J. Agric. Res. Kafr El-Sheikh Univ. pp: 40-55, Vol. 42(1) 2016 41

ANALYSIS OF HALF DIALLEL CROSS FOR SOME
QUANTITATIVE CHARACTERS IN RICE (ORYZA
SATIVA L.)

M.A. El- Hity %;A.A.Elsayed ';A.A.Abd-Allah 2and M.A. Abo-Zeid

1- Agronomy Dept., Faculty of Agriculture, Kafrels  heikh Univ.
2- RRTC, Sakha Agr. Station, ARC, Egypt

ABSTRACT

The present study was carried out at the experimental farm of the Rice
Research and Training Center (RRTC)., Sakha, kafrelsheikh, during 2014 and
2015 rice growing seasons to study the inheritance of some quantitative
characters using a half diallel cross among eight rice parental genotypes
namely; Sakha 102, Giza 179, Sakha 105, Sakha 106, GZ 8710, GZ 1368,
Wab 56 and IET 1444. The parents and their F; crosses were evaluated under
normal and stress irrigation. Days to heading, plant height, flag leaf Area,
chlorophyll content, relative water content, panicle length, number of
panicles/plant, 100-kernel weight, sterility percentage and grain yield/plant
were estimated. Highly significant mean squares were obtained for genotypes,
parents and their crosses in all studied characters. The interactions of
genotypes, parents and crosses with environments (irrigation) were detected
to be highly significant for studied traits. Mean squares of general combining
ability (GCA) and specific combining ability (SCA) and the interaction between
environment and each of GCA and SCA were highly significant for all studied
characters, indicating the importance of additive and non-additive genetic
variances in determining the performance of these characters. The parental
genotypes; Giza 179 and GZ 8710 were good combiners for panicles
numbers/plant, 100-grain weight, sterility percentage and grain yield / plant.
The crosses; (GZ 1368 x IET 1444), (Giza 179 x GZ 8710), (Sakha 102 x IET
1444) and (Giza 179 x Sakha 106) were superior on the basis of specific
combining ability effect.

INTRODUCTION
Rice is the world leading cereal crop for human utilization with
cultivated area of almost 600 million mega grams annually (khush,
2005). The world population is expected to reach 8 billion by 2030 and
rice production must be increased by 50% in order to meet the growing
demand for the world (khush and Brar, 2002).
In Egypt, the average national yield level of rice should be increased by
25-30 % to meet the demands of the increasing population which
seems difficult considering the narrow gap between yield potential and
actual yield 10 t ha™ in 2008. However, among available technologies
to increase yield above the present ceiling is the exploitation of
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heterosis in hybrid rice, which appears to be practical approach for
Egypt (Bastawisiet al.,2005). Lake of water resources is one of the
main problem of rice cultivation and production, especially during the
periods of low rainfall which affect the vegetative growth rate and
amount of yield (Mostajeranand Rahimi —Echi 2009 and Venuprasad et
al.,, 2007). Combining ability refers to the ability of a genotype to
transfer its desirable genes to its progenies. Combining ability analysis
is the major tool to exploit phenomenon of heterosis through estimate
the combining ability effects to selecting better parents and hybrids
(Yan et al. 2000, ElI-Mowafi and Abou-Shousha 2003, El-Diasty et al.
2008 and Mirarab et al.2011).Water stress is the major environmental
that constrains the productivity and stability of crops (Araus et al,
2002). It is estimated that, more than 50% of the world rice production
area is affected by drought (Bouman et al, 2005).Egypt is self sufficient
in rice, but due to a high population growth rate, presence of new
diseases and pests, the ongoing process of climate changes would be
declined to insufficient levels. The development of drought-tolerant
varieties which maintain good yield under water stress condition is of
major priorty for rice research for sustainable rice production (Abd El-
Hadi et al, 2014).The main objective of the present study is to assess
genetic parameters and combining ability for agronomic, yield and yield
components characters under normal as well as water stress
conditions and to identify the most desirable genotypes for rice
breeding program under this conditions.

MATERIALS AND METHODS

The present study was carried out at the Experimental Farm of
the Rice Research and Training Center (RRTC), Sakha, kafrelsheikh,
Field Crops Research Institute, ARC during 2014 and 2015 rice
growing seasons. The main objective was to study the combining
ability of some rice cultivars and lines in respect to some quantitative
characters .These characters; days to heading, plant height, flag leaf
area, chlorophyll content, relative water content, panicle length, no. of
panicles/plant, 100-kernel weight, sterility, and grain yield/plant, were
taken on an individual plant basis.

In 2014 season, eight rice genotypes namely Sakhal02,
Gizal79, SakhalO5, SakhalO6, GZ8710, GZ1368, Wab56 and
IET1444 which represented a wide range of diversity were crossed in
half-diallel mating design producing 28 F;’s. In 2015 season, the tested
genotypes (eight parents and 28 F; crosses) were planted under both
normal and drought conditions (drought stress was imposed by using
flush irrigation every 12 days without standing water after irrigation) in a
randomized complete blocks design with three replications. Each entry
was grown in one row, five meters along with 20cm between rows and
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comprised 25 hills each of a single plant. All agronomic practices were
done as usual recommended during growing seasons of the study.
Before one proceeds with the computation of the combined
experiments, it is necessary to determine whether the error variances
of the tests are homogenous or not. The test described by Bartlett
(1937) is the most widely method used. The combined analysis was
calculated over the two environments in the case of homogeneity error
variance to test the interaction of the different genetic components with
the two different environmental conditions. Data were analyzed to test
the significance of the different genotypes, the analysis of variance was
calculated for each character according to Steel and Torrie (1980). In
case of significance, the differences among genotypes were further
partitioned to GCA and SCA following Griffing 1956 (Method-2 Model-
1) as a fixed mode. Variance due to general and specific combining
abilities were estimated, then (é‘}) and (5;) were calculated.

RESULTS AND DISCUSSION

Analysis of variance

Tables (1, 2, 3 and 4) present the mean square values among F;
hybrids and the partitioning of genetic variances into general and
specific combining abilities. Highly significant mean squares of
irrigation used an environments for all studied traits, which might
indicate that the differences between the two irrigation regimes were
cleaned. The data revealed that there were highly significant
differences among the genotypes studied for all studied traits,
indicating wide diversity between them under both normal and drought
conditions and their combined data.
Highly significant mean square of parents indicating the presence of
differences between parents for all studied traits in both environments,
which indicated wide diversity between the parents used and refer to
the successful of the crossing process (Tables 1 and 2).
Highly significant mean squares were observed between crosses for all
studied traits in both environments, which might indicate the great
variation between these crosses due to the diversity of the parents
used (Tablesl1 and 2).
Mean squares of the interaction between genotypes and irrigations
were highly significant for the traits in view, indicating that the
genotypes performed in different way from normal to stress conditions.
Moreover, the parents x irrigation interaction mean squares were
highly significant for all traits in consideration, meaning that the
performance of each parent would be changed with the changing
irrigation from normal to stress conditions, the same conclusion would
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be applicable with respect to crosses, where the crosses x irrigation
interaction mean squares noted to be highly significant (Tablel and 2)

The data listed in tables 3 and 4 indicated that, there were
highly significant estimates for both general and specific combining
ability mean squares under the two environments and their combined
data, indicating the relative importance of both additive and non-
additive genetic variances for all studied traits.

General combining ability x irrigation interaction mean squares

were highly significant for all traits in question, indicating that additive
gene action could be changed from environment to another. The same
conclusion might be applicable with respect to non-additive gene
effects, where the interaction between SCA x | mean squares were
highly significant.
The relative importance of each variance was determined using the
ratio of GCA/SCA mean square. The ratio of GCA/SCA mean squares
were found to be greater than unity for all studied traits under both
environments and their combined data. This might indicated that
additive gene action was more important than non-additive one in the
inheritance of the studied traits. Therefore, it could be concluded that
selection procedures based on accumulation of additive effect would
be successful in early segregating generation to improve these traits.
similar results were obtained by Abd Allah (2004), Abd El-lateef (2006),
Gaballa (2009), Hadifa (2012) and El-Hity et al., (2015).

Table (1): Mean squares of the genotypes for vegetative traits under
normal and drought conditions and their combined data

d.f Days to headin Plant Height Flag Leaf Area
s-ov Single Comb N S comb N S comb N S comb
Replications 2 | ... 3.9 4.71 3.1 5.93 0.47 0.57
Irrigation(l) | ..... [ 313.84* | ... 4127. 08 | ... 1702.05**
Repsl\rrliganon .... 4 431 451 0.52
Genotypes (G) 35 35 304.35 | 28852~ | s566.69~ | 188.05% | 7392~ | 217.50= [ 54.89= | 67.42~ | 117.92
Parents (P) 7 7 290.44~ | 202.31% | 46917+ | 157.83* | 96.45+ | 23619~ | 4471~ | 86.08~ | 12067
Crosses (C) 27 27 303617 | 25315~ 538,27 | 20027 | 6144 21977 | s6.01% | 61977 | 114.92%
Pvs..C 1 1 42153~ | 1847.06% | 2016.68* | 69.83* [ 253.23~ 28.55 95.86* | 83.8 179.45%
Gxi | ... I 2617 | e 4.39%
Pxl | .. 7 23.58™ 18.09* 1012
cxi | .. 27 | 18497 | .. qr93+ [ ... 3.06*
Pvs.Cx 1 [ .. 1 251,92 294.5 2.9
Error 70 140 7.21 7.06 7.13 6.72 6.48 6.6 0.94 1.02 0.98
d.f Chlorophyll content Relative water content
S-0.v Single | Comb N s comb N s Comb
Replications 2 | ... 0.05 1.3 1.33 0.12
Irrigation () | ... 1 . 942.38* | ... 1232. 5**
Repsfirrigation 4 0.67 072
Genotypes (G) 35 35 32.96** 27.27** 51.78** 96.39** 90.45** 178.94**
Parents (P) 7 7 13.52** 17.04** 23.7* 79.39** 97.97** 169.96**
Crosses (C) 27 27 35.84** 30.05** 57.12** 103.93** 89.93** 185.79**
Pvs..C 1 1 91.25** 23.77** 104.08** 12.03** 51.89** 56.94**
<RI T 3B | ... 8.45~* | ... 7.9
Pxl L 7 6.86* 7.4
Cxl 1 ... 27 | ... 877 | ... 8.07**
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* and ** significant at 0.05 and 0.01 levels of probability, respectively.
N: normal condition.

S: drought condition.

Comb: combined data.

Table (2): Mean squares of the genotypes for yield and its components
under normal and drought conditions and their combined data

d.f Panicle length No of Panicles / plant 100-kernel  Weight
S0V Single Comb N S comb N S comb N S comb
Replications 2 | .. 0.03 0.24 0.8 0.2 0.03 0.03
Irrigation (1) | ... I 3305 | ... 10483 * ... 11.59*
Reps/ir(rlw)gation ..... 4 013 05 0.03
Genotypes (G) 35 35 14.62** 19.14* 30.66** 62.16** 32.43* 79.62%* 0.26** 0.38** 0.51*
Parents (P) 7 7 2.49* 2.60** 2.33** 59.1** 36.07** 71.92% 0.15** 0.23** 0.24*
Crosses (C) 27 27 16.42%* 17.81% 31.57* 64.6%* 26 .39** 83.12** 0.28** 0.43* 0.57*
Pvs..C 1 1 51.06** 170.9** 204.39** 17.57* 169.81** 39.07* 0.61** 0.17** 0.72*
Gxl . 3B 1 .. 311 ) . 1496~ | ... 0.141**
Pxi 1 ... 7 2.76" 23.25%* 0.142**
cxl . 27 266 | ... 7.87* 0.143**
Pvs.Cx 1 | ... i 1 .. 1757~ | ... 148.31* e 0.07
Error 70 140 0.87 0.93 0.9 212 1.45 1.79 0.019 0.017 0.018
sov d.f Sterility % Grain yield/plant
Single Comb N S comb N S Comb
Replications 2 | .. 0.12 0.94 1.23 3.91
Irrigation(l) | ... 1 1 . 3148.6 | ... 21009 .89**
Reps/ir(rlw)gation ..... 4 0.53 257
Genotypes (G) 35 35 345.39* 500.14* 802.85* 90.3 5 88.93"* 165.32+
Parents (P) 7 7 12.88** 59.77** 49.45** 14.71% 89.58 ** 70
Crosses (C) 27 27 357.83** 530.18** 839.05** 88.9%* 82.61* 164.05**
Pvs..C 1 1 2337.09** 2771.68** 5099.52** 658.84** 254.98** 866.78**
Gxl . B . 4268 | .. 13.96**
Pxi 1 ... 7 23.2% 34.3*
Cxl 27} . 48.96** | .. 7.46*
Pvs..Cx | 1 926 | ... . 47.04*
Error 70 140 3.92 4.68 4.3 4.56 4.7 4.63

* and ** significant at 0.05 and 0.01 levels of probability, respectively.

N: normal condition.

S: drought condition.

Comb: combined data.

Table (3): Mean squares of general combining ability (GCA) and specific
combining ability (SCA) and their interaction under normal and drought
conditions and their combined data for agronomic traits

s.ov d.f Days to headin Plant Height Flag Leaf Area
e Single Comb N S Comb N S Comb S Comb
Genotypes (G) 35 35 304.35** 288.52** 566.69** 188.05** 73.92%* 217.59** 67.42** 117.92**
G.C.A 7 7 118.23** 92.67+* 207.43** 212.74** 59.24** 242.34* 89.93** 159.14*
S.C.A 28 28 97.25** 90.05** 184.26** 25.17** 15.99** 30.08** 5.61* 9.35**
Gx|l ... 35 26.17** 44.38** 4.39**
G.CAxI 7 13.47* 29.65** 1.89%*
SCAxl | ... 28 | ... | ... 1004 | ... | ... 1108~ ... | ... 1.61%*
Error 70 140 2.4 2.35 2.38 2.24 2.16 2.2 0.31 0.34 0.33
GCA'SCA | ... | .. 1.22 1.03 1.13 8.45 3.71 8.06 13.12 16.03 17.03
eeaxyseat | ] o | - VIR [ 268 | o | o 117
sov d.f Chlorophyll content Relative water content
C Single Comb N S Comb N S Comb
Genotypes (G) 35 35 32.96** 27.27** 51.78** 96.39** 90.45** 178.94*
G.CA 7 7 21.72%* 19.02** 34.53** 92.57** 85,37+ 176.28**
S.C.A 28 28 8.3** 6.61** 12.94** 17.02** 16.35** 30.49**
Gx|  § ... I 8.45* | .. 7.9**
G.CAxI § ... 7 0 1 621 ... | ... 4.66**
SCAxIl | ... 28 ... | .. 197 ... ] ... 2.88**
Error 70 140 0.96 1.14 1.05 0.59 0.68 0.64
G.CAISCA | ... | ... 2.62 2.88 2.67 5.44 5.22 5.78
G'C'AXX'II seat | o] 315 | . | 161
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Table (4): Mean squares of general combining ability (GCA) and specific
combining ability (SCA) and their interaction under normal and drought
conditions and their combined data for yield and its components.

sov d.f Panicle length No of Panicles / plant 100-kernel Weight
e Single Comb N S Comb N S Comb N S Comb
Genotypes (G) 35 35 14.62** 19.14** 30.66** 62.16** 32.43** 79.62%* 0.26** 0.38** 0.51*
G.C.A 7 7 11.31** 10.39** 21.36** 48.68** 14.86** 54.1* 0.24* 0.4** 0.54**
S.C.A 28 28 3.27* 5.38** 7.43* 13.73** 9.8** 19.65** 0.05** 0.06** 0.08**
GxIl  § . 35 1 .. 311 ) ... 14.96** | .. 0.14**
GCAxl | .. 7 0 082 | ... | . 944 ) ... | .. 0.1
SCAxI § .. 28 0 ... | ... 121> ... | ... 387 ) ... | .. 0.03**
Error 70 140 0.29 0.31 0.3 0.71 0.48 0.6 0.0062 0.0056 0.0059
GCASCA | .. | .. 3.46 1.93 2.87 3.55 1.52 2.75 4.65 6.7 7.08
geadisca | ] ] 068 | ... | . 243 | o | 333
s.0.v d.f Sterility % Grain yield/plant
e Single Comb N S Comb N S Comb
Genotypes (G) 35 35 345.39** 500.14** 802.85** 90.35** 88.93** 165.32**
G.C.A 7 7 120.31** 184.92** 277.65** 52.61** 92.82** 139.83**
S.C.A 28 28 116.08** 162.16** 265.11** 24.49%* 13.85** 33.92**
GxIl | ... 35 | ... 42.68** | ... 13.96**
G.CAxl | .. 7 0 .l 1858~ | ... | .. 5.59**
SCAxI | ... 28 0 ... | ... 1314 | ... | ... 4.42%%
Error 70 140 1.31 1.56 1.43 1.52 1.57 1.54
GCASCA | ... | ... 1.03 1.14 1.05 2.15 6.7 4.12
ecaxysea | ] o ] | o | 1.26

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
N: normal condition. S: drought condition. Comb: combined data.

However, it could be detected that the ratio of GCA/SCA mean
squares were equal one for no. of days to heading at stress condition,
sterility percentage at normal condition and the combined analysis,
which might indicate that both additive and non-additive gene effects
played the same role with respect to the inheritance of these cases.

The ratio of GCA x | / SCA x | mean squares were more than
unity for all studied traits, except with panicle length. This might
indicate that, additive gene action was more interacted with both
environments than non-additive one for these traits, while for panicle
length where the same ratio was less than unity, which might indicated
the non-additive gene effects were more interacted with both
environments than additive one.

General combining ability effects:
Estimates of general combining ability effects (@) for individual parental

genotypes for all studied traits at both environments and their
combined data are presented in Tables (5 and 6).

Concerning days to heading the parents; Sakha 105, Sakha 106 and
GZ 8710 showed highly significant in negative direction general
combining ability effects at the two environments and their combined
data, indicating that these genotypes could be considered as good
combiners for earliness. Among the previous three parents (Sakha
105) was the best combiner as it gave the highest negative value
under both environments and their combined data.
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Regarding plant height, the parents; Giza 179 and Sakha 105 showed
highly significant desirable (Q“i) in both environments and their

combined data, proving to be excellent parents for developing short
stature genotypes under drought stress as well as at normal irrigation.

For flag leaf area, the parents; GZ1368, Wab 56 and IET 1444 showed
highly significant positive (Q“i) at the two conditions and their combined

data, proving to be good combiners for this trait.
The rice parental genotypes; GZ1368, Wab 56 and IET 1444 showed
significant positive (@) in the two environments and their combined

data, proving to be good combiners for chlorophyll content.
With respect to relative water content, the parents; Gizal79, IET 1444
,GZ 1368 and Wab 56 showed highly significant positive (@) at both

environments and their combined data. These results indicated that,
these parents could be considered as good combines for this trait.
For panicle length, significant positive (Q"}) was obtained from

Sakha 102 and Giza 179, indicating that these rice parental genotypes
could be used as good combiners under normal as well as drought
stress in breeding program.

Concerning panicles number / plant, the parental genotypes; Giza 179,
GZ 8710 and IET 1444 showed highly significant positive (Q"i) at two

environments and their combined data, proving to be good combiners
for number of panicles / plant.

Regarding 100-kernal weight, the parental genotypes; Sakha
102, Giza 179 and GZ 8710 could be considered as good combiners
where they had significant (Q“i) under both environments and their

combined data.
With respect to sterility percentage, the parents; Giza 179, Wab
56, GZ 28710 and IET 1444 give highly significant negative (@) under

both environments and their combined data, proving to be good
combiners for improving this trait.
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Table (5): Estimates of general combining ability effects of the parental
genotypes under normal and drought conditions and their combined
datafor vegetative traits

5 ¢ Days to heading (day) Plant height (cm) Flag leaf area (cm®) Chlorophyll content  (mg/g) Relative water content
arents
N S Comb N S Comb N S Comb N S Comb N S comb
PL S‘;‘;(ha 057 | 11+ | -083% | 444~ | 154 | 200w | 317+ | 366 | 3417 | 157 | 02 | -069% | -280% | 253 | 271
le(;;')za 402v | 389+ | 395+ | 56+ | -286% | 423+ | o001 | osam | o2z | a2+ | 021 | 07+ | 261 | 1saw | 221+
P3 S‘;‘fha ga8w | 418> | 433> | 56 | 362+ | aere | 336 | a0am | a7 | om -0.16 003 | -a71e | 458+ | -ae5m
P4 S‘;‘;(ha 3217 | 353+ | 337+ | 1om 075 | 132 | vaze | 1ase | aase | oer | 2200 | cnare | aase | azem | 14se
Fgg(g)z 3387 | -155% | 246 | 437> | 074 | 255+ | o017 0.16 016+ | -153+ | 1470 | 150 | 062+ | 045 -0.09
Plgég)z 102+ | 111+ | o= | 203= | o079 | 141= | o7+ | o72= | o7 | 22+ | osew | 1sam | 11e= | vo7e | 1a1%
P7é‘gab 4220 | 327+ | 374% | 623 | 401 | saze | zs7e | a1am | zo01e | o072 08 | o7e* | o7 | o062 | o0.e6m
Pﬁﬂf; 237 | 208* | 223= | o096t | 013 | oss+ | 32 | sz | zare | w7ew | 2170 | 18w | asow | ag2e | 401m
L'S(é'?)'OS 0.91 091 036 0.88 087 0.34 033 0.34 013 0.58 0.63 0.24 0.45 049 018
L.s(.;)m 121 1.20 047 117 115 0.46 0.44 0.46 018 0.77 0.83 032 0.60 0.64 0.25
O;'(Si'zj) 138 1.37 068 133 131 0.65 050 0.52 025 0.88 0.95 045 0.69 0.74 035
Oli.(zi.—[;j) 1.83 181 0.90 177 173 0.87 0.66 0.69 033 116 1.26 0.60 0.91 097 0.47
Table (6): Estimates of general combining ability effects of the parental
genotypes under normal and drought conditions and their combined
datafor grain yield / plant and its components traits
Panicle length (cm) No of panicles / plant 100-kerne | weight (g) Sterility % Grain yield/plant (g)
Parents
N S comb N Comb N S comb N S comb N S Comb
P1 (Sakha 102) 0.83** 1.2 1.02%* -1.93* -1.64* -1.78** 0.22* 0.08** 0.15** 5.94* 7.49% 6.72** -3.46** -3.95** -3.71%
P2 (GiZa 179) 1.59** 1.51% 1.55% 4.07** 1.66"* 2.87 0.17* 0.27* 0.22** -3.82* -2.26** -3.04** 3.46* 4.23* 3.84*
P3 (Sakha 105) -1.27 -0.96** -1.12* -0.93* -0.93* -0.93** -0.13** -0.26** -0.19** 0.94* 2.64* 1.79** -3.05** -4.06** -3.56**
P4 (Sakha106) | -1o1+ | -0sa= | 093+ | 018 o7+ | oas | 0ore | 00 | 0oe | 233+ | 201 | 262+ | 042 | a7z | o
P5 (GZ 8710) aze | asee | azee | 114w 1.36m 125% | oos= | oz= | oaew | o7z | 28+ | wos | 1o | 235+ | ves
P6 (GZ 1368) 005 | 008 | -007 o 0.15 093+ | 011 | 015 | 013+ | oo | 017 | s | oss 0.4 0.06
P7(Wab 56) 0.68** 0.31 0.5 -2.04* -0.79** -1.42% 0.04 -0.11** -0.03** -0.69* -1.23* -0.96** 0.65 1.87** 1.26"
P8 (|ET 1444) 0.43** 0.19 0.31*% 1.86"* 0.98** 1.42* -0.21** -0.09** -0.15** -4.44% -6.59** -5.52** 1.29* 1.69** 1.49**
L.S.D.05 (g\) 0.32 0.33 0.13 0.5 0.41 0.18 0.05 0.04 0.02 0.67 0.74 0.28 0.73 0.74 0.29
L.S.D.01 (gi) 0.42 0.43 0.7 0.6 0.54 024 0.06 0.06 0.02 0.89 0.98 037 0.96 0.98 0.38
L.S.D .05(gi-gj) 0.48 05 0.24 075 0.62 034 0.07 0.07 0.03 1.02 111 052 11 112 0.54
L.S.D .01(gi-gj) 0.64 0.6 0.32 0.99 0.82 0.45 0.09 0.09 0.04 135 147 07 145 148 0.73

* and ** significant at 0.05 and 0.01 levels of probability, respectively.

N: normal condition.

S: drought condition.

Comb: combined data.

For grain yield / plant, the parental genotypes; Giza 179, GZ 28710
and IET 1444 would be the best parents for improving grain yield
under normal as well as stress conditions and normal irrigation, where
they gave highly significant positive estimates of (Q}).
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In general the genotypes Giza 179, GZ 28710 and IET 1444 were the
best combiners for most of the studied characters.

Specific combining ability effects ( _Sﬁ} :
Estimates of specific combining ability effects (_5[) for parental

combinations at the two environments and their combined data for the
studied traits are given in Tables (7 and 8). o
It is obvious that, eight crosses showed negative (5;) for

number of days to heading such estimates were maximized in GZ 1368
x |ET 1444 and SakhalO5 x GZ 1368. These crosses showed highly
significant and negative (5;) estimates which indicate that, one of these

combination could be helpful for selecting early mature.
Regarding plant height, five combinations showed negative
significant estimates of (i) at both environments and their combined

data. The best crosses were Sakha 105 x IET 1444, Sakha 105 x Wab
56, and GZ 8710 x Wab 56. These superior crosses would be
considered as the desirable combinations to improve short stature in
rice breeding program.

The crosses; Giza 179 x Wab 56, GZ 1368 x IET 1444 and
Wab 56 x IET 1444, were the best combinations which gave significant
and positive estimates of (5;) for flag leaf area, chlorophyll content and

relative water content under normal and stress conditions and their
combined data, indicating that these crosses could be useful in
breeding program.
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Table (7): Estimates of specific combining ability effects for the F; crosses
under normal and drought conditions and their combined analysis for
vegetative traits

Crosses Days to heading (day) Plant Height (cm) Flag Leaf Area (cm®) Chlorophyll content  (mg/g) Relative water content
N S Comb N S Comb N S Comb N S Comb N S Comb
Saknal102x | gije | gege | -8.80% 08 483 | 281~ | -337% | -449% | 393+ | 116 | 187 | 152 | 183 | -210% | 201+
Giza 179 S e 8 - : : S 4 S L L L L 2 2
Sakha 102 x -2.36 -0.94 165 | sos | 248 | 377+ | 071 | 222% | o7 | 060 | 079 | o005 | 327 | 349% | 338~
Sakha 102 x 21 074 -0.68 119 035 | 077 | 018 | o4s | o015 | 176 | as1e | 313+ | 233 | 2617 | 2477
saha102x | 525~ | 535~ | 53w | sesr | 0z 17 | 021 | 025 | 023 | 104 | 155 | 1200 | -aa% | -210% | 320+
salha 102> | 1208~ | 117 | 1wse~ | sss | 81+ | asew | oes | a4z | 04 | 025 | os7 | o016 | 7ss | 760 | ver
saa 02 | 1ot~ | 106~ | w08 | 243 | asam | z20w | 207~ | 444 | zsw | aese | morw | azsv | oas | 032 | o00s
Sakha 102> | 1447 | 1650~ | 1553~ | 052 | mes~ | 157 | 1as | s22- | 235+ | 162 | 2250 | aesv | aser | 09 | 035
cpalrex | 1sas~ | 1200+ | 1362+ | -wes | 127 | 019 | 213+ | 178 | 195+ | 28+ | 247 | 264 | 025 | 076 | 05
Al 177 | 13727 | 1536~ | 04 035 | 003 | 000 | 116r | 008 | 141 | 177 | 5o | saze | 131 | 237
Graln G2 | 1se1= | 1432w | 1507 | 2790 | 319c | 299+ | 174w | 208~ | 191+ | a3z~ | 223 | 326% | 025 | 212+ | 093
GralioxGz | aesw | azee | a4z~ 242 | 364~ | 303~ | 38s~ | 1120 | 25+ | 336% | 16 | 248+ | o035 | 16t | -062
Guza 179 1.93 3220 | 257 | -3are | 378+ | 362 | 341+ | var | 2410 | 3020 | 207 | 255 | 783 | 2430 | 513+
Cralm 545+ | 416~ | -065 | -387% | 126 | -131 | -051 | 187 | -119» | o007 | o078 | 043 | 120 | 121 | 125
sakha 108 | sasr | o1 | 204 248 | -154 | 047 | -139% | 059 | 099+ | o021 | 035 | 007 | 184~ | 17 | p77m
saha 100 | sse 0.7 213 | 354 | ass | 270 | -n1sr | cnoam | ases | 262 | 220 | 2417 | 369% | 260 | 3.14n
sakha 109 | 1igpe | 85 | 856 | 20 05 | 080 | o2 | 077 | os1 | 108 | 069 | o019 | -a11e | 43w | a77m
saa 08 | saz | o= | 675 | sosw | 200 | sasw | 211+ | ase | a7 | os2 | 1s2 | 117 | se2m | 767 | 6ea
Sakha 108 | 1247 | 1276% | 1262 | e~ | a5 | 6227 | o0s | 474w | 085 | o026 | 08 | 020 | mesv| o032 | s
Sakha 106 x -1.46 -0.78 112 063 | 193 | 065 | 196+ | 374 | 285~ | o039 | 208 | 123 | -a8o | 273+ | 3810
Sakha 106 x -0.62 -0.53 -0.58 059 | 384~ | 163 | 020 | -188% | -0 09 | -430% | 75 | 148 | 132 | -14m
Saha 06 | sasr | sar~ | aser | s18r | 126 | 096 | wes | 223+ | w04 | a10w | 247 | aas | zesw | 3see | o
Sakha 06> | -cso- | ese | -ese | oes | ass | 047 | 110 | 250+ | 185+ | 24 | 004 | e | 217~ | a0 | 312
ezeToscz | - 7257 | 717 | eare | 279+ | 319+ | o047 | 1sse | norw | 293 | 133 | 213+ | o089 | a1 | -1.26%
Gz 8T -0.96 -0.87 091 | 289 | 589~ | 430+ | o086 | o005 | o046 | 392+ | 217¢ | 305~ | 17+ | o026 | 072
CZETIOXIET | 305+ | 78e | 230 31 198 | -056 | 016 | -1.35 | -076* | -428% | -128 | 278~ | 18 | -27a% | 227~
G 1368 x 653+ | 589 | 621~ | a6~ | 116 | 288~ | o041 | 132 | o0se* | -012 | -188 1 3a2% | 61 | 461"
Gz 1?22; IET 1 | 1o0ge | 135 | 1217 | eare | o3 | 374w | 2310 | 303w | ase | aee | asse | ase | asee | 421w
Wab 86 IET | ssow | ag7e | a2+ | ssev | 425w | agwe | 201 | 204+ | 202 | 4z | a7e | ase | se2+ | eas | sere
L.5.D.05(si) 2.80 277 T.o4 271 266 | 186 | LOL | 106 | o072 | 178 | 193 | 129 | 139 | 149 | 100
L.5.D.01(si)) 371 367 2.58 358 352 | 248 | 134 | 140 | 096 | 235 | 25 | 172 | 184 | 198 | 134
"'S'Zi'l?)"—’(s‘ - 415 411 2.87 4.00 3.93 2.76 1.50 1.56 1.06 263 | 285 191 2.06 221 1.48
L'S'Zi'l?)l(s" - 5.49 543 382 5.30 5.20 3.67 198 | 207 1.42 348 | 378 2.54 2.72 2.92 1.98
L'S'Zk?)"'—’(s" - 301 3.87 0.96 3.78 371 092 141 147 | 035 248 | 269 0.64 194 | 208 0.49
"'S'Zk?)l(s" - 517 5.12 127 5.00 4.90 1.22 1.87 195 | 047 328 | 356 0.85 257 2.76 0.66

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
N: normal condition.

S: drought condition.

Comb: combined data

For panicle length, eight out of twenty eight hybrid combinations
showed highly significant and positive (5;) under both environments

and their combined data. The best crosses which showed desirable
values under drought stress were; Sakha 102 x Sakha 106, Sakha 102
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x GZ 8710, Giza 179 x GZ 8710, GZ 1368 x IET1444 and Wab 56 x
IET 1444.

For number of panicles/plant, eleven out of the twenty eight
crosses showed highly significant positive (5;) at both environments

and their combined data. The crosses which had the highest values
were Giza 179 x Sakha 105, GZ 1368 x Wab56, and Sakha 106 x GZ
1368 where they recorded the maximum (5;), indicating that these

crosses would be used in breeding program to improve this trait.
Concerning 100-kernel weight, seven hybrid combinations showed
highly significant positive (5).The crosses; GZ 8710 x GZ 1368, GZ

8710 x Wab 56 and Sakha 106 x GZ 8710. The crosses which gave
the highest values and significant of 100-kernel weight could be used
in breeding program for enhancing this trait.

Regarding sterility percentage, seven out of the twenty eight
crosses expressed highly significant and negative (5;) at both condition

and their combined analysis. The crosses; Sakha 102 x IET 1444, Giza
179 x GZ 8710 and Giza 179 x Sakha 106 were the most desirable
crosses for sterility percentage.

Regarding grain yield/plant, eight hybrid combinations showed
highly significant and positive (5;) under normal and drought conditions

and their combined data. The most desirable (Ei_j) were detected in the

Giza 179 x Sakha 106, Giza 179 x Sakha 105, Giza 179 x GZ 8710
and Sakha 102 x IET 1444. These hybrid combinations showed
desirable (5;) for most yield components and high
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Table (8): Estimates of specific combining ability effects for the F; crosses
under normal and drought conditions and their combined analysis for
grain yield and its components traits

Panicle length (cm) No of panicles / plant 100-kerne | weight (g) Sterility % Grain yield/plant (g)
Crosses
N S Comb N S Comb N S Comb N S Comb N S Comb
S&gizg i% x 2.97% 154 0.74* -6.68** -1.95%% -4.31% 0.26% 0.24%* 0.25 15.74% 18.95% 17.34% -7.28%% -5.8%% -6.54**
S;g:ﬁalfgsx -0.88 -0.07 -0.48 -2.68+* -0.72 -7 -0.18% 0.01 -0.08 13.45% 10.51** 11.98* -2.9¢ -1.64 -2.27%
S;:Eﬁalfgex 1.02* 2.39% 1.7 -3.54* 0.19 -1.68** 0.08 0.18** 0.13* 16.83* 17.94% 17.38* 179 1.04 1.42
Sakhag%gg * 6z 1.71% 1.37 1.54% -2.78** 0.05 -1.37% 0.1 -0.38** -0.14* 13.31% 17.52* 15.41% -2.9% 2.05 -0.43
Sakhalégg * 6z 1* 2.09%* 1.55% 3.78* 2.36% 3.07* 0.03 -0.01 0.01 7.95% 10.65* 9.3 2.72* 2.02 2.37
Sawaabls%z x 0.8 1.59% 1.19% 473 447 4.6+ 0.17* 0.18** 0.18* -5.24%% -12.21% -8.72%% 3.66% 2.85% 3.26%
S?Et:'aligi x -0.46 0.72 0.13 1.65* 3.75% 2.7 -0.06 0.11 0.02 -14.24% | -17.86* -16%* 5.75% 418 4.96%
g:&;z%; -0.49 1,53 0.52 5.44% 5.06** 5.25% -0.02 0.1 0.04 1.94 9.89% 5.91% 6.14% 5.45% 5.79%
Giza 179 x
Sakha 106 0.55 1.57* 1.06** 3.02%* 1.86** 2.44% -0.12 -0.15% -0.13** -10.49** -14.6* -12.55** 7.01% 6.06** 6.53**
Glzaé;fox Gz 1.98* 3.61% 2.8 3.03* 1.55% 2.29% 0.16* 0.25%* 0.2%* -10.91** -14.22** -12.57* 4.95% 447+ 471+
Giza f;(?gX Gz 1.42% 1.68** 1.55% -4.01% -0.15 -2.08** 0.13 0.11 0.12* 9.23* 14.84* 12.04* 3.6* 0.84 2.22%
Giza 175?; Wab 095 2,08 1aow | -2.34m 057 -0.89 001 013 -0.06 557+ 14.04% 9.81% -1.09 -0.93 101
Giza 179 x IET -0.22 0.55 0.16 1.32 177 1.54% 0.18* -0.05 0.06 -4.05%* 877 -6.41%% 3.07% 3.73% 3.4%
S;g:ﬁalfgex 0.01 -0.02 -0.01 -3.49%% -0.54 -2.01%* 0.18* -0.42% -0.12% -3.23* -2.09 -2.66%* -3.78%* -2.95% -3.37%
Sakhasigg * Gz 1.58** 2.1+ 1.84% -2.19%* -1.02 -1.6* -0.25** -0.14 -0.19** -5.84* 0.77 -2.54* -3.24* -2.78* -3.01%*
Sakhalégg * 6z -1.14% -0.79 -0.97* -0.17 -1.34% -0.76 -0.12 -0.02 -0.07 0.31 -4.93* -2.31% -2.12 -0.93 -1.53
Sa\l;\;]aablsl')GS x 1.43* -0.2 0.62 2.29% 4.02* 3.15% -0.07 0.09 0.01 4,51+ 127 2.89% 3.35% 4.06* 3.71%
S?Etl]'aligi x 0.22 -1.07* -0.43 3.08* 3.36% 3.22% 0.18* 0.22 0.2 8.8* 8.28* 8.54% 0.31 1.39 0.85
Sakhasﬁg Gz -1.02% -0.58 -0.8* 2.58* 4.1 3.34% 0.25 0.33* 0.29" 15.07** 2.61* 8.84% 0.69 -2.46% -0.89
Sakhalégg Gz -1.09% <1754 142+ -4.46%* -3.53+ -4r* 0.09 0.03 0.06 17 5.59% 3.64% -3.06%* -2.32% -2.69%%
Sa\l;\l}:bls%ﬁ x -0.61 -1.14% -0.87* -3.57* -1.88** -2.72%* 0.09 -0.09 0.002 9.47* 13.62* 11.54* 1.68 -0.99 0.35
S?E[I]'al:éllgi x 1.81% -0.01 0.9% 423 1.79 3.01% -0.64** 0.08 -0.28** -7.87 -7.94% -7.91% 1.91 5.34* 3.62%*
Gz 8Z;é)8>< Gz -2.87* -2.1% -2.49% 2.25% 1.43* 1.84* 0.19* 0.46** 0.32** 0.33 -2.87% -1.27 2.18 0.19 1.18
Gz 871508X Wab -1.74% -0.62 -1.18%* 0.41 -0.42 -0.01 0.22 0.37% 0.3 377 5.52% 465 2.55% -2.68% -0.06
Gz 832; IET -2.02%* -1.64%* -1.83** -2.55%% -1.52% 2,03 0.2+ -0.08 0.06 5.86* 7.95% 6.91% 438 -0.06 2.16%
Gz 136586>< Wab 1.19* 3.25% 2.22% 5.09% 4.06%* 457 0.01 0.02 0.01 -9.66%* -13.55%* -11.6%* 8.47% 3.63* 6.05%
Gz 1%22; IET 2.16% 3.07* 261 -5.28** -4.16% -4.72%* 0.07 -0.4** -0.16** 1.38 3.52% 2.45% -0.27 0.52 0.12
Wabf‘&: IET 2.04* 2.79* 2.42* -5.21** -4.38* -4.8 -0.01 -0.31%* -0.16** 5.85%* 11.4% 8.63** -0.59 -1.29 -0.94
L.S.D.05(sij) 0.97 1.01 0.69 152 1.26 0.97 0.14 0.14 0.1 2.07 2.26 15 2.23 2.26 1.56
L.S.D.01(sij) 1.29 1.33 0.92 2.01 1.66 1.29 0.19 0.18 0.13 2.73 2.99 2 2.95 3 2.08
L'S'[;i'l?)f’(s”' 1.44 1.49 1.02 2.25 1.86 1.43 0.21 0.2 0.14 3.06 3.34 2.23 33 3.35 2.31
L'S'[;i'l[())l(s‘l- 1.91 1.97 1.36 2.98 2.46 1.91 0.28 0.27 0.19 4.05 4.42 2.96 4.36 4.43 3.08
L.S.[;kf‘))S(S\j— 1.36 1.4 0.34 212 1.75 0.48 0.2 0.19 0.05 2.88 3.15 0.74 3.11 3.16 0.77
L'S'Zk?)l(s‘k 18 1.86 0.45 2.81 2.32 0.64 0.26 0.25 0.06 3.81 4.17 0.99 411 4.18 1.03

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
N: normal condition. S: drought condition. Comb: combined data.
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mean performance. However, the cross combinations; Giza 179 x GZ
8710 and Sakha 102 x Wab 56 had significant (5;) in desirable

direction for grain yield/plant and their components i.e., panicle length,
no. of panicles/plant, 100-kernel weight and sterility percentage. This
might indicate that , these hybrid combination could be used in
improving grain yield at normal as well as stress irrigation regimes
under the situation of the present investigation. Therefore, these
superior crosses would be of practical interest in breeding program for
developing rice varieties under drought conditions.
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