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ABSTRACT

Studies of heterosis of five cytopiasmic male sterile lines and seven
Egyptian testers ( restorers) were estimated using line x tester analysis for some
agronomic, yield and its components and panicle characters to get useful information
for hybrid rice breeding program in Egypt. Hybrids with a yield advantage of 15%
over the highest yielding check variety Giza 178 were considered as promising.
Among 35 hybrid combinations, 10 were the most promising, IR 68897A x GZ
5121R, IR 69625Ax PR 2, IR 68888A x IR 25571R, IR 68888A x Giza 182R, IR
8837Ax PR 2, IR 69625Ax VHR 3, G 46A x Giza 178R , G 46A x Giza 182R, IR
69625A x Giza 178R and G 46A x IR 25571R.
Abbreviations:Cytoplasmic male sterilily (CMS),Heterosis ,filled grains panicle™
(FG/Pn) 100- grain weight ( GW), days to heading (HDG), plant height (Ht), panicles
plant” (Pn/P), pamcle length (PnL), panicle weight (PnW), splkelet femhty %
(SpFert%), tillers plant™ (Ti/P), wild abortive (WA) and grain yleldlm (Yid/m?).

INTRODUCTION

Exploitation of heterosis played a significant role in increasing
productivity and production of several crops all over the world. 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.

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 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 have stabilized.

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 for of male sterility, research continued, however, with
no tangible resuits until the Chinese scientists surprised the world by
releasing the first commercial hybrids in 1976 ( Dwivedi et al., 1998). These
hybrids were capable of out yielding the best non-hybrid varieties by 25-30%
( Lin and Yuan, 1980).

The need of further studies on heterosis for yield and other
agronomic characters is one of the important objectives of research for the
development of acceptable hybrids, (Yuan and Virmani, 1986). Therefore,
the objective of present study was planned to estimate standard heterosis (
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economic heterosis) for agronomic, yield and its components and panicle
characters in Fy hybrids developed using male sterility-fertility restoration
system using five cytoplasmic male sterile lines (CMS) and seven Egyptian
restorer lines. ’

MATERIAL AND METHODS

The present investigation was carried out at the farm of Rice
Research and Training Center (RRTC), Sakha, Kafr EI-Sheikh, Egypt, during
the two successive growing seasons of 2007 and 2008.

The materials for the study comprised 35 hybrids obtained using line
X tester fashion involving five diverse cytoplasmic male sterile (CMS) lines,
i.e. IR 68888A/B, IR 68897A/B, IR 689625A/B, IR 70368A/B (WA) and G
46A/B ( Gambiaca) as lines and seven testers, viz., Giza 178R, Giza 182R,
VHR3, PR 78, PR 2,,GZ 5121R and IR 25571R were used as male parents (
Table 1). The F4 hybrid combinations were raised along with their respective
parents in three-rows of 3 m fength adopting a spacing of 20 x 20 cm in a
randomized block design with three replications. Observation on filled grains
panicle-1 (FG/Pn), 100- grain weight ( GW), days to heading (HDG), plant
height (Ht), panicles plant-1 (Pn/P), panicle length (PnL), panicle weight
(PnW), spikelet fertility % (SpFert%), tillers plant-1 (Ti/P) and grain yield/m2
(Yld/m2) were recorded on ten randomly-selected competitive plants in each
replication. The data were subjected to analysis of variance for randomized
block design as suggested by Panse and Sukhatme (1954) and analysis of
variance for line x tester crossing design Kempthorne (1957). For each
hybrid, Mid Parent, Better Parent and standared heterosis were estimated
using Giza 178 as the standard parent (CP).
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Table (1):

restorer lines used in this study.

112

Cytoplasmic sources, parentage, origins and salient
features of ctyoplasmic male sterile (CMS), maintainer and

No. [Genotypes arentage Origin Features
1 11R68888 A & B* [ IR 46830B /IR580258] IRR! | indica type, early maturing med. long grain
and med. amylose content
2 | IR 68897 A & B*| Wild Abortive IRRI Indica type
3 | IR69625 A & B* | Wild Abortive IRRI | indica type, med. early maturing med. grain
type and med. amylose content
4 | IR70368 A & B* | Wild Abortive IRRI | indica type, med. early maturing med. grain
type and med. amylose content.
5 |G46A&B" Gambiaca IRRI | Indica type, early maturing med. short grain
and med. amylose content
6 |Giza178 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 the most of indica cytoplasmic
male sterile (CMS) lines
7 ) Giza 182 R** Giza 181/IR39422- Egypt | Indica type, new released variety, early
163-1-2//Giza 181 maturing, semi-dwarf, fong grain, resistance to
blast, high yielder and good restorer for
cyloplasmic male sterile lines (CMS)
8 (VHR 3™ IR 58025A/Pusa Vitnam Indica type, med. early maturing, long grain
basmati-1 (A xPR) and good restorer for Indica CMS.
9 [PR78R™ IR58025A/Pusa Egypt- | Indica type, medium maturing, semi dwarf,
basmati-1 (A x PR) India | selender grain and aromatic restorer.
(Indica
type)
10 | PR 2R*" IR58025A/Pusa Egypt- | Medium maturing, semi dwarf, selender grain
basmati-1 (A x PR) India | and aromatic restorer.
(Indica
type)
11 | GZ5121R™ GZ1368-S-5- Egypt [ Indica type, medium growth duration, medium
4L A110//Milyang 49 stature, resis. To blast and good restorer for
CMS lines
12 | IR25571R** {RRI

* A= CMS line & B= Maintainer line,

** R = Restorer line.
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RESULTS AND DISCUSSION

Analysis of variance presented in Table (2) showed significant
differences among the 47 genotypes ( Twelve female and male parents and
-their 35 F, hybrid combinations) for all the studied characters. The parents
showed highly significant differences for all characters. In the same time, the
hybrids exhibited highly significant differences for all the studied characters.
The mean squares of parents vs hybrids estimates, as an indication to
average of heterosis over all hybrids were found to be highly significant for
most of the studied characters.

The mean performance of the parental lines ( CMS, Maintainer and
restorer lines) and their hybrid combinations for all agronomic , yield and its
components and panicle characters are presented in Table (3). Results
revealed that the CMS and their maintainer lines, IR 68888A/B, IR 68897A/B
and IR 69625A/B showed the  highest and best mean values for grain
yleld/m and for most of the studied characters such as tillers plant™ (Ti/P),
panicles plant* (Pn/P) and spikelet fertility % (SpFert %). However, the CMS
lines IR 70368A/B and G 46A/B showed the best filled grains panicle”
(Fg/Pn), 100-grain weight (GW) and panicie weight (Pnw). The restorer
varieties Giza 178R, Giza 182R and IR 25571R showed the highest mean -
values for grain yield and most of studied characters. However, the restorer
lines PR 78 and PR2 were the best for GW, PnL, Ti/P, PnW and SpFert%. _

The most desirable mean values were detected by the hybrid
combinations, IR 68897A x GZ 5121R, IR 69625A x PR2, IR 68888A x-IR
25571R, IR 68888A x Giza 182R, IR 69625A x VHR3, IR 68897A x PR'2, IR
6925A x Giza 178R, G 46A x Giza 178R, IR 68897A x PR 78 and G 46A x
IR 25571R.
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Table (2): Analysis of variance and mean squares of enotypes, parents,
hybrids and parents v.s hybrids for all the studied

characters.
5.0V df Agronomic traits Yield and its component traits
HDG | Ht{cm) | TilP Yid/m®* | PnlP FG/Pn GW
Reps. 2 | 189 ) 47400 | M9 | 25481 | 819" | 4565 | po09
Genotypes | 46 22.f57 14:'5‘.98 19.§5 770:,5.7 16?8* 11217+ | 01 ?4'
Parents 1" 52.f31 * 263.7' 8.2552* 437'532.8 691 | gaage | O 533*
Hybrids 34 13.'54' 66..29' 21.:14' 25737.6 20.*32' o324+ | 01 Pa‘
Parents vs. 1 1729 | 12039 | 79.28" | 218570 | 9.965 | 12810.7" | 0.237"
hybrids ! - : 29" : : :
Error 92 | 1173 | 5.348 0.51 865.4 1.370 55.03 0.005
CV% 1.12 2.08 3.24 2.58 6.43 4.69 2.54

Cont. Table (2): Analysis of variance and mean squares of
genotypes, parents, hybrids and parents v.s hybrids
for all the studied characters.

s.ov d.f Panicle traits

PnL{cm) | PnW(g) SpFert%
Reps. 2 4,338 0.097 20.112
Genotypes 46 6.257** 1.362** 94.659**
Parents 11 5.672** 1.101* 84.972*
Hybrids 34 4.375* 0.939** 97.479**
Parents vs. hybrids 1 76.67*" 18.63** 105.37*
Error 92 0.498 0.065 21.899
CV % 2.79 5589 | 54

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

Table { 3) The mean performance for all studied characters.

Characters __Agronomic characters Yield and its components

Genotypes HDG Ht (cm} TilP Yidim2(g) [ PalP "FGIPn GW (g}
tines { Females):
IR 68888 A 97.33 102.83 22.09 1026.33 20.33 119.87 230
IR 68897 A 94,67 100.47 24.29 1019.50 2047 142.33 2.29
IR 69625 A 99.00 107.73 21.51 1094.83 17.20 138.27 260
IR 70368 A 100.00 111.73 20.51 852.83 16.47 163.33 2.81
G46A 86.67 101.87 19.47 683.50 16.73 160.93 2.57
Testers (Males):
Gliza 178 R 95.00 95.80 17.69 1046.27 15.40 14580 248
Giza 182 R 96.33 95.73 19.96 974.00 17.87 127.27 '2.65
Vitnam 3R 99.33 107.93 19.82 908.83 17.40 125.07 293
PR78R 100.67 125,53 20.27 822.00 17.73 161.20 3.01
PR2R 100.33 123.07 20.44 857.83 16.73 139.40 295
GZ 5121 R 102.00 106.20 22.33 841.00 19.00 13113 2.57
IR 25571R 94.00 97.20 20.73 1022.50 17.53 147.80 2.69
Rybrid combinations :
iR68888A xGiza178 R 93.33 106.73 27.16 1228.50 23.47 -156.50 230
x Giza 182 R 95.67 102.00 2413 1318.50 20.93 152.47 261
x Vitnam 3R 93.67 106.93 22.14 1236.17 19.27 147.73 2.60
xPR78R 94.33 117.67 21.29 1232.50 18.60 155.93 283
xPR2R 93.33 113.27 22.47 1212.67 18.60 141,93 274
xGZ5121 R 99.33 113.07 2527 124333 21.67 169.47 2.40
xR 25571 R 97.67 111.20 23.78 132150 ¢ 2073 215.67 276
IRG8897 A x Glza 178 R 95.33 110.73 27.13 123033 | 2287 | 159.40 235
x Giza 182 R 96.00 104.80 26.18 1203.83 "f % 20.67 147.20 277
X Vitnam 3 R 95.00 113.80 22.36 1256.00 -[* 19,07 170.13 2.65
xPR78R 96.00 115.73 21.40 1266.33 - 18.47 149.33 279
xPR2R 95.00 118.93 23.27 12087.33 20.13 161.93 2.79
xGZ5121 R 99.33 117.00 25.13 1411.147 21.20 166.93 2.55
x IR 25571 R 98.33 114.80 25,368 1251.50 19.80 195.53 288
IR69625A xGizat178R 97.87 111.80 23.44 1283.67 20.33 147.73 2.51
x Giza 182 R i 94.00 106.33 23.49 1208.50 19.20 145.40 278
X Vitnam 3R 97.00 110.53 22.33 129233 19.00 151.07 295
xPR78R 89.00 116.07 22.04 1174.67 17.60 184.60 2.84
xPR2R 98.00 117.87 20.91 1320.67 18.67 156.20 2.93
xGZ5121R 96.67 109.67 20.42 1179.83 18.13 129.00 2.71
x IR 25571 R £8.00 115.67 23.53 1237.33 20.27 164.07 275
IR70368 A x Giza178R 101.67 108.33 17.69 1215.67 15.87 175.87 269
x Giza 182R 95.00 111.47 25,56 1233.00 20.60 143.93 285
x Vitnam 3R 98.87 113.33 25.29 1134.67 19.07 172.33 2.89
xPR78R 98.87 116,53 22.42 1139.50 17.07 177.60 292
xPR2R 98.33 114,13 23.27 1163.50 17.13 174.67 3.00
xGZ 5121 R 96.67 112.47 24.18 1008.50 16.40 164.13 273
x IR 25574 R 94.33 117.53 21.49 1166.00 1573 176 47 2.81
G46 A x Giza 178 R 99.00 114.80 20.71 1287.67 1473 173.07 2.54
x Giza 182 R 97.00 111.73 19.27 1283.17 13.93 155.00 2.70
x Vitnam 3R 94 87 107.87 18.64 1071.67 14.47 168.73 2.87
xPRT8R 99.00 123.67 21.18 1030.00 14.73 184.47 2.86
xPR2R 98.33 114,93 19.62 1069.83 15.33 181.27 2.87
xGZ5121 R 100.33 122.13 16.60 1015.00 12.80 141.93 2.33
x IR 25571 R 97.67 113.27 18.62 1279.97 15.87 182.73 2.69
Lso 0.05 1.76 3.76 1.16 47.80 1.90 12.05 011

0.01 2.33 4,98 1.54 63.39 2.52 15.98 0.15
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Cont. Table (3)
haracters Panicle characters
Genotypes Pnl {cm) PnW (g) SpFert %
Lines ( Females):
IR 68888 A 23.33 2.87 94.89
IR 68897 A 24.27 322 89.03
IR 69625 A 23.67 3.94 88.18
IR70368 A 25.07 4,54 84.84
G46 A 23.27 4.26 79.74
Yosters { Males):
Giza178 R 2427 367 94.23
Giza182 R 23.73 3.65 89.30
Vitham 3R 2267 4.09 82.16
PR78R 26.73 5.02 80.16
PR2R 26.00 454 91.30
GZ5121R 21.73 3.54 91.19
IR 25571R 23.93 4.08 93.30
Hybrid combinations :
IR68888 A xGiza178 R 27.07 4.16 79.65
x Giza 182 R 27.07 4.38 83.45
x Vitnam 3R 26.40 4.30 77.18
x PR78R 28.53 469 81.71
x PR2R 27.93 4.28 79.77
xGZ 5121 R 25.60 4.37 88.74
x IR 25571 R 26.40 6.31 88.83
IR68897 A xGiza178R 25.67 4,21 75.85
x Giza 182 R 25.80 4.31 82.03
x Vitnam 3R 26.27 4.93 81.13
xPR78R 27.33 4.91 74.57
xPR2R 27.20 4.88 79.94
xGZ 5121 R 25.47 4.41 89.65
x IR 25571 R 27.40 5.88 84.67
IR69625A xGiza178R 25.40 4.13 84.85
x Giza 182 R 24.20 432 91.80
x Vitham 3R 24.73 474 91.45
xPR78R 25.67 5.28 86.03
xPR2R 25.20 4.88 89.22
x GZ5121 R 23.73 3.81 91.03
x IR 25571 R 24.20 4.88 88.70
IR70368 A xGiza178R 25.53 5.03 90.16
x Giza 182 R 25.80 4.46 89.88
x Vitnam 3R 25.73 5.20 93.33
x PR78 R 26.60 533 87.50
xPR2R 26.33 5.46 90.37
xGZ5121 R 24.80 472 89.93
x IR 25571 R 26.07 5.39 92.97
G46 A x Giza 178 R 24.27 473 91.16
x Giza 182 R 23.93 4.65 88.73
x Vitnam 3 R 23.33 469 90.60
xPR78R 25.73 563 91.78
xPR2R 25.80 5.33 84.62
xGZ 5121 R 25.07 3.92 71.27
x IR 25571 R 24.87 4.92 91.38
LSD 0.05 1.15 0.41 7.60
0.01 1.62 0.55 10.08
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Concerning agronomic, yield and its components and panicle
characters, complete to over-dominance was observed in all or the most of the
hybrid combinations towards highest plant helght (Ht), higher ftillers plant™,
higher %;raln yield /m?, higher panicles plant”, higher number of filled grains
panicle”’, longest panlcle length and heavier pamcle weight. However, 13 out of
the 35 hybrlds showed dominance effects towards the heavier 100-grain weight,
on the other hand, the rest of hybrid combinations were intermediate between
the parents mvolved for days to heading, plant height, panicies piant”, filled
grains panicle™, 100-grain weight, panicle length and spikelet fertility %.

However few crosses exhibited dominance effect towards the lower
parents, 14 hybrid combinations for days to heading, six hybrids for tillers piant™,
nine hybrids for panicles piant”, one hybrid for filled grains panicle and 100-grain
weight and 14 hybrids for spikelet fertility % with respect to characters i.e. days
to heading. The 100-grains weight and spikelet fertility % in most of F, hybrid
combinations values were higher, longer and heavier. than their corresponding
parents.

These findings suggested the presence of over-dominance for
agronomic and grain yield and its components characters, and long and heavy
panicle, over lower plant height, tillers plant”, panicies plant’1 over the short
panicle and low panicle weight.

It could be noticed that 14 out of the 35 F, hybrids mean values of days
to heading characters were tended to the direction of earlier parents.

A range of heterosis over the better parent, mid-parents and standard
variety Giza 178R was observed in hybrids of CMS and restorer lines for
agronomic, yield and its components and panicle characters ( Tables 4,56 and
7).

The scope for exploitation of heterosis in hybrids depends on their mean
performance or magnitude of heterosis and sca effects. The summarized
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 the studied characters but the magnitude was varied
according to kinds of hybrids and characters. The highest better parents
heterosis of 54.66% was observed for pamcle weight (PnW), followed by filled
grains panicle (45 92%), grain yield / m? (38.42%), tillers plant” ( 24.60%) and
panicles plant’ (23.74%). The highest mid-parents hetero&s of 81.66% was
obsewed for panicle weight followed by filled grains panicle™ ( 61.15 %), grain
yield / m? (54.83 %) and tillers plant” (36.54 %).

Among the three types of heterosis i.e. heterobeltiosis, mid-parents and
standard heterosis, the standard heterosis is most important because the effects
are more being made to develop hybrids which are better than the existing high
yielding varieties grown commercially by the farmers. Evaluation based on the
standard heterosis ( Tables 4, 5, 6 and 7) revealed that out of 35 hybrid
combinations, 18 and 34 recorded highly significant and significant positive
standard heterosis for days to heading and plant height, respectively. None of
the hybrids recorded significant negative standard heterosis for early and dwarf
plant stature. Desirable standard heterosns was recorded by 31 hybnds for tillers
paint™, 30 hybrids for yield grain / m?, 23 hybrids for panicles plant™ , 28 hybrids
for 100-grain weight, 23 hybrids for panicle length and 33 hybrids for panicle
weight. These results agreed with that obtained by Hammoud (1996 & 2004)
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,/Ammar(1997),Rogbell and Subbaraman (1997), Vishwakarama et al. (1998),

El-Mowafl (2001),El Refaee(2002), El Mowafi and Abou Shousha (2003), El

Mowafi et al., (2005) and Abd Allah (2008).
Evaluation of hybrids for heterosis breeding based on mean

performance, better parent, mid-parents and standard heterosis would be

Table 4: A range of heterosis over the better parent, mid-parents and

standard variety for all the studied characters.

Better parent heterosis Mid-parent heterosis Standard heterosis
characters {heterobeltiosis)
% NO % NO % NO
Agronomic characters:
HDG A -4.1110 15.76 35 -5.56 to 8.99 35 -1.75t07.02 35
B 2.06t015.76 13 1.79108.89 10 211107.02 18
[ -2.02 to 4.11 7 -1.66 tc -5.56 16 - -
Ht(cm) A 2.151021.40 35 -2.7810 17.40 35 6.47 t0 29.09 35
[] 3.8910 21.40 32 3.011017.40 23 8.47 to0 29.09 34
C - - -2.78 1 - N
Ti/P A -30.14 {0 24.60 35 -25.36 1o 36.54 35 -11.81 10 63.52 35
B 6.37 to 24.60 16 5.53 to 36.54 22 8.92 to §3.52 31
{L [@ -5.9310-30.14 7 -5.00 10 -25.36 5 -11.81 1
| Yield and its components:
L_Yid /m”° A 7.29 10 35.63 35 16.83 to 54.83 35 -3.61 10 34.88 35
B 7.2910 2563 35 16.83 to 54.83 35 8.451034.88 30
Cc ) N R , . N
PniP A -32.281023.74 35 -28.361031.34 | 35 -16.88 to 52.38 35
B 13.46 to 23.74 5 9.51 10 31.34 13 14.29 to 52.38 23
C -11.7910-32.28 8 -14.51to -28.368 4 -16.88 1
| FG/Pn A -11.88 t0 45.92 35 4.231061.15 35 -11.52 t0 47.92 35
L B 7.54 10 45.92 19 7.56 t061.15 30 8.87 10 47.92 20
R c -9.5510 -11.88 3 - - ~11.52 1
I
GW (9) A -11.15t0 7.55 35 -10.06 t0 10.48 35 -7.00 to 21.00 35
B 4.34 10 7.55 7 4.00 to 10.48 11 5.1110 21.00 28
C -4.87 to -11.15 12 -4.44 t0 -10.06 4 —4.98 t0 -7.00 3
Panicle characters:
PnL {cm) A -3.88 to 12.90 35 1.481015.01 35 -3.85t0 17.58 35
[ B 4.62t0 12.90 14 4.5510 15.01 24 49510 17.58 23
[ C - - - - - -
PnW (g) A -8.06 to 54.66 35 0.49 t0 81.66 35 3.871071.91 35 .
. B 10.70 fo 54.66 19 8.50 t¢ 81.66 33 124410 71.91 33
SpFert % A -21.23 10 10.01 35 -16.61 to 13.67 35 -24.37 10 -0.95 35
. 8 10.01 1 8.05t0 13.67 7 - -
- C —8.8710-21.23 12 -7.6210 -16.61 5 -9.95 to -24.37 14

A: Over all range

B: positive significant range

Standard heterosis = Giza 178

C: Negative significant range




119 Sayed, A.LH. et al.

Table ( 5): Estimates of heterosis over the better-parents (BP) for all
studied characters.

Agronomic characters

Yield and its component

Characters
i B W
Genotypes HDG | Ht(em) | TP 2‘; ')“2 P/ FG/Pn | GW(g)
IR68888 A xGlza 178R | 175 | 11417 | 2293~ | 1740 | 2374 | 734 | 712+
x Giza 182 R 069 | 655+ | 925~ | 2847~ | 024 | 1980 | -1.51
X Vitnam 3 R 376" | 389" | 025 | goage | 610 | 18427 | <1115+
xPR78R 3.08* | 1432~ | 363 | 2000™ | -11.79* | 327 | -587"
x PR 2R 411~ | 1004~ | 171 | 1816~ | 818 182 | 742+
x GZ 6121 R 206* | 985 | 1345 | 5444 | 504 | 2023 | 674
x IR 25571 R 390 | 1440~ | 764 | 2876™ | 024 | 4592 | 248
IR68897 A xGiza178R | 070 | 1559 | 11.71* | 17550~ | 1214 | 933 | .511*
x Giza 182 R 140 | 947 | 777~ | 1808~ | 530 3.42 4.40*
X Vitnam 3R 035 | 1327 | 796" | 350 | -870 | 1953 | -9.4a*
xPR78R 140 | 15.49" | -11.90" | o404+ | 805 | -7.36 | -7.20%
xPR2R 035 | 1838= | 421 | g7sm | 183 | 1377 | 542+
xGZ 5121 R 493 | 1645 | 347 | 3g4p | 552 | 1720% | 091
x IR 25571 R 248" | 1841 | 439 | spaoe | 226 | 3230 | .94
IR69625 A xGiza178R | 281 | 1670 | 899 | 4705+ | 1576™ | -9.56* | -333
x Giza 182 R 242 | 11.08" | 920" | 4o38= | 931 027 | a8
x Vitnam 3 R 202 | 260 383 | 1804™ | 651 9.25* 0.80
x PR78R 000 | 774+ | 248 | 720~ | 265 | 3351 | -5.54"
x PR 2R 401 | 941 | 278 | 2145% | 080 310 | -056
xGZ 5121 R 236" | 326 | 854~ | 776" | 4380 | 746 | 4.10°
x IR 25571 R 426" | 19.00= | 941 | 1302+ | 13.46* | 1866* | 235
IR70368 A x Gza178 R | 7.02" | 13.08" | -13.75* | 4gqg= | -10.81 | 1899 | 2.94
x Giza 182 R 138 | 1644 | 2460™ | 2650~ | 1863 | -11.88 | 7.55™
X Vitnam 3R 067 | 501 | 2330% | p4pg | 1354 | 551 4.37
x PRT8R 433 | 430" | 932~ | 3361~ | -249 | 874* | 299
xPR2R .67 215 | 1344 | 3563 | 268 6.94 1.58
x GZ 5121 R 333" | 590" | 827 | 1825 | -12.28" | 0.49 473"
x IR 25571 R 035 | 2092+ | 366 | 1403~ | -1000 | 804" | 4.34*
G46A  xGizai78R | 1423 | 19.83* | 637 | 2307~ | 1247 | 754" | -104
x Giza 182 R 1102~ | 1672+ | 347 | 3174~ | 2141~ | 368 176
x Vitnam 3 R 923« | 580~ | 593 | 17.92 | -19.41 | 136 | -2.05
x PR78 R 1423 | 2140 | 448 | 2530 | -1590™ | 1443~ | 487
xPR2R 13.46* | 1282 | 400 | 2471 | -1047 | 1264~ | 260
x GZ 5121 R 15.76* | 19.89* | -30.14* | 2069* | -32.28" | -11.80" | -9.34*
% IR 25671 R 12697 | 1653 | -10.17* | o5 4o | -1088 | 1355= | 012
) 0.05 176 3.76 116 | 47.80 | 190 | 1206 | 0.1
0.01 233 4.98 154 | 6330 | 252 | 1598 | 0.5

*, ** Significant at 0.05 and 0.01 levels, respectively.
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Cont. Table ( 5)

Panicle characters
haracters
R PnL (cm) | PnW(g) SpFert %
éendtypes
IR68888 A xGiza178R 11.52** 13.35* -16.07**
x Giza 182 R 14.06** 20.06* -12.05**
x Vitnam 3R 13.16** 5.10 -18.66™*
xPR78R 6.75* 6.65 -13.89*
xPR2R 7.44* 573 -15.94*
xGZ 5121 R 9.73* 23.67 -6.49
x IR 25571 R 10.32* 54 .66** -6.39
IR68897 A xGiza 178 R 5.75* 14.60* -19.51"
x Giza 182 R 6.30* 18.13* -8.14
x Vitnam 3R 8.23** 20.33" -8.87*
xPR78R 2.26 -2.36 ~16.24*
xPR2R 4.62* 7.57 ~12.44**
xGZ5121R 493" 2468 -1.69
x IR 25571 R 12.90* 44 09" -9.25*
IR69625A xGiza178R 4.66 4.77 -9.96*
x Giza 182 R 1.98 9.75 2.80
X Vitnam 3R 449 15.93** 3.7
XxPRT8R -3.98 5.19 -2.44
xPR2R -3.08 7.43 -2.28
xGZ5121R 0.27 -3.21 -0.18
x IR 25571 R 1.13 . 19.59** -4.93
IR70368 A xGiza178R 1.85 10.70* -4.32
x Giza 182 R 291 -1.76 0.65
X Vitnam 3R 2.65 14 .60** 10.01*
xPR78R -0.49 6.14 3.13
xPR2R 1.28 20.21** -1.02
xGZ5121 R -1.08 3.98 -1.38
x iR 25571 R 3.98 18.74** -0.35
G46 A xGiza178 R -0.01 11.10* 0.27
x Giza 182 R 0.86 9.09 2.95
x Vitnam 3R 0.27 10.00 1.68
xPR78R -3.73 12.15* 1.83
xPR2R -0.77 17.50** -4.64
xGZ5121 R 772* -8.06 -21.23*
x IR 25571 R 3.91 15.60** 1.39
LSD 0.05 115 0.41 7.60
0.01 1.52 0.55 10.08

* ** Significant at 0.05 and 0.01 levels, respectively.
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Table ( 6): Estimates of heterosis over mid-parents (MP) for all studied

characters. ’
racters Agronomic characters Yield and its component
Genotypes HDG Ht (cm) e YW{ "‘) 2 PP | FGPn | GW(g)
IR68888 A x Giza 178 R -2.94~ 741+ 36.54™ 18.55* 31.34" | 17.82" -3.63
x Giza 182R -1.20 2.68 14.80* | 3183 9.60 2339 567"
x Vitnam 3R 474~ 1.42 567 27.76™ 212 2063" | -585"
xPR78R 471" 301 0.52 3336 -2.28 10.96" 0.83
xPR2R -5.56™ 0.24 5.64* 28.72" 0.36 9.49* -0.72
X GZ5121R 033 8.13* 13.76" a3 17 1047 | 3503 | -508"
x IR 25571 R 209 11.13~ 11.05™ | 29.00" 9.51° 61.15* 325
IR68397 A xGiza 178 R 053 12.84" 29.27 19.12- 2639 | 1064 | -10.06™
x Giza 182 R 0.52 6.83" 18.33* 20.78* 7.83 9.20° -1.54
xVitnam 3R -2.06* 9.21* 1.36 30.27* 0.70 27.25* -4.44
xPR78R 474 242 -3.84 37.53 -3.32 -1.60 3.39
xPR2R -2.56" 841~ 402 321 8.24 14.96™ 2.76
xGZ 5121 R 1.02 1323 7.82" 51.70 743 22,08 837"
x IR 28571 R 212" 16.16* 1264 | 2258+ 421 34.79* 7.20*
IR69625 A x Giza 178 R 0.69 9.86" 19.81% 19.91+ 24.74 4.01 1.41
X Giza 182 R -3.75 452 13.29" 16,83 9.51 9.52* 0.83
X Vitnam 3R -2.18* 2.50 8.08* 29.00" 9.83 1473 9.52
xPR78R 0.84 0.49 5.53* 22.56* 0.76 2329 9.57+
xPR2R -1.67* 2.14 032 36.19* 10.02* 1251 5.77
xGZ 5121 R 381~ 252 £.84" 2189 0.18 423 10.48™
x IR 25571 R 1.55 12.88" 11.42* 16.88" 1670 | 1471 242
IR70368 A x Giza 178 R 427 4.40~ -7.39" 28.03" 042 13.78" 4,00
x Giza 182 R 322+ 7.46% 26.30" | 34.99™ | 20.00* 0.94 2.33
x Vitnam 3R -1.00 319 25.40" 28.82* 12.60* 1951 064
xPRT8R . -1.86" A.77 9.07* 38.07" 0.19 9.45" 8.35*
xPR2R -1.83* -2.78* 1362 | 3603 3.21 15.39* 3.16
xGZ5121R 429" 321 12.86" 19.08* -7.52 11.48~ 4.73
x IR 25571 R 2,75 12.51* 420 24.35 -7.45 13.43* 1.51
G46A  xGiza178R 8.99* 16.16* 1148 | 48.88* -8.30 1285 | -9.81
x Giza 182 R 6.01" 13.09* 225 5483 | -19.46™ 7.56 527
x Vitnam 3R 1.79° 283 -5.08° 3480 | -1523" | 11.00" -1.43
xPR 78R 5.69% 8.7 6.60" 3683 | -1451 | 1453 178
xPR2R 5147 2.19 -1.67 33.82" 837 20.71* 411
xGZ8121R’ 636" 17.40* | -2536* | 33.16™ | -28.36™ -2.81 -9.34™
x IR 25571 R 8.12* 13.80" -7.35 49.96™ -7.39 18.38™ 241
LSD 0.05 1.52 3.26 1.00 41.39 1.65 10.44 0.10
0.0 2.02 4.32 1.33 §4.89 218 13.34 0.13

*, ** Significant at 0.05 and 0.01 levels, respectively.
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Table (7): Estimates of standard heterosis (SH) for all studied

characters.
racters Agronomic characters s Yield and its component

Genotypes __HDG | Ht(cm) | TWP @ | PP | FGPn | GW(g)
IR888BB A xGiza178R | -1.75 | 1141 | 5352 | 17.42" | 5238 | 7.3¢ | -7.00"
x Giza 182 R 070 | 647 | 3843 | 26.02" | 3593" | 457 | 538

X Vitnam 3 R 140 | 11627 | 25.19" | 18.15* | 2541~ | 133 | s511°

xPR78R 070 | 2283~ | 2035 | 17.80" | 20.78™ | 6.95 | 14.40"
xPR2R 475 | 1823 | 27.01* | 1590* | 20.78" | -265 | 10.63"
x GZ 5121 R 456" | 18.02~ | 4284~ | 1884 | 4069* | 1623 | -323

x IR 25571 R 281 | 1608 | 34.42* | 26317 | 3463 | 47.92" | 11.31*
IR688I7TA xGiza178R | 035 | 1559 | 5339 | 17.59" | 47.19 | 033" | -s.98*
x Giza 182 R 105 | 939 | 47.99™ | 1506 | 3420 | 096 | 11.71*
X Vitnam 3R 000 | 18.79" | 26.38* | 20.05™ | 23.81* | 16.69** | 7.13
xPR78R 105 | 2081~ | 20.98* | 21:03" | 19.91* | 242 | 1279
xPR2R 0.00 | 24.15* | 31.53" | 24.00" | 30.74™ | 11.07* | 12.65"
x GZ 5121 R 456 | 2213 | 4200" | 34.88~ | 37.66" | 14.49" | 283

x IR 25571 R 140 | 19.83~ | 4334™ | 1962~ | 2857 | 3411 | 16.15
IR69625A xGiza178R | 2.81™ | 16.70* | 32.54™ | 2269* | 3203~ | 133 1.48

x Giza 182 R 4105 | 1100 | 3279 | 1851 | 2468~ | -0.27 | 121"
x Vitnam 3 R 211" | 15.38" | 2626" | 2352 | 2338 | 361 .| 19.25"
xPRT8R 421 | 21.16™ | 24627 | 1227 | 1420" | 26617 | 14.80"
xPR2R 316" | 23.03* | 1822 | 27.00* | 2121 | 713 | 18.44*
xGZ 5121 R 175 | 14477 | 1545 | 1277 | 17.75" | 1152 | 9.29*
x IR 25571 R 316" | 2074 | 33.04™ | 1826 | 31.60* | 1253 | 11.47*
IR70368 A xGiza178R | 7.02* | 13.08* | 000 | 1619~ | 303 | 2062" | 8.48~
x Giza 182 R 0.00 | 16.35* | 4447 | 17.85™ | 3377 | -1.28 | 15.07
x Vitnam 3 R 386" | 18.30" | 42.96" | 845" | 2381 | 18.20" | 16.69"
xPR78R 386" | 2164 | 2676~ | 891" | 1082 | 2181 | 17.90"
xPR2R 3517 | 19.14* | 31.53~ | 11.20* 1126 | 19.80* | 21.00"
x GZ 5121 R 175 | 17.40~ | 3668~ | -361 | 649 | 1257 | 10.36™
x IR 26571 R 070 | 2269* | 2148 | 1144 | 246 | 21.03" | 1332"
G46A  xGiza178R | 421" | 19.83* | 17.00" | 2307 | 433 | 1870" | 269

x Giza 182R 241* | 1663 | 892~ | 2264 | 952 | 631 | 888"
X Vitnam 3 R 035 | 1260~ | 540 243 | 606 | 887" | 15.88"
x PRT8R 421 | 2009= | 1972 | -155 | 433 | 2652 | 1561
x PRZR 3517 | 19.97% | 10.93* | 225 | -043 | 2433 | 16.02"
xGZ 5121 R 5617 | 27.49* | -11.81™ | -299 | -1688" | -265 | -5.92
x IR 25571 R 281" | 1823~ | 528 | 2226™ | 303 | 2533 | B8.75"

LSD 0.05 1.76 3.76 146 | 4780 | 180 | 1205 | 0.1
0.01 2.33 4.98 154 | 6339 | 262 | 1698 | 0.15

* ** Significant at 0.05 and 0.01 levels, respectively.
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Cont. Table ( 6):
Characters Panicle characters
Genotypes PnL {cm) | PnW(g) SpFert %
X Giza 182R 15.01* | 34.45% -6.41
x Vitnam 3R 14.78" | 2360" -9.38"
XxPRT8R 13.98 | 18.85™ -0.96
xPR2R 13.24~ 15.53* 672
xGZ 5121 R 13.61* | 36.55™ 4.28
X IR 25571 R 11.71* | 81.66* 2.71
x Giza 182R 7.50% 25.50* 0.27
x Vitnam 3R 11.93* 34 69" -3.69
xPR78R 7.19* 19.00* 13.74*
xPR2R 8.22* 25.84* -7.62*
x GZ 5121 R 10.72* | 30.50* 6.49
x IR 25671 R 1369* | 61.08 .7
IR69625A xGiza178 R 5.98* 8.50 10.89*
x Glza 182R 2.11 13.99" 12.13*
x Vitnam 3R 676" | 1807 13.67*
xPR78R 1.85 17.85 5.36
x PR2R 1.48 15.09* 5.73
x GZ5121 R 455 2,05 10.00*
x IR 25571 R 1.68 21.70* 6.42
IR70368A x Giza 178R 3.51 22.38* 8.64*
x Giza 182 R 5.74* 8.90* 8.05*
x Vitnam 3R 7.82* 20.49" 8.91*
xPR78R 2.70 11.39* -0.39
xPR2R 3.43 20.20* 3.94
x IR 25671 R 6.39" | 25.03% 3.01
X Giza 182R 1.84 17.53* 0.88
x Vitnam 3 R 1.60 12.19" 0.73
xPR78R 2.93 21.28* 2.82
xPR 2R 4.74* 21.27* -1.06
A’x Gz 5121 R 11.41.t 0'49 _16,61*[
x IR 25571 R 5.37* 18.09** 5.62
) ~0.05 T~ 099 0.36 6.58
: 0.01 1.32 0.48 8.73

. i". ** Significant at 0.05 and 0.01 levels, respectively.
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Cont. Table ( 7):

124

Panicle characters
Charact
ers PnL (cm) | PnW (g) SpFert %
Genotypes
IR68888 A xGiza178R 11.54* 13.35* -15.48**
x Giza 182 R 11.54* 19.32* -11.43+
x Vitnam 3R 8.79* 17.18* -18.09*
xPR78R 17.58™ 27.75* -13.29*
xPR 2R 15,11+ 16.52* -15.35*
x GZ5121 R 5.49" 19,08* -5.83
- x IR 25571 R 8.79* 71.91* 573
IR68897 A xGiza178 R 577* .| 14.60* -19.50*
. xGlza182R 6.32" 17.40* -12.95*
. X Vitnam 3R 8.24* 34.16* -13.90**
xPR78R 12.64" 3361 -20.86**
xPR2R 12.09*" 32.96% . -15.16*
x GZ5121 R 4.95* 20.07* -4.86
x IR 25571 R 12.91* 60.16* -10.15*
IR69625A x Giza178 R 467 12.44* -9.95% -
‘ x Giza 182 R 0.27 17.78* -2.58
X Vitnam 3R 192 | 2914+ 2.95
xPR78R 5.77* 43.84* -8.70*
xPR2R 3.85 32.85% 532
xGZ5121R 2,20 3.87 -3.40
x IR 25571 R - -0.27 32.90* -5.87
IR70368 A xGiza178 R 5.22* 36.90" . |, 432
x Giza 182R . 6.32" 21.48™ 461 .
x Vitham 3R 6.04* | 4171 -0.95
xPR78R 962~ .| 4512 714,
xPR2R 8.52* 48.65" 4.09 -
xGZ5121R 2.20 28.58* -4.56
. xIR255T1R 7.42* |- 46.83" . -1.33
G46A x Giza 178 R 0.00 28.91* -3.26
x-Giza 182 R -1.37 26.58** . -5.83
X Vitnam 3R -3.85. . 27.64* " -3.84
xPR78R 6.04* .| 53.35% 259
xPR2R 6.32* | -4531* | - -10.20°
xGZ5121R 330 | 668 | 24,37
xIR 25571 R 247 34.14* 302 ..
LSD 0.05 115 | 041 - 760
0.01 1.52°° 0.55 10.08

*, ** Significant at 0.05 and 0.01 levels, respectively.
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meaningful from this point of view. Out of 35 hybrid combinations, 30
recorded significant positive values.

Hybrids with a yield advantage of 15% over the highest yielding
check variety, Giza 178, were considered as promising combinations.
Among the 30 significant hybrids, 12 were most promising. Mean estimates
standard heterosis ranged from 20.05% to 34.88%.

The most of promising hybrids were IR .68897A x GZ 5121R
(34.88%), IR 69625Ax PR 2 (27.09%), IR 68888A x IR 25571R (26.31%), IR
68888A x Giza 182R (26.02%), IR 8897Ax PR 2 (24.00%), IR 69625Ax VHR
3 (23.52%), G 46A x Giza 178R (23.07%), G 46A x Giza 182R (22.64%), IR
69625A x Giza 178R (22.69%) and G 46A x IR 25571R ( 22.26%).
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IR 68897A x GZ 5121R, IR 69625Ax PR 2, IR 68888A x IR 25571R, IR
68888A x Giza 182R, IR 8897Ax PR 2, IR 69625Ax VHR 3, G 46A x Giza
175R , G 46A x Giza 182R, IR 69625A x Giza 178R and G 46A x IR
25571R.





