza 178R" exhibited lowest 

1000- grain weight ( 24.10 and 25.41 g, respectivilly). 

Six rice hybrids were performed better yield than high yielding check variety 

Giza 178. Higher yield of rice hybrids resulted from their increased spikelet number 

and to some extent increased grain weight, which enhanced the sink capacity. Peng et 

al. (2003) reported that the average yield of F1 hybrid rice was 17% higher than that 

of indica inbreds. Yield ton ha-1 was recorded highest in 11 G46A / Giza 178R (12.99 

ton ha-1
) and lowest in 11 large stigma A/ Giza 181R " (7.59 ton ha-1

). Highest yield 

was produced by 11G46A / Giza 178R"(12.99 ton ha-1
) followed by 11IR58025A / Giza 

181R" (12.84 ton ha-1
) and 11 G46A /Giza 182R11 

( 12.64 ton ha-1
). 

Standard Heterosjs 

Heterosis is the measure of the deviation of the f 1 hybrids over its parents 

and the check variety. It was estimated versus over check variety or standard 

heterosis(SH). In commercial exploitation positive standard heterosis alone holds 

relevance as a hybrid may be superior to commercially cultivated best variety (Giza 

178). The standard heterosis is especially important because the hybrid to be released 

is expected to out perform the existing superior local variety or hybrid. The data for 

standard heterosis in 12 hybrid combination are presented in Table (7). Evaluation 

based on the standard heterosis revealed that three hybrids recorded significant 

negative standard heterosis for early heading data. The hybrids IR68885A / Giza 

178R, large stigma A/ Giza 182R and IR68885 A / Giza 182R and IR68885A / Giza 

182R, were the earliest to flower within 94.4, 97.9 and 99.1 days respectively. These 

findings indicated that heterosis effects can be used to get earliness in rice hybrids 

(El-Mowafi 2001b, El-Mowafi and Abo-Shousha 2003 and El-Mowafi et al. 2005). Two 

hybrids recorded negative standard heterosis for short stature plant, five rice hybrid 

recorded positive SH % for panicles planr1
, all the 12 for panicle length, seven for 

panicle weight, five hybrids recorded positive highly significant standard heterosis for 

spikelets panicle-1
, six for filled grains panicle-1

, one hybrid combination for spikelet 

fertility % bagged and unbagged panicles and all 12 for 1000-grain weight. However, 

positive and significant standard heterosis was recorded in 10 hybrid combinations for 
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grain yield (ton ha-1
). The outstanding hybrid combinations for grain yield were large 

stigma A/ Giza 181R (27.85%) with significant standard heterosis for panicle length, 

spikelets panicle-1 and 1000-grain weight. In the mean time, G46A / Giza 178R 

(23.47%) gave significant desirable heterosis for panicle length (15.45%), panicle 

weight ( 39.60%), spikelets panicle (35.10%), filled grains panicle (42.60%), spikelet 

fertility (6.9%) and 1000-grain weight (26.38%). Also, IR58025A / Giza 181R with 

significant standard heterosis for panicle length (23.17%), panicle weight (39.85%), 

spikelets panicle (44.90%), filled grains panicle-1 (36.5%) and 1000-grain weight 

(29.36%). G46A / Giza 182R (20.15%) gave significant desirable standard heterosis 

for panicles planr1 (11.16%), panicle length (11.58%), panicle weight (34.65%), 

spikel~ts panicle-1 (16.30%), filled grains panicle-1 (13.70%) and 1000-grain weight 

(37.59%). 
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