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Abstract: In a diallel cross rice involving five varieties (Dailamani, Sange-tarom, Hasani,
Shastak-Mohammadi and Daei-shastak), combining ability and gene action for yield and
yield-related traits were estimated. The study indicated that both general and specific
combining ability effects were significant and important for the more traits, except for
primary branching of panicles and paddy width traits. This indicates the role of additive and
non-additive gene effects in inheritance of the traits. Variances due to GCA were greater than
those due to SCA for plant height, flag leaf width, primary and secondary branching of
panicles and filled grain per panicle traits, suggesting the role of additive gene effects were
predominant in inheritance of the traits. These characters have high heritability and selection
for them may well suceeed. But, low heritability of tiller number, flag leaf length, days to
maturity, panicle length, paddy length and width, 1000-grain weight and grain yield
characters, were because of a high amount of non-additive variance in the genetic variance.
Thus these characters were important for production of hybrid variety and exploitation of
heterosis. The GCA effects of each parent for these traits showed that the Shastak-
Mohammadi and Daei-shastak are good general combiner for days to maturity and grain
yield, respectively.
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INTRODUCTION

New rice (Oryza sativa L.) varieties with early maturity and high yield potential are an important
breeding challenge for Tran. Quantitatively genetic parameters such as heritability and variance
components are useful for designing new breeding programmes. Predicting response to selection,
allocating resource in field performance trials and constructing selection indexes.

Information and exact study of combining ability can be useful in regard to selection of breeding
methods and selection of lines for hybrid combination (Can et a/., 1997). Among different methods to
assess the nature of gene action in the parents, the diallel cross technique is a systematic method
(Verma, 2003). Many studies show that rice vield related characters (tiller No., filled grains per pamnicle
and grain weight) and agronomic characters (plant height and days to flowering) are inherited
quantitatively, related genetically to one another and influenced by growing environments
(Kobayashi et al., 2003). The value amount of heterosis as well as the GCA and SCA effects is
important considerations for hybrid breeding (Herrmann, 2007). Exploiting from diallel analysis in rice
breeding has generally conducted to evaluate combiming ability for quantitative traits and useful results
are available. Despite the advances of molecular breeding classical quantitative genetics remains usefial
in practical rice improvement. Thus estimation of genetic parameters such as heritability and combining
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ability give inferences about the predominant action of the genes, indicates the appropriate
selection strategy to be applied in the breeding program and allows the identification of the best
parents (Torres and Geraldi, 2007).

This study used partial diallel analysis to determine the combining ability of Iraman rice cultivars
and to study the genetic basis of important agronomic and grain yield related traits. Increasing yield
in surface unit by using breeding and introducing of high yield varieties is one of the main goals of
breeders. Most parts of rice cultivation farms in North districts of Iran devoted to cultivate of
qualitative varieties and mid or late maturity varieties, which they have a low grain yield. Therefore
breeding in order to early maturity and more yield are an important goal in bresding programs. Because
successful conducting of each breeding program, it is necessary to aware of genetic structure, for this
purpose.

MATERIALS AND METHODS

FPlant Materials

Five rice genotypes (Hasani (long paddy width and high 1000-grain weight), Dailamani (long fag
leaf and long paddy length), Shastak-Mohammadi (long flag leaf width and short days to maturity),
Sange-tarom (low tiller No. and tall plant height) and Daei-shastak (high tiller No., high primary
branching of panicles and high grain yield) and their 10 f;s hybrids obtained through half diallel set were
evaluated for combining ability and gene effects. Single seedlings of each entry were transplanted at
20x20 em spacing in 3x3 m? plots in a randomized complete block design with three replications. This
study was conducted in 2006-2007 years at Research Station of College of Agriculture, University of
Mazandaran. General Combining Ability (GCA) and Specific Combining Ahbility (SCA) were
calculated for all agronomic traits. In this study 13 traits includes tiller No., plant height, length and
width of flag leaf, days to maturity, panicle length, primary and secondary branching of panicles, filled
grain per panicle, length and width of paddy, 1000-grain weight and grain yield were evaluated bassd
on standard evaluation system rice (Scshu, 1988).

Statistical Analysis

Data were recorded on ten randomly selected plant from parents and F s plant samples. The
Hayman, s (1954a, b) diallel analysis was used to compute the variance (Vr), covariance (Wr) and to
construct the Wr, Vr graph. The analysis of variance for general and specific combimng abilities was
carried out according to Griffing (19564, b) using method 2 (parents and F;s), Model 1 (fixed effects
for genotypes). Statistical analysis of data was conducted by using of GENETIC ANALY SIS software
(Deck, 1988).

RESULTS

Means of the Estimated Traits

In Table 1 means of traits classified using Duncan's multiple range test {(p = 0.05). Daeci-shastak,
Sange-tarom, Dailamani and Shastak-Mohammadi produced the highest respectively tiller No., plant
height, flag leaf length and flag leaf width. The longest days to maturity were given by Daei-shastak
but it was not significantly different from Sange-tarom, also Shastak-Mohammadi was given the least
days to maturity. Tiller No. was least in Hasam but it was not significantly different from that of
Sange-tarom. The least flag leaf width were given by Sange-tarom, Dailamani and Hasani in that order,
also Shastak-Mohammadi was given the longest flag leaf width. The longest panicle length was given
by Shastak-Mohammadi but it was not significantly different from Hasam and Dailamam. Primary
branching of panicles was highest in Daci-shastak but

387



Int. J. Agric. Res., 3 (6): 386-396, 2008

Table 1: Means of the estimated traits in 5 rice genotypes

Traits

Tiller Plant. Flag leaf  Flag leaf’ Days to Panicle Primary branching
Genotype No. height (cm) length (cm) width (cm)  maturity length (cm) of panicles
Hasani 20.33d 141.33¢ 43.00b 1.30c 57.67h 26.83a 8.00b
Dailamani 34.00b 144.30b 47.33a 1.33¢ 56.7b 26.57a 8.67b
Shastak-Moharmmadi  25.67c 142.40c 42.83b 1.97a 48.6c 27.26a 8.00b
Sange-tarom 21.66d 171.66a 39.46¢ 1.33¢ 61.6a 24.87b 8.00b
Daei-shastak 43.60a 138.16d 37.87c 1.47h 6l.7a 22.66¢ 10.00a

Traits

Secondary branching Filled grains  Paddy length Paddy width  1000-grain ~ Grain yield

Genotype of panicles per panicle (mm) (mm) weight (g) (2)

Hasani 24.67¢ 102.00d 8.9b 3.06b 31.57a 44.23¢
Dailarnani 28.70b 111.00c 9.94a 243c 21.47d 47.84c
Shastak-Mohammadi 33.00a 123.67b 9.16b 3.27a 25.40b 46.21c
Sange-tarom 22.60d 114.70c 9.83a 237 21.30d 53.99b
Daei-shastak 28.33b 158.70a 9.07b 3.00b 23.50c 65.20a

In each column, ary two means having a common letter are not significantly at p = 0.05 based on Duncans multiple range
test

it was not significantly in Hasam, Dailamam, Shastak-Mohammadi and Sange-tarom cultivars. Shastak-
Mohammadi and Hasani produced the highest and the least secondary branching of panicles,
respectively. Hasani produced the least filled grains per panicle but it was the highest in Daei-shastalk.
Paddy length was least in Hasani but it was not significantly different from that of Daei-shastak and
Shastak-Mohammadi. Also Sange-tarom and Dailamani produced the least paddy width, but it was the
longestin Shastak-Mohammadi. Hasami produced the highest 1000-grain weight, but it was the least
in Sange-tarom and Dailamani cultivars. Grain yield was least in hasani but it was not significantly
different from of Shastak-Mohammadi and Dailamani, but it was the highest in Daei-shastak
(Table 1). These results showed that different genetic systems involved in controlling traits, which
emphasized on important of study of these traits.

Combining Ability Analysis

There were significant differences among the genotypes for characters, that lead to the combining
ability analysis (Table 2). Thus were partitioned genetipic effects between genotypes into General
Combining Ability (GCA) and Specific Combining Ability (SCA). The results showed significant
differences between GCA and SCA for the investigated characters except for primary branching of
panicles and paddy width traits. This indicates the role of additive and non-additive gene effects in
inheritance of the traits. For total of traits, the values of MS (GCA) are more than MS (SCA) which
indicated that there is more difference between parents for these traits and the role of additive variance
inheritance of these fraits is more than dominance variance (Verma, 2003; Torres and Geraldi, 2007).
Regarding to the signficance of g in two directions in traits, we can declare that parents have potential
of transfer of high and low values for each trait. Hence, in cases which increasing and decreasing the
value of traits are desired, we should consider positive and negative values of g, respectively.

In Table 3, it is observed that the most value of g, for trait of tiller No. is observed in Daei-shastak
and Dailamani varicties therefore can use these for increasing tiller No. In case of plant height, it is
observed that the most and the least value of g, is in Sange-tarom and Daci-shastak varieties,
respectively. Regarding to dwarf in rice, it is accompanied by yield increasing, thus can use Daei-
shastak variety in breeding programs for decreasing plant height. The effects of g, for traits of flag leaf
length and width in Shastk-mahammadi variety is the most value and in Daci-shastak variety are the
least value. Thus regarding to breeding programs, we can use these varicties for increasing or decreasing
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Table 2: Analysis of variance for combining ability effects

MS

Source of Plant height  Flag leaf Flag leaf Days to Panicle length
variation df Tiller No.  (cm) length {cm) width (cm) maturity (cm)
Genotype 14 254,700 608.800%* 83,57 0.320%% 63,080 57.90%*
GCA 4 115.900%* 612.700%* 50,13%# 0.250%* 25.450%* 24.41%*
SCA 10 72,510 39.030%* 18.94%# 0.050%* 19.2350%* 17.28%*
Block 2 0.021ns 2.340ns 6.62%# 0.008ns 0.804ns 1.01ns
Error 28 1.520 0.814 10.61 0.004 1.790 0.51
CV (%) 4.240 0.610 773 4.480 2.340 2.80

MS

Source of Primary branching Secondary branching Filled grains Paddy length Paddy width 1000- grain Grain

variation _ of panicles of panicles per panicle  (mm) (mim) weight (g)  yield (g)
Genotype 1.320%* 2737 1462.20%+ 0.760%* 0.570%* 30.90%*  803.90%*
GCA 1.302%* 25,780k 1195.90%+ 0.420%* 0.370%* 19.27%%  357.51%+
SCA 0.090ns 2. 460%# 204.07%# 0.180%#* 0.116ns 6.71%% 232 15%%
Block 0.290ns 0.955ns 5.09ns 0.090ns 0.004 0.10ns 1.94ns
Error 0.170 0.840 13.94 0.047 0.014 0.18 14.76
CV (%) 4.7%90 3.330 3.06 2.320 4.220 1.75 7.46

#, **Significant at p = 0.05 and 0.01 levels, based on an f-test, respectively, ns: Non-Significant

Table 3: General combining ability (8. effects for traits in rice parents

Traits

Tiller Plant Flag leaf  Flag leaf Days to Panicle Primary branching
Genotype No. height (cm) length {cm) width (cm)  maturity  length (cm)  of panicles
Hasani -2.63%* R L -0.82ns -0.050* -0.11ns <1320 -0.4295#
Dailamani 3.80%* -2.91%* 2.53% -0.090* 0.60ns 0.05ns 0.048ns
Shastak-Moharmmadi  1.13%# -3.86%* 311+ 0.330% S50 3.19%% 0.048ns
Sange-tarom -5.67* 16.65%+ -2.05% -0.050* 0.60ns (. 73%E -0.33%
Daei-shastak .37 -5.69%* -2.76% -0.130% 2.03%% <119 0.6 7
SE (g) 0.24 017 0.63 0.013 0.26 014 0.08

Traits

Secondary branching Filled grains  Paddy length Paddy width  1000-grain ~ Grain yield

Genotype of panicles per panicle (mim) (mm) weight (g) (g)
Hasani -1.630%% -11.060%* -0.30%* 0.220%* 2,740 -3.8]
Dailamani 0.086ns -6.860 0.307 % -0.140%# -0, 770 =354
Shastak-Mohammadi ~ 3.040%# 0.657ns 0.060ns 0.200%* 0.350% 3. T74%%
Sange-tarom -1.670%* 4,860 0.120% -0.320%% -1.290%# -1.59ns
Daei-shastak 0.181ns 22,130 -0.190# 0.03%9s -1.040%# 11.13#*
SE (g) 0.179 0.729 0.013 0.020 0.083 0.75

* *#*General combining ability estimate significantly different from zero at p = 0.05 and 0.01, respectively, based on
Duncans multiple range test

the desired traits in varieties production. Low and negative values of g, for days to maturity showed
that earlier maturity desired in breeding programs in rice cultivars, thus can use Shastak-Mohammadi
for decreasing days to maturity in hybrid production programs. The effects of g, for panicle length
which is one of the yield components, in Shastak-Mohammadi variety, it has the highest positive and
significant value. Hence for increasing this important component of yield, can use this variety in
breeding programs. Also for traits of primary and secondary branching of panicles (of important
components of the yield), Daei-Shastak and Shastak-Mohammadi have the most significant and
positive value of g, respectively. Therefore can use these varieties in breeding programs for increasing
these traits. For trait of filled grains per panicle which is one of important components of the yield,
Daei-shastak variety can be regarded as the best combiner in terms of increasing this trait in positive
direction. The effect of g for the trait of paddy length in Dailamani variety is the most value and in
Hasani variety is the least value. Also the effects of g for paddy width in Hasam and Shastak-
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Table 4: Specific combining ability (s;) eftects for traits in rice crosses

Traits
Plant. Flag leat  Flag leaf Days to Panicle length  Secondary branching
Crosses  Tiller No. height (cm)  length (cm)  width (cm) maturity (cm) of panicles
1#%2 9.08%* -0.380ns -7.56%# -0.07T0 -1.28% -1.160%* 1.032%
1*3 -3.35%# -1.103* 2.43ns 0.430%* 2.42%* 0.320ns -0.920%
1#%4 =187 6,040 -1.50ns 0.080%* -2.28%# -3.070%* -0.210ns
1*5 6.41%#* -1, 5704 0.57ns -0.090%* 6.28%* 1.210%* 0.603ns
243 12.56%* -1.008* 3.07% 0.008ns 6,71 2.940%* -0.630ns
2%4 =597 5.460%* 3.24% 0.200** 4.00%* 3.210%#* 1.079%
245 =701 % -0.810% -0.05ns -0.090%* 0.57ns -1.630%* -2.110%*
3%4 10.69%* 6.420%* 1.46ns 0.070* 0.71ns 4.060%* 2.790%+
3®5 -1.35% -0.860* 3.04% 0.050ns 1.28* T.190%* 1,270
4*5 -6.54+ 8.94(%* -7.12%% -0.160%* -2.42%% -0.600% 0.651ns
SE (s) 0.49 0.360 1.29 0.026 0.53 0.287 0.364
Traits
Crosses Filled grains per panicle Paddy length (mm) 1000-grain weight (g) Grain vield (g)
1#2 -3.36% -0. 27 2.6%% 7.86%+*
1#3 14.78%* 0.19+ <2, TGy 3.16ns
1*4 4.96%* -0.09ns 0.82%# 3.21ns
1#5 B.H3** 0.05ns 0.51+ 16.54%#
243 2.25ns -0.21# 2. 75%#* 3.92%
24 11.11%* 0.45%% 297 %% 2.21ns
2%5 13.78%** 0.27%# -0.97* 10.65%*
34 -1.08ns 0.26%* 1.58%* 358
3%5 12.58%* 0.55%# 2304+ 16.45%*
4%5 ERELL ), G 0.21ns 11.13%*
SE (8;) 1.48 0.087 0.172 1.53

* #*3pecific combining ability estimate significantly different from zero at p = 0.05 and 0.01, respectively, based on
Duncan’s multiple range test

mohammadi varieties are the most values and in Sange-tarom variety is the least value. Since in Tran
country, most people prefer tall and thin seed rice or slender rice, therefore, for this purpose, can use
Dailamami and Sange-tarom varieties in breeding programs. For the trait of 1000-grain weight {one of
the other important components of the yield), Hasani variety can be considered as the best combiner
in terms of increasing this trait in positive direction. For the trait of grain yield, Daei-shastak variety
has the most value of g

The value of specific combining ability of hybrids (5;) for each of the studied traits, except of
traits of primary branching of panicles and paddy width due to non-significant of its MS (SCA) has
been presented in Table 4. For each of the studied traits, significant positive and negative SCA is
observed. Positive and negative §; represent high and low values SCA for that trait, respectively.

Sange-tarom=Daei-shastak hybrid has the least value of 8, (-2.42**) for days to maturity, in
result this hybrid determined as the best hybrid in terms of early maturity. Shastak-©Mohammadi <Daei-
shastak hybrid has the most value of §; for grain yield, regarding to this that SCA of traits such as
panicle length, filled grains per panicle and 1000-grain weight in Shastak-MohammadixDaei-shastak
hybrid has almost higher values, this hybrid was recognized as the best hybrid in terms of grain yield.
Also, this hybrid has the most paddy length (Table 4).

Regarding to the correctness of pre-hypothesis of Griffing model (1956b), on the basis of being
diploid of parents, additive and dominance variances were calculated by formmila of &, =&, 8 = &,
and by them and regarding to h*=9} /8 formula, narrow sense heritability were estimated and along
with MS (GCAYMS (SCA), the importance of genetic variance components, the best general combiner
and the best hybrid combination for each of the studied traits has given in Table 5. Regarding to this
table, significant being of proportion of MS (GCAYMS (SCA), being more of the proportion of
additive effects of genes are determined for traits such as plant height, flag leaf width, primary and
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Table 5: Proportion of squares means of GCA to SCA, gene action, additive variance, dominance variance, general and
specific heritability, the best general combiner and the best combination for the studied traits

Traits MS (GCS)YMS (SCA)  Gene action Additive variance Dominance variance
Tiller No. 72.00 1.59ns Non-additive 12.39
Plant height {crn) 38.76 15.69%+ additive 163.90
Flag leaf length (cm) 15.41 2.64ns Non-additive 841
Flag leaf width (cm) 0.05 4.98% additive 0.06
Days to maturity 18.66 1.32ns Non-additive 1.77
Panicle length (cm) 17.11 1.41ns Non-additive 2.0d4
Primary branching of panicles 0.04 13.85%+ additive 0.34
Secondary branching of panicles 2.18 10.46%* additive 6.66
Filled grains per panicle 199.42 5.86% additive 283.40
Paddy length (rmum) 0.17 2.33ns Non-additive 0.07
Paddy width (mm) 0.11 3.18ns Non-additive 0.08
1000-grain weight (g) 6.63 2.87ns Non-additive 3.59
Grain yield (g) 227.23 1.54ns Non-additive 35.82
Traits h§ The best general combine The best Combination
Tiller No. 0.36 Deilamani 1 Sange-tarom | 2x3 1 2x5 1
Plant height {cimn) 0.89 Sange-tarom | Daei-shastak | 4x5 1 1=5 |
Flag leaf length (cm) 0.52 Shastak-Moharmmadi 1

Daei-shastak | 2x4 1 1%2 )
Flag leaf width (cm) 0.69 Shastak-Mohammadi |

Sange-tarom | 1%x3 1 4x5 1
Days to maturity 0.27 Shastak-Moharmmadi | 3xd |
Panicle length (crm) 0.47 Shastak-mohammad 1 351
Primary branching of panicles 0.79 Daei-shastak 1 357
Secondary branching of panicles  0.77 Shastak-Moharmmadi 1 3xd 1
Filled grains per panicle 0.73 Daei-shastak 1 1x3 1
Paddy length (mm) 0.42 Deilamani 1 Hasani | 3551451
Paddy width (imm) 0.56 Hasani and Shastak-

mohammadi 1 Sange-tarom | 1x5 1 4x5 1|
1000-grain weight (g) 0.47 Hasani 1 2% 1
Grain yield (g) 0.48 Daei-shastak 1 Ix5 1

* and ** Significant in probability levels of 0.05 and 0.01, respectively, ns: Non Significant

secondary branching of panicles and filled grains per panicle. Which due to has been caused being-high
of the value of specific heritability of these traits. Therefore regarding to these obtained results,
selection for these traits can be successful and/or namely, response to selection for these traits can be
seen (Gravois and McNew, 1993). In Table 5, the best combiner for each of the traits and also the best
hybrid have been introduced which by using of these information and other results of this research, rice
breeders will be able to perform designing of breeding programs.

Parameters of D, F, H, and H, estimated for total traits except of primary branching of panicles
and paddy width due to comrectness of Hy: b = 1 hypothesis (Table 6). It is observed that the value
of additive variance component (D) to two components of dominance variance (H, and H,) for traits
such as plant height, secondary branching of panicles is more and represents more proportion of
additive effects of genes for contralling these traits. For other traits, proportions of additive effects of
genes were lower which represents dominance and/or over dominance effects of genes in their genetic
control.

Mean degree of dominance (,jH_1 /Dy for traits such as plant height, primary and secondary
branching of panicles is estimated lower than one and for trait such as filled grains per panicle is
estimated about one and for the other traits, it is estimated more than one. Being more and lower of this
index from one represents the action of over dominance and partial dominance of genes, respectively.
Therefore it was concluded that traits such as tiller No., flag leaf width and length, days to maturity,
panicle length, paddy length, 1000-grain weight and plant yield are influence by the effect of over
dominance of genes and filled grains per panicle are influenced by the effect of complete dominance of
genes and the other traits are influenced by the effect of partial dominance.
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Table 6: Components of variation and stability estimates for different traits in rice

Plant height  Flag leaf Flag leaf Daysto  Panicle

Parameter Tiller No.  (cm) length (cm)  width (cm) maturity  length (cm)
D 94,560 186.160 9.940 0.0760 27.720 3.400
F 84.870 -191.870 -11.320 -0.0550 25.430 -1.060
H; 310.480 156.470 75.020 0.2050 67.350 69,380
H; 247.720 104.070 57.250 0.1550 58.080 50.370
hz 25.370 102.480 -0.850 0.0618 58.610 35.750
Error 0.470 0.305 3.440 0.0015 0.570 0.183
\/H_lfD 1.810 0916 2.740 1.6390 1.558 4.510
Hy/4H, 0.446 0.166 0.190 0.1890 0.215 0.181
[Jab,) 7 |s[ Jiapm,) 7] 1.657 0.280 0.656 0.6380 1.830 0.930

Secondary branching Filled grains  Paddy length 1000-grain Grain
Parameter of panicles per panicle (mim) weight (g) yield (g)
D 15.640 476.040 0.2040 17.710 67.420
F 2.690 -262.960 0.0130 11.560 -126.110
H; 9330 564.020 0.7300 23.170 657.730
H, 7.580 529.650 0.6570 20170 570.100
hy 2.730 1228.690 0.0114 23150 1425.300
Error 0.281 4.450 0.0160 0.060 4.630
J}T}/D 0.770 1.080 1.8900 1.140 3.120
Hy/4H, 0.203 0.234 0.2250 0217 0.216

In this study, index F for traits of plant height, flag leaf length and width, panicle length, primary
branching of panicles, filled grains per pamicle and grain vield were negative. This represents that for
these traits in the studied parents, frequency of recessive alleles is more than the frequency of
dominant alleles. Also for the other traits, index F was positive which represents this that in these
traits, frequency of dominant alleles is more than the frequency of recessive alleles, ignoring this that
dominant alleles have increasing or decreasing effects (Table 6).

Index H,/4H, (proportion of genes with positive and negative effects in parents), for trait of tiller
No. is more than 0.25 which represents that the frequency of dominant gene is more than 0.5 and for
trait of filled grains per panicle, this proportion is about 0.25 which represents this that positive and
negative genes are almost the equal in parents. It means their frequency is about 0.5. But for the other
traits, Index H,/4H, is lower than 0.25.

Proportion of dominant and recessive genes in the parents [‘J@DHl) n F} /[J(4DH1) - FJ for trait

of paddy length is about one. It means dominant and recessive genes for this trait have the same
frequency and for traits such as tiller No., days to maturity, secondary branching of panicles and 1000-
grain weight, this proportion is more than one. It means dominant genes are more and for the other
traits, this proportion is lower than one and represents that recessive genes frequency in this traits are
more than dominant genes.

Variance and Covariance Analysis

The variance (V) and covariance (Wr) values on days to maturity (Table 7, Fig. 1), were related
by a straight regression line with slope b. Since b= 0.80 and was not significantly (p>0.05) different
fromb=1.0, the absence of non-allelic interaction and independent distribution of genes were indicated
(Fig. 1).

Likewise, the intercept is negative and the actual regression line was slightly below the line of unit
slope through the origin, indicating over dominance in the control of the trait.

The position of points on the regression line depicts the dominance order of the parents. Parents
with most dominant genes have their points nearest the origin while the patents with most recessive
genes fall farthest from onigin. This graph together with Wr+Vr values (Table 7) indicated increased
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Table 7: Array variances (Vr) and covariances (Wr) for days to maturity and grain yield

Array Vr Wr Wr+Vr WiV Parent values (Vr)
Days to maturity

Hasani 19.70 8.60 28.30 -11.10 57.60
Dailamani 14.30 0.70 15.03 -13.60 56.70
Shastak-Mohammadi 3520 22.90 58.15 -12.30 48.70
Sange-tarom 8.26 4.45 12.74 -3.85 61.60
Daei-shastak 11.30 1.45 12.75 -9.85 61.67
Grain yield

Hasani 299.19 132.84 432.03 -166.35 44.23
Dailamani 195.64 87.25 282.89 -108.39 47.84
Shastak-Mohammadi 278.92 124.80 403.72 -154.12 46.21
Sange-tarom 171.24 76.86 248.11 -94.37 53.99
Daei-shastak 132.98 -90.92 42.06 -223.14 65.21

39 4 B = 0.80+/-0.17* Not sig diff than 1
intercept = -6.639
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Fig. 1: Variance (Vr), Covariance (Wr) graph on days to maturity in a five-parent
mcomplete diallel cross (1-Hasani, 2-Deilamani, 3-Shastak-Mohammadi, 4-Sange-tarom, 5-
Daci-shastak)

frequency of recessive alleles. The order of dominance was thus Sange-tarom>Daei-
shastak>Dailamani>Hasani>Shastak-Mohammadi. Daei-Shastak, which gave the most days to
maturity, had the most dominant genes while Shastak-Mohammadi, which gave the least, had the most
recessive genes. The correlation coefficient between parental values (Yr) and parental order of
dominance (Wr+Vr) was negative (r = -0.93) and significant (p<0.05), indicating that the parents
containing most negative genes for the trait had the highest values of Wr and Vr. Since the value was
nearly one, it confirmed the result that the dominant genes must be mostly negative, i.e., they are the
beneficial genes contributing to days to maturity.

Values of Wr+Vr for grain yield indicated that increased frequency of dominant alleles. The order
of dominance was thus Sange-tarom>Dailamani>Hasam>Daci-shastak>Shastak-Mohammadi
(Table 7, Fig. 2). Daci-shastak, which gave the most grain yield, had the most recessive genes while
Hasami, which gave the least, had the most dominant genes. The correlation coefficient between
parental values (Y1) and parental order of dominance (Wr+Vr) was negative (r = -0.96) and significant
(p<0.05), indicating that the parents containing most dominant genes for the trait had the highest values
of Wr and Vr. Since the value was nearly one, it confirmed the result that the dominant genes must be
mostly negative, i, e., they are the beneficial genes contributing to grain yield.

Results of this study imply that for days to maturity and grain yield gene action were non-
additive, also parental order of dominance and the combining ability effects were almost
identical for both the traits. Therefore, these results can be help in choosing suitable breeding
method.
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Fig. 2: Variance {Vr), Covariance (Wr) graph on grain yield in a five-parent incomplete diallel cross
{1-Hasani, 2-Deilamani, 3-Shastak-Mohammadi, 4-Sange-tarom, 5-Daei-shastak)

DISCUSSION

Analvsis of variance of traits for the studied rice varicties represents the existence of obvious
difference between varieties, significant GCA for parental varieties and obvious SCA for F, hybrids.
These results show that for successful selection of genotypes in most evaluated traits in this study,
there is increasingly a good genetic basis. This is a very good in traits which the proportion of additive
genetic variance is high, because in this case, traits heritability for an effective selection is enough high.
This case is when genetic control of influenced traits shows partial dominance effect which of additive
gene effect is more than dominance effect (Singh and Chaudhary, 1985; Gravois and McNew, 1993).
This study demonstrated that genetic factors were involved in traits. Present results also indicated that
additive gene effects controlled plant height, primary and secondary branching of panicles. This was
sirmilar to earlier reports (Hoang and Long, 1991; Gravois and McNew, 1993). In case of grain yield
and the other traits, different results were reported by different researchers. Some earlier reports
revealed the predominance of additive gene effects in the control of the characters (Bui and Tuan, 1991,
Singh and Kumar, 2004), while present results differed from them. On the contrary, the results
presented here confirmed that non-additive gene effects was more important that additive gene effects.
The different results could be attributed to different materials used. The parental lines chosen for
crosses in this study were from five type lines of Iranian local cultivars.

Regarding to 89% heritability for plant height, it is a satisfactory sign which this trait will be
gasily transferred to next generation. Therefore regarding to this that in rice, being short-stem has been
along with more vield and it is desired for breeders, to this same reason, Daei-shastak variety which
shows the shortest height among the studied varieties ( X =138.16 cm ) and has a definite and negative
GCA for plant height, when it is crossed with Hasani, Dailamani and Shastak-Mohammadi varietics
(varieties which have negative GCA), there is a high probability for selection of lines with shorter
height by crosses.

Selection for filled grains per panicles cannot be very successful, because this trait is controlled
by dominance gene effects. Butin this trait, heritability is relatively high (h = 73% ) and it seems that
kind of gene action is additive (Table 5), on the other hand, Hasam »Dagci-shastak, Dailamani <Dagi-
shastak, Shastak-Mohammadi*Daei-shastak and Sange-taromxDaei-shastak hybrids show a significant
SCA for filled grains per panicle (Table 4). Generally for trait of filled grains per panicle, hybrids have
more seed number in panicle than parental varicties which according to SCA, it is significant and
positive; this can be resulted from heterosis effect which has been caused dominance gene effects.
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The existence of over dominance effect in genetic control of traits such as tiller No., flag leaf
length and width, days to maturity, panicle length, paddy length and width, 1000-grain weight and
grain yield, selection success has made difficult and ambiguous, particularly when heritability of these
traits is low (Bui and Tuan, 1991; Verma and Srivastava, 2004). For trait of panicle length, positive
and significant GCA of Shastak-Mohammadi wvariety (Table 3) is hoped that in crossing this
variety with other varieties, we can obtain hybrids with a longer panicle length (Table 4).
Positive and significant SCA of some hybrids such as Shastak-Mohammadi=xDaei-Shastak,
Shastak-Mohammadi x Sange-tarom, Dailamam »Sange-tarom, Dailamamni < Shastak-Mohammadi and
HasanixDaei-shastak confirms that they have a longer panicle length to their parents.

The variation observed in the breeding values of parents show that in Tranian rice germplasm there
exist considerable additive genetic variations to be exploited in breeding to produce inbred lines for
cultural conditions. Because of the importance of additive effects, the dispersion of positive alleles for
all characters between parents and the difficulty in using immediately exotic germplasm, breeding
methods such as recurrent selection that emphasize GCA and is an efficient method of systematically
recombining many genes could be used in rice breeding programs in order to ¢combine high yield
potential and maturity for use in Iran regions.

Quantitative inheritance of traits could complicate the selection process, analysis of combining
abilities help to select suitable parents and the best hybrid combinations. Evaluating a good
combination depends on both the value of GCA and SCA. A hybrid combination which has SCA value
and good parental GCA values may be considered as a suitable hybrid combination. For instance,
hybrid combination of Shastak-Mohammadi * Daei-shastak for grain yield (Table 5), had the positive
value of SCA and at least one of the parents had the highest GCA value. Therefore, GCA and SCA
effects should be taken into account when developing the strategy of the selection of genotypes for
obtaining hybrid combination with high callus induction and high grain yield.
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