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Abstract

This investigation was carried out to evaluate the manifestation
of heterosis for eleven agronomic, yield and its components and
panicle traits. Five parental lines were utilized to produce 20
hybrids, three of them were maintainer of the CMS lines,
i.e.JR58025B, IR69625B, IR68B8B6B. The other two parental lines
were Egyptian varieties identified as good restorers viz. Giza 178R
and Giza 182R.The hybrids were obtained in a complete diallel
crosses of five lines evaluated for different traits. The highest
heterosis values versus better parent (B.P.)% of 88.3% was
regarded for grain yield plant® followed by panicles plant?
(75.66%) and tillers plant® (69.38%). The highest mid-parants
(M.P.)% heterosis values were observed for the same previous
traits, respectively. On the other hand, the highest standard
heterosis(S.H.)% of 83.8% was observed for tillers plant™, followed
by grain vield plant™ (80.42%) and panicles plant™ (77.83%).

Evaluation of hybrids for heterosis breeding based on six
considerations, mean performance B.P., M.P, and 5.H.%, SCA and
GCA effects of female or male parent indicated that out of 20
hybrids studied that Giza 178R x IR68886B, Giza 182R x IR68886B,
Giza 182R x Giza 178R and the reciprocal hybrids Giza 178R x Giza
182R and IR68886B x Giza 178R were the most promising ones for
grain yield plant® and most of the studied traits. The combinations
involving the restorer lines Giza 178R and Giza 182R and the
maintainer line IR68886B were the most promising ones for
commercially exploit heterosis.

INTRODUCTION

Success of heterosis breeding in several self fertilizing species prompted
scientists to study the prospects of its application in rice as well. With the serious
limitations of strictly self fertilizing nature of rice and the absence of a useable form of
male sterility, research continued, however, with no tangible results until the Chinese
scientists surprised the world by releasing the first commercial hybrids in 1976.
(Dwivedi ef af, 1998). These hybrids were capable of out yielding the best non-hybrid
varieties by 25-30% (Lin & Yuan, 1980).

The need of further studies on heterosis and combining ability for yield and
cther agronomic traits as one of the important objectives of research for the
development of acceptable hybrids,(Yuan and Virmani, 1986). Therefore, the present

study was suggested to study heterosis and some other genetic parameters for some
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economic characteristics on a complete diallel crosses of five rice varieties under

Egyptian conditions.
MATERIALS AND METHODS

The genetic materials used in this investigation were five parental lines, three
of them were IRRI lines used as maintainers in the international hybrid rice program,
and the other two lines were Egyptian commercial varieties identified as good
restorers .The parental fines and their most important information are presented in
Table (1). Complete diallel crosses were made between the parental lines to obtain 20
F1 hybrids. Al parental lines and their F; hybrids were evaluated in a randomized
complete block design with three replications, at the Rice Research and Training
Center Farm, Sakha Kafr El-Sheikh, Egypt in 2002 rice season. Each replicate consisted
of 130 rows, where five rows were devoted to each parent, F; hybrid and the standard
variety. The rows were five m. long with a spacing of 20 x 20 cm. Observations were
recorded on 10 random plants for all the studied traits. These traits were agronomic
traits i.e. heading date, plant height and tillers plant™, yield and its component traits
i.e. grain yield plant”, panicles plant”, filled grains panicle” and 1000-grain weight,
and panicle traits i.e. panicle length, panicle weight, spikelets panicle and spikelets
fertility %. Analysis of combining ability were done according to Method I Model I of
Griffing (1956}, Heterosis effects were expressed as percentage deviation wversus
better (high) parent (Heterobeltiosis), mid-parents (significant heterosis), and the
standard check variety Giza 178R (standard heterosis).

Table 1. Parentage, origin and salient features of the maintainer and restorer lines
used for the study

No.1 Designation Parentage Qrigin Salient features
1 IR58025B | IR48483A/8*PUSA 167-120- | IRRI Indica type, late maturing, maintainer for the
3-2//PUSA 167-120-3-2 CMSs line IRSB025A line, extra long grain, low
amylose content and strong aroma
2 IR68886B - IRRI Indica type, late maturing, maintainer for the

CMS line IR68886A, long grain, med. amylose
content and strong aroma

3 IR696258 - IRRI | Indica type, med. earty maturing, maintainer for
the CMS line IR 696254, med. grain type and
med. amylose content

4 | Giza 178 R Giza 175/Milyang 49 Egypt Indica-Japonica type, early maturing, short

statured, tolerance to salinity, short grain, good

grain quality, high yielder and good restorer for
cytoptasmic male sterile lines{ CMS).

5 | Giza 182 R | Giza 181/IR39422-163-1-2// | Egypt Indica type, new released variety, early

Giza 181 maturing, semi-dwarf, long grain, resistance to

blast, high yielder and good restorer for
cytoplasmic male sterile lines (CMS).
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RESULTS AND DISCUSSION

Analysis of variances presented in Table 2 showed significant differences
among the 25 genotypes (20 F, hybrids and their five parents) for all the studied
traits. The crosses showed significant differences for all traits. In the same time, the
parents showed significant values for all the studied traits except for grain yield plant’
1 and panicle weight. The mean squares of parents vs crosses estimates, as an
indication to average heterosis overall hybrids, were found to be highly significant for
most of the studied traits.

Table 2. Analysis of variance and mean squares of genotypes, crosses, parents
andparents vs crosses for all studied traits.

SV Agronomic traits Yield and its component traits Panicle traits

Heading | Plant | Tillers | Grain | Panicles | Filled | 1000- | Panicle{ Panicle | Spikelets | Spikelet
dF.| date height | plant® | vyield | plant® | grains { grain | length | weight | panicle® ] fertitity
(days) | (cm) plant™ panicle? | weight | (cm) | (g} (%)

)] (g)

Reps. 2 | 4.222* | 26.59* § 0.1136 | 55.20 7.42 174.3 |1.597*] 0.682 | 1.121* 361.0% | 14.53
Genotypes | 24 | 58.08* | 77.51* § 772.97* | 537.2*% | 66.65*% | 1272.7*% | 15.22* [ 5,742*% | 0.649* [ 2930.4* | 188.3*
Crosses (C) [ 19 { 37.89* | 55.94* | 30.05* | 404.6* | 29.51*% | 1063.4* | 15.27* | 4.197* | 0.523* 2617.9% | 215.2%
Parents (P} | 4 | 90.93* | 103.6* | 46.96* | 18.65 | 50.23* | 1310.3* [ 18.53* [ 6.349* | 0.418 4088.2* | 85.58*

PxC 1 | 310.2%% | 282.8%* [1112.5%%5132.2%*{838.01**]15099.3**] 1.100* |32,66™*(3.958**| 4238.3**| 88.22*

Error 48 | 0.9629 5.77 2.99 33.50 } 4.128 54.7 0.209 { 0,499 | 0.125 66.10 14.18

*, *#*: Significant at 0.05 and 0.01 levels of probability, respectively.

The mean performances of the five parental lines and their 20 F, hybrids including
reciprocals for ali the studied agronomic, yield and its components, and panicle traits
are presented in Table 3.

It could be noticed that most of the F, hybrids mean values of the agronomic
traits i.e. heading date, plant height and tillers plant® were tended to the direction of
the earlier, taller and higher tillering parents. This finding suggested that earliness,
taliness and the highest tillers plant™ were dominant over lateness, the shortness and
lowest tillers plant™, respectively. On the other hand, heading date of four hybrids,
plant height of six hybrids and tillers plant® of one reciprocal hybrid were
intermediate between the two parents involved.




172 STUDIES ON HETERQSIS OF SOME MAINTAINER AND RESTORER LINES FOR
CYTOPLASMIC MALE STERILE SYSTEM IN HYBRID RICE,

Table 3. Mean performances of the five parental lines and their F; 5 x 5 diallel
analysis including reciprocal hybrids.

Gerotype Agronomic quﬂs Y}M its component traits __Panicle traits
Heading | Plant | Tillers {Grain yield Filied grain | 1000- | Panicle Panicle Spikelet
date height { plant* fplant? (g){ Panicles panicle™ grain tength weight | Spikelets | fertility
{days) | (cm) plant? weight cm Q) panicie (%0}
(@)

PRSBDZSB 104.33 | 100.33 | 30.44 43.19 20.64 175.93 20.61 24.07 4,20 230.60 76.35
[IRGB886B 107.67 | 104.33§ 27.57 41,97 25.98 153.60 23.81.| 2540 4.12 206.73 74.36
TRE9625B 97.00 101.27 | 30.44 43.25 21.75 126.28 24.42 22.60 3.93 148.27 85,38
jGiza 178R 96,00 92.33 | 2270 44.50 21.47 134.85 20,91 21.87 331 172.68 81.12
[Giza 182R 9567 | 90.93 | 20.8¢ | 38.02 19.50 126,53 26.51 22,33 360 146,53 86.43
R580258 x IR688868 | 102,33 | 104.80 | 3633 | 55.39 33.08 156.67 20.14 | 25.33 4.47 245,00 63.82
REBBBOB x TR58025B | 103.33 | 109.40| 3633 | 61.60 33.25 153.73 2279 | 26.13 4.30 236.53 65.09
R5B0258 « IR696258 | 94.00 | 103.67 | 37.67 | 63.07 30.20 165.13 2540 | 26.33 4.30 180.67 91.44
R69625B x [R580258 | 10033 | 105.11| 29.57 | 45.78 27.03 164.93 24.87 | 23.13 4.37 183.48 89.%4
R58025B x Giza 178R 57.00 104.60 [ 35.07 65.58 32.11 165.25 20.43 24.20 3.85 215,75 76,73
iza 178R x IR580258 594.00 104,27 | 31.87 66,14 30.80 171.60 21.2% 2307 4.66 186.27 92.19
R5B80258 x Giza 182R 92.67 | 104.47 | 33.00 65.95 31.53 183.40 2417 26,47 4,71 221.30 82.88
iza 182R x IR58025B 95.67 93.13 | 32.03 57.76 30.67 120.47 25.28 23.60 3.69 141.20 85,55
RG8886B x [RH258 55.00 110.33 | 3441 67.33 3317 149.07 25.15 24.40 4.2 192.67 77.58
R656258 x [RG88868 | 93.67 | 104.63 ) 30.98 | 5442 29.60 164.93 2497 | 25.07 4,52 183.80 89.86
[RGBBBGB x Giza 178R | 96.00 | 107.17 | 41.72 | 78,22 37.08 178.47 2003 | 2540 4.59 221.60 80.50
iza 178R x IR68386B | 9233 | 104.40| 39.77 | 80.28 38.18 212.60 20,00 { 25.67 5.29 254.40 83.60
RG6B386E x Giza 182R 95.00 | 105.43 | 32.54 69.29 26.24 184.70 25.62 26.40 4.59 232,80 79.30
IGiza 182R x [R68386B 93.67 106.60 | 36.13 79.03 3257 177.53 26.35 26,53 5.35 222,60 79.73
[R69625B x Giza 178R 92.67 106.27 | 32.77 76.47 30.61 166.73 24.68 23.40 4.48 178.33 93.48
[Giza 178R x IR69625B 94.00 100.80 [ 35.02 73.74 33.53 170.13 23.34 23.40 4,34 183.67 92.56
[IR696258 x Giza 182R | 97.00 | 100.28 | 31.00 | 51.76 29.87 162,50 2152 1 24.00 4.12 188.40 86.34
Giza 182R x IR69625B | 91.00 | £01.20 | 32.69 | 68.10 30.59 159.00 27.08 { 2507 4.34 170.47 83,25
Giza 178R x Giza 182R | 9133 97,93 | 3845 78.64 3771 157.50 24.23 25.47 3.92 188.00 83.74
Giza 1B2R x Giza 176R { 90.00 95.27 | 33.77 74.15 32.88 136.73 24.48 25.00 3.89 168.20 81.23
C.D 5% 161 3.94 2.84 9.51 3.33 12.15 0.750 1.16 0.579 13.3% 6.18
1% | 2195 526 | 3.79 12.68 4.45 1620 | 10002] 155 0.773 17.80 8.25

Concerning yield and its component traits, complete to over-dominance was
observed in all or most of the hybrids towards the higher grain yield plant™, higher
number of panicles plant!, higher number of filled grains panicle. However, seven
hybrids out ofshowed the dominance effects towards the heavier 1000-grain weight.
On the other hand, the rest of the hybrids were intermediate between the parents
involved for filled grains panicle® and 1000-grain weight. However, few crosses
exhibited dominance effect towards the lower parents(one reciprocal hybrid for filled
grains panicle™ and five for 1000-grain weight) . With respect to panicle traits i.e.
panicle length, panicle weight, spikelets panicle’ and spikelet fertility percentage,
panicle length and panicle weight in most of the F; hybrid values were longer and
heavier than their two corresponding parents. These findings suggested the presence
of overdominance for long and heavy panicle, over the short panicle and low panicle
weight. For aforenamed traits, the rest of the hybrids were intermediate between the

two parents involved. For spikelets panicle™ and spikelet fertility percentage, out of 20
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crosses, seven and ten crosses were intermediate to their respective parents for the

spikelets panicle and for spikelet fertility%, respectively. However, the F, means of

the eleven hybrids for spikelets panicle® and eight for spikelet fertility % tended

toward the highest parents, while one hybrid only for spikelets panicle* and two for

spikelet fertility% were tended toward the lowest parents.

A range of heterosis over the better parent, mid-parents and standard variety

Giza 178R

yield and its components and panicle traits (Table 4).

was observed in hybrids of maintainer and restorer lines for agronomic,

Table 4. A range of heterosis over the better parent, mid-parents and standard
variety for all the studied traits.

Better parent heterosis

Mid-parent heterosis

Standard heterosis

Trait (heterobeltiosis)
% No % No %% No
i traits:
Heading date( days) A-593tc3.43 20 |A-933t00.69 20 FA-6.25t07.63 20
B 343 1 8 - - 1B4.51t07.63 3
C-1.92t0-5.93 13 |C-2521t0-9.33 18 [C-2.08t0-6.25 11
Plant height {(cm) A242t017.23 20 {A-261t09.78 20 [A0.87to 19.49 20
B4.45t017.23 17 |B3.97t09.78 16 [ B6.06to 19.49 18
C - - C - - |C - -
Tillers plant™ A-2.861t06938 20 {A1042t076.78 | 20 (A 30.26t083.79 | 20
B 12.38 to 6938 16 |B10.42t076.78 | 20 (B 30.26tc83.79 | 20
c - 1 |c - - |C - -
Yiel i
Grain yield plant? (g) A 5.85 to 88.30 20 |A5.92to97.60 20 {A2.88t080.42 20
B 25.83 to 88.30 18 |B27.38t097.60 | 19 |B22.29t080.42 | 18
C - - C - - |C - -
Panicles plant® A -8.84 10 75.69 20 |AS.17t084.18 20 |A22.22t077.83 | 20
B 12.42 to 75.69 12 |B15.39to 84.18 19 | B 22.22 0 77.83 20
C - - C - - |C - -
Filled grains panicle™ A-31.521t038.41 20 jA-20.34t04490 | 20 |A-1386tc52.02| 20
B 12.62 to 38.41 9 |B8.68to44.90 14 |B-9.92to 52.02 17
C-1095t0-31.52| 3 |C-66%9t0-20.34| 2 |C -13.86 1
1000-grain weight (g) A -16.00 to 18.82 20 [A-1547t01284 | 20 [A-436t029.51 | 20
B 4.01 to 18.82 2 [(B3.00to12.84 10 |B8.94 to 29.51 14
C-33610-16.00 10 |C-932t0-1547 1 4 [C-3.68t0-4.36 3
Panicle traits
Panicle length {cm) A 415 to 14.06 20 1A -0.86t015.25 20 [A549tp 21.31 20
B 9.39 to 14.06 5 |(B4.46to015.25 15 |B5.491t021.31 20
C - - |C - - 1€ - -
Panicle weight {g) A-12.16 t0 29.95 20 |A-5.38t042.59 20 {A1158to62.12 | 20
B 28.49 to 29.95 2 |B15.42to04259 9 |B17.61to62.12 | 19
C - - C - - |C - -
Spikelets panicle™ A -38.77 to 27.06 20 |A-2512t034.11 ] 20 |A-18.23t047.32| 20
B 6.24 to 27.06 9 [B6.99to34.11 14 | B 7.86to 47.32 12
C -6.44 to -38.77 7 C-7.62 to-25.12 2 |C -18.23 1
Spikelet fertility % A -16.41 to 13.65 20 [A-1530t017.09| 20 |A-21.33t015.24] 20
B 7.89 to 13.65 4 |B7.54t017.09 8 |B10.77to 15.24 7
C-7.75t0 -16.41 5 C-1362t0-1530( 2 [C - 1976 to { 2
21.33

A= Overali range

B = Positive significant range

C = Negative significant range
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The summarised information on the number of hybrids showing significant
heterosis and range of heterosis over B.P., M.P. and S.H.% are given in the same
Table. Heterosis was observed for all studied traits but the magnitude was varied,
according to the kind of hybrids and traits. The highest better parent heterosis of
88.30% was observed for grain yield plant® followed by panicles plant® (75.69%),
tillers plant™ (69.38%), filled grains panicle™ (38.41%), panicle weight (29.95%) and
spikelets panicle (27.06%). The highest mid-parents heterosis of 97.60% was
observed for grain yield plant™ followed by panicles plant™ (84.18%), tillers plant™
(76.78%), filled grains panicle™ (44.90%), panicle weight (42.59%), and spikelets
panicle™ {34.11%). The highest standard heterosis of 83.79% was observed for tillers
plant® followed by grain vield plant? (80.42%), panicles plant (77.83%), panicle
weight (62.12%), filled grains panicle™ (52.02%), spikelets panicle™ (47.32%) and
1000-grain weight {29.51%). These resuits are in agreement with many authors,
among them Patel et al.  (1994), Dwividi et a/. (1998), Mishra and Pandey (1998),
Mamta et a/. (1999), Rajesh and Singh (2000), El-Mowafi (2001), El-Refaee (2002), EI-
Mowafi and Abou Shousha (2003), El-Mowafi et &/ (2003) and Hammoud (2004).
They have also reported high heterosis for most of the studied traits under this
investigation.

Tables 5,6 and 7 revealed undesirable positive or highly significant heterotic
values towards tallness except the reciprocal hybrid Giza 182R x IR58028B for MP
heterosis which showed insignificant and negative value. Similar results were obtained
by El-Mowafi (1988), and El-Refaee (2002).

The magnitude of heterosis in F, hybrids is related not only to the performance
of parents per se but also to the genetic diversity between two parents. Positive as
well as negative B.P., M.P. and 5.H.% were observed for all the traits (Tabies 4, 5
and 6). Thirteen of the hybrids flowered earlier than their early parents. There were
also instances of the hybrids flowering later than late parents but with no significant
for the hybrids except only one. Among the earlier, the hybrid Giza 182R x Giza 178R
exhibited highest significant heterosis of -5.93% over the better parent, -6.08% over
mid parents and -6.25% over standard variety for eariiness. Four other hybrids viz.
Giza 178R x Giza 182 R, Giza 182R x IR69625B, Giza 178R x IR68886B and IR580258B
x Giza 182R also manifested B.P., M.P. and S.H.% for earliness. As regards of plant
height, it was found that the hybrids were mostly tall in height to be classified into
either medium tall or tall types. Some hybrids were medium tall types, which with high
grain yield would meet the dual purposes of straw and increased production in hybrid

rice culture.



Table 5. Heterobeltiosis (B.P.) of F; hybrids for aill the studied traits.

Agronomic traits

Yield and its component traits

Panicie traits

Hybrid Heading Plant Tillers | Grain yield | Panicles Filled 1000-grain | Panicle | Panicte | Spikelets | Spikelet
date height | plant® | plant® (g) | plant? grain weight length  [weight (g)| panicle™ | fertility
{days) (cm) panicle? (g) (cm) (%)
IR58025B x IR688868 -1.92% 4.45% | 19.35%% | A45.83%* 11.57% |-10.95%*{ -1541%%* -0.27 6.40 6.24% | -16.41%*
IR68886B x IR58025B 0.96 0.04** | 19 35%* 5.85 12.14* | -12.62%* | -4.28** 2.87 2.36 2.57 -14.75%*
IR58025B x [R69625B -3.09%* 3.33 23.75%% 28.25% 1.85 -6.14 4.01% 9.39%* 2.85 |-21.65%* 7.10
IR69625B x IR580258B 3.43** 4.77* -2.86 42.63** -8.84 -6.25 1.84 -3.90 4.02 |-20.43%* 5.34
IR58025B x Giza 178R 1.04 13.29%* | 15.21%*% | 47.38%* B.33 -6.07 -2.29 0.54 -5.97 -6.44* -5.41
Giza 178R x IR58025B -2.08*% | 12.93** 4.70 48.63%* 3.88 -2.46 1.63 -4.15 10.92 [ -19.22** | 13.65%*
IR58025B x Giza 182R -3.13** | 14,89** 8.41 57.14%* 6.34 4.25 -8.B3%* 9.97%* 12.12 -4.03 -4.11
Giza 182R x IR58025B 0.00 2.42 5.22 37.62%* 3.44 -31.52%* -4.64%* .-1.95 -12.16 | -38.77%* -1.02
IR68886B x TRI625B -2.06* | B.95*¥* | 24.84%* [ 55 68%* | 27.71%* -2.95 2.99 -3.94 2.02 -6.80% -9.13%
IR65625B x IR688386B -3.43** 3.32 12.38* 25.83* 11.62 7.38 2.25 -1.30 9.79  }-11.09%* 5.25
IR68886B x Giza 178R 0.00 16.07%* | 51.32%* | 75, 77%% | 42.72%% | 16.19%* | -1587** 0.00 11.49 7.19* 0.76
Giza 178R x IR68886B -3.82%% | 13.07%* | 44.25%* | 80.40%* [ 46.96%* | 3B.1** | -16.00%* 1.06 28.49%* | 23,06%* 3.06
IR68886B x Giza 182R -0.70 15.95%* | 18.03*%* | 65.09** 1.00 20.25** -3.36% 3.94 11.49 | 12.61** | -B.25*
Giza 182R x IR68886B -2.09% | 17.23%* | 31.05%* | 88.30%* | 26,90%* | 15.58** -0.60 4.45 29.95** | 7.68% -7.75%
IR69625B x Giza 178R -3.47*%% | 15.09%* | 41.68%* | 71.84%* | 40.72%* | 19,22** 1.06 3.54 13.99 3.27 9.49*
Giza 178R x IR69625B -2.08* 9.17%* | 51.40%*% | @5.71%* | 54,00%* | 21.65%*F | -4.42%* 3.54 10.43 6.36 8.41*
IR69625B x Giza 182R 1.39 10.28** | 34.02%* 19.68 37.27%% | 28.43%* | 18.82%* 6.19 4.83 27.06%* -0.10
Giza 182R x IR69625B -4.88*%*% | 11.29%* | 41 33%*% | 57.46** | 40.58** | 25.66** 2.15 10.93** 10.43 | 14.97** 7.89%
Giza 178R x Giza 182R -4.54%*% | 7.69%F 1 §9.38%*k | 76.72%* | 75.69%* | 12.62%* | -8.60%F | 14.06%* 8.86 8.87* -3.11
Giza 182R x Giza 178R -5.03*%* | 4.77% | 48.B1** | 66.63** | 53.19** -2.23 -4.66** 11.96%* 8.02 -2.59 -6.02
C.D 5% 1.61 - 3.94 2.84 9.51 3.33 12.15 0.750 1.16 0.570 13.35 6.18
C.D 1% 2.15 5.26 3.79 12.68 4.45 16.20 1.0002 1.55 0.773 17.80 8.25

*, **: Significant at 0.05 and 0.01 levels of probability, respectively.
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Table 6. Mid-parents heterosis (M.P.%) of F, hybrids for ali the studied traits.

Agronomic traits

Yield and its component traits

Panicle traits

Heading | Plant Tilers | Grain yield { Panicles | Filled grain | 1000-grain | Panicle | Panicle | Spikelets | Spikelet
Hybrid date height | plant® | plant® (g) | plant® | panicle? | weight (g) | fength | weight | panicle™ | fertility (%)
(days) | (cm) . {cm) (9)

IR58025B x IR688868 -3.46** | 241 | 25.27** | 45.93*%* | 18.95%* -4.91 -9,32%* 2.43 7.45 12.05%* | -15.30**
IR68886B x IR580258 <2.52%% | 6.91%* | 2527%* 5.92 19.56** 1 -6.69* 2,61 5.66** 3.36 B.17** -13.62%*
IR580258 x IR69625B 6.62%* 2.85 |[40.66** | 30.08** | 17.51%* 9.28* 12.84*%*% | 12.86%* | 584 -4.62 13.08**
IR69625B x IR58025B -0.33 4.28% | 10.42*% | 44.67%* 5.17 9.15* 10.48** -0.86 7.63 -3.14 11.23%*
IR58025B x Giza 178R -3.15%* | 8.58%* | 31,99%% { 49.58** | 2566** 4.66 -1.59 5.35% 5.33 6.99* -2.54
Giza 178R x IR58025B -6.15%* | B24%* | 19.95%* | 50.85%* | 20.50%* 8.68* 2.36 0.43 | 24.27%% | -7.62* 17.09%*
IR58025B x Giza 182R -7.33%x | 9.24%x | 28.80%% | 62.42%*% [ 2B8.33%* | 2127%* 2.59 14.09%* | 20.77%*% [ 17.36%* 1.83
Giza 182R x IR58025B -4.33%% [ 2,61 | 25.01%* § 42.25%% | 24 83%* | -20.34** 7.30* 1.72 -5.38 | -25.12%* 5.11
IR68886B x IR9625B -7.16%*% | 7.32%* | 3578%*% | 58.01** | 39 00** 6.52 4.31%* 1.67 4.48 8.55* -2.87
1R69625B x IR68886B -8.46%* 1.78 22.21%* 27.72%% 1 21.49%* | 17 .86** 3.57* 4.46* 12.44 3.55 12.51**
IR68886B x Giza 178R -B.72%% | 809** | §6.02%* | B80.92%* | 56.32%*% | 21.64%*% | -10.42%% | 7.49%* | 23 72%k | {6 8a*x* 3.55
Giza 178R x IR68336B -9.33%% | 6.17*%* | 58.26%* | B85.68%* | 60.96%* | 44.90%*% | -10.55%% | B.63** | 42.59%* | 34.11** 7.54*
IR6B8886B x Giza 182R -6.56%* [ 7.99%% | 34 57%k | 73.25%x | 1539%* | 3] .98** 1.83 -10.64** | 18.91%* | 31 80** -1.36
Giza 182R x IR68886B S7.87%F | 919%% | 45.42%% | Q7 60%* | 44.99%* | 26.86** 4.73%% 1 11.19%* | 3B.60%* | 26.03** -0.82
IR69625B x Giza 178R -3.97*%% | 9.78%* | 43.04%* | 74.29%* |[41.69%*% | 25.30** 8.91%* 5.26% | 23.76%* | 11.13** | 12.29%x*
Giza 178R x IR69625B -2.50%% [ 413*% | 52.86%* | 6B.07** |55.16%* | 27.86** 3.00%* 5.26% | 19.89*%* | 14.46%* | 11.18%*
IR69625B x Giza 182R 0.69 4.35% 141.16%% | 27.38%*% |44.79%* | 28.56** -15.47%% | 7.43%* 9.57 27.81%* 0.51
Giza 182R x IR69625B -5.53%% [ 5.31%* | 48.86%* | £7.59%* |48,28%* | 25 79%* 6.36%* | 11.62%* [ 15.42% | 15.65%* B.56**
Giza 178R x Giza 182R -4.69%*% | 6.87** | 76.78%* ; 00.60** | 84.18%% | 18.25%* 2.19 15.25%*% | 13.62 | 17.79%* -0.03
Giza 182R x Giza 178R -6.08%* [ 3.97* | 55.31%* | 79.71** | 60.59** 2.66 3.25% 13.12%* | 12.75 5.39 -3.03

C.D 5% 1.39 3.42 2.45 8.23 2.89 10.52 0.649 1.005 0.502 11.56 5.35

C.D 1% 1.86 4.56 3.28 10.98 3.85 14.03 0.866 1.34 0.669 15.42 7.14

* **: Significant at 0.05 and 0.01 levels of probability, respectively.
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Table 7. Standard heterosis (S.H.%) of F; hybrids for all the studied traits.

IAYH-13 agY ANV TdVMOW-13

Agronomic traits Yield and its component traits Panicle traits
Hybrid Heading |[Plant height| Tillers | Grainyield | Panicles |Filled grain| 1000-grain | Panicle | Spikelets | Spike let
date (days)]  (cm) plant® | plant® (g) { plant?® panicle™ weight [length (cm)} panicle™ |fertility (%)
(9)
IR58025B x IR68886B 6.59%* 13.50%*% | 60.04%* 41.74%% 54.07%* 12.03%* -3.68* 15.82%*% | 41.88%* | -21,33%*
IR68886B x IR580258 7.63%* 18.49** | 60.04** 2.88 54.87%* 9.92* 8.94** 19.48** 36.97* -19.76%*
IR58025B x IR69625B -2.08* 12.28%*% | £5.95%* 24.47%* 40,66%* 18.07** 21.47%* 20.39** 4.62 12.72%*
IR69625B x IR580258 4,51** 13.85%* | 30.26%* 38.44** 25.89%* 17.93%* 18.89%* 5.76* 6.25 10.87**
IR58025B x Giza 178R 1.04 13.29%% | 54.49%* [ 47 30%* 49.60%* 18.16%* -2.29 10.65%* | 24,94%* -5.40
Giza 178R x IR58025B -2.08* 12.93%* | 40.39%* 48.63%* 43,45%* 22.70** 1.63 5.49% 7.86% 13.66%*
IR58025B x Giza 182R -3.47%* 13.15%* | 45.37%* 48.21%* 46.85%* 31.14%* 15.54%* 21.03%* | 28.16%* 2.17
Giza 182R x IR58025B -0.34 0.87 41.10** 29.80%* 42.85%* | -13.86** | 20.90** 7.91*% | -18.23** 5.46
IR68886B x IR9625B -1.04 19.49%* | 51.63** 51.32%x* 54.54%* 6.59 20.28%* 11.57%*% | 11.57** -4.36
IR65625B x [R68886B -2.43%% 13.32%* | 36.47** 22.29% 35.07** 17.93%* 19.37%* 14.63** 6.44 10.77%*
IR68886B x Giza 178R 0.00 16.07%* | 83.79%* 75.79%* 72.71%* 27.61%* -4.36% 16.14%* | 28.33%* -0.76
Giza 178R x IR68886B -3.82x* 13.07** | 75,19%* 80.42%* 77.83*%* 52.02** -4.35* 17.37%*% | 47.32%* 3.07
IR68886B x Giza 182R -1.04 14.19%* | 43,35%* 55.71%* 22.22%* 32.07%* 22.52%* 20.71%% | 34.81%* -2.24
Giza 182R x IR68886B -2.43%* 15.45%* | 59, 16** 77.59%* 53.56%* 26.94%* 25.97** 21.31** | 2B.91%* -1.71
IR69625B x Giza 178R -3.47** 15.09%* | 44.36%* 71.85%* 42.62*%* 19.22%* 18.03** 6.10* 3.27 15.24%*
Giza 178R x IR69625B -2.08* 9.17%* 54.27%* 65.71** 56.17** 21.65%* 11.62%* 6.10%* 6.35 14.10%*
IR69625B x Giza 182R 1.04 8.61%* 36.56%* 16.33 39,12%* 16.19%* 2.92 9.74%* 9.10%* 6.45
Giza 182R x IR69625B -5.21%* 9.61%* 44.01** 53.04** 42 .48** 13.69** 29.51%* 14.63** -1.28 14,95%*
Giza 178R x Giza 182R -4.86%* 6.06%* 69.38%* 76.73%x* 75.69%* 12.62** 15.83%* 16.46%* 8.87* 3.23
Giza 182R x Giza 178R -6.25%* 3.18 48.81** 66.63*%* 53.19%* -2.23 17.07** 14 31%* ~2.59 0.13
C.D 5% : 1.61 394 2.84 9.51 3.33 12.15 0.75 1.16 13.35 6.18
1% : 2.15 5.26 3.79 12.68 4.45 16.20 1.00 1.55 17.80 8.25

*, **¥: Significant at 0.05 and 0.01 levels of probability, respectively

LLT



178 STUDIES ON HETEROSIS OF SOME MAINTAINER AND RESTORER LINES FOR
CYTOPLASMIC MALE STERILE SYSTEM IN HYBRID RICE.

The most promising hybrids identified in this study were, Giza 178R x
IR68886B for heading date, tillers plant™, grain yield plant®, panicles plant?, filled
grains panicle”, panicle length, panicle weight and spikelets panicle™. Giza 182R x
IR688886B with significant desirable heterosis for grain yield plant?, filled grains
panicle™, 1000-grain weight, panicle length and panicle weight, Giza 182R x Giza 178R
for heading date, plant height, grain yield plant™ and panicles plant’, The reciprocal
hybrid, Giza 178R x Giza 182R was promising for heading date, plant height, tillers
plant!, grain yield plant and panicles plant?, However, the hybrid combination
IR68886B x Giza 178R was promising for tillers plant™, grain yield plant®, panicles
plant? filled grains panicle’ and panicle weight. Moreover, the promising hybrid
exceded others with significantly SCA effects for most of the studied traits.

Evaluation of hybrids for heterosis breeding based on six considerations, mean
performance, heterobeltiosis (B.P.%), mid-parents heterosis (M.P.%), standard
heterosis (S.H.%), SCA effects and GCA of male or female parent would be
meaningful from this point of view out of 20 cross combinations, three direct hybrids
named, IR68886B x Gizal78R, IR69625B x Gizal78R and Gizal78R x Gizal82R
recorded significantly positive values and were most promising for all the above
mentioned six considerations. The parents having higher GCA for one or both femaie
and male parents exhibited high standard heterosis in hybrids. Some hybrids involving
parents with lower SCA effects showed high negative standard heterosis. These
results have been reported by Peng and Virmani (1990), Devaraj and Nadarajan
{1996), Mishra and Pandey (1998}, El-Refaee (2002) and El-Mowafi ef a/ {(2003).

The combinations involving the restorer lines Giza 178R and Giza 182R and
the maintainer line IR68886B revealed commercially heterosis.

The results indicated that the mean heterotic effects for grain vield plant™
were significant and positive in 18 out of 20 hybrids, as deviation from the better
parent value (Table 8). The highest estimates were detected for the direct hybrids
and their reciprocal, hybrids, IR68886B x Giza 178R (75.77%) and their reciprocal
hybrid Giza 178R x IR68886B (80.40%), IR68886B x Giza 182R (65.09%) and their
reciprocal hybrid (88.30%) and Giza 178R x Giza 182R (76.72%) and their reciprocal
hybrid Giza 182R x Giza 178R {66.63%). Moreover, significant and positive values of
heterosis were estimated for 19 direct and reciprocal hybrids as deviation from the
mid-parents values. It is clear from Table 7 that the highest heterctic effects over mid-
parent were 97.60, 90.60, 85.68, 80.92 and 79.71% for Giza 182R x IR688868
(reciprocal), Giza 178R x Giza 182R, Giza 178R x IR68886B (reciprocal), IR68886B x
Giza 178R and Giza 178R x Giza 182R, respectively.



Table 8. The mean performances,better parant (B.P.),mid- parant (M.P.) and standard heterosis (S.H.}%, SCA and GCA effects of femaie

and male parents of F, hybrids for yield trait.

Hybrids Fs BP% MP% SH% SCA GCA of female GCA of male
parent parent
IR58025B x IR6B386B 55.39 45.83%* 45.93** 41.74** 0.53 -4,98** 1.20
IR63BB6B x IR58025B 61.602 5.85 5.92 2.88 -3.106 1,20 -4.98**
IR58025B x IR69625B 63.07 28.25% 30.08** 24.47* 0.69 -4.98** -3.03**
IR69625B x IR580258 45.78 42.63%* 44,67%* 38.44** 8.645** -3.03** -4.98%*
IR58025B x Giza 178R 65.58 47.38%* 49, 58** 47.39%* 2.62 ~4.98%* 6.48**
Giza 178R x IR58025B 66.14 48.63%* 50.85%* 48.63%* -0.277 6.48%* -4,98*
IR58025B x Giza 182R 65.95 57.14%* 62.42%* 48.21%* 4.76%* -4.98** 0.33
Giza 182R x IR580258B 57.76 37.62%* 42.25%* 29.80** 4.095 0.33 -4.98%*
IR68886B x IR96258 67.33 55.68** 58.01** 51.32%* 0.95 1.20 -3.03**
IR69625B x IR68886B 54.42 25.83* 27.72%* 22.29% 6.455%* -3.03%* 1.20
IR68886B x Giza 178R 78.22 75.77%* 80.92%* 75.79%* 9.82%* 1.20 6.48**
Giza 178R x IR688868 80.28 80.40** B5.68%* 80.42%* -1.032 6.48%* 1.20
IR68886B x Giza 182R 69.29 65.09#%* 73.25%* 55.71%* 10.89** 1.20 0.33
Giza 182R x IR68886B 79.03 88.30** 97.60** 77.59%* -4.87% 0.33 1.20
TR69625B x Giza 178R 76.47 71.84%* 74.20%* 71.85%* 9.91%* -3.03%* 6.48**
Giza 178R x IR69625B 73.74 65.71%* 68.07%* 65.71%* 1.365 6.48%* -3.03**
IR69625B x Giza 182R 51.76 19.68 27.38x* 16.33 0.89 -3.03%* 0.33
Giza 182R x IR69625B 68.10 57.46** 67.59** 53.04%* -8.167** 0.33 -3.03**
Giza 178R x Giza 182R 78.64 76.72%* 90.60%** 76,73 7.85%* 6.48%* 0.33
Giza 182R x Giza 178R 74.15 66.63** 79.71%% 66.63%* 2.245 0.33 6.48**
IC.D. 5% 9.506 8.506 8.23 9,51 3.428 1.902 1.902
1% 12.68 12.68 10.98 12.68 4.753 2.537 2.537

*, **: Significant at 0.05 and 0.01 levels of probability, respectively.
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180 STUDIES ON HETEROSIS OF SOME MAINTAINER AND RESTORER LINES FOR
CYTOPLASMIC MALE STERILE SYSTEM IN HYBRID RICE.

The resuits showed that significant and positive heterotic effects were regarded
for 18 hybrids as deviation from the standard variety {Giza 178R). The highest
heterotic effects were 80.42, 77.59, 76.73, 75.79 and 71.85% for Giza 178R x
IR68886B (reciprocal cross), Giza 182R x IR68886B (reciprocal), Giza 178R x Giza
182R, IR68B886B x Giza 178R and IR69625B x Giza 178R, respectively.

However, out of 20 hybrids, eighteen exhibited highly significant and positive
heterotic effects relatively to the better, mid-parents and standard variety heterosis.

Significant heterosis for grain yield was reported by Mandel et a/ (1990), Singh
ef @/, (1991), Pandey ef &/, (1995), Rogbell and Subbaraman (1997), Vishawakarma et
al - (1998), El-Mowafi (2001), El-Reface (2002} and Ei-Mowafi
et al. (2003).
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