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Diallel Analysis for Productive Tillering in Rice

Abstract

The mode of inheritance and gene effect for produc-
tive tillering of 7x7 half diallel crosses of rice varieties
was evaluated in the F_and F_. The mode of inheritance
analyzed for each combination separately was different
and depended on the hybrid combination. Both, the ad-
ditive and non-additive genes determined the expres-
sion of the trait. The regression analysis (Vr/Wr) showed
an absence of interallelic interaction between the genes.
In both hybrid generations over dominant inheritance
was indicated by the regression line that cuts the Wr axis
below the origin.
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Introduction

In order to achieve maximum productive po-
tential in some of the grains, breeders are recom-
mending one tiller per plant at optimum number of
plants per unit area. In rice at higher sowing density
which is necessary to obtain higher yield, the vari-
eties with higher tillering potential, abundantly will
develop several stems per plant, but will still have
higher total yield than the varieties with lower til-
lering (Jennings et al,, 1979).

The lack of plants in the crop no matter the rea-
sons is better compensated by the rice varieties
which have the ability for higher tillering. The num-
ber of productive tillers during the development
of plant type with abundant tillering is not highly
heritable and mostly depends on the applied grow-
ing measures. Thus, it is desirable to determine the
genetic contribution for this trait even in the first
hybrid generations.

Although often associated with early vigor in
short-stature materials, tiller number is inherited in-
dependently of all other major characters. Beside
the positive correlation of the yield to high tillering,
the tillering ability does not decrease with the de-

crease of height in such plants, through hybridiza-
tion, but can increase even more (Jennings et al,
1979).

~ Having in mind the above, this investigation was
undertaken to explain the nature of effect of tiller-
ing genes. In order to achieve better choice of par-
ents for the future rice hybridization programs and
a sustainable selection of promising lines for this
trait, in the later generations, the general and spe-
cific combining abilities were investigated.

Material and Methods

Seven rice varieties (Oryza sativa L.), type japoni-
ca and the F and F, hybrid progenies obtained by
their diallel crossing (without the reciprocal com-
binations) were used as a trial material in this ex-
periment. Two of the crossed varieties are domestic
(Biser-2 and Ranka) and five are introduced (Medu-
sa, 5-136, Arborio Bjanko, Baldo and Loto).

The seeds from each main panicle of the parental
varieties and hybrid combinations were planted in
2000, in special dishes in a greenhouse. The trans-
planting was carried out at the 2-3 leafs stage in
field conditions.

The comparative trial was conducted at the trial
of Rice Department-Kocani, Agricultural institute,
Skopje, by using randomized block design in three
replications. The length of the rows was 1 m with
17 cm space between rows and 20 cm space within
rows.

The standard growing measures were applied
during the vegetation. After the harvest 30 plants
of each F, combination, 99 plants of each F, combi-
nation and 48 plants of each parental variety were
analyzed in laboratory conditions. The obtained re-
sults were analyzed by simple analysis of variance.
The mode of inheritance in the F, and F, progenies
was evaluated by the test of significance of the
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mean values of the hybrid generation according
the parental ones (Borojevi¢, 1965). The analysis of
the general combining ability (GCA) and the specific
combining ability (SCA) was carried out according
to Griffing (1956), method II, model I. The compo-
nents of genetic variances and regression analysis
were analyzed by using methods of Jinks (1954),
Hayman (1954) and Mather and Jinks (1971).

Results and Discussion

From the results presented in Table 1 it can be
seen that among the parental varieties Loto has the
highest average number of productive ti illers (10.13)
and Baldo has the lowest one (6.92). The hybrid
combination obtained by crossing of these two va-
rieties (Baldo x Loto) has the lowest average value
in F, generation. The highest number of productive
tlllers in F, was obtained in the combination Medu-
sa X Ranka (10.97). The average values among the in
F, combinations, presented in Table 2, ranged from
6 75 (S-136 x Loto) up to 10.18 (Biser-2 x Medusa).

The mode of inheritance of the analyzed trait in
most of the combinations coincides in both hybrid

generations. The number of productive tillers in
most of them was dominantly inherited.

The parents with higher average value were
dominant in 6 combinations in F, generation, and
in 5 combinations parent with lower average value
was dominant. Signifi cantly higher number of pro-
ductive tillers compared to both parents or positive
heterosis had 4 hybrid combinations, out of which
three are obtained by crossing of Medusa (Medusa
x A. Bjanko, Medusa x Ranka and Medusa x Baldo).
The average values of the other 6 combinations did
not significantly differ from the values of their par-
ents {Table 1).

Dominance of one of the parents appeared in 12
F, combinations, out of which in 6 combinations
parent with higher productive tillers was dominant.
In the other 6 combinations parent with lower aver-
age value dominated (Table 2). For the 3 of them,
mutual parent was variety Ranka and for the other 3
combinations it was variety Loto. Positive heterosis
in this generation had only the combination Medusa
x Baldo. The mode of inheritance was intermediary
in the combination Biser-2 x A. Bjanko and partially

Table 1. Mean values and the inheritance of productive tillering in rice (parents and F.)

Parents Biser-2 Medusa S-136 A. Bjanko Ranka Baldo Loto
Biser-2 9.40 9.00 * 7.877°¢ 7.80 9 8.83 9.80 + 9.67
Medusa 7.63 7.90 9.03 * 10.97*" 930" 10.83 *¢
S-136 7.65 8.93 " 7.90 7.40 8.07 ¢
A.Bjanko 7.21 9.10 7.33 8.90*
Ranka 9.29 9,03 ¢ 9.33
Baldo 6.92 7.20¢
Loto 10.13
d - dominant; h - heterosis. LsD, . =1.19
1o =158
Table 2. Mean values and the inheritance of productive tillers per plant (parents and f )
Parents Biser-2 Medusa S-136 A. Bjanko Ranka Baldo Loto
Biser-2 8.40 10.18 * 8.98 *¢ 8.30° 9.77 8.97 ¢ 8.36
Medusa 7.63 8.42 7.60 8.16¢ 8.82 " 8.53¢
S-136 7.65 7.21 8.10° 7.90 6.75
A.Bjanko 7.21 8.55 7.53 9.82 4
Ranka 9.29 7.91¢ 9.05
Baldo 6.92 7.81
Loto 10.13
d - dominant; h - heterosis; | - intermediary; pd — partially dominant. LsD, .~ 1.19
=1.58
0.01
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dominant in Baldo x Loto. Having in mind that ad-
ditive gene effect could be fi xed in the further gen-
erations, these combinations will be treated with
special interest in the further breeding. Same as in
F., the mean values in 6 combinations did not show
significant difference compared to their parents.

The results from our investigation are in agree-
ment with the fi ndings of Roy and Panwar (1993)
where dominance of both better and worse parent
was obtained, and with the results of El-Hity and
Abdel-Hamid (1993) where positive heterosis was
determined.

Combining Ability
The obtained results of the analysis of variance
(Table 3) show that the variances of the general and

Table 3. ANOVA for combining ability in the F, and F,

the recessive genes dominantly infl uenced for the
expression of this trait.

The signifi cant values of GCA and SCA were sup-
ported by several scientists like Lokaprakash et al.
(1991), Ramalingam et al. (1993), Singh et al. (1993),
Kim and Lee (1994), Geetha et al. (1994) and Bansal
et al. (2000). All of them reported advantage of
dominant genes and only Singh et al. (1993) find
out almost equal exploitation of both components.
In the results reported by Kumar and Chandrappa
(1994) additive gene action had primary influence
and the SCA value was negative. The additive genes
had a higher role in the inheritance in the findings
of Singh et al. (1980) as well, but only in F, while in
the F, generation they GCA had negative value. Im-
portance of additive genes for expression of varia-

Table 5. Specific combining ability of the hybrid
combinations

Sour_ces of Degrees of Fe <A <
vanance freedom F, F Hybrid combinations . -

GCA 6 14.14*% | 12.28%% ! 2
SCA 1 4675 3 70% Biser-2 x Medusa -0.19 1.19*

c <4 Biser-2 x S-136 -0.34 0.47
GCA/SCA 3.03 324 Biser-2 x A. Bjanko -0.64 -0.29
Biser-2 x Ranka -0.52 043

Biser-2 x Baldo 1.54%% 0.45

sbpeﬁiﬁhc gogwbining ibilityTar:fe highly sti?niﬁtcsnt N [Bieer2 x Loto 0.25 03

r . means th e ex-

p(r)(;[ssio?: olf p?’ggircii\l/zntsilleriijg iseaa iesu?t olf bcftxh Medusa x 5136 043 0.1
additive and non-additive type of gene actions. Medusa x A. Bjanko 0.44 -0.38
The ratio GCA/SCA show that the additive gene | Medusa x Ranka 1.46% -0.55
action is more than 3 times higher than the non- | Medusa x Baldo 0.89 092
additive one in both generations, which means that | pedusa x Loto 1 97% 024
Table 4. General combining ability of the parents 5136 x ABjanko 1347 028
S-136 x Ranka -0.61 -0.14

Perents | GCA-F | Range | GCA-F, Range S-136 x Baldo -0.02 048
Biser-2 0.20 4 0.65** 1 S-136 » Loto -0.50 1.54
Medusa 0.35 3 -0.01 4 A. Bjanko x Ranka 0.35 022
S-136 -0.64 7 -0.48 7 A. Bjanko x Baldo -1.47 -0.85
A. Bjanko -0.40 5 -0.40 5 A. Bjanko x Loto 0.09 1.45%*
Ranka 0.51#* 2 0.35 3 Ranka x Baldo 0.46 -0.34
Baldo -0.58 6 -0.47 6 Ranka x Loto -0.39 -0.07
Loto 0.57%** ] 0.40% 2 Baldo x Loto -1.43 -0.49

SE 0.20 0.19 SE 0.52 0.49

LSD,,, 0.40 0.37 LspD,,,  1.05 0.98

0.50 0.49 1.39 1.31

0.0




tion of productive tiller number per plant has been
reported by Mahmood et al., (2004).

The estimated GCA values of the parents are
shown in Table 4. Range distribution of the best
and worst combiners for this character was differ-
entin the two investigated generations. Among the
investigated parents 4 varieties are good combiners
with positive GCA values. Only three of them, Loto
and Ranka in F, and Biser-2 in F, had highly sig-
nificant GCA values, while Loto in F, had significant
value.

According to the results presented in Table 5,
positive SCA values had 10 combinations in F,
and 9 in F, generation. However, in F only 2 of
these values were hihgly significant and other 2
were significant, while in F, only the combinations
Biser-2 x Medusa and A. Bjanko x Loto had highly
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significant values. All of them were obtained by
crossing of one good and one bad combiner, ex-
cept the combinations Biser-2 x Baldo and 5-136 x
A.Bjanko, where both parents had bad to medium
good GCA values. The obtained good SCA values
in these two crosses apply only to the concrete
combinations and it does not have to mean that
the same will be achieved in crosses of these vari-
eties with other combiners.

Regression Analysis

The regression analysis for productive tillering
(Figure 1 and 2) show an absence of interallelic
interaction, because the F, and F, regression coef-
ficients b = 0.606 + 0.191 and b = 0.716 £ 0.491,
respectively, statistically differed from 0.

In the F, generation, the regression line was quite

Medusa

Biser-2
6r = 1.000
1.000 1,200 1.400 1.600 1.800
a=-0.148

b =0.606 + 0.191

Fig. 1. Vi/Wr regression for productive tillers per plant in rice in the F, generation

1.6 -
1.4 -

Wr=0.413 L $

s Loto
_ o8- L~ T
:
06 /S
04-f . e ¥ Medusa a=-0.102
.......... b=0.716 +0.491
0.2- .
Biser-2  6r=0.719 V-136
Oé ,,,,,,,,,, ; — — PR S S e — -
02 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600
Vr

Fig. 2. Vr/Wr regression for productive tillers per plant in rice in the F, generation
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separated from the limiting parabola indicating big-
ger role of the dominant genes compared to the
recessive ones. These results correspond with the
results calculated for each combination separately
where most of the inheritance in most of the com-
binations was dominant.

The position of the regression line that cut the
Wr axis below the point of origin indicated over
dominant inheritance for this character. Most of the
parents are located closer to the axis starting point,
which means that they contributed mainly with
dominant genes for the expression of the trait.

The variety S-136, according to its position pos-
sessed an excess of dominant genes over reces-
sive, while the variety Medusa which array was po-
sitioned far away from the origin had the highest
quantity of recessive genes, compared to the other
varieties. The varieties Biser-2, A. Bjanko and Ranka
possess more dominant and Baldo and Loto more
recessive genes.

The position of the regression line in F, is the
same as in F generation. According to the dis-
persion of the arrays that correspond to parents,
most of the parental varieties carry dominant
genes. Their quantities in the varieties 5-136 and
Biser-2 were decreased in F, and in Ranka and
Baldo were increased. In relation to F, the quanti-
ty of recessive genes had increased in the variet-
ies A. Bjanko and Loto, while the variety Medusa
had less ones.

The parental varieties included in this experiment
significantly differed among themselves accord-
ing to their productive tillering. The variety Loto
had highest number of productive tillers per plant
(10.13) and Baldo lowest (6.92).

The mode of inheritance in F, and F, depended
on the hybrid combination. In both generations,
the inheritance was mostly dominant.

The inheritance of productive tillering was influ-
enced by both additive and non-additive gene ef-
fect according to highly significant GCA and SCA
values obtained by analysis of variance for combin-
ing ability. The additive gene action was about 3
times bigger than the non-additive.

Best general combiners in F, generation were va-
rieties Loto and Ranka, and in F, Biser-2 and Loto.
Positive SCA value had almost half of the combi-
nations in both generations, but only few of them
were significant. The highest SCA in the F, gener-
ation was achieved by the combination Biser-2 X
Baldo, and in the F, by A.Bjanko x Loto.

Conclusion

The regression analysis (Vi/Wr) showed absence
of interallelic interaction for productive tiller num-
ber per plant.

In both hybrid generations the regression line cut
the Wr axis below the origin, that indicated over-
dominant inheritance.

The varieties 5-136, Biser-2, A. Bjanko and Ranka
possessed higher number of dominant genes for
the number of productive tillers, while Medusa, Bal-
do and Loto had more recessive genes.
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