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ABSTRACT: Combining ability analysis was calculated for grain yield and some yield
related traits in rice through 8 x 8 diallal set analysis excluding reciprocals at the
Experimental Farm of Sakha Agricultural Research station Kafr El-Sheikh, Egypt during
2016 and 2017 summer seasons under normal and water stress conditions. Mean
squares of Parents and their crosses were highly significant for all traits studied under
both environments and their combined analysis, indicating that overall wide differences
among these populations and reflecting the diversity at the parent and their crosses for
the studied traits.

GCA and SCA mean squares were found to be highly significant for all traits studied
under both environments indicating that the role of additive and non - additive gene
action in the expressions of these traits. The ratio of GCA/SCA was less than unity for all
traits under both environments, except for grain yield /plant under stress condition,
indicating that non — additive gene action was more responsible for the inheritance of
these traits. The variety IRAT 170 and Morobroken could be used as a good combiner
parents for grain yield /plant and some of its components under normal as well as stress
conditions due to its significant and/or highly significant (giA) in positive direction while
the parental varieties; Giza 177, Giza 178 and Giza 179 behaved as good combiner for No.
of days to 50% heading under both environmental conditions. The crosses; Sakha 106 x
Giza 179, Gizal77 x |IET1444, Giza 177 x Morobroken, Gizal78 x Giza 179, Giza 178 x
Morobroken and IET 1444 x Morobroken had significant (S_i'j) in positive direction under
normal condition for grain yield and some of its components. While the crosses; Sakha
106 x Giza 177, Sakha 106 x Giza 179 and Giza 178 x Giza 179 had significant (S_i'j) in
positive direction for grain yield and some of its components under stress condition.
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INTRODUCTION canals has been identified as a complex
and growth stage-specific trait, largely
associated with a volume and deep root
system (Chang and Loresto, 1986).

Rice (Oryza sativa L.) is one of the
most important cereal crops in Egypt.
The cultivated rice area in Egypt has

been increasing gradually since the Drought, like many other
beginning of the Egyptian Rice Program. environmental stresses, has adverse
The main target of The National Rice effects on crop vyield. Low water
Program in Egypt is decreasing the total availability is one of the major causes for
cultivated area in normal soil, conversely crop vyield reduction affecting the
in water stress condition soil, with majority of the farmed regions around the
carrying out high yield potentiality from world. As water resources for agronomic
unit area. Water stress tolerance in dry uses become more limiting, the

land culture at the end of irrigating
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development of drought-tolerant lines
becomes increasingly more important.

The breeding of qualitatively yield-rich
rice varieties is not possible without prior
knowledge of their genetic properties.
The breeders - therefore - try with the
help of suitable quantitative genetic

methods, to combine the desired
properties of different varieties. The
diallel-cross method which was

suggested by (Griffing (1956 a and b). is
one at the most methods used to
determine the type at gene actions vis
general and specific combining abilities.
Consequently, crossing in a diallel
fashion is the only specific and effective
technique for the measurement,
identification and selection of superior
genotypes. Estimating combining ability
through diallal analysis is the first step in
most plant-breeding programs aimed to
improving vyield and other related
parameters (Pickett 1993; Griffing 1956
a).

Estimates of additive and non-additive
gene action are important in early stages
of breeding procedures (Dudley and Moll
1969). Selection would be successful
during the early generations when
additive gene action is predominant.
Otherwise, the selection would be at later
generations when these effects are fixed

in homozygous lines. The present
investigation aimed to estimate the
general and specific combining ability,
nature of gene action and their
interactions with normal and water
stresses conditions for grain yield and its
related traits in rice.

MATERIALS AND METHODS

The present investigation was carried
out at the Experimental Farm of Sakha
Agricultural Research station, Kafr El-
Sheikh, Egypt during 2016 and 2017 rice
growing seasons. Eight local and exotic
rice genotypes, namely, Sakha 104,
Sakha 106, Giza 177, Giza 178, Giza 179,
IET 1444, IRAT 170 and Morobroken
provided from the pure genetic stock of
the Rice Research Section, Field Crops
Research Institute, Agricultural Research
Center, were grown under normal and
water stress conditions (Table 1).

In 2016 season, the above mentioned
rice genotypes were planted in three
successive dates of planting with ten
days intervals. At flowering time,
crossing among all possible
combinations between the 8 parental
lines excluding reciprocals were carried
out following the technique proposed by
Jodon (1938) and modified by Butany
(1961).

Table (1): Origin and main characteristics of the eight rice genotypes used as parents in

a diallel cross.

No Genotypes Pedigree Grain shape| Variety type |Drought tolerant

1 Sakha 104 |(GZ 4096-8-1/ GZ4100-9) Short Japonica Sensitive

2 Sakha 106 (Gizal77/Hexi30) Short Japonica Moderate

3 Giza 177 (Gl\ii)éll;;i/,\]g{gji Short Japonica Sensitive

4 Giza 178 (Gizal75/ mi lyang49) Short Indica/ Japonica Moderate

5 Giza17g |(G? 13681_523_-?3;(326296_ Medium [Indica/ Japonical]  Moderate

6 IET1444 TN1/CO29 Short Indica/ Japonical Tolerant
IRAT170 IRAT13 / Palawan long Indica Tolerant

8 Morobroken IR8-24-6 (M307H5) long Indica Tolerant
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In 2017 season, 30 days old seedlings
of 36 produced rice genotypes (8 parents
and 28 F;'s) were transplanted in
permanent field at the experiment using
randomized complete blocks design
(RCBD) with three replications according
to Snedecor and Cochran (1967). The
combined analysis of variance was
calculated for these two environments to
examine the interaction among the
genetic components for the two different
environmental conditions. Each replicate
comprised of 5 rows of each parent and 3
rows of each F; hybrids. The row was 5 m
long and 20x20 cm apart was maintained
between rows and seedlings. Flush
irrigation was used every 10 days for the
water stress conditions. Recommended
cultural practices of rice in the area were
followed under the two environmental
conditions. Data were collected for grain
yield and its components traits l.e. |,
number of days to 50 % heading (days),
plant height (cm), number of panicles /
plant, 1000-grain weight (g), number of

filled grains /  panicle, sterility
percentage, and grain yield/ plant (g)
traits according to the standard

evaluation system of IRRI (1996).

The combining ability analysis was
done according to Griffing’s (1956 b),
method 2, model 1, where parents and
one set of F;’s were included to estimate
the effects of general (GCA) and specific
(SCA) combining abilities and variances
at each one. The GCA / SCA ratio was
estimated to measure the relative
importance of additive gene to non-
additive gene effects (Singh and
Chaudhary 1979).

The statistical analysis of variance
was done using method Il mode | (fixed
effects) of Griffing (1956) which was

considered appropriate as its all
requirements were met by the
experiment.

In a fixed model analysis of data from
single cross progeny of a diallel, the
average performance of each progeny is
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partitioned into components relatively to
general combining ability (GCA) as main
effects and specific combining ability
(SCA) as interactions. The SCA is used to
identify the specific combinations which
perform better than would be expected
on the basis of the average performance
of the lines involved. But, GCA variances
represent fixable (additive gene action)
components that include additive and
additive x additive variances. On the
other hand, SCA variances represent
dominance and or non-additive gene
action and measures the deviation of
crosses from the value expected on the
basis of parental performance. This
includes dominance, additive x
dominance and dominance x dominance
and higher order epistatic value. If GCA
mean squares are significant, but the
SCA is not, one would accept the
hypothesis that, the performances of a
single cross progeny can be adequately
predicted on the basis of additive and
additive x additive types of gene action.
The best performing progeny, therefore,
may be produced by crossing the two
parents having the highest GCA effects.
If, both GCA and SCA mean squares are
significant, this indicates the role of both
additive as well as non-additive gene
actions and using the relative sizes of
mean squares, the relative importance of
both is decided. Hence, GCA/SCA mean
square ratio was used as a measure to
understand the nature of gene action
involved.

RESULTS AND DISCUSSION

1- Analysis of variance for grain yield
and its component characters:

Analysis of variance for the traits
studied i.e., days to 50% heading, plant
height, number of panicles /plant, 1000-
grain weight, number of filled grains
/panicle, sterility percentage and grain
yield /plant under two environmental
conditions are presented in Table (2).
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Statistical analysis revealed highly
significant mean square of environments
for plant height, No. of panicles /plant,
1000 — grain weight, No. of filled grains /
panicle, sterility (%) and grain yield
/plant, indicating that the two
environments (non- continue flooding
stress and stress conditions) behaved in
different way for these traits. While, mean
square for No. of days to 50% heading ,
low the tow environments was not
significant, that, this trait is not affected
by the environments changes In
addition, mean squares due to genotypes
were highly significant for all traits,
indicating evidence for the presence of
large amounts of genetic variability,
among the studied rice genotypes which
considered adequate for further
biometrical assessment.

Highly significant were detected for
parents and their F; crosses mean
squares under both environments and
their combined analysis, indicating that
overall wide differences among these
populations and reflecting the diversity
of the parents and their crosses for the
studied traits. Parents vs crosses mean
squares were highly significant for all
traits studied, except for sterility % at
normal condition, grain yield / plant
under stress condition, indicating that,
heterotic variance could be change from
environment to another for most traits,
while for the excepted traits, heterotic
variance may behaved in the same way.
These results are in agreement with
those obtained by Gaballa (2009), Hadifa
(2012) and EI-Hity et al. (2015).

Table (2): Mean square estimates of ordinary and combining ability analyses for yield and
its related traits for parental genotypes under normal and water stress

conditions.
0,
SOV df N”mgggg{n%aésa;‘; 50% Plant height (cm)
Single | Comb. N S C N S C
E 1 - - 0.907 - - 58,905.042**
Replications 2 5 0.11 0.01 10.253** 0.11 0.19 10960.596**
Genotypes 35 35 234.42** | 239.15** | 424.623** | 1438.46** | 768.39** | 1276.239**
Parents 7 7 201.88** | 113.98** | 219.23** | 764.93** | 1069.28* | 750.31**
Crosses 27 27 246.84** | 280.43** | 491.19** | 1247.73** | 649.95** | 1354.93**
Parents vs. 1 1
Crosses 126.88** 0.96 65.19* | 11302.88** | 1860.01** | 2833.11**
GXE - - - - 14.117* - - 205.194**
PXE - - - - 96.63** - - 1083.9**
CrXE - - - - 36.08** - - 542.75**
Pvs.CXE - - - - 62.65** - - 10329.78**
Error 70 175 2.37 22.69 22.257 62.89 27.90 245.179
GCA 7 7 283.26** | 221.02** - 905.33** | 363.98** -
SCA 28 28 26.86** | 44.39** - 373.02** | 229.17** -
GCAXE - - - - 229.794** - - 389.817**
SCAXE - - - - 31.014** - - 168.429**
Error term 70 175 0.79 7.56 7.419 20.96 9.30 81.726
GCA/SCA - - 1.084 0.580 - 0.251 0.161 -
GCA X E/ ] - ] ] 7.40 ] i 2.31
SCAXE
GCA X N/ i - i i 1.28 i ) 2.48
GCA XS
SCA X N/ ) - i i 0.60 i ) 1.62
SCA XS

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

condition and S water stress condition
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Table (2): Cont.

SOV d.f Number of panicles/plant 1000-grain weight (g)
e Single | Comb. N S C N S C
E - 1 - - 274.501** - - 75.449**

Replications 2 5 0.13 0.23 51.903** 0.038 0.041 24.605**
Genotypes 35 35 134.34** | 180.04** | 222.713** | 29.538** | 28.821** | 41.649**
Parents 7 7 142.52** | 46.76** | 116.46** | 20.280** | 9.678** 19.44**
Crosses 27 27 137.16** | 208.59** | 250.71** | 27.097** | 34.380** | 47.60**
Parents vs. 1 1 160.23**
Crosses 0.66 341.91** | 210.58** 12.751* | 36.41**
GXE - - - - 76.725* - - 4.782*
PXE - - - - 72.82** - - 10.518**
CrXE - - - - 95.04** - - 13.877**
Pvs.CXE - - - - 131.99** - - 136.579**
Error 70 175 2.54 16.68 29.346 0.561 2.219 5.598
GCA 7 7 75.66** | 74.92** - 16.267* | 14.827** -
SCA 28 28 37.06** | 56.28** - 8.241** | 8.302** -
GCA XE - - - - 66.753** - - 14.167**
SCA XE - - - - 29.710* - - 5.135**
Error term 70 175 0.85 5.56 9.782 0.187 0.740 1.866

GCA/SCA - - 0.207 0.137 - 0.200 0.186 -

GCA X E/ - - - - 2.24 - - 2.75

SCAXE

GCA X N/ - - - - 1.00 - - 1.09

GCA XS

SCA X N/ - - - - 0.65 - - 0.99

SCAXS

*and ** significant at 0.05 and 0.01 probability levels, respectively. Abbreviations: N, normal
condition, S, water stress condition

Table (2): Cont.

SOV d.f Number of filled grains/panicle Sterility %
Single | Comb. N S C N S C

E - 1 - - 134,742.123** - - 4,941*
Replications 2 5 0.27 0.18 26588.682** 0.06 0.73 10.021**
Genotypes 35 35 7589.47** | 5287.15** | 9196.871* | 612.4** | 252.53** | 538.964**

Parents 7 7 700.81** | 1551.93** 1105.45** 4.68** | 327.01** | 266.00**

Crosses 27 27 8747.49** | 5768.72** | 11630.17** | 792.5* | 206.97** | 595.50**
Parents vs. Crosses 1 1 24543.67** | 18431.18** 137.67** 24 |961.43* | 836.32**
GXE - - - - 1,623.669** - - 99.014**
PXE - - - - 1147.29** - - 65.69**
CrXE - - - - 2,886.04** - - 403.97**
Pvs.CXE - - - - 42837.18** - - 127.51**
Error 70 175 28.15 394.91 1281.578 2.93 32.56 58.179
GCA 7 7 5133.16** | 1440.72** - 121.0%* | 29.94* -
SCA 28 28 1878.99** | 1842.80** - 224.9** | 97.74** -
GCAXE - - - - 2734.902** - - 48.640**
SCAXE - - - - 1232.289** - - 100.124**
Error term 70 175 9.38 131.64 427.192 0.98 10.85 19.393
GCA/SCA - - 0.274 0.08 - 0.054 0.022 -
GCA XE/SCAXE - - - - 2.21 - - 0.48
GCAXN/GCAXS - - - - 3.56 - - 4.04
SCAXN/SCAXS - - - - 1.01 - - 2.30

*and ** significant at 0.05 and 0.01 probability levels, respectively. Abbreviations: N normal
condition and S water stress condition

€14



R. A. El-Refaey, et al.,

Table (2): Cont.

S.0.v d.f Grain yield/plant (g)
Single Comb. N S C
E - - - 0.608**
Replications 2 0.013 0.002 0.128
Genotypes 35 35 0.510** 0.267** 0.572*
Parents 7 1.552 0.250 1.43
Crosses 27 27 0.155 0.277 0.30
Parents vs. Crosses 1 2.800** 0.106 2.00
GXE - - 0.090
PXE - - - 0.372*
Cr XE - - - 0.132
Pvs.CXE - - - 0.906**
Error 70 175 0.047 0.116 0.106
GCA 7 0.404** 0.321** -
SCA 28 28 0.111** 0.311* -
GCA XE - - - 0.336
SCAXE - - - 0.035
Error term 70 175 0.016 0.039 -
GCA/SCA - 0.406 -3.735 -
GCA XE/SCA XE - - - 9.6
GCA XN/ GCA XS - -- -- 1.25
SCA XN/SCA XS - - - 3.58

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

condition and S water stress condition

The interaction mean square of
genotypes, parents, crosses and parent
vs crosses with environments were
found to be highly significant for all
traits, except genotypes x environment
mean squares for grain yield / plant and
crosses x environments mean squares
for grain yield /plant , which might
indicated that genotypes, parents and
crosses behaved in different way from
normal condition to stress condition for
most traits , while for parent vs crosses,
X environments mean squares which
seems to be highly significant for all
traits studied ,suggesting that heterotic
variance might be differ from normal than
at stress condition. These results are in
agreement with those obtained by Singh
and kumar (2005), Aidy et al., (2006),
Hadifa (2012) and Abo - Omar (2015),
where they found that the genotypes
significantly differ from environment to
another and parents and their crosses
behaved in different way with changing
the environments. The interaction of
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parent vs. crosses with environments
was highly significant for all studied

traits.

Analysis of variance for combining

ability as outlined by Griffing (1965)
method Il model I in each environment for
all the s traits tidied and the combined
analysis of the interactions between GCA
and SCA variances with environments,
where the significant, in this case, would
be tested against error term mean
squares are presented in Table (2).

Mean squares estimates for GCA and
SCA were found to be highly significant
for all traits studied under the two
environments. These results indicated
that, both additive and non-additive types
of gene effects were involved and
responsible for the expression of these
traits. Mean squares estimates of GCA x
Env. and SCA x Env. were found to be
highly significant for all traits studied,
except for GCA X Env. for grain yield
/plant and SCA X Env. for plant height
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and grain yield /plant , where these
interactions were not significant .This
might indicate that, additive and non -
additive gene actions fluctuated from
environment to another for most traits.
While for the excepted traits it might be
indicate that the additive and additive x
additive genes more stable from
environment to another, and the
excepted traits it might be indicated that
non — additive gene actions not changed
from environment to another.

The ratios of GCA/SCA mean squares
were less than unity for all studied traits
under normal as well as stress
conditions, except for grain yield /plant
under stress condition, where the ratio
was more than one. This might indicate
that, the non — additive gene actions were
more responsible for the inheritance of
these traits and bulk method would be
the more suitable to done through the
segregating generations. While, for grain
yield /plant under stress condition, where
the ratio was more than the unity , the
additive and additive x additive genes
would be more important to expression
the trait. In this case, the pedigree
method would be more suitable to follow,
and the selection would be more effective
in the early segregating generations.
However, the ratio was approximately
equal one for No. of days to 50% heading
at normal condition, suggesting that both
additive and non. Additive would be
involved in the inheritance of the trait

These findings are in the same line
with those obtained by Abd - Elateef
(2003), Abd - Allah (2004), Singh and
kumar (2005), Hadifa (2012) and Abo -
Omar (2015).

The ratios of GCA x Env. /SCA x Env.
mean squares were more than unity for
No .of days to 50% heading , plant height,
No of panicles /plant , No. of filled grains
/panicle , 1000 - grain weight , grain yield
/plant. This might indicate that, additive
and additive X additive gene effects were
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more interacted with environments than
that non. additive genes effects. On the
other hand, the ratios of GCA x Env. /
SCA x Env. mean squares were less than
unity for sterility %, indicating that non —
additive gene action was more interacted
with environments than additive do for
this trait. On the others word, the first
traits were more suitable to estimate
additive and additive x additive, while the
second group of traits were more
suitable to estimate non — additive gene
action. The ratios of GCA x N /GCA x S
mean squares were more than one for
No. of days to 50% heading, plant height,
No. of filled grains / plant, sterility % and
grain yield /plant. This might indicate
that, additive and additive x additive gene
actions were more suitable to estimate
under normal irrigation condition than
with non — additive genes for these traits,
Table (2).

However, the ratios of GCA x N/GCA x
S mean squares were equal one for No.
of panicles /plant and 1000- grain weight,
indicating that additive and additive x
additive gene effects could be suitable to
estimate under normal as well as stress
condition for these traits.

The ratios of SCA x N/ SCA x S mean
squares were more than unity for plant
height, No. of panicle /plant , 1000- grain
weight, sterility % and grain yield /plant,
which might indicate that non — additive
genes were more suitable to estimate
under normal condition than that do
under stress condition for these traits.

2. Estimates of general and
specific combining ability effects

2.1. General combining ability effects

The estimates of general combining
ability effects consider an important
indicator of the potential of parental lines
for  generating superior  breeding
populations. A negligible or negative
combining ability effects indicates a poor
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ability to transfer its genetic superiority
to its hybrid. The largest significant
positive values have the largest effects.
On the other hand, the largest significant
negative values have the smallest effects,
except in case of sterility % and earliness
traits. Obviously, the results listed in
Table (3) revealed that, the parental
variety; IRAT170 behaved as an excellent
combiner parent for plant height, No. of
panicles / plant, 1000- grain weight, No.
of filled grains/panicles and sterility %
due to its significant and /or highly
significant (gi") in desirable directions
under normal irrigation as well as stress
condition, which might indicated that, the
possibility to use this parent in hybrids to
generate good lines of rice
characteristics by high yielding
potentiality via indirect selection of the
traits in view under both environmental
conditions. The parental varity;
Morobroken had highly significant (giA) in
desirable direction for plant height No. of
panicles /plant, 1000- grain weight and
No. of filled grains /panicle under normal

irrigation condition and for No. of days to
50% heading and plant height at stress
condition. The parental verities; Giza 177,
Giza 178 and Giza 179 behaved as good
combiner parents for No. of days to 50%
heading under both environmental
conditions due to their highly significant
(giA) in negative direction, indicating that
these parental varieties could possessed
earliness to the hybrids which revolved
and the parental variety; Sakha 104
considered as good combiner parent for
plant height, No. of panicles /plant and
sterility %, where its (gi") were
significant for the traits in view under
normal irrigation condition.

However, some parents with high
mean values exhibited low GCA effects.
Hence, both performances per se and
(gi") should be taken into account for
parental selection. Similar results were
obtained previously by ElI Abd et al.,
(2007), Viswanathan and Thiyagarajan
(2008) Muthuramu et al., (2010) and El-
Naem (2010).

Table 3: Estimates of general combining ability effects for yield and its compounder
traits for parental genotypes under normal and water stress conditions.

Number o_f days to Plant height (cm) Ngmber of
No. Parent 50% heading (day) panicles/plant
N S N S N S
1 Sakha 104 11.33* 11.15* -0.56* 1.39 3.10* -3.98**
2 Sakha 106 -3.43** -0.35 0.16 1.97* -3.40* 2.52%*
3 Giza 177 -2.57* -3.38** -0.02 -1.18 -6.60** | -8.38**
4 Giza 178 -2.40%* -2.75%* 1.78** 2.35** -11.63** 0.62
5 Giza 179 -4.90** -1.78* 0.41 1.90** -10.03** -1.28
6 IET1444 -0.23 0.82 4.64** 1.65* 3.87* 7.49**
7 IRAT170 -2.00** -1.32 -5.11** -4.60** 9.80** 8.56**
8 Morobroken 4.20** -2.38** -1.29** -3.50** 14.90** -5.58**
L.S.D 0.05 0.53 1.63 2.71 0.54 1.39 1.80
0.01 0.70 2.16 3.60 0.72 1.86 2.40

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

condition and S water stress condition
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Table 3: Cont.
“ Darente 1000-gr?§ijr)1 weight Ngurr:il;)](;;po;nfii(lzlleed Sterility % Grain y(ig;d/plant
N S N S N S N S
1 | Sakha 104 | -0.45** | -0.16 1.0 8.88* -3.49** | -0.26 -0.84 0.26
2 | Sakha106 | -0.38** | 0.31 12,7+ -7.16* 0.70* 2.13* 7.82** 451
3 | Gizal77 -0.07 0.12 -29.8* | -20.76** | -1.69** | 0.66 -6.59** | -6.36*
4 | Giza 178 -2.59* | -1.00%* | -10.7** | -2.17 -2.58* | -0.91 -2.64* -3.88
5 | Gizal79 0.94** -1.50** | -32.5** | -7.55* 2.03* 1.18 -1.03 -2.36
6 | IET1444 0.05 -0.35 14.8** 5.43 5.35** -2.40* 16.56** | 9.18**
7 | IRAT170 1.65* 2.62** 13.3** 18.15** | -4.02** | -2.18* -14.41** | 0.95
8 |Morobroken | 0.84* -0.05 31.3** 5.18 3.70** 177 1.12 -2.30
L.S.D 0.05 0.26 0.51 181 6.79 0.58 1.95 2.60 6.02
0.01 0.34 0.68 241 9.03 0.78 2.59 3.46 8.01

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

condition and S water stress condition

2.2. Specific combining ability (SCA)
effects for grain yield and its
components traits.

High specific combining ability effects
were caused by the dominance and non-
allelic interactions or epistatic effects
(non-fixable genes) that existed between
the crossed parents. The same can be
used as an index to determine the
usefulness of a particular cross-
combination in the exploitation of
heterosis. As shown in Table 4, the
cross; Sakha 106 x Giza 179 had
significant (S_i'j) in favorable direction
under normal condition for No. of days to
50% heading ,No. of filled grains /plant
,sterility% and grain yield/ plant , the
cross ; Giza 177 x IET 444 for No .of days
to 50% heading , and sterility % , the
cross ; Sakha 104 x Morobroken for No .
of panicles /plant , No. of filled grains/
panicle and grain yield /plant under
normal condition; the cross ; Giza 177 X
Morobroken for No . of days to 50%
heading, No .of panicles / plant , No. of
filled grains / panicle ,1000 — grain weight
and grain yield /plant under normal
condition , the cross ;Giza 178 x Giza 179
for No . of days to 50% heading , plant
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height No .of filled grains /panicle |,
sterility %, under normal condition The
cross ;Giza 178 x Morobroken for plant
height ,No. of panicles / plant, sterility %
,grain  yield /plant under normal
condition, the cross ; IETI 444 x
Morobroken for No . of days to 50%
heading, 1000 — grain weight, No .of filled
grains /panicle and sterility % under
normal condition. These crosses could
be used either at normal or at stress
conditions as good genetic materials as
promising hybrids from the commercial
point of view or with follow bulk method
in the segregating generations to
generate some good pure lines of rice
characterized by high yielding and earlier
maturity.

The superiority of these crosses may
be due to complementary and duplicate
type of gene interactions. Hence, these

hybrids are expected to produce
desirable segregates and could be
exploited successfully in breeding

programs. Similar trend% findings were
reported earlier by Dhakar and vinit
(2006), EI-Naem (2010) and Negm (2011).
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Table 4: Estimates of specific combining ability effects for yield and its components
traits in F1 crosses under normal and water stress conditions.

0,
No. Crosses Numlr)lzrag;‘nc;az/dsatyc; 50% Plant height (cm)
N S N S

1 Sakha 104 x Sakha 106 2.32% -7.04** -9.26* -15.08**
2 Sakha 104 x Giza 177 3.79** 0.99 -4.39 -1.18
3 Sakha 104 x Giza 178 6.62** 11.36** 21.31* 16.82**
4 Sakha 104 x Giza 179 8.79** 13.06** 15.38** 9.72**
5 Sakha 104 x IET1444 6.12** 10.79** 13.48** 16.96**
6 Sakha 104 x IRAT170 4.22%* 7.26%* 3.88 11.89**
7 Sakha 104 x Morbroken 3.69** -2.67 9.11* -14.64**
8 Sakha 106 x Giza 177 -2.78** 14.49** -19.56** 24.99**
9 Sakha 106 x Giza 178 -0.94 -2.47 19.14** 4.32
10 Sakha 106 x Giza 179 -2.44** -7.11*%* 5.88 -5.78*
11 Sakha 106 x IET1444 3.89** 0.29 26.31** 10.79**
12 Sakha 106 x IRAT170 -1.34 -4.91* 4.38 3.06
13 Sakha 106 x Morbroken -1.88** -4.17 8.94* -18.14**
14 Giza 177 x Giza 178 2.19%* 3.89 19.68** 10.89**
15 Giza 177 x Giza 179 1.02 -2.41 7.08 -0.21
16 Giza 177 x IET1444 -3.31** -0.67 17.51* 19.36**
17 Giza 177 x IRAT170 -0.88 -1.54 3.91 2.62
18 Giza 177 x Morobroken -7.74%* -1.81 15.48** -7.91*
19 Giza 178 x Giza 179 -3.14** -4.04 -15.89** -18.21**
20 Giza 178 x IET1444 -4.14** -0.31 -5.12 -23.31**
21 Giza 178 x IRAT170 -2.71** -1.84 7.94* -3.04
22 Giza 178 x Morobroken 0.09 -3.77 -38.49** -21.24**
23 Giza 179 x IET1444 -0.64 -5.27* -25.39** -22.74**
24 Giza 179 x IRAT170 1.12 1.53 2.01 -1.81
25 Giza 179 x Morobroken -0.08 -0.41 23.24* -0.34
26 IET1444x IRAT170 2.46** 1.59 19.78** -6.58**
27 IET1444x Morobroken -4.41%* -0.67 11.34** -3.44
28 IRAT170x Morobroken -0.64 -3.54 5.74 2.49
L.S.D 0.05 1.40 4.34 7.22 4.81

0.01 1.86 5.77 9.61 6.40

*and ** significant at 0.05 and 0.01 probability levels, respectively. Abbreviations: N normal
condition and S water stress condition.
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Table 4: Cont.
Number of panicles 1000-grain weight
No. Crosses Iplant (9)
N S N S
1 Sakha 104 x Sakha 106 1.48* -7.19%* 1.88** 1.42*
2 Sakha 104 x Giza 177 -6.17** -8.04** -4.96** 0.28
3 Sakha 104 x Giza 178 -3.30** 14.10** 2.77* -0.43
4 Sakha 104 x Giza 179 -0.93 9.88** 0.13 3.27**
5 Sakha 104 x IET1444 -8.83** 10.80** -1.07** 0.92
6 Sakha 104 x IRAT170 1.92* -5.62** 2.03** -1.65*
7 Sakha 104 x Morbroken 2,77 0.61 0.33 -1.26
8 Sakha 106 x Giza 177 -3.55** -1.62 -5.94** -0.03
9 Sakha 106 x Giza 178 0.98 8.51** 1.72** -0.31
10 Sakha 106 x Giza 179 -0.82 4.30* 1.79** 0.56
11 Sakha 106 x IET1444 14.12** 8.21** 0.62 -2.39**
12 Sakha 106 x IRAT170 3.53* 3.63 2.78** 1.87**
13 Sakha 106 x Morbroken 0.05 -1.30 0.89* 0.47
14 Giza 177 x Giza 178 11.50** 9.33* 1.95** -1.79*
15 Giza 177 x Giza 179 8.53* 8.11* -2.95%* -5.25**
16 Giza 177 x IET1444 0.80 -1.97 1.91* -0.47
17 Giza 177 x IRAT170 -2.28** -1.39 0.24 3.93**
18 Giza 177 x Morobroken 2.90%* 0.85 2.68** 1.14
19 Giza 178 x Giza 179 -7.43*8 -5.75** 0.64 -2.10**
20 Giza 178 x IET1444 -5.50** -3.34 -1.438** -5.11**
21 Giza 178 x IRAT170 6.75** 8.08** 3.07* 0.75
22 Giza 178 x Morobroken 1.93* -1.19 -6.06** -2.54**
23 Giza 179 x IET1444 -1.13 -2.05 -0.47 -2.71**
24 Giza 179 x IRAT170 -0.55 -0.47 1.97* 1.02
25 Giza 179 x Morobroken -6.53** 2.60 4.57** 2.76%*
26 IET1444x IRAT170 3.05* -8.89** -0.21 5.63**
27 IET1444x Morobroken -0.77 -3.82* 2.40% 0.31
28 IRAT170x Morobroken -5.35** -4.74* -0.54 -2.27**
L.S.D 0.05 1.45 3.72 0.68 1.36
0.01 1.93 4.95 0.91 1.80

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

water stress condition.

fVe

Abbreviations: N normal condition and S
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Table 4: Cont.

Number.of filled Sterility Grain yield/plant

No. | Crosses /3 ;Iir:e % (9)
N S N S N S

1 Sakha 104 x Sakha 106 | -8.06** 9.59 5.90** -1.62 4.52 -12.99
2 Sakha 104 x Giza 177 -10.88** 1.19 -2.81* | 11.04** | -16.07** | -9.78
3 Sakha 104 x Giza 178 41.40%* | -36.07** | -2.04* | -8.08* | 13.32* | 19.74*
4 Sakha 104 x Giza 179 -25.16** | -53.02** | -7.44** | -10.72** | -7.13* -2.62
5 Sakha 104 x IET1444 6.90** | -20.67* | -9.21* | -5.40* -4.38 17.50*
6 Sakha 104 x IRAT170 8.40** |117.61*| 1.34 4.03 6.65 32.40**
7 |Sakha 104 x Morbroken | 20.08** -0.65 2.46** 7.93** | 12.39** -0.04
8 Sakha 106 x Giza 177 8.93* | 44.75% | 2.74* | 18.81* -6.13 22.50**
9 Sakha 106 x Giza 178 -18.96** | -18.03 | -6.40** | -9.49** 3.99 -6.35

=
o

Sakha 106 x Giza 179 -46.52** | -52,98** | -11.67** | -13.12** | -18.46** | -3.87

11 | Sakha 106 x IET1444 24.20** 16.37 -9.99** -6.62* | 72.79** | 29.92**
12 | Sakha 106 x IRAT170 47.04** | 43.32** | -2.98** -1.60 -7.41* -1.85
13 |Sakha 106 x Morbroken | 71.38** 0.88 29.15* | 10.62** -6.44 -16.23*
14 | Giza 177 x Giza 178 -35.78* | -31.43** | -4.70** | -9.34** 0.39 -4.81
15 | Giza 177 x Giza 179 -42.34**% | -49.38** | -9.46** | -11.74** | 23.45** 4.00
16 | Giza 177 x IET1444 -25.95%* | 23.63* | -10.99** | -4.68 | -10.47** 0.46
17 | Giza 177 x IRAT170 48.88** 7.59 6.73** -5.21* 3.16 0.02
18 [Giza 177 x Morobroken | 46.90** | 29.78* | 21.75* 0.61 10.97** -2.49
19 | Giza 178 x Giza 179 51.60* | 23.36* | -6.81** | 14.97** | -12.66** | -13.15
20 | Giza 178 x IET1444 32.66** -2.63 15.68** -0.51 | -18.42** | -5.69
21 | Giza 178 x IRAT170 -44,18* | -43.67** | -1.81** -5.05 1.22 10.54
22 |Giza 178 x Morobroken | -35.83** -3.74 -7.66** 5.98* 10.02** 7.03
23 | Giza 179 x IET1444 -18.57** | -9.91 55.71* | 9.94** 2.47 -2.88
24 | Giza 179 x IRAT170 -0.40 | -25.62* | -6.31** | -8.07** | 10.94** 10.35
25 |Giza 179 x Morobroken | 43.28** 17.12 -7.85** -2.78 | -13.26* | 11.64
26 | IET1444x IRAT170 56.99** | -52.61** | -6.13** | 11.72* | -28.98** | -20.19*
27 | IET1444x Morobroken 26.34** 3.43 -15.91*% | -7.97** 1.82 -16.80*
28 | IRAT170x Morobroken | 14.17* | -27.55** | -6.03** 3.37 -6.21 -16.87*
L.S.D 0.05 4.83 18.10 1.56 5.20 6.93 16.06
0.01 6.43 24.07 2.07 6.91 9.22 21.36

*and ** significant at 0.05 and 0.01 probability levels, respectively. Abbreviations: N normal
condition and S water stress condition.

REFERENCES Abo-Omar, M.AM. (2015). Breeding
Abd Allah, A.A. (2004). A breeding study studies on rice (Oryza sativa L.). M.Sc.
on drought tolerance in rice (Oryza Thesis, Fac. of Agric., Kafr El-Sheikh
sativa L.). Egyptian J. of Agric. Res. Univ., Egypt.
82(1): 149-165. Abd El-Lattef, A.S. (2003). Studies on

behavior of some characters related to

£V



Studies on combining ability for grain yield and its components traits in

drought tolerance in rice breeding.
Ph.D. Thesis, Fac. of Agric. Kafr El-
Sheikh, Tanta Univ., Egypt.

Butany, W. T. (1961). Mass emasculation
in rice. Inster. Rice Comm. Newsletter.
9: 9-13.

Chang, T. T. and G. C. Loresto. 1986.
Screening techniques for drought
resistance in rice. In Approaches for
Incorporating Drought and Salinity
Resistance in Crop Plants, edited by
V. L. Chopraand R. S. Paroda. 108-29.

Dhakar, J. M. and V. Vinit (2006).
Combining ability analysis in rice
(Oryza sativa). Crop Research Hisar,
31(3): 378-379.

Dudley, J. W. and R. H. Moll (1969).
Interpretation and use of estimates of
heritability and genetic variance in
plant breeding. Crop Sci. 9: 257-262.

El-Hity, M.A., M.S. Abd El-Aty, A.M.Y.
Hadifa and M. Abo-Omar (2015).
Combining ability for yield and some
agronomic characters as indices of
drought tolerance in rice (Oryza sativa
L.). J. Agric. Res. Kafr EI-Sheikh Univ.,
41(4).

EL-Abd, A. B., A. A. Abd Allah, S. M.
Shehata, A. S. M. Abd El-Lateef and B.

A. Zayed (2007). Heterosis and
combining ability for yield and its
components and some root

characters in rice under water stress
conditions. Proc. Fifth Plant Breeding
Conference, May 27. Egypt. J. Plant
Breeding, Special Issue, 11 (2): 593-
609.

El-Naem, S, M, A. (2010). Breeding
studies on rice (Oryza sativa L.) under
water stress conditions. M.Sc. Agron.
Fac. of Agric, Mansoura Univ., Egypt.

Griffing, B. (1956 a). A generalized
treatment of the use of diallel crosses
in guantitative inheritance. Heredity,
10: 31-50.

Griffing, B. (1956 b). Concept of general
and specific combining ability in

£VYV

relation to diallel crossing systems.
Aust. J. Biol. Sci., 9: 463-493.

Gaballah, M.M. (2009). Studies on
physiological and morphological traits
associated with drought resistance in
rice (Oryza sativa, L.). Ph.D. Thesis,
Agron., Dept., Fac. Agric.,
KafrelSheikh Univ., Egypt, pp. 212.

Hadifa, A.A.Y. (2012). The role of root and
shoot characteristics in rice drought
tolerance. Ph. D. Thesis, Fac. Agric.
Kafr El-Sheikh Univ. Egypt.

IRRI  (International Rice Research
Institute). (1996). Standard Evaluation

System for Rice. International Rice
Research Institute (IRRI), P.O. Box
933, 1099 Manila, Philippines.

Jodon, N. E. 1938. Experiment on

artificial hybridization of rice. J. Amer.
Soci. Argon., 30: 249-305.

Muthuramu, S., S. Jebaraj, R. Ushakumari
and M. Gnanasekaran (2010).
Estimation of combining ability and
heterosis for drought tolerance in
different locations in rice (Oryza sativa
L.). Electronic Journal of Plant
Breeding. 1 (5): 1279-1285.

Negm, M.E.A.A. (2011). Genetical studies
on some physiological characters of
salinity tolerance in rice. M.Sc. Thesis,
Fac. of Agric.,, Kafr EISheikh
University, Egypt.

Pickett, A. A. (1993). Hybrid Wheat-Result
and Problems. Plant breeding 15.

Berlin : Paul Parey Sc Publish, pp. 1-
58.
Snedecor, G.W. and W. G. Cochran

(1967). Statistical Methods 6™ ed. lowa
State University Press, Amer, lowa,
USA.

Singh, R. K. and B. D. Chaudhary. 1979.
Biometrical Methods in Quantitative
Genetic Analysis. Kalyani Publ., New
Delhi.

Singh, N.K. and A. Kumar (2005).
Combining ability analysis to identify
suitable parents for heterotic rice
hybrid breeding. IRRN. 29(1): 21-22.



R. A. El-Refaey, et al.,

Lfdw\ ‘é)l\ dj)h Caaly jj}” ué MUJSJU c,u,ni\ dya;d SLY gJG Q).\ﬂ\ J:\ﬁ
tall algaYls

() Al cansl) 2 dana (Vaml) gsy haall 2o (ol o ol
dnal) pas 4y seen — Uik draly — 4ol 438 — Jualaal) aud (V)
Al pan 4y ggan — ol — A3l Egadl e — Adial) Jualaal) digay sgaa - Y1 Egay and ()

il padlal)
Oa ouSall o ¢ dgalad) Ayl B Asg)Sall Aabecal) (laa) S5 & puae B M aghl) galindl )l chagd) Jhiay

48 (b Alal) Agal) Jand wand & oangll dalue (e Aglle Apalil) il (BBl aa ¢ (Slall Agal) e (lad A Ayl

CGaand) i) alliig aaally S aa ) g sasiaa gall) Alasag odine daw Wl o o sl Algd B ABlal) oY)
Uty Jpanal) Adbual Agusall cagdl sadiad ga AXA dgyilal) cuagd) Jalad JMA G 3V B GBI o opRl s

Cal Y OAVEY VT il A3l amge DA puae — gl IS — L 4l Gigand) Adaaal adiad) As)jally Asliga

-kl algally galad) @l gk

Oaelly s WY1 Al Qushall Adhal) cal clial) aaad 4ginal) o GlEadY) aije geana Jaugie o)) gl el -
- cliual) 03¢d Lgia 4ailill caglly UM (Al 3005 agag @Il uSayy yildall 034 G Anaaly CBNIR) 2 ) Ladia

Ol M8 s cliual) aand Aualilly dalall Y Ao a8l (e JS dgginall o ClBLAIY) gise §sana bauigia S —
ccliaall 03 Guyg B Chudae padly Chadaal) aad) Jadl) (e SIS a8 () ads Las ALl algally Agalall

dha 13 L cliall gaaad sl salsl (e S8 CBUIY) o Aualid) o)l N G Ao dalall op8) ( dpeadl) cils —
3 Al b LU ASY) OIS Ciwdaa sl ad) Jadl o) ) badia Alad) algad) Cigub il alill Gugal) J guasa
L aldal)

cliall Gang @lill qgall Jgana diual Gl san Cilivals Morobroken , IRAT170 4yl ciliay) cyjelsl —
Laly . uagall olad¥) b (1)) il o dalad) ojall) 50 dygine ) Gld aasg . Ouilad) NS gyl il 4y Adlaial)
S g cad $h%0 s sl s ddial Gl saa £ LIS YV ol VYA ok VYV ok Aue) iliaY) el

XOAVY g ¢ WVA shax Ve G cagdl cagall olad¥) g Ui (Si7) Gl o Aaldl ol il oS -
X AYA oia (Morobroken x YVA sha ¢ YV4 sha X Y\VA oha « Morobroken x \VV sia ¢« IET1444
280 OlS Lady . AdligSa (aarag gaadl Jgana ddual salad) )l Cig B cal IET1444 x Morobroken ¢ IET1444
e ¢ VA 3 X Ve L e WYY pha X )01 L gl caagall olad¥) B Lisina (Sij) catlil) o aualil) o)l
- Al AlgaY) Cig sl ciat Ailiga Gy bl cigaal) Jgana 4dial YV ojaa X Y VA

CrmaSanall 3 alud
Lol Goad) S5 (Gida sl pla /o]

£VA



Studies on combining ability for grain yield and its components traits in ............

Logiall daaly — de)30 408 o dallae ol /af

£Va



