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ABSTRACT

General combining sbility (GCA), spevific combining ability, (SCA) and genetic
analysis were nsed in this siudy for F; gencration obisined from helf diall cyoss among six
rice parents namely; Gizal59, Gial76, Gizal7l (old Egyptian verictics), Toridel,
Fuknishiki (Japan differential varicfies) and Sakha 182 (released Egypiian varicties). Two
Sield experiments were conducted af the Experimentnl Farm of Rice Research & Training
Center, Sakha, Kafr FL Sheikh, Egypt, during 2004 and 2005 seasons. The resulis showed
that bath (GCA) snd (SCA) veviences were found to be highly significant for all nine
cheracters siudied in F, penerations. This wounld indicete the importance of both additive
and non-addifive penctic variance in deicrmivning the performmwce of these nine
cheracters.

Analysis by components of variaion shewed that sdditive (D) gemetic variances
were siguificant for ol charecters in F; pencration except number of panicie/plant, grain
Yicid/plant and 1000-grain weight The two dominance components Hl and H2 were
Jfound se be highly significant for ofl traits studicd in the F, pencrstions. Also, the
magnitudes of these components were found to be larger than those of the additive genetic
variance. These resulty indicaird that the deminance pencetfic vaviofion had greater role in
the inheritance of these traits

F valne was positive in F; for all traits except number of panicles/plant and grain
yield/plant. This indicwics more dominawt slicies present in the parental lines than
mmﬂak&F,mmm”ﬂmwbd(h’)
was significant in the 1000-grain weight and pawicle weight in the F, generation.

The estimates of average degree of dominance (H1/D)'” were found to be greater than
unity for all traits undey investigation in the F,, indicating the presence of overdominance
Jor these traits st F; pemerations.

Clustering analysis based on similarity of quantitative characters, produced two
large gromps: the first one included Gizal71, while the second group was divided into two
sub-gromps: the first sub-group incinded Gizal59, and Gizal76. While, the second sub-
group included Fukwishiki slone in branch. On the other hand, the second branch
incinded Sakhkal02? and Toridel, which were similar in plant keight and grain
yickd/piamnt.

Key words: Cownliniug sbifity Additive variance, Genetic anslysis, Quantitative characters,
Clugter analysis, Rice ,Oryra sative - .

INTRODUCTION _

Rice (Oryza sativa L.) is the main staple food and a main source for
calories for more than one-haif of the world population (Alam et al 1998).
in Egypt, rice is the second major field crop after wheat. The annual rice
production is about 5-6 million tons and the present national average yield is
3.98 t/fadden (9.4 t/ha) (Badawi 2005). Increasing the yield is the main




target for plant breeding programs via selecting the superior genotypes,
which will transfer their desirable characteristics to next generations,

Combining ability implies the capacity of a parent to produce
progenies when crossed with other parents (Fahmi et af 2005). In breeding
programs, information on combining ability assess to know the nature of
gene action, desirable parents and important quantitative traits may be found
(Borgohain and Sharma 1998).

Consequently, the main objective of this research is to study
combining ability (general and specific) and study of the inheritance of
some quantitative characters in F; generations in rice.

MATERIALS AND METHODS

Six rice varieties viz, Gizal59, Gizal 76, Gizal71, Toridel, Fuknishiki,
and Sakhal02 were crossed in all possible combinations excluding
reciprocals in 2004 season. The hybridization technique using the hot water
method for emasculation was utilized (Jodon (1938) and Butany 1961). The
six parents and 15 F, were evaluated at the Experimental Farm of Rice-
Research & Training Center, Sakha, Kafr El-Sheikh Governorate, Egypt,
during the rice growing season of 2005. Parents and hybrids were grown in
a RCBD with three replication. Each plot contained three rows and each rows
contained 25 plants growing spacing 20x20cm. Seeds were sowing at 30 days
and transplanted to the permanent field. Parentage and country released
under investigation are given in Table (1).

Table 1. Parentage, country of release and main characters of six
parental lines.

—

Variety Parentage Country of release
Giza 159 | Giza 14/Agami M1. Egypt
Giza176 | Calrose 76/Giza 172//Gz 242 Egypt
Giza 171 | Nahda / Calady 40 Egypt
(" Toridel | TKMI/NORIN 8*5 Japan
—;:knishiki KINKIUS4S/KINKIUS11//ZENTH/3/KINKIUS45/ Japan
KINKIUS11/4HATSUNISHIKI
" Sakha 102 | Gz 4098-7-1/ Giza 177 Egypt

Also, averages of two years of nine quantitative characters under study
were used for constructing genetic relationships among rice varieties (Table
2).
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Table 2. Six Parental rice caltivars and meam of different traits
(Average of two years)

ts IHallhg’ Plaat | Ne.of | Neo. of [Graim]| 18088~ [Pamicle | No. of | Panicle
date | height | tillers |pamicles| yickdl | praim | weight | filled | length

(days) | (cm) |/plamt | /plant |/plant| weight | (2) | graims | (cm)

o | & fpanicle

Ciza 159 | 14629 | 133.73 | 2300 | 2802 [5644] 2486 | 3.13 [141.66 ] 20.66
Ga176 | 14461 | 18347 | 2708 | 328 |sa] 36 | 251 | 12633] 21.33
Giza 171 | 14461 [ 13582 [ 2233 | 2166 |S543| 2313 | 3.3 | 18766 | 22.13 |
Foridel (1335511320 | 206 | 1075 [Ss2| 2373 | 22¢ [ 159.00 [ 2290
Fokaishiki{ 121.77 [ 13888 | 2133 | 2020 Jea33]| 2396 | 220 ) 16600 ] 22.93
Bakha102] 12495 [ 109.43 | 200 | 2809 | 5247 2246 | 23 16166 25.90

Analysis of field experiments data

Combining ability effects for F; were analyzed according to
Griffing (1956) using Method 2 and Mode! one fixed model. The data
obtained were also subjected to analysis described by Hayman (1954) to
obtain more information about the genctic behavior of the traits under
study. All statistical parameters and analysis of variance were computed
by IRRISTAT and MSTAT-Cpc sofiware. Genetic relationships among
individuals and populations were measured by similarity of number of
quantitative characters as reported by Zhang ef af (1995), Dingkhuhn and
Asch (1999) and El-Malky (2004). Clustering analysis was conducted using
the Numerical Taxonomy anl Multivariate Analysis system, Version 2.1
(NTSYSpc, Rolhf 2000). The ouiput was analyzed using an agglomerative
hierarchical clustering method with complete linkage strategy. Firstly, a
matrix of dissimilaritv values was produced and the phenotypic distance
between each pair of lines was estimated as Euclidean distance. Secondly,
cluster analysis was then conducted on the Euclidean distance mat~x with un- -
weighed pair-group method based on arithmetic average (UPGMA) to
develop a dendogram.

RESULTS AND DISCUSSION

Analysis of variance

Table (3) presents the mean square valoes among F, and F,
generations. The data showed that both general combining ability (GCA)
and specific combining ability (SCA) variance were highly significant
for all nine characters studied in F, generation. This would indicate the
importance of both additive and nom-additive genetic variance in
determining the performance of thesc nine characters. The GCA/SCA
ratio in F; were found to be greater than unity for beading date, plant
height, number of tiliers/plant, number of panicles/plant, grain
yield/plan and number of field grains/panicie. Indicatng that, additive
and additive x additive types of gene action werc of greater importance
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in the inheritance of these characters. The results concluded that
selection procedures based on the accumulation of additive effects would
be successful in improving these traits. Theses results were in
agreements with those obtained by Anandakunar and Rangasamy (1984),
Aidy et al (1986) Abd El-Aty (2001), Ei-Refaee (2002) and Hammoud
(2004).

Table 3. Mean squares of general and specific combining ability and
GCA/SCA for nine characters.

S.0.V. df Heading date; Plant No. of No. of
B ‘ (days) height (cm) | tillers/plant |panicles/plant
Replication {2 1.63 1.28 1.97 0.55 .
Genotypes {20 |395.73** 474.30**  122.13** 13.24**
Error - 40 {0.63 4.77 1.53 0.73
GCA S 1341.23** 358.56**  |14.41** 5.36%*
SCA 15 [62.14** 91.28** 5.03** 4.10**
Error 40  10.21 1.59 10.51 0.25
GCA/SCA 15.49 3.93 |2.86 1.31
Table 3. Continued.
. 1000- . Panicle
sov. [arl orn | gria | P No.ctled o
p weight & pa #
plication 2 114.21 1.55 .10 38 .0850
r(i}eenotypes 20 (136.43** BS7**  10.6904** [1409.08**  |5,735%*
rror e  [7.00 1.10 10.04 17.83 0.2354
GCA 5 100.98** 1.22**  0.09** 612.01** 1.4352**
SCA 15 26.98** [3.4021** [.28** 422.25** 2.0751**
Frror 40 2.33 0.37 01 5.94 0.08
GCA/SCA 3.74 .36 0.31 1.45 10.69

General combining ability effects

Estimates of general combining ability effects for F, generation
are presented in Table (4). Highly significant negative values of GCA
for heading date and plant height would be of interest from the plant
breeder point of view. However, the positive value of GCA effects
would be useful for the other traits and could be used as a good donor
for transferring these characters to their offspring.
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Table 4. Estimate of GCA effects for the parental lines at F, generation
for nine characters in rice

P Heading date] Plant height ) No. of .No. of
(days) {em) tillers/plant | panicles/plant
IGiza 159 5.27%* . x L18** 0.16
Gixa 176 |6.62% [7.20** 2.01%* 1.32%*
Giza 171 4.35%* 9.60** 0.82** 0.32**
Teride] 2.64** 3.66** 0.01 -0.16
Fuknishiki _ |-9.674** .60%* _1.07** -1.07**
192 _4.29%* e 132** -0.56**
LS.D.at 8.05 {0.148 .407 0.318 0.160
at 0.01 [0.229 J:.em 0.492 0.247
‘Tabie 4. continued.
Parcats Grain | 1000-grain [ Panicle | No.offilled | Panicle
yicld/plant weight weight |grains/panicle| length
IGiza 159 2.70* jo.15 -0.04* -10.56** -0.15%*
Gz 176 3,21+ -0.60** 0.08** -5.51%+ -0.53**
G 171 1 2.14%* 0.31** [0.17*+ 12.19%* -0.42**
(Toridel 3.16** 42 %+ [ 9.07%* 2.72%+ 0.28**
|{Fukmishiki  |-5.32** j031* -0.09%* 2,31+ [0.46**
|Sakhs 102 [1.61** [0.03 [0.06** 8.90%* 10354+
[LS.D. at 0.05 I:.493 [0.195 0.036 0.787 |6.090
a10.01 |0.764 0.302 0.057 1219 0.140

As for heading date, the three rice varieties Toridel, Fuknishiki
and Sakhal02 showed highly significant negative estimates of GCA
cffects in F; generation proving to be good general combiners for
developing early genotypes. The rice varieties Gizal76, Toridel and
Sakhal02 exhibited highly significant desirable negative estimates of
GCA effects for plant height in F; generation proving to be good general
combiners for developing short stiff genotypes. Concerning number of
tillers per plant and number of panicles per plant, Gizal76 proved to be
good general combiners in both the F; generation. Desirable highiy
significant GCA effects were detected by Gizal59 and Gizal76 for grain
yield per plant, by Fuknishiki for 1000-grain weight, by Gizal71 for
panicle weight, by Gizal71 and Sakhal02 for number of filled grains per
panicle and Sakhal02 for panicle length in F, and proving to be good
general combiners in this respect.

Specific combining ability effects .
~ Estimates of specific combining abiiity effects from F, generation
arc shown in Table (5). SCA for heading date was negative and highly
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Table 5. Specific combining ability (SCA) of 15 crosses for mine

agronomic characters.
[ Heading| Plant | No.of | Na.of | T “::" Panick :::" Panicle
Crosses dute | height | tilers [panicles| YW [ 8 weight length
(days) | (cm) | /plant | fplane | ‘PIASt | weight | T\ geaies | S
i) &) /panicie

Giza 159x Glza 176 3B 147612400 1B9%| Z66%% | L32+%| 0.19%* | BT &1+
Gizn 159z Giza 171 228+ | 54| Sl | 030 | 072 [ -124*¢| 003 | -16.08+4 186+
Giza 159x Toridel g821% | 077|307+ | oages sssevl 0aTve| 0114 ] 191749 0684

Giza 159x Fuknlshiki | -12.24%4 10.62*4 12.47%* | 1.05%*| -4.44%*| 2.14** | 036" 542%*| 215
Giza 1593 Sakha 102 T.32%% | -7.97%% 459+ | LI4*%| L89%* [ 0.2 | -0.16*%| 748! 025
Giza 176z Giza 171 B.00%* | 13.58%9 6.07%* ) 158 368+ -1.45%*| -0.47+*{ 11.21%*] Q.98+
Giza 176x Toridel -Lior=| 12284 142 038 | 026 | 2.09%%| 0.49**) 37.79+[ o524
Giza 176x Fuknishiki | 2.478%| -6.56*¢] 10.33%* | .e.34*%| 3.15%¢ | 2.87+| .49 | 112944 0374
Giza 176x Sakha 102 | 4.42** | 540+ | 595« | 0.73*% 585+~ L3 | a5 | a83] D@
Glza 17tx Toridel -10.93%% 80744 106 | L68%%| 27745 0.69%* | 0.53**| -13.25*4 0.90+*
Giza 171x Fukaishiki | -647**} 6704 0.91 l.sv:J -1009*4 036 | 0.70*+ ] -31.33*4 -0.88+*
Giza 171x Sakha 102 | -13.25%4 7.10%%] 2.66%* | -4.18%% -2.23**] 3.15%*; 0.17**] 17.79*%] -291**
Toridelx Fuknishiki 0.97%%| S58*% -L.74 | -Z24*% 837+ | 2.20%* ] 0.67** ] -19. [ N7l
Torideix Sakha 102 -0.33 | 63urT| L1l | 3.83%%| L73%%( .0.91**| 0.61%*]-19.96*% 0.79

Fuknishiki x Sakhka 102 6.59** | .10.29%1 .5.51** | -0,75*% 6.38 0.49 | -0.33**[ 10.29+%{ -0.52**
LS.D. 2005 0407 |1.118 ]1.98 (0.439 1.354 10.536 0.100 [2.16. [0.248
at 0.01 0.459% [1.261 |2.240 10495 1.528 0.584 0.113 |2.438 _ |0.279

significant in seven crosses in F; generation. The best cross
combinations for earliness were (Gizal7l x Sakhal02), (Gizal59 x
Fuknishiki), (Gizal71 x Toridel) and (Gizal7! x Fuknishiki), which
indicated that one of these combinations could be useful for selecting
early maturing lines. Concerning plant height, seven crosses were highly
significant and negative in F; and the best crosses were (Gizal59 x
Gizal76) and (Fuknishiki x Sakhal02) in F; generation. While, for
number of tillers per plant the best cross was (Gizal 76 x Toridel), which
gave highly significant positive estimates of SCA effects.

As for grain yield per plant, six crosses showed highly significant
positive SCA effects in F; and ranged between 1.887 and 8.369, and the
best cross was (Gizal76 x Fuknishiki).

As for 1000-grain weight, the crosses (Gizal71 x Sakhal02) and
(Gizal 59 x Gizal76) showed highly significant positive SCA effects.

Concerning panicle weight, the best hybrids were (Gizal76 x
Toridel), (Gizal76 x Fuknishiki), (Gizal 76 x Sakhal02) and (Gizal71 x
Fuknishiki} where highly significant positive SCA effects were detected,
while in aumber of filled grains per panicle, the best crosses were
(Gizal 59 x Fuknishiki), (Gizal59 x Sakhal02) and (Gizal76 x Toridel)
which gave highly significant positive SCA effects. While, in panicle
length the best hybrids was (Gizal59 x Fuknishiki), (Gizal76 x
Fuknishiki) and (Gizal71 x Toridel).

From the previous data it observed that the best genotypes which
showed desirable SCA effects.cculd be obtained from crossing good by,
good, good by low and low by low general combiners. Similar
conclusion was drawn by Rao ef of (1980); Ramalingam et al (1993),
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Abd :il-Aty (2001), El-Refaee (2002) El-Malky (2004) and Hammoud
(2004).
Anmzalysis by components of variation

The estimated genetic components of variation for all characters
studied in F;generations are shown in Table (6). Additive (D) genetic
variances were significant for all characters in F, generation except
number of panicle/plant, grain yield/plant and 1000-grain weight. The
two dominance components H1 and H2 were found to be highly
significant for all traits studied. Also, the magnitudes of these
components were found to be larger than those of the additive genetic
variance. These results indicated that the dominance genetic variation
had greater role in the inheritance of these traits. Similar results for
different traits were reported by Roy and Panuwar (1997), Surek and
Korkut (1798), Chauhan er al (1994), Abd-Aty et al (2002), El-Reface
(2002) and Hammoud (2004).

Table 6. Estimate of genetic parameters in F, for nine characters in rice

Kow i Heading date . No. of No. of
ree of variance (da;i) Plant beight (cm) tillers/plant anicles/plant]
(D} Additive effect 69.10+ 22.47** 236.15+33.64** .51+ 1.94* 1.45 £2.02
M, R71.37 £57.04** [388.40 + 85.41** B8 & 4.92%* 6395 5.13**
TR 13.38 £ 50.95** 334314 76.30** [16.06 +4.40%* 14.72 + 4.59**
. 6.74:34.29  P.171£51.35 R.30 £2.96 1.45 £3.08
¥) Gene distribution  37.46 +54.89 17.17+82.19 p30+4.74 .26 +4.94
{E) Envireamental effects|).226 £8.493 [1535+12716 _ B.518+0.733 241 £ 0.765
(HI/D) h.266 282 2.149 ~ B3se
| TN p.2016 p2151 _ paoz 2245
KD/KR Rt pam [1.0314 0947
K b.776* P34 Joass n.156
H.es k162 50.41 19.93 3012
¥ibs P934 |2X0) B4.27 95.69
Table 6. Continued
fs-mnfvariance Grain  [1000-grain] Pamicle | No.of filled | Panicle
vield/plant| weight | weight | grains/panicle; length
D) Additive effect  P1.52414.09 135:0.94 P.2220.11* [1198.06415.79** D.642x1.20%*
. 11801 +35.77~ 11.90 238+ 11.11 2 0.28**[3825.62+1055.54**0.3043.04**
o 25 + 31.96* 134+ 2.13% 10,87 £ 0.25**3268.184942.94** [.634+2.72*+
b 1092151 [6.29 3 1.43** 0.51  0.17**D191.55:634.66** .73x1.83
Geme distribution  13.20+34.43 10.18£2.29 P42+£027 [B48.95:1015.79 [4.66+2.93
[E) Eavieommental cffects 2.447 £ 5.326 P372: 035 [1.368 + 4.237)65.93T157.157  [1.55840.454
™= 315 Peer6 P D3 b.736 1.876
%7 “has2r  p3®2 B p23n ~ paTs2
p.769 _p.s23 1204 h.73s
o p3s2 B.o184 | X7 p3od p.3ss
| 5815 110.58 | F R _Bom - hisd
Bis psm3 89.61 P4.54 527 b637
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A positive F value indicates an excess of dominant genes, while
negative value indicates an excess of recessive genes. In this study F
value was positive in F| for all traits except number of panicles/plant and
grain yield/plant. This indicates that more dominant alleles are present in
the parental lines than recessive alleles in the F, generation.

These results indicated the excess of dominant genes controlling
these traits. Dominance variance over all heterozygous loci (h?) was
significant in the 1000-grain weight and panicle weight in the F,
generation. In conclusion, significant values of (h?) indicating the
prevalent of dominance effect over all loci in all crosses, while
insignificant values indicating the absence of the dominance effect over
all loci in the heterozygote's and that could be due to the presence of a
considerable amount of canceiing dominance effects in the parental
varieties. The results agreed with El-Abd (1999), El-Reface (2002) and
Hammoud (2004). :

The estimates of average degree of dominance (H1/D)'? were
found to be greater than unity for all traits under investigation in the F;,
indicating the presence of over dominance in the inheritance of these
traits at F;.

The estimates of H2/4H1 ratio did not reach the ratio 0.25 for all
characters and ranged between 0.17 to 0.23 in F,, indicating that genes
having positive and negative effects were not equally distributed in the
parents.

The proportion of dominant and recessive alleles in the parents
{KD/KR) was greater than unity in all characters except number of
tillers/plant, grain yield/plant and 1000-grain weight, indicating that the
proportions of dominant alleles were greater for these characters in Fy
generation. El-Abd (1999), El-Refaee (2002) and Hammoud (2004)
found similar results.

The environmental component (E) was insignificant indicating
that these characters were affected by the environmental components
with different degrees.

The correlation coefficients (r) between the parental lines (Yr)
and the parental order of dominance (Wr+Vr) for all the characters
studied according to Hayman (1954) are given in Table {(6). The results
showed that correlation coefficients were highly significant and positive
for heading date and number of filled grains/panicle in F;, indicating that
the decreaser genes were dominant over the increaser ones. On the other
hand, number of panicle/plant was highly significant and negative; this
means that the dominance genes were associated with high mean
expression. According to Hayman (1954), if the correlation between
parental mean values and Wr+Vr is small, it means that the genes with

588



positive and negative effects in the parental lines could be in equal
proportions.

Heritability in narrow sense value is an indicator of the efficiency
of selection in identifying the best genotypes. Heritability in both broad
and narrow senses in F, generation are shown in Table (6). Heritability
estimates in broad sense were found to be high for all characters. While,
heritability in narrow sense were found to be lower than those of broad
sense, indicating the importance of non-additive genetic variance in the
inheritance of these characters. Therefore, it could be concluded from
Hayman (1954) analysis and combining ability analysis that selection
procedures which are known to be effective in shifting gene frequency
when both additive and non-additive genetic variation are involved
would be successful in improving the most traits under examination.
These results agreed with those obtained by Kumar er al (1994), El-
Hissewy and El-Kady (1992), Main et al (1997), Rather ef al (1998), El-
Refaee (2002), Hammoud (2004) and Sedeck (2006).

Clustering of the varieties based on agronomic characters

The characters used for this purpose in the present study were the
same agronomical quantitative characters, which were studied in the
previous two analyses. Normality was checked for all traits, which
indicated that all traits had good approximations of normal distributions
(Fahmi et al 2005).

Clustering varieties, based on similarity of quantitative characters,
produced two large groups (Fig.1). The first one included Gizal71, while
the second group was divided into two sub-groups, the first sub-group
included Gizal59, and Gizal76, which were similar in heading date and
grain yield/plant. While, the second sub-group included Fuknishiki, which
was in lonely due to its tallest in plant height, highest one in number of filled
grains/panicle and lowest one in the grain yield/plant. On the other hand, the
second branch included Sakhal02 and Toridel, which were similar in plant
height and grain yield/plant
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Dendogram of six rice varieties based on nine morphologecal characters

Gizal59

10'34 L d L v '_mflg L LA LA L ) m'm R J L L4 'Jm '”'n
Eucliden Coefficient

Figure 1. Cluster diagram for six varieties classified by nime
morphological quantitative characters.
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