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Abstract

Studies of heterosis and combining ability of ten cytoplasmic
genic male sterile lines and five Egyptian testers {restorer) were
estimated using line x tester analysis for some agronomic
characters and yield and its components to get useful information
for hybrid rice program in Egypt.

Hybrids with a yield advantage of >1.5 t/ha over the highest
yielding check variety, Giza 178R were considered as promising.
Among 50 hybrid combinations evaluated, 15 were most promising
with mean performance of grain yield ranging from 12.491 t/ha for
IR 69625A/ Giza 182R (SK 2058H) to 13.920 t/ha for IR70368A/
Giza 181R (5K 2047H) with an average of 13.384 t/ha. The yield
values over the best local inbred check, Giza 178R ranged from
1.999 to 3.428 t/ha. with an average of 2.792 t/ha. Mean standard
heterosis estimates ranged from 19.1% to 32.7% with the average
of 26.6%.

Among the ten cytoplasmic male sterile (CMS) lines, IR 68899 A,
G46 AIR 58025 A, and IRAG9625 A were the best general
combiners for grain yield. The restorers, Giza 178 R and Giza 181 R
were the best general combiners among testers for grain vield and
most studied characters.

From the breeding point of view, some crosses were
identified to be the best ones for recombination breeding, among
them were the crosses IR 68888 A / Giza 178 R (for earliness), IR
68885 A / Giza 178 R (for short stature), IR 68885 A / GZ 5121 R
(for productive tillers plant), IR 58025A / Giza 178 R (for panicle
weight, filled grains panicle”, spikelets panicle, and grain yield)
and IR 70368 A / Giza 181 R (for 1000-grain weight and spikelet
fertility).

INTRODUCTION

Exploitation of heterosis has played a significant role in increasing productivity
and production of several crops world over. Availability of suitable pollination control
systems and the extent of outcrossing between female and male parents, existence of
exploitable level of heterosis and feasibility of hybrid seed production on large scale
are the key factors determining the success of commercial exploitation of heterosis in
any crop. '

China is the first country to commercially exploit heterosis in rice. Hybrid rice
technology was successfully developed in 1976 using male sterility-fertility restoration
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system (Anonymous, 1977). However, the success story of commercial hybrid rice
cultivation in China, India, Vietnam, Philippines, and Bangladesh has encouraged
Egypt to adopt this technology (Bastawisi et a4, 2003),

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 outyield conventional cuitivars by at least 15% under the
same input levels. Hence, this technology can be used to break the current yieid
plateau in rice, where yield levels of the conventional released cultivars have
stabilized.

The development of hybrid rice technology and the adoption of hybrid rice
cultivars to Egyptian environments offer one approach to the problem of matching
food supply to expected demand.

Combining ability is a measure of gene action (additive and non- additive)
where the general combining ability (GCA) effects largely involve additive gene effects
and additive type of epistasis , whereas specific combining ability {SCA} represents
only non- additive gene action. The presence of non- additive genetic variance offers
scope for exploration of heterosis (Yadav ef &£, 1999). The parents with good GCA
can be used to obtain hybrids with srtong heterosis in all the crosses developed from
them and is function of the two parents of a hybrid (Yan ef a/, 2000 and Ei-Mowafi,
2001and 2003). Rice researchers around the world carried out studies on the
combining ability of different kinds of rice (Sun ef &/, 1993; Li et a/, 1990 a&b; Gong
et al,, 1993 and Chen et af, 1997) and their achievements in this aspect can guide the
use of heterosis in rice and the selection of parents in hybridization breeding. To
develop hybrid rice with higher yield, better grain quality and multi-resistance is very
important, and the key is to breed CMS lines with good combining ability in good
adapted varieties.

The aim of the present study is to estimate standard heterosis (economic
heterosis) and combining ability for yield and its components in F; hybrids developed
using male sterility-fertility restoration system using cytoplasmic male sterile lines
(CMS) and five Egyptian restorer lines.

MATERIALS AND METHODS

The experiment comprised hybrid progenies derived from 50 cross combinations
generated through line x tester mating design. Ten cytoplasmic male sterile lines
(CMS) viz., IR 58025 A, IR68886 A, IR68888 A, IR 68897 A, IR 68899 A, IR 68902 A,
IR 69625 A, and IR70368 A, possessing wild abortive (WA) type, IR68885 A mutant
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type and G46 A possessing Gambaica type of cytoplasm, were used as female lines.
Five diverse restorer varieties/lines viz., Giza 178R, Giza 181 R, Giza 182R, GZ 5121R
and IR25571 R were used as pollen parents (testers) {Table 1). The F; hybrid
combinations along with their respective parents were grown in a randomized block
design with four replications at Rice Research and Training Center (RRTC), Sakha, Kafr
El- Sheikh, Egypt, in 2002 summer season. Thirty day-old seedlings were transplanted
with one seedling hili’* adopting a spacing of 20 cm between rows and 20 cm between

plants. Each test entry consisted of seven rows of 5m length.

Table 1. Cytoplasmic male sterile and restorer lines used for the experiment

Genotype Cytoplasm source Origin__
IR 58025 A Wild Abortive (WA) IRR1
IR 68885 A Mutant IR 62829 A IRRI
IR 68886 A WA IRRI
IR 68888 A WA IRRI
IR 68857 A WA IRRI
IR 68899 A WA IRRI
IR 68902 A WA IRRI
IR 69625 A WA IRRI
IR 70368 A WA IRRI
G46 A Gambiaca China
Giza 178 R Restorer Egypt
Giza 181 R Restorer Egypt
Giza 182 R Restorer Egypt
GZ 5121 R Restorer Egypt
IR 25571 R Restorer IRRI

Observations were recorded on ten plants plot’taken at random from each
entry in each replication for heading date {days to 50% flowering), plant height,
panicle length, productive tillers plant™, panicle weight, filled grains panicle’!, spikelets
panicie?, spikelet fertility, and 1000 grain weight. Five guarded rows (5m2) were
harvested from each entry in each replication to determine grain yield { t/ha).

Standard heterosis (over the best inbred variety, Gizal78) was calculated for
the studied characters while combining ability analysis was carried out as suggested
by Kempthorne model (1957) for random lines representing certain population. The
present represents selected set of males and females. Therefore, the expected MS

should be adjusted as:
(]M.S.M -~ M.S Error)
KM =

rxF
( M.S.F - M.S Error)
rxM

KF =
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(M-1) KM + (F-1) K*F

K’gca = _
(M-1) + (F-1)

MSFM - MS Error

Ki%sca =d2FM =
r

k’gca
the relative imp = -==---n-=ememnme

k’sca

where:
Males :M, Females : F and Replications : r

RESULTS AND DISCUSSION

Mean Performance

Mean performance of 15 parental lines (ten CMS and five restorers) and their
50 hybrid combinations of line x tester for the ten studied characters are presented in
Table 2.

As revealed in the Table (2), the mean performance of the studied traits
varied from one combination to another. For heading date, the F; mean values of 22
hybrid combinations were towards the lower parents (early flowering parents), while
six only tended to the higher parents (Iatg flowering parents). However, the F;, means
of the rest (22 hybrids) were intermediate between the two parents involved.

With respect to plant height (Table 2), the most desirable mean values
towards short stature were found in seven hybrid combinations. Complete to over-
dominance was observed in most of crosses towards the taller parents for plant
height, iongest panicle, higher productive tillers plant™, heavier panicle weight, and
higher grain yield. However, nearly half of the crosses showed the same dominance
effects towards the higher filled grain panicle”, higher rate of spikelet fertility, and
heavier 1000- grain weight. Some hybrid combinations exhibited dominance effect
towards the lower parents viz., for panicle length (three hybrids), for preductive tillers
(five hybrids), for panicle weight (eight hybrids), for filled grains panicle™ (four
- hybrids), for spikelets panicle™ (three hybrids), for spikelet fertility (three hybrids), for
1000 -grain weight (one hybrid) and for grain yield t/ha (eleven hybrid combinations).
However, the rest of the hybrid combinations showed intermediate mean values

between the parents for all studied characters.



Table 2. Mean performance of parental lines (CMS and restorer lines) and hybrid combinations for the ten studied characters

Headlng Plant Panicle Productive Panicie Filled Splkelet§ Spikelet 1000-grain Grain vyield
Genotype date height length tillers plant” weight grams panicle’ fertlllty % weight t/ha
‘ {days) (cm) (cm) ! ig% panicle™ {g
CMS lines (female);
IR 58025 A 112.0 109.5 24.9 14.6 3.84 201.6 246.8 82.0 23.0 9.84
IR 68885 A 101.2 94.5 23.4 20.8 3.02 121.8 141.2 86.5 22.4 9,77
IR 68886 A 115.5 117.4 23.5 19.2 4.12 195.1 236.6 82.6 25.7 11.21
IR 68888 A 99.5 107.5 25.1 17.7 3.57 123.1 142.1 86.6 22.6 9.88
IR 68897 A 105.0 106.9 24.8 20.1 4.08 141.8 179.0 79.7 26.4 10.69
IR 68899 A 102.5 99,2 23.7 18.6 3.80 152.4 177.7 86.5 23.0 10.56
IR 68902 A 108.7 110.2 24.0 18.4 4.18 146.8 179.4 81.9 22,5 10.58
IR €9625 A 106.7 105.0 24.4 19.1 4.13 123.5 137.0 90.1 27.8 10.38
IR 70368 A 108.2 107.7 22.8 16.7 3.47 130.1 158.9 81.9 29.3 10.58
G46 A 86.5 105.4 23.2 17.1 4.32 166.4 193.2 86.2 28.6 8.14
Restorer lines(males) : :
Giza 178 R 104.2 102.8 23.1 17.8 3.48 133.7 164.6 81.7 22.6 10.49
Giza 181 R 114.7 107.4 24.4 19.9 4.09 132.1 161.1 82.2 27.6 10.99
Giza 182 R 101.5 99,2 25.1 18.9 3.77 131.5 152.3 86.5 27.4 10.75
GZ 5121 R 106.0 102.3 22.3 20.1 4,31 126.8 143.3 88.5 29.1 10.62
IR 25571 R 96.5 94.4 24.5 14.7 5.19 163.3 195.2 83.9 27.2 9.91
H{briq ?gmblnatlgns
IR 58025 A/ Giza 178 R 101.5 102.7 25.4 17.6 4.78 167.2 216.3 77.2 25.2 12.99
IR 68885 A/ 95.0 98.1 25.3 21.8 3.74 134.2 168.7 81.3 24.0 11.84
1R 68886 A/ 98.7 109.3 25.1 22.3 4.12 150.6 188.6 79.6 24.3 11.73
IR 68888 A/ 96.0 104.6 24.4 25.4 4.14 144.3 166.7 86.7 229 12.49
1R 68897 A/ 101.0 i04.5 26.6 18.2 4.57 166.3 210.6 79.2 24.2 11.90
IR 68899 A/ 98.7 97.9 25.1 22.1 4.19 144.2 171.3 84.5 23.8 12.16
IR 68902 A/ 101.7 101.4 26.5 22.8 4.57 154.7 182.4 85.5 23.5 12.72
IR 69625 A/ 102.0 108.3 25.5 18.7 4,97 140.1 158.3 88.0 27.4 12.98
IR 70368 A/ 101.7 107.2 24.7 17.1 4.21 154.6 179.7 85.7 27.1 10.84
G 46 A / 101.5 117.7 26.5 16.9 5.89 184.8 220.3 84.2 . 28.2 13.28
1 IR 58025 A/ Giza 181 R 110.7 108.7 28.9 18.0 5.22 188.7 226.7 83.5 28.9 13.51
IR 68885 A/ 104.7 98.6 26.4 219 3.74 1349 156.8 86.1 26.4 12.76
IR 68886 A/ 119.2 108.6 25.4 21.4 3.39 161.1 179.1 85.7 28.0 10.67
IR 68888 A/ 102.7 109.5 27.3 17.8 4.45 143.2 179.0 79.6 27.8 12.66
IR 68897 A/ 107.7 110.5 23.8 18.7 3.62 145.0 167.6 86.8 26.8 9.62
IR 68899 A/ 100.5 106.7 28.6 21.3 4.87 156.5 187.0 83.1 28.4 10.20
IR 68902 A/ 109.5 110.3 28.0 17.2 4.28 150.3 178.1 85.2 27.6 12.55
IR 69625 A/ 103.7 110.6 27.6 19.2 4.15 133.3 153.2 86.4 28.9 12.79
IR 70368 A/ 105.7 107.8 27.6 18.4 4.64 178.4 208.7 85.3 29.4 13.92
G46 A / 100.5 108.7 25.4 19.4 3.26 154.8 173.6 90.2 28.7 11.35
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Table 2. Cont. mean performance of parental lines {CMS and restorer lines) and hybrid combinations for the ten studied characters.

Heading Plant Panicle Productive Panicle Filled Spikelets Spiketet 1000-grain Grain yield
Genotype date height length tillers plant weight grains panicle™ | fertility % weight t/ha
(daysy | {cm) (cm) ; {q9) panicle™ {9)

IR 58025 A/Giza 182 R 102.2 112.9 26.6 19.1 4.91 153.7 1943 78.9 26.8 9.32
IR 68885 A/ 99.7 98.3 25.9 23.4 4.34 147.5 179.6 82.0 26.2 8.10
IR 68886 Af 107.0 102.8 26.0 18.2 4.74 150.9 183.3 82.3 28.1 11.71
IR 68888 A/ 97.2 103.6 25.1 18.0 4,29 132.4 158.3 83.7 26.5 12.66
IR 68887 A/ 104.2 1111 27.1 20.2 4.62 141.8 173.2 81.9 272.7 12.34
IR 68899 A/ 98.0 103.4 25.9 17.6 4.50 134.9 164.3 81.8 26.6 12.41
IR 68902 A/ 104.0 103.0 26.2 21.5 4.20 138.9 168.4 82.5 27.3 11.11
IR 69625 A/ 100.2 107.2 25.1 19.6 4.64 130.7 141.8 92.1 28.5 12.49
IR 70368 A/ 100.5 111.4 24.7 17.1 4.70 1374 161.2 85.0 29.8 13.05
G456 A 100.5 126.4 26.0 17.8 543 160.6 195.7 82.0 30.6 13.57
IR 58025 A/GZ 5121 R 105.5 118.7 22.8 22.5 4.51 156.7 191.3 82.0 25.9 13.83
IR 68885 A/ 104.7 114.1 25.5 21.0 3.71 134.4 161.5 83.1 26.1 13.72
IR 68886 A/ 114.5 116.5 25.0 220 3.11 145.8 178.8 81.5 26.5 871
IR 68888 A/ 105.0 120.9 25.0 22.6 3.96 145.9 173.1 84.4 25.3 13.06
IR 68897 A/ 105.5 117.1 25.6 23.3 3.51 141.1 168.1 83.9 29.5 12.18
IR 68899 A/ 103.2 117.5 25.2 22.6 4.34 149.4 169.3 88.2 25.5 13.48
IR 68902 A/ 108.2 114.1 24.8 19.9 4.35 145.7 177.6 82.0 26.5 13.42
IR 69625 A/ 101.0 115.8 24.8 23.8 5.03 129.2 156.2 82.8 28.7 12.50
IR 70368 A/ 102.7 i14.1 24.9 18.5 5.41 146.5 165.9 85.6 29.0 11.72
G46 A 1125 122.3 25.4 204 3.20 120.2 152.9 /8.7 30.5 9.16
IR 58025 A/GZ 25571 R 97.7 104.6 26.2 20.0 5.35 167.8 220.3 76.1 27.6 10.72
IR 68885 A/ 100.2 98.3 25.1 22.8 3.50 167.3 195.0 856 27.1 6.32
IR 68886 A/ 98.5 109.8 25.2 20.6 2.60 147.7 178.0 834 28.3 5.35
IR 68888 A/ 97.7 1158 26.1 19.8 4.05 143.7 168.4 85.1 26.3 12.62
IR 68897 A/ 102.0 114.2 24.0 22.9 3.25 138.9 184.2 75.4 26.7 10.83
IR 68899 A/ 98.5 104.8 25.8 201 5.02 150.9 171.% 87.5 27.9 13.08
IR 68902 A/ 99.0 114.9 26.0 21.5 5.20 147.0 186.5 78.8 27.9 9.34
IR 69625 A/ 98.2 104.9 24.2 19.5 4.25 159.6 181.2 87.6 27.7 12.32
iR 70368 A/ 99.7 98.8 24.1 18.8 4.63 135.3 157.8 85.8 27.8 7.71
G46 A / 100.0 114.8 26.2 171 5.63 169.9 197.3 86.4 29.2 13.64
LSD 5% 2.5 1.9 1.3 2.4 0.5 234 27.1 49 0.3 0.8

1% 33 2.6 1.7 3.1 0.7 30.8 35.8 6.5 0.4 1.0
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The highest mean values of grain vield (t/ha) were obtained by the hybrid
combinations IR 70368A/Giza 181R, IR 58025A/GZ 5121R, IR 68885A/ GZ 5121R, G
46A/ IR 25571R and G 46A/ Giza 182R, and ranged between 13.929 to 13.572
t/ha,respectively. The lowest values were estimated for the hybrid IR 68886A/ IR
25571R and IR 68885A/ IR 25571R. The parental lines Giza 181R, Giza 182R, GZ
5121R, and Giza 178R, manifested highest mean performance of 10.999, 10.750,
10.625 and 10.492 t/ha, respectively for grain yield t/ha.

Standard heterosis :

The standard heterosis Is especially important because the hybrid to be
released is expected to outperform the existing superior local variety or hybrid. The
data for standard heterosis in fifty hybrid combinations are presented in Table 3.
Evaluation based on the standard heterosis revealed that 24 hybrids recorded
significant negative standard heterosis for early heading date. The hybrids IR 68885A/
Giza 178R, IR 68888A/ Giza 178R, and IR 68885A/ Giza 182R, were the ‘earliest to
flower within 95, 96 and 97 days, respectively. These findings indicated that heterosis
effects can be used to get earliness in rice hybrids (Singh et a/ 1980, Dwivedi et a/
1998) Mamata ef a/. 1999, Rajesh and Singh 2000, El-Mowafi 2001 and El-Mowafi
2003).

Six hybrids recorded significant negative standard heterosis for short stature
plant, 45 for panicle length, 22 for productive tillers plant?, 37 for panicle weight, 11
for filled grains panicle™, 10 for spikelets panicle™, 8 for spikelet fertility and all the 50
hybrid for 1000-grain weight. However, positive and significant standard heterosis was
recorded in 38 hybrid combinations for grain yield (t/ha). The outstanding hybrid
combinations for grain yield were IR 70368A/ Giza 181R (32.7%) with significant
standard heterosis for panicle length, panicle weight, filled grains panicle’, spikelets
panicie”, and 1000-grain weight. In the mean time, IR 58025A/ GZ 5121R (31.8%)
gave significant desirable standard heterosis for productive tillers plant?, panicle
weight, and 1000-grain weight. Also, IR 69625A/Giza 178R (23.8%) with significant
standard heterosis for panicle length, panicle weight spikelet fertility %, and 1000-
grain weight. G 46A/Giza 178R (26.6%) gave significant desirable standard heterosis
for heading date, panicle length, panicle weight, filled grains panicle™, spikelets panicie’
! and 1000-grain weight, IR 68888A/Giza 178R (19.1%) had significant standard
heterosis for heading date, panicie length, productive tillers plant™, panicle weight,
spikelets fertility %, and 1000-grain weights. IR 58025A/ Giza 181R (28.8%) gave
significant standard heterosis for panicle length, panicle weight, filled grains panicle?,
spikelets panicle” and 1000-grain weight. However, G 46A/Giza 182R (24.4%) gave



Table 3. Standard heterosis for 10 characters of 50 hybrid combinations.

) Heading Plant Panicle Productive Panicle Filled Spikelets Spikelet 1000-grain Grain yield
Hybrid combination date height length tillers plant™ weight grains panicle™ fertility % weight t/ha
{days) {cm) {cm) () __Danicle™ ()

IR 58025 A/Giza 178 R -2.6% - 0.0 9.62** -1.3 37.4*%* 25.1%* 31.4%* 5.5 11,6%* 23.9%*
IR 68885 A/ -8.9%* -4.5%* 9,5%* 22.6%* 79 0.4 2.5 -0.5 6.4%* 12.9**
IR 68886 A/ -5.3x* 6.4%* §.5%* 25.2%* 18.4* 12.7 14.6 -2.6 7.9%* 11.9%*
IR 68888 A/ -7.9%* 1.75 5.5%* 42.9%* 19.1% - 78 1.3 6.1% 1.7 19,1%*
IR 68897 A/ -3.1* 1.7 15.1%* 2.5 3L.4%* 24.4%* 27.9%* -3.1 - 7.3%* 13.4%*
IR 68899 A/ 5.3%* -4 7** B.4** 24.3** 20.5%* 7.9 4.1 3.4 5.3*%* 15,9
IR 68902 A/ -2.4 -1.3 14.4%* 28.3%* 31.4%* 15.7 10.8 4.6 4.1%* 21.3**
IR 69625 A/ -2.2 5.4%* 10.1%* 5.2 42 8** 4.8 -3.8 2.7% 21,3** 23.8%*
IR 70368 A/ -2.4 4.3%* 6.8* -3.9 21.1%* 15.7 9.2 4.9 20.2%* 3.4
G46 A -2.6% 14.5%= 14.4%* -4.6 69.3** 38.2** 33.9%=* 3.1 24.8%* 26.6%*
IR 58025 A/Giza 181 R 6.2%* 5.8%* 24,9%* 1.1 50.0%* 41.2%* 37.7%* 2.2 27.9%* 28.8%*
IR 68885 A/ 05 -4.0%* 14.1%% 23.3%* 7.5 0.9 -4.7 54 16.9%* 21.7%*
IR 68886 A/ 14.4** 5.7%* 9.8** 20.1%* -2.4 20.5% 8.8 4.9 23.9** 1.8
IR 68888 A/ -1.4 6.5%* 17.8%* 0.4 27.9%* 7.1 8.7 -2.6 23.3** 20.7%*
IR 68897 A/ 3.4+ 7.5%* 2.7 5.3 4.0 8.5 1.8 6.2* 18.9%* -8.3%
IR 68899 A/ -3.6%* 3.8%* 23.5%* 19.8** 39.9%* 17.1 13.6 1.7 25.9** -2.8
IR 68902 A/ 5.0%* 7.4%* 24.6** -3.4 22.9%* 12.4 8.2 4.3 22.3%* 19.7**
IR 69625 A/ -0.5 . 7.6%* 19.4** 7.7 19,4* -0.3 -6.9 5.7 27.9%* 22.0%*
IR 70368 A/ 1.4 4.9%* [ 19.4%* 3.2 33.3** 33.5%* 26.8%* 4.4 30.3%* 32.7%*
G46 A -3.6%* 5.8%* ©9.6%* 9.1 -6.26 15.8 55 10.4** 27.3%* 8.2*
IR 58025 A/Giza 182 R -1.9 9.9** 15.1%* 7.2 41.1%* 14.9 18.0* -3.4 18.6%* <11.17%*
IR 68885 A/ -4,3%* -4, 4¥* 12.1%* 31.4%* 24.9** 10.3 9.1 0.4 16.0%* <22 8H*
IR 68886 A/ 2.6% 0.0 12.3%* 24 36.2%* 12,9 11.4 0.7 24.9%* 11.6¥*
IR 68888 A/ -6, 7%* 0.8 8.4%* 1.1 23.3%* -0.9 -3.8 24 17.3%* 20.7*%*
IR 68897 A/ 0.0 B.1** 17.3%* 134 32.8*%* 6.1 5.22 0.2 22.8%* 17.6%*
IR 68899 A/ -6.0** 0.6 12.1%* -1.1 29.5%* 0.9 -0.2 0.1 17.7% 18.3**
IR 68902 A/ -0.2 03 13.3%* 20.8%* 20.6%* 39 2.3 1.0 20.9%* 6.7
IR 69625 A/ -3.8%* 4.3** B.4¥* 104 33.3** -2.3 -139 12.8%* 26.4** 19.1*%*
IR 70368 Af -3.6%* 8§.4%* 6.7%* -3.9 35.0%* 2.8 -2.1 4.1 32. 4% 24.4%*
G46 A / -3.6%* 22.9%x 12.5%* 0.1 55.9%* 20.1* 18.9* 0.4 35,5%% 29.4**
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Table 3. Cont. standard heterosis for 10 characters of 50 hybrid combinations .

Heading Plant Panicle Productive Panicie Filled grains Spikelets Spikelet 1000-grain Grain yield
Hybrid combination date height length tillers plant? weight panicle™® panicle! fertitity % weight t/ha
(days) {em) (em) (@) (a)
IR 58025 A/GZ 5121 R 1.2 15.5%* -1.6 28.3*%* 29.7%* 17.2 16.2 0.4 14.8*%* 31.8x*
IR 68885 A/ 0.5 11,1%* 10.3** 18.0%* 6.7 0.5 -1.9 1.7 15.8%* 30.7%*
IR 68886 A/ 9.8 13.4%* 7.9%* 23.9%* -10.7 9.1 8.6 -0.2 17.6%* -16.9**
IR 68888 A/ 0.7 17.7%* 8.0** 27.1%* 13.9 9.1 5.1 33 11,9%* 24.4%*
IR 68897 A/ 1.2 13.9%F 10.6** 30.8%* 0.9 5.6 21 2.7 30.6** 16.1%*
IR 68899 A/ -1.0 14.4** 8.9%* 272.0%* 24.6%* 11.8 2.8 8.0** 12.8%* 28.5%*
IR 68902 A/ 3.8%x 11.1%* 7.4%* 11.7 24,94+ 8.9 7.9 0.4 17.4%* 27.9**
IR 69625 A/ 3.1+ 12.7** 7.4%% 33.8** 44, 4%* -3.3 -5.1 1.3 26.9%* 19,1%*
IR 70368 A/ -14 10.9%* 7.7%* 4.2 55.5%* 9.6 0.8 4.7 28.4%* 11.7%*
G46 A / 7.9%% 19.0** 9.9%* 15.0* -8.1 -10.1 -7.1 37 35.1%* -12.7**
IR 58025 A/IR 25571 R -6, 2%* 18 13.2%% 124 53.7** 25.5%* 33.8* -6.9* 22.2% 2.2
IR 68885 A/ -3.8** -4 4r* 8.6%* 2B.4%* 0.4 25.1%% 18.5* 4.8 20.0** -39.8%*
IR 68886 A/ -5.5%* 6.9%* 9.0%* 16.2* -25.3** 10.5 8.1 2.1 25.4%* -48.9%*
IR 68888 A/ -6.2%* 12,7%* 12.9** 11.5 16.3* 7.5 23 4.1 16.6%* 20.3%*
IR 68897 A/ -2.2 11.1%* 3.6 28.8%* -6.7 3.9 11.9 -7.7% 18.5%* 3.3
IR 68899 A/ -5,5%* 2.0* 11.7%* 12.8 44, 3** 129 4.5 7.1*% 23.5%* 24 7%x
IR 68902 A/ -5.0** 11,9%* 12.5%* 20.7%* 49, 4** 9.9 13.3 -3.5 23.7%* -10.9%*
IR 69625 A/ -5.§%* 2.1* 44 9.4 21.9%* 19.4* 10.1 7.2% 22.8** 17.4%*
IR 70368 A/ -4.3%¥ -3.9%* 4.2 6.0 32.9%* 1.2 4.1 5.0 23.2%* -26.5%*
G46 A / -4 1%* 12.4*=* 13.3%* -3.7 61.8** 27.1%* 19.9* 5.8 29.4%* 30.0%*
LSD 5% 2.50 1.99 1.25 2.38 0.53 23.36 27.15 4,91 0.36 0.41
1% 3.30 2.63 1.65 3.14 0.70 30.81 35.80 6.48 0.47 0.54

*, **  Significant at 0.05 and 0.01 levels, respectively.
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152 EXPLOITATION OF RICE HETEROSIS UNDER EGYPTIAN CONDITIONS

significant standard heterosis for heading date, panicle length, panicle weight, filled
grains panicle’?, spikelets panicle’ and 1000-grain weight. Also, IR69625A/Gizal82R
gave significant desirable standard heterosis for heading date, panicle iength, panicle
weight, spikelet fertility % and 1000-grain weight.

Several hybrids evaluated under the present study have shown encouraging
yield superiority of 16-32% over the best check variety (Gizal78). Two hybrids namely
SK 2034H (IR 69625A/Giza 178R) and SK 2046H (IR 69625A/Giza 181R) which have
already been tested in multilocation yield trail (MYT) for three years and have given
consistently good performance under both normal and saline conditions in station trails
were considered for large scale field level demonstrations and verification trails in
season 2003. Singh ef a/ 1980), Kim and Rutger (1988), Devaraj and Nadarajan
(1996), Mishra and Pandey (1998), Ei-Mowafi (2001) and El-Mowafi (2003) aiso
observed negative and positive standard heterosis for these traits.

Analysis of variance:

Analysis of variance (Table 4) revealed highly significant differences among
the 65 genotypes (50 hybrids, 10 CMS lines and 5 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 heterosis was
significant in all crosses for all studied characters under investigation except filled
grains panicle * and spikelet fertility percentage.

The analysis of variance for combining abifity given in Table 4 revealed
significant differences among the CMS lines for heading date, plant height, productive
tillers plant™, filled grains panicle™, spikelet fertility %, and 1000- grain weight. On the
other hand the testers exhibited significant differences for all the traits except panicle
weight, spikelet fertility %, and grain yield t/ha. The highly significant mean squares
of lines x testers for all traits, indicated that they interacted and produced markedly
different combining ability effects, and this might be due to the wide genetic diversity
of lines and testers. The estimate of variance due GCA was higher than that due to
SCA for heading date, piant height, spikelets panicie’ and 1000 -grain weight
suggesting greater importance of additive genetic variance which is in agreement with
the results of Sardana and Borthakur (1987), Lokaprakash et af 1991), El-Refaee
(2002) and EI Mowafi (2003).

In case of panicle length, productive tillers plant™, panicle weight, filled grains
panicle, spikelet fertility %, and grain yield, preponderance of non-additive gene
action was recorded by virtue of low GCA/SCA variance ratios in agreement to reports
of Ram et af. (1991), Singh and Singh (1991) and El Mowafi (2002).



Table 4. Mean square estimates of ordinary analysis for studied characters

Source of variation d.f. Head' ng Plant Panicle “Productive | Panicle illed grains Splkeletf Spikelet 1000-grain Grain
height (cm) length tillers weight panicle™? panicle fertility % weight yield
(davs) (cm) plant? {9 (g% t/ha
Replications 3 2.910 ns 4.761 ns 1.692 ns 10.883* {.150 ns 559.438 ns 62.405 ns 28.319 ns 0.108 ns 0.023 ns
Genotypes 64 119.667** 151.953** 7.607** 20.076** 1.886** 1193.586** 2079.837** 44 726%* 17,7867 3.387%*
Parents 14 216.707** 154,653%* 3.173** 13.959%* 1.436%* 2608.658** 4414.660** 36.072%* 29.199** 0.539**
Hybrids 49 178.210** 188.317+* 6.105%* g.152%* 1.991%* 799.455%* 1421.307** 47.411*+* 12.720%* 13.421%*
Parents vs hybrids 1 90.747%* 892.313** 143.264** 199.960** 3.039%* 694.985 ns 1660.296** 34,295 ns 106,281%* 21.308**
Females (F) 9 118.700** 348.263%* 3201 ns 28.550* 4.106 ns 1338.742* 3676.927** 95,989* 28.750%* 4,596 ns
Males (M 4 501.607%* 829.858** 24.730%* 39.913* 2.02 ns 1583.006* 2119 492> 31.604 ns 59.719+* 7.334 ns
Females x Males(FxM} 36 38.108*+ 77.048%* 4.762%* 13.135%* 2.372%* 577.572%* 779.825** 37.023** 3.490%* 3.255%*
Error 192 3.216 2.053 0.811 2.915 0.145 280.669 379.073 12.418 0.068 0.088
vV % 1.7 1.3 36 8.7 B.9 1.3 11.0 4.2 1.0 5.2
qz GC.‘\{D2 SCA 1.791 1.726 0.424 0.563 0.036 0.851 1.780 0.457 3.105 0.215
Kogea / Koo 0.898 0.979 0.273 0.459 0.273 0.628 1.273 0.494 1.694 3.523
* ** Significant at 0.05 and 0.01 levels of probability , respectively.
Table 5. Estimates of GCA effects of the CMS lines for the 10 studied characters
eading an anicle roductive anicle pike ets ixelet -grain rain yie
Head Plant P | Producti Panicl F'ﬂ_d Spikel Spikel 1000 H G ield
Line date height (cm) length tilters plant” weight grains panicle™ fertnluty % weight t/ha
{days) (cm) ! (9 panicle™ (
IR 58025 A 0.915* 0.258 ns 0.257 -0.728 0.599** 17.800** 31.049%* -4.048%* -0.329%* 0.204**
IR 68885 A -1.735%* -7.798%* -0.048 1.978** -0.549** -5.369 -6.391 0.032 -1.220%* -0.559%*
IR 68886 A 4,965%* 0.123 ns -0.374 0.698 -0.763** 0.690 2.844 -1.098 -0.144* -1.015%*
IR 68888 A -2.885%* 1.593** -0.134 0.533 -0.176% -7.124 -9.626* 0.292 -1.429%* 0.515**
IR 68897 A 1.465%* 2.193** -0.254 0.453 -(.442%* -2.404 2.024 -2.148** -0.194** -0.146*
IR 68899 A -2.835%* «3.218%* 0.417* 0.523 0.229** -1.859 -4.441 1.422 -0.774%* 0.281**
IR 68902 A 1.865** -0.498 ns 0.767%* 0.353 0.163 -1.714 -1.111 -0.798 -0.633%* -0.089
IR 69625 A -1,585%* 0.078 ns -0.279 -0.058 0.250** -10.469%* -20.566** 3.777%* 1.040%* 0.474**
IR 70368 A -0.535 ns -1.438* -0.504* -1.898%* 0.362*%* -1.410 -4.046 1.867* 1.445%* -0.109
G446 A 0.365 ns 8.708** 0,192 -1.853*> 0.325** 9.040* 9.264* 0.702 2.245%* 0.267**
LSD 5% 0.790 0.631 0.397 0.752 0.168 7.380 8.577 1.552 0.114 0,131
1% 1.041 0.832 0.523 0.992 0.221 9.729 11.306 2.046 0.151 0.172

*_*x SGignificant at 0.05 and 0.01 levels probability, respectively.
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154 EXPLOTTATION OF RICE HETEROSIS UNDER EGYPTIAN CONDITIONS

General combining ability effects (GCA) :

Significant differences of GCA effects were observed among the CMS lines for
the studied characters(Table 5). The CMS line IR 58025A was best combiner for
panicle weight, filled grains panicie’!, spikelets panicle, and good combiner for grain
yield. IR68888 A was a best combiner for heading date and grain yield, IR 68899A was
best combiner for panicle length and good combiner for panicle weight and grain vield,
IR 69625A was best combiner for spikelet fertility % and good combiner for heading
date, panicle weight, 1000-grain weight and grain yield. G 46A was best
combiner for 1000-grain weight and good combiner for panicle weight, filled grains
panicle, spikelets panicle™ and grain yield. IR68885 A was best combiner for plant
height and productive tillers plant™ and good combiner for heading date, which
illustrated that it is worthwhile to transfer its male sterility into genetic background of
elite fines having good GCA for yield and its components. IR70368 A was a good
combiner for plant height, panicle weight, spikelet fertility % and 1000-grain weight.

Among the testers or restorer lines (Table 6), Giza 178 R was the best general
combiner for plant height, filled grains panicle®, spikelets panicle® and grain vield.
Giza 181 R was the best general combiner for panicle length, spikelets fertility % and
1000- grain weight and a good combiner for grain yield. GZ 5121 R was best combiner
for productive tillers pfant™ and good combiner for 1000-grain weight and grain yield.
According to the ranking numbers of the GCA proposed by Wang (1981), the data in
Table (7) showed that the female lines (CMS), IR 68899 A, (46 A, IR 58025 A, and
IR 69625 A and also the male lines, Giza 178R and Giza 181 R were the best general
combiners.

Specific combining ability effects (SCA):

The data of the SCA given in Tables {8 and 9) revealed that there are some
superior combinations that could be useful in the local breeding program to get good
recombinants. With respect to heading date and plant height, 10 and 21 crosses
showed significant effects in the desired direction for the two traits, respectively. For
panicle length, 8 hybrids had superior SCA effects, 9 hybrids for productive tillers
plant?, 13 for panicle weight, 5 for filled grains panicle™, 9 for spikelets panicle™, 4 for
spikelets fertility, 18 for 1000- grain weight, and 19 hybrids combinations for grain
yield were superior in SCA effects. The hybrid IR 70368A/ Giza 181R excelled
others with significantly higher SCA effects for panicle length, filled grains panicle?,
spikelets panicle, and grain yield. It was followed by IR 68886 A/ Giza 182 R for plant
height, panicle weight, 1000- grain weight, and grain yield, IR 58025 A / Giza 181 R
for panicle weight, filled grains panicle®, 1000-grain weight, spikelets panicle?, and
grain yield, G 46A/ Giza 182R for panicie weight, 1000- grain weight, and grain yield,
G 46A/ IR 25571R for plant height, panicie weight, and grain yield then G 46A/ Giza
178R for panicie weight, filied grains panicle™, and 1000- grain weight.



Table 6. General combining ability effects of pollen parents for the studied characters

Heading Plant Panicle | Productive | Panicle Filled Spikelets | Spikelet | 1000-grain | Grain yield
Tester date height length tillers weight grains panicle™ fertility weight t/ha
(days) (cm) (cm) plant* (g) panicle % (g)
Giza 178 R -2.835%% | -4,107** -0.206 0.250 0.163** 5.073 7.581* | -0.408 -2,130%* 0.315%*
Giza 181 R 3.890** -1.275%* 1.259%* | -0.877%* | -0.192%* 4.850 2.254 1.589%* 0.905** 0.159**
Giza 182 R -1.260** -1.270%* 0.164 -0.970** 0.281** -6.159* -5.946 -0.370 0.610%* 0.007
GZ 5121 R 3.665%* 7.840** -0.806** 1.485%* | -0.242** -7.539%* -9.241+* | -0.380 0.150** 0.254**
iR 25571 R -3.460** -1,187%* -0.411%* 0.113 -0.009 3.775 5.351 -0.430 0.463*x -0.737**
LSD 5% 0.559 0.446 0.281 0.532 0.118 5.218 6.064 1.098 0.080 0.092
1% 0.736 0.588 0.370 0.701 0.156 6.879 7.995 1.447 0.106 0.121

* ** Significant at 0.05 and 0.01 levels, respectively.

72 38 TAYMOW-13

Sst



Table 7. Comparative overall ranking of the parental lines based an desirable GCA effects for various characters

Heading Plant Panicle Productive Panicle Filled Spikelets Spikelet 1000-grain Grain Total Rank
Line date height length | tillers plant | weight grains panicle™! fertility weight yield
(days) (cm) (cm) ! (9) panicle™! % (g) t/ha

CMS lin

IR 58025 A 7 7 3 8 1 1 1 10 6 5 49 3
IR 68885 A 3 1 5 1 9 8 8 6 9 9 59 7
IR 68886 A 10 6 9 2 10 3 3 8 4 10 65 9
IR 63888 A 1 8 6 3 7 9 9 5 10 i 59 7
IR 68897 A 8 9 8 5 8 7 4 9 5 8 71 10
IR 68899 A 2 2 2 4 5 6 7 3 8 3 42 1
IR 68902 A 9 4 1 6 6 5 5 7 7 6 56 6
IR 69625 A 4 5 7 7 4 10 10 1 3 2 53 5
IR 70368 A 5 3 10 10 2 4 6 2 2 7 51 4
G46 A 6 10 4 9 3 2 2 4 1 4 45 2
Restorer lines :

Giza 178 R 2 1 3 2 2 1 1 4 5 1 22 1
Giza 181 R 5 2 1 4 4 2 3 1 1 3 26 2
Giza 182 R 3 3 2 5 1 4 4 2 2 4 30 3
GZ 1521 R 4 5 5 1 5 5 5 3 4 2 39 5
IR 25571 R 1 4 4 3 3 3 2 5 3 5 33 4
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Table 8. Standard heterosis {SH %) and sca range for 10 characters of 50 hybrid

combinations

EL-MOWAFI et af.

Standard heterosis Specific combining ability
Character over Giza 178 effects
SH% No. sca No.
Heading date A -8.90to 14.4 50 -6.39t0 7.76 50
(days) B 2.6t0 144 8 1.78t0 7.76 9
C -2.6t0-89 24 -2.04 to —6.39 10
A -4.7t0 229 50 -8.0 to 9.67 50
Plant height (cm) B 2.010 229 34 1.59 to 9.67 17
C -3.5910-4.7 6 -1.43 to ~8.0 21
A -1.610 249 50 -2.91t0 1.55 50
Panicle length {cm) B 5510249 45 0.92 to 1.55 8
C - - -1.04 to -2.91 5
A 4.6t0 42.9 50 -2.68to 4.42 50
Productive tillers plant™ B 5.5to 24.9 22 1.84 to 4.42 8
C - - -1.69 to -2.68 8
Panicle weight (g) A -25.3 to 69.3 50 -1.24 t0 1.05 50
B 16.3t0 69.3 37 0.40 to 1.05 13
C -25.3 1 -0.55 to -1.24 7
Filled grains panicie! A -10.1to 41.2 50 -30.30 to 23.13 50
B 20.1to 41.2 11 17.04 to 23.13 5
C - - -18.93 to -30.30 .
Spikelets panicle™ A -13.9t033.9 50 -2.91 to 1.66 50
B 18.0t0 339 10 0.92 to 1.66 9
C - - -0.95 to -2.91 6
Spikelets fertility% A 7.7 10 12.8 -5.90 t0 5.12 50
B 6.1t0 121.8 50 3.76 to 5.12 4
C '6.9 to 77 8 '3.48 tO _5.90 5
2
1000-grain weight (g) A -1.61 t0 2.34 50
B 1.7 to 35.5 0.26 to0 2.34 18
C 1.7 t0 35.5 50 -0.28to -1.61 -
. 50
Grain yield t/ha A -1.78t0 1.46 50
B 48.9 to 32.7 0.33to 1.46 19
C B21t032.7 50 -0.32t0 ~1.78 16
-8.3t0 —-48.9 35
8

A = Overall range

C = Negatively significant range

B = Positively significant range

Standard Parent = Giza 178
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Table 9. Specific combining ability of hybrid combinations

Heading | Plant Panicle | Productiv | Panicle | Filled Spikelet | Spikelet 1000- -
. N date height | length | e tillers weight rains | s fertili grain Grain yield
Hybrid combination {days) {cm) {cm plant? (9) |g:|anicle" panicle! | % v z;?'ght t/ha
I 28025 %G'Za 178R | .78 -2.71%x -0.39 2.17% -0.338 -4.69 0.39 -1.92 0.430% 0.146
g 3.06% | 073 011 062 0,232 1452 011 -1.92 0.180 0/332%
gose -6.01%% | 4.01%* -0.01 1.10 0.365 -4.16 -0.01 -2.49 -0.579%x 0.735%*
IR 68888 A/ -0.91 2.20%* -0.95 4.42%* -0.200 264 -0.95* 322 -0.694%* 0416+
IR 68897 A/ -0.26 2.87%* 1.42%x | -2.67%* 0.495** | 14.58 1.42%% | -1.84 -0.654%* -0.053 ns
R ggggg Qf/ 1,78+ -4.06% 0.84 113 0.553%* | -8.03 0.84 -0.14 _0.524%% -0.384*
IR S8a0% A7 0.08 -3.23%x 0.19 3.00* 0,110 2.29 0.19 3.08 0,933 0.124
R 50528 & 3.78** | 3.06%* 0.23 -1.69% 0.197 -3.55 0.23 1.06 1.285%* 0131
s, 2.48%x | 345w -0.28 0.15 -0.668%* | -0.90 -0.28 0.62 0.630%* 0.616%*
e Al r | 133 3.83%% 0.76 -1.64 1.045%% | 21.66* 0.76 0.33 0.855%* 0.227
{E gassg ﬁ// iza 181 331% | 0.45ns 1.66 -0.62 0.457* 17.04* 1.66%% | 236 1.119%* 0.557%*
IR 68882 -0.04 -1.57% -0.53 0.62 0.126 -13.58 -0.53 0.88 -0.480% 0.948**
iR 28888 ﬁ{, 7.76%% | 0.46 -1.18%* 1.33 -0.005 -0.94 118 | 159 0.009 0.361*
R -0.89 0.13 0.42 -2.00* 0.465% -3.52 0.42 5.90%F | 1.169%* -0.180
IR egesr -0.24 0.31 291 | -1.04 0,103 -6.44 2.91%% | 376% | 1.065%* -1.036%*
A/ 319%x | 192 1.17%* 1.45 0.475* 4.45 117%% | 348« 1.114%* 1.266%*
ﬁ ggggg ﬁ; 1.11 2.83%x 1.10* -2.49%x -0.046 -1.88 1.10% 0.84 0.147 0.196
PRI -119 2.53%x 0.92* 111 0.258 -10.13 0.92% | -2.59 -0.275% -0.070
R 703 -0.24 119 1.14* 0.92 0.115 23.13% | 114* | 175 0.130 1.075%*
/. 6.39%* | -8.00%* 1.79% 1.93* 1122 | 813 179+ | 431x | -1.605%* -0.585%*
}E ggggg ﬁ;‘;'za 182R | o4 4.64%% 0.50 0’55 0,326 -6.99 0.50 -0.25 0.710%* -1.387%%
Tk o858 A 0.11 -1.95%* 0.11 2.14* 0.257 9.97 0.11 -1.23 -0.385%* 1.231%*
IR ooo5s A 0.66 -5.34% 0.48 172 0.865%* 7.31 0.48 0.17 0.429%* 1.027+*
IR 20900 A/ 1.24 -5.99%* -0.65 -1.78 -0.170 -3.34 0.65 0.18 0.089 -0.026
1R 55899 A7 1.41 0.91 1.55%* 0.47 0.424% 1.33 1.55%% | 0.82 0.104 0.473%*
IR 8502 A/ -0.54 -1.40 035 2.17* -0.361 6.13 035 -2.87 -0.465 0.080
IR 9892 A/ 0.76 44 7% -0.42 1.89% 0602%* | -2.22 0.42 0.07 0.117 -0.337%
R 935 A7 0.46 -0.92 -0.50 0.44 -0.249 1.77 050 5.12%% | -0.305% 0,071
P -0.34 4.86% 068 -0.25 -0.301 -6.87 -0.68 -0.07 0.589%x 0.793%*
124 9,67+ -0.02 0.42 0.462* 8.69 -0.02 -1.93 0.539%* 0.678%*
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Table 9. Cont. Specific combining ability of hybrid combinations .

] Heading Plant Panicle Productive Panicle Filled grains | Spikelets Spikefet 1000-grain | Grain yield
Hybrid combination date height length Eillers plant’ | weight panicle! panicle™ fertility % | weight T/ha
{days) {em) {em) (q) (9

IR 58025 A/GZ 5121 R =171 1.36 -2.39%* 1,84* -0.197 -2.56 -2.39%%* 2.83 -1.100%* 0.623%*
IR 68885 A/ 0.18 4,81%* 0.65 -2.68%* 0.149 -1.71 0.65 -0.15 0.024 1.320%*
IR 68886 A/ 3.23%* -0.73 0.43 -0.35 -0.242 359 0.43 -0.59 -0.660** -0,719%*
IR 68888 A/ 1.58 2.25%* 0.21 0.38 0.028 11.51 0.21 0.89 -0.650** -0.077
IR 68897 A/ -2.26* -2.25** 0.97* 1.11 -0.158 2.01 0.97* 2.86 2.339*# 0.150
IR 68899 A/ -0.21 3.63** -0.10 0.37 -0.004 9.77 -0.10 3.59% -1.105%* 0.370*
IR 68902 A/ 0.08 -2.48%* -0.83 -2.18* 0.068 5.90 -0.83 -0.42 -0.222 0.534**
IR 69625 A/ -3.71%= -1.43* 0.21 2.15% 0.661%* -1.81 0.21 -4.22% 0.279%* -0.315*
IR 70368 A/ -3.01%* -1.62* 0.51 -1.26 0.935** 3.57 0.51 0.47 0.199 -0.118
G46 A / 5.83%* -3.54%* 0.34 0.62 -1.240%* -30.30** 0.34 -5.24%* 0.899** -1.778%*
IR 58025 A/IR 25571 R -2.34%* -3.73%* 0.63 0.39 0.404 -2.80 0.63 -3.02 0.261* 0.060
IR 68885 A/ 2.81%* -2.03%* -0.11 0.53 -0.301 19.84* -0.11 2.43 0.661** -1.378%*
IR 68886 Af -5.64%* 1.59%* 0.28 -0.35 -0.983%* -5.81 0.28 1.33 0.801** -1.404**
IR 68888 A/ 1.46 6.07** 0.97* -1.01 -0.122 -2.00 0.97* 1.62 0.086 0.698%*
IR 68897 A/ 1.36 3.90** -1.04% 2.13* -0.657%* -11.49 -1.04* -5.59%* | -0.723* 0.466%*
IR 68899 A/ 2.16* -0.08 0.12 -0.78 0.444 -0.06 0.12 2.91 0.981%* 1.164**
IR 68902 A/ -2.04* 7.36** -0.02 0.78 0.690** -4.08 -0.03 -3.57% 0.890** -0.517%*
IR 69625 A/ 0.66 =3.23%* -0.85 -0.80 -0.351 17.26%* -0.85 0.63 -0.983%* 0.588**
IR 70368 A/ 1.11 -7.89%* -0.68 0.43 -0.080 -18.93* -0.68 0.74 -1.288** -1.134%*
G46 A / 0.46 -1.96%* 0.72 -1.33 0.958** 8.08 0.72 2.53 -0.688** 1.457%*
LSD 5% 1,766 1.41 0.88 1.68 0.375 16.50 0.88 3.47 0.259 0.293

1% 2,329 1.86 1.17 2.21 0.495 21.75 1.17 4.57 0.337 0.386

*, ** Significant at 0.05 and 0.01 levels probability, respectively,
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Best hybrid combinations:

Evaluation of hybrid combinations for heterosis breeding based on three
considerations, mean performance, standard heterosis and SCA effects (Table 10)
would be meaningful from this point of view. Out of 50 hybrid combinations, 17
recorded significant positive values for all three sabovementioned considerations.

Hybrids with a vield advantage of >1.5 t/ha over the highest yielding check
variety, Giza 178R were considered as promising combinants. Among the 50 hybrids,
15 were most promising. Among the 15 best selected hybrids, mean performance of
grain yield t/ha ranged from 12.491 t/ha for IR 69625A/ Giza 182R to 13.284 t/ha for
IR 70368A/ Giza 181R with an average of 13.319 t/ha. The yield values over best local
inbred check, Giza 178R ranged from 1.999 to 3.428 t/ha with an average of 2.792
t/ha. Mean estimates standard  heterosis ranged from 19.1% to 32.7% with an
average of 26.94%. Two hybrids of the 15 mentioned in Table (10) wviz. IR
69625A/Giza 178R and IR 69625A/ Giza 181iR are under the evaluation in verification
yield trials and On-farm demonstration during 2003 season (Bastawisi et a/ 2003).

Furthermore, the parents having higher GCA exhibited high standard heterosis
in hybrids. The hybrids with lower GCA for grain vield, showed negative standard
heterosis. Superior hybrid vigor for grain yield was obtained more frequently at IRRI
when at least one of the parents had high GCA effects (Peng and Virmani, 1950}
although occasionally heterotic combinations derived from combinations having both
parents with low GCA effects.

Table (11) demonstrates the relation between the standard heterosis and
each of SCA effects and GCA effects of female and male parent for ten studied traits.
The results, in general, showed that there were significant positive cerrelation amaong
the standard heterosis of the hybrid and each of SCA effects and GCA effects of
female and male parents of all hybrid combinations for all characters except filied
grains panicle” and spikelets panicle™, SCA effects and spikelet fertility % with GCA
effects of male parents.

Genetic Parameters:

The estimates of genetic parameters for the ten studied traits (Table 12) revealed that
the additive variance (02 A) and relative importance of GCA% for heading date, piant
height, spikelets panicle?, and 1000- grain weight, were greater than dominance
variance (02 D) and relative importance of SCA%, respectively for these characters.
These results indicate that the former characters were largely governed by
additive gene action. The importance of the additive gene action for the inheritance of
these traits was in agreement with the findings of Lokaprakash et a/{1991), Sharma
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and Koranne (1995), El Mowafi (2001) and El Mowafi (2003). On the other hand, high
estimates of dominance genetic variance and its relative magnitude of SCA% were
found to be more than those of the additive variances for the rest of the characters,
such as panicle length, productive tillers plant™, panicle weight, filled grains panicle™,
spikelets fertility %, and grain yield t/ha. These results indicate that dominance
variance played a major role in the inheritance of these characters which are in
general agreement with the results reported by Ramalingram ef &/ (1997) and El-
Mowafi (2003).

Hybrids for recombination breeding:

Recombination breeding makes use of fixable additive gene action. To get
outstanding recombinants in segregating generations, the parents of hybrids must be
good general combiners with the SCA effect should not be significant because
selection of superior recombinants will be hindered by significant SCA effect. Therefore
it will be useful to select only such hybrids with nonsignificant SCA effects and having
parents with significant GCA effects (Nadarajan, 1986 and Devaraj and Nadarajan,
1996). Based on the aforesaid considerations, the 50 hybrids were evaluated for
recombination breeding. For each of the biometrical traits studied, the lines and
testers with significant GCA effects, possible cross combinations and the promising
crosses for recombination breeding are presented in Table (13). Overall, the best
crosses were IR 68888A/Giza 178R (for earliness), IR 68885A/Giza 178R (for short
stature), IR68885A/GZ5121R (for productive tillers plant™), IR 58025A/Giza 178R (for
panicle weight, filled grains panicle, spikelets panicle, and grain yield) and IR
70368A/Giza 181R (for 1000-grain weight and spikelet fertility).



Table 10. Best hybrid combinations for grain yield along with their heterosis, yield acvantage, standard heterosis, specific combining ability
(SCA) and general combining ability (GCA) of their male and female parents

Hybrid combination Grain Yield advantage Standard SCA GCA effect GCA effect of
yield T/ha heterosis effect of female male (Tester)
T/ha SH % (Line) :
IR 70368 A/Giza 181 R 13.920 3.428** 32.7%* 1.075%* -0.109 0.159%*
IR 58025 A/GZ 5121 R 13.832 3.340** 31.8%* 0.623%* 0.204%* 0.254%*
IR 68885 A/GZ 5121 R 13.717 3.225%* 30.7%* 1.329%* -0.559** 0.254**
G46 A /IR 25571 R 13.643 3.152%* 30.0%* 1.457%% 0.267%% -0.737%*
G456 A /Giza 182 R 13.573 3.081** 29.4%* 0.678** 0.267%* 0.007
IR 58025 A/Giza 181 R 13.511 3.019%* 28.8%* 0.557%* 0,204** 0.159%*
IR 68899 A/GZ 5121 R 13.481 2.989** 28.5%* 0.370* 0.281%* 0.254**
IR 68902 A/GZ 5121 R 13423 2.931%* 27.9%* 0.534** -0.089 0.254%*
G46 A /Giza 178 R 13.288 2.796%* 26.6%* 0.227 0.267** 0.315%*
IR 68899 A/IR 25571 R 13.084 2.592%* 24.7%* 1.164** 0.281** -0.737%*
IR 58025 A/Giza 178 R 12.999 2.507%* 23.9%* 0.146 0.204** 0.315%*
IR 69625 A/Giza 178 R 12.999 2.507** 23.8%* -0.131 0.474%* 0.315**
IR 69625 A/Giza 181 R 12.798 2.306%* 22.0%* -.070 0.474** 0.159%*
IR 68888A/Giza 178 R 12.499 2.007** 19.1%* -0.416** 0.515%* 0.315**
IR 69625 A/Giza 182 R 12.491 1.999%* 19.1%* -0.071 0.474** 0.007
Average (Hybrids) 13.384 2.792 26.6 - - -
Giza 178 (Check) 10.492 Local inbred check
LSD 5% - 0.820 - 0.293 0.131 0.092
1% - 1.080 - 0.386 0.172 0.121

* **  Significant at 0.05 and 0.01 levels probability, raspectively.
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Table 11. Phenotypic correlation coefficients among standard heterosis (SH) and each of specific combining ability effects (SCA) and general

combining ability effects (GCA) of female and male parents for studied characters

Panicle

1000-grain

Headmg Plant Panicle Productive - . C

: : - : Filled grams Spikelets Spikelet ; Grain yield
date height length illers plant” | weight s Ty O weight
Parameters days) (cm) (cr) ¥ (a) panicle™ panicle fertility % (q) t/ha
SCA effects 0.577%*% | 0.548** | 0.754** | 0.714** 0.732** 0.232 0.231 0.762** 0.394** 0.790%*
GCA of female parent 0.426** | 0.547** | 0.315%% | 0.555%* 0.259%* 0.335* 0.676%% | 0.636%* | 0.639%* 0.464**
GCA of male parent 0.620%* | 0.608** | 0.556** | 0.416%* 0.287* 0.347* 0.425%* | 0.179 0.632%* 0.398%*
*, *¥* Significant at 0.05 and 0.01 levels probability, respectively
Table 12. Genetic parameters for 10 economic traits of hybrid rice

- . . - Grain
Heading Plant Panicle | Productive Panicle | Filled Spikelet 1000-grain :
: - Splkelets o ; yield
date height length ilers plant” | weight rains fertility weight

Parameter (days) (cm) (cm) tf (@) 9 ganlcle 1 | panicle™ % (g) t/ha
Additive variance (g? F}) 15.62 32.38 0.42 1.44 0.08 63.19 178.35 2.81 2.67 0.17
Dominant variance (o 8.72 18.75 0.99 2.56 2.23 74.23 100.19 6.15 0.86 0.79
Environmental varlanc (g 3.22 2.05 0.81 2.92 0.15 280.67 379.07 12.42 0.07 0.09
Genotwlc variance (o 3 24.34 51.13 1.41 3.99 2.30 137.42 278.53 8.96 3.52 0.96
Phenotypic variance (o ? 2 27.56 53.18 2.22 6.91 2.45 418.09 657.61 21.38 3.59 1.05
Broad sense heritability % 88.33 96.14 63.48 57.82 94.08 32.87 42.36 41.92 98.11 91.61
Narrow sense herltablhty (h ) % 56.67 60.89 18.96 36.97 3.18 15.11 27.12 13.16 74.29 16.12
Relative importance of gca % * 64.16 63.33 29.87 26.05 3.38 45.99 64.03 31.38 75.73 17.59
Relative importance of sca % ** 35.84 36.67 70.13 72.96 96.62 54.01 35.97 68.62 24.27 82.41

*, ** Relative importance of gca = 62 A/ 0? G x 100

and Relative importance of sca = [3? D / [0 G x 100, respectively.
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Table 13. Hybrids for recombination breeding

. GCA effect Good combining GCA effect Promising crosses for SCA
Character Good combining line . o )
of line tester of tester recombination breeding effects

IR 68888 A | -2.89** | Giza 178 R -2.84%* IR 68888 A/Giza 178 R -0.91 ns
Heading date (days) IR 68888 A -2.89%* IR 25571 R ~3.46%* IR 68888 A/IR 25571 R 146 ns
IR 68885 A -7.80%* | Giza 178 R -4.11%* IR 68885 A/Giza 178 R 0.73 ns
Plant height (cm) IR 68885 A 1.98** |[GZ5121R 1,4G%* IR 68885 A/GZ 5121 R 0.18 ns
Productive tillers plant™ IR 58025 A 0.60** { Giza 182 R 0.28%* IR 58025 A/Giza 182 R -0.33ns
Panicle weight (g) IR 58025 A 0.60** | Giza 178 R 0.16** IR 58025 A/Giza 178 R -0.34 ns
IR 70368 A 0.36%* | Giza 182 R 0.28** IR 70368 A/Giza 182 R -0.30 ns
1R 58025 A 17.80%* | Giza 178 R 5.07 IR 58025 A/Giza 178 R -4.69 ns
Filled grains panicle™ IR 58025 A 31.05** Giza 178 R 7.58+* IR 58025 A/Giza 178 R -0.39 ns
Spikelets panicle™ IR 69625 A 3.78** Giza 181 R 1.59%* IR 69625 A/Giza 181 R -2.59 ns
Spikelet fertyility % IR 70368 A 1.87%% Giza 181 R 1.59%* IR 70368 A/Giza 181 R -1.75ns
IR 70368 A 1.45%* | Giza 181 R 0.91%=* IR 70368 A/Giza 181 R 0.13ns
1000-grain weight (g) IR 68888 A 0.52** | GZ5121R 0.25%* IR 68888 A/GZ 5121 R -0.08 ns
Grain yield (t/ha) IR 69625 A 0.47** | Giza 178 R 0.32%* IR 69625 A/Giza 178 R -0.13ns
IR 58025 A 0.20%* | Giza 178 R 0.32** IR 58C25 A/Giza 178 R -0.15 ns

* **x . Gignificant at 0.05 and 0.01 levels probabitity, respectively.
ns : Not significant .
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