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Introduction

Many reports have been published on the classification of rice varieties into geo-
graphical races. However, the idea of dividing rice varieties seems to be swiftly losing
its significance in accordance with further performance of intensive works?.

In order to confirm the classification of varieties, especially Sikkimese rice, and
to clarify the relationships between its strains and those belonging to the types of typical
indica and japonica, diallel crosses were carried out, using 16 strains, i.e., 14 strains
belonging to Sikkimese rice, 1 belonging to the type of indica and another to the type
of japonica. The consideration using diallel crosses is superior to those using single
cross for looking into combining ability, heterosis and cytoplasmic inheritance. Moreover,
the system of genes controlling agronomically significant quantitative traits, such as
plant height, was studied through the diallel analysis method®. So, diallel cross was
employed here. In the previous papers in this series, crossability, pollen and seed fertil-
ities®, heading dates®, some morphological characters of plant®, morphological char-
acters of unhusked and husked grains®”, and some relations among them were re-
ported. In the present report, comparative studies of data reported on the unhusked and
husked grains, and some relations among them were mainly described. Other characters,
including conclusive survey of evolution and strain differentiations, are going to be
published in the papers following hereafter.

Materials and Methods

Fourteen strains of Sikkimese rice varieties were picked out from 68 strains collected
at Sikkim in 1959%, and used in this experiment. In addition, one strain of indica and
another one strain of japonica were used as the tester. They are listed up and classified in
Table 1. Procedures of the cross and cultivation of the parental and hybrid plants were
minutely mentioned in the previous paper?®.

For ascertaining the practical values of unhusked and husked grains®?, the whole
data referring to the six characters were illustrated by the average values in the whole
seeds used in the respective strain and the hybrid combinations. In the present paper,
comparative data on six morphological characters of unhusked and husked grains were
illustrated by the ratios of value on husked to that in unhusked ones in six characters,
i.e., length, width, thickness, ratio of length to width, ratio of length to thickness and
ratio of width to thickness. To make clear the reciprocal relations, the correlation co-
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efficient and linear regression of the respective two characters of female parent upon
male parent were calculated. Basing on the data obtained in the calculation, t-test
was made from analyses of the variance for reciprocal cross combinations. Further, to
make clear the relationships between the respective characters, correlation coefficient
and linear regression of these two characters were calculated.

Lastly, correlations between the practical values of unhusked and husked grains
and linear regressions between these were calculated, too, in view of the six characters.

Results

ParT I. Respective character in quotient of husked and unhusked grains

1. Length
Parent; In Table 1, the comparative values on the whole characters of parental plants
used were shown. In this table, length, width and thickness, ratios of length to width,

Table 1. Comparative values on morphological characters of unhusked and husked
grains of the pure strains; illustrated by the ratios of value in husked to
value in unhusked grains in the respective character

Code Strain  origin  Variety ~ Length Width 10%  pw T W
1 108 Formosa Indica 0.76 0.82 0.84 0.85 0.91 0.98
2 563 Japan Japonica 0.69 0.78 0.86 0.89 0.80 0.90
3 C7707 Sikkim Addey 0.72 0.85 0.85 0.85 0.85 1.00
4 C7716 Sikkim Lama 0.73 0.81 0.88 0.85 0.83 0.97
5 crn Sikkim Lama 0.72 0.83 0.85 0.86 0.85 0.99
6 C7718 Sikkim Tokmor Zo  0.72 0.82 0.89 0.87 0.81 0.92
7 C7719 Sikkim Tokmor Zo 0.69 0.84 0.89 0.83 0.78 0.94
8 C7722 Sikkim Addey 0.71 0.82 0.86 0.87 0.83 0.95
9 C7725 Sikkim Addey 0.72 0.82 0.82 0.88 0.88 1.00

10 C7727 Sikkim Addey 0.75 0.90 0.85 0.86 0.88 1.06
11 C7729 Sikkim Addey 0.70 0.84 0.91 0.84 0.77 0.92
12 C7732 Sikkim Tapachini 0.72 0.85 0.86 0.84 0.84 1.00
13 C7734 Sikkim Fudangay 0.71 0.85 0.87 0.84 0.82 0.97
14 C7735 Sikkim Fudangay 0.74 0.85 0.88 0.84 0.82 0.97
15 C7754 Sikkim Champasari 0.72 0.81 0.84 0.89 0.86 0.97
16 C7757 Sikkim Addey 0.74 0.82 0.85 0.90 0.87 0.97

of length to thickness and of width to thickness were shown. The calculations were made
using the average values of the respective character; illustrating by the ratios of value
in husked grains to the value in unhusked ones.

The largest (0.76) was obtained in No.1, followed by No.10 (0.75). The smallest (0.69)
was noted in Nos.2 and 7, followed by No.11 (0.70). Average and its standard deviations
in the whole strains were found to be 0.72+0.02.

Hybrid; The values among diallel crosses are shown in Table 2. A wide range was ob-
served. The value of individual seed level ranged from 0.81 to 0.62 and the mean value
ranged from 0.70 to 0.64. In combination level, the largest (0.79) was obtained in the com-
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bination, No.8 (2)xNo.13 (&), followed by No.4xNo.2, No.4xNo.8 and No.5x No.2
(0.77). The smallest (0.67) was noted in the combination, No.11 x No.6, followed by No.1 x
No.2, No.2x No.15 and No.7 x No.14 (0.68). The differences in the value were confirmed to
be very large in accordance with the varieties in the respective combination-set.

Table 3. Averages and their standard deviations of three characters in female and
male parental levels; length, width and thickness

Code Length Width Thickness
No. Female Male Female Male Female Male
1 0.71+0.01 0.72+0.01 0.83+0.02 0.83+0.04 0.86+0.04 0.86+0.05
2 0.71+0.01 0.72+0.02 0.83+0.03 0.831:0.03 0.87+0.03 0.86+0.06
3 0.72+0.02 0.72+40.02 0.8440.04 0.84+0.03 0.87+40.03 0.86+0.05
4 0.75+0.02 0.74+0.02 0.84+0.02 0.85+0.03 0.87+0.02 0.88+0.03
5 0.74+0.02 0.72+0.01 0.8540.02 0.8340.03 0.8640.02 0.86+0.04
6 0.7340.02 0.7240.02 0.81+0.04 0.84+0.03 0.80+0.05 0.87+0.04
7 0.71+0.02 0.72+0.01 0.79+0.01 0.84+0.04 0.80+0.04 0.86+0.04
8 0.73+0.02 0.73+0.02 0.81+0.04 0.83+0.04 0.80+0.07 0.86+0.05
9 0.72+0.01 0.7240.02 0.81+0.04 0.84+0.03 0.8140.05 0.86+0.06
10 0.74 +0.01 0.72+0.01 0.86+0.01 0.83+0.03 0.8810.02 0.84+0.04
11 0.714+0.02 0.72+0.02 0.84+0.01 0.83+0.03 0.89+40.02 0.85+0.06
12 0.72+0.01 0.73+0.02 0.86 +0.01 0.83+0.03 0.88+0.02 0.85+0.05
13 0.73+0.01 0.72+0.02 0.86+0.02 0.84+0.03 0.89+0.01 0.87+0.04
14 0.7240.01 0.72+0.02 0.85+0.02 0.84+0.03 0.88+0.01 0.86 +0.05
15 0.72+0.01 0.72+0.02 0.82+0.03 0.81+0.03 0.87+0.04 0.84+0.04
16 0.72+0.01 0.73+0.01 0.86+0.02 0.8410.03 0.90+£0.01 0.86+0.04
Whole 0.72+0.02 0.83+0.03 0.86 +0.05

In Table 3, the average value and the standard deviations in length in the whole
combinations are shown. Each figure used in the table shows average and standard de-
viations in each parent when the strain was used as female and male parents, includ-
ing 15 combinations each. In other words, the data ranked in the female row in Table
3 were horizontally calculated at the figures shown in Table 2, and the data ranked in
the male row in Table 3 were longitudinally calculated at the figures shown in Table 2,
respectively. In view of the female parent, the highest value in the parental average (0.75)
was obtained in No.4, followed by Nos.5 and 10 (0.74). The lowest value in the parental
average (0.71) was noted in Nos.1, 2, 7 and 11. The differences of the value in the pa-
rental level were ascertained to be large in accordance with each parent. The relation
between the values of average and standard deviations was not recognized clearly. In view
of the male parent, the highest value in the parental average (0.74) was also obtained
in No.4, followed by Nos.8, 12 and 16 (0.73). The lowest value in the parental average
(0.72) was noted in the remaining 12 strains. The relation between values of average
and standard deviations was not recognized clearly, either. The average value and its
standard deviations in the whole combinations were 0.72+ 0.02.

To make clear the value in view of reciprocal combinations, correlation coeflicient
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and linear regression of the value of female parent on male parent in the same strain
were calculated, and are shown in Table 4. Basing on the data obtained in this calcula-
tion, t-test was made from analyses of variance for reciprocal cross comparisons. From
this table, the following items were ascertained. One and 1 strain showed significances
at 0.1%, 5% levels, but 14 strains showed no significance even at 5% level, respectively.
In the whole strains, correlation coefficient was +0.1647 to the degree of freedom of
118, showing no significance even at 5% level. It was concluded that the reciprocal dif-
ferences in this study suggested no considerable cytoplasmic influence on the value.

Table 4. Correlation coefficient and linear regression of three characters of female parent
(Y) on male parent (X); length, width and thickness. O points, 0.73 and 0.81 in
length and width, respectively, in both female and male parents

Code Length Width Thickness
No Correlation 4 ¢ Linear Correlation df. Linear Correlation df.
coefficient regression coefficient regression coefficient

1 -0.3470 13 - -0.2764 13 - 0.3054 13

2 -0.3366 13 - -0.0677 13 - -0.3212 13

3 0.2773 13 - -0.1708 13 - 0.1257 13

4 -0.2066 13 - 0.3619 13 - 0.3792 13

5 -0.3052 13 - -0.0946 13 - -0.0748 13

6 -0.1955 13 - -0.2286 13 - -0.1238 13

7 0.2748 13 - -0.4116 13 - -0.2350 13

8 0.8442*** 13 Y=1.387X-0.760 0.1052 13 - -0.2550 13

9 0.1955 13 - -0.3835 13 - 0.1313 13
10 —0.2845 13 - -0.1131 13 - -0.1247 13
11 -0.0635 13 - -0.0595 13 - -0.0949 13
12 0.2901 13 - -0.2571 13 - -0.1366 13
13 0.5221* 13 Y=0.791X+0.353 0.0729 13 - 0.1271 13
14 0.4912 13 - 0.5413* 13 Y=0.583X+1.434 0.1821 13
15 -0.0647 13 - -0.1353 13 - -0.2121 13
16 0.1451 13 - -0.3978 13 - -0.2967 13
Whole 0.1647 118 - 0.0091 118 - 0.0618 118

**%  *. gjonificant at 0.1% and 5% levels, respectively.

The differences between the maximum and the minimum values of length for each
parent, in view of the female parent, were as follows in the order from No.l1 to No.16;
0.04, 0.05, 0.03, 0.06, 0.06, 0.05, 0.06, 0.10, 0.05, 0.05, 0.07, 0.04, 0.05, 0.05, 0.05 and 0.06, re-
spectively. It may be noted that the value was peculiarly large in No.8. The average and
its standard deviations were 0.05+0.01. The strain showing large value in this respect
had a remarkable difference in length, which were found in the combinations with 15
alien parents, at the time when it was used as female parent and alien strains were used
as male parents, respectively. In an extreme case, the values were 0.79 and 0.69 in No.8 x
No.13 and No.8 x No.15, respectively. The former was the largest in the whole combi-
nations (=240). In other words, No.8 showed affinities remarkably different from each
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strain, at the time when No.8 was used as female parent. The strain showing small value
in this respect had a few differences in length, which were found in the combinations
with 15 alien parents, at the time when the strain was used as female parent and alien
strains were used as male parents. In an extreme case, the values were 0.74 and 0.71 in
No.3xNo.4 and No.3x No.5, respectively. In other words, No.3 showed affinities near-
ly similar to each strain, at the time when No.3 was used as female parent. Those in view
of the male parent were as follows in the same order; 0.04, 0.09, 0.05, 0.07, 0.04, 0.08, 0.06,
0.07, 0.07, 0.07, 0.07, 0.06, 0.10, 0.08, 0.08 and 0.04, respectively. Those average and its
standard deviations were 0.07 +0.02. The strain showing large value in this respect had a
remarkable difference in length, which were found in the combinations with 15 alien
parents, at the time when the strain was used as male parent and alien strains were used
as female parents, respectively. In an extreme case, the values were 0.79 and 0.69 in No.8 x
No.13 and No.15 x No.13, respectively. The former value was the largest and the latter
was nearly the smallest in the whole combinations (=240). In other words, No.13 show-
ed affinities remarkably different from each strain, at the time when it was used as male
parent. The strain showing small value in this respect had a few differences in length,
which were found in the combinations with 15 alien parents, at the time when the strain
was used as male parent and alien strains were used as female parents. In an extreme
case, the values were 0.74 and 0.70 in No.6 x No.1 and No.7 x No.1, respectively. In other
words, No.1 showed affinities relatively similar to each strain, at the time when it was
used as male parent. In reciprocal views, correlation coefficient between these was
—0.0197, showing no significance even at 5% level.

To make clear the relations between Sikkimese rice and two testers, the differences
in the value at the time when two testers were crossed with Sikkimese rice, and the re-
ciprocals were calculated. In view of the female parent, the differences in the value for
indica (No.1) and japonica (No.2) were as follows in the order from No.3 to No.16, pro-
vided that the calculation was made only by the absolute value; 0.01, 0.06, 0.05, 0.04,
0.00, 0.01, 0.01, 0.01, 0.01, 0.01, 0.00, 0.02, 0.02 and 0.03, respectively. The strain showing
large value in this respect had a remarkable difference in length, which were found in
the combinations with two testers, at the time when the strain was used as female parent
and the testers were used as male parents. In an extreme case, the values were 0.71 and
0.77 in No.4xNo.1 and No.4 x No.2, respectively. In other words, No.4 showed affini-
ties remarkably different from each tester, at the time when No.4 was used as female
parent. The strain showing small value in this respect had a few differences in length,
which were found in the combinations with two testers, at the time when the strain was
used as female parent and the testers were used as male parents. In an extreme case,
the values were 0.70 in both No.7 x No.1 and No.7 x No.2. In other words, No.7 showed
affinities quite similar to each tester, at the time when No.7 was used as female parent.
Average and its standard deviations in the whole Sikkimese rice were 0.02+0.02. In
view of the male parent, the differences in the value for indica and japonica were as
follows in the same order; 0.01, 0.02, 0.01, 0.01, 0.01, 0.00, 0.01, 0.02, 0.04, 0.01, 0.00, 0.00,
0.02 and 0.02, respectively. The strain showing large value in this respect had a remark-
able difference in length, which were found in the combinations with two testers, at
the time when the strain was used as male parent and the testers were used as female

parents. In an extreme case, the values were 0.69 and 0.73 in No.l x No.11 and No.2 x
No.11, respectively. In other words, No.11 showed affinities remarkably different from
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each tester. The strain showing small value in this respect had a few differences in
length, which were found in the combinations with two testers, at the time when the
strain was used as male parent and the testers were used as female parents. In an ex-
treme case, the values were 0.70 in both No.1 x No.8 and No.2x No.8. In other words,
No.8 showed affinities similar to each tester. Average and its standard deviations in
the whole Sikkimese rice were 0.01+0.01. In reciprocal views, correlation coefficient
between these was —0.3257, showing no significance even at 5% level.

II. Width

Parent; Comparative values of the parental plants on the width are skown in Table
1. The largest (0.90) was obtained in No.10, followed by Nos.3, 12, 13 and 14 (0.85). The
smallest (0.78) was noted in No.2, followed by Nos.4 and 15 (0.81). Average and its stand-
ard deviations in the whole strains were found to be 0.83+0.03.

Hybrid; The values among diallel crosses are shown in Table 5. The considerable
range was observed. Values for individual seed level ranged from 0.92 to 0.70 and mean
value ranged from 0.87 to 0.76. In combination level, the largest (0.90) was obtained in
the combination, No.2x No.9, followed by No.10x No.7 and No.16 x No.7 (0.89). The
smallest (0.73) was noted in the combination, No.3 x No.1, followed by No.6 x No.15 (0.75).
The differences in the value were confirmed to be large in accordance with the varieties
in the respective combination-set.

In Table 3, the average value and the standard deviations in width in the whole
combinations are shown. In view of the female parent, the highest value in the parental
average (0.86) was obtained in Nos.10, 12, 13 and 16. The lowest value in the parental
average (0.79) was noted in No.7, followed by Nos. 6, 8 and 9 (0.81). The differences of the
value in the parental level were ascertained to be large in accordance with each parent.
The relation between the values of average and standard deviations was not recognized
clearly. In view of the male parent, the highest value in the parental average (0.85) was
obtained in No.4. The lowest value in the parental average (0.81) was noted in No.15.
The relation between the values of average and standard deviations was not recognized
clearly, either. The average and its standard deviations in the whole combinations
were 0.83+0.03.

To make clear the value in view of reciprocal combinations, correlation coefficient
and linear regression of the value of female parent on male parent in the same strain
were calculated, and are shown in Table 4. One strain showed significance at 5%, level,
but 15 strains showed no significance even at 5%, level, respectively. In the whole strains,
correlation coefficient was +0.0091 to the degree of freedom of 118, showing no signif-
icance even at 5%, level. It was concluded that reciprocal differences in this study sug-
gested no considerable cytoplasmic influence on the value.

The differences between the maximum and the minimum values of width for each
parent in view of the female parent were as follows in the order from No.1 to No.16; 0.05,
0.11, 0.15, 0.06, 0.08, 0.13, 0.04, 0.12, 0.11, 0.05, 0.06, 0.04, 0.06, 0.07, 0.11 and 0.17, respec-
tively. It may be noted that the values were peculiarly large in Nos.3 and 16. The aver-
age and its standard deviations were 0.09+0.04. Those in view of the male parent were
as follows in the same order; 0.15, 0.08, 0.11, 0.08, 0.11, 0.11, 0.11, 0.12, 0.11, 0.10, 0.11, 0.12,
0.09, 0.11, 0.10 and 0.09, respectively. Those average and its standard deviations were
0.11+0.02. In reciprocal views, correlation coefficient between these was —-0.2305, show-
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ing no significance even at 5% level.

To make clear the relations between Sikkimese rice and two testers, the differences
in the value at the time when two testers were crossed with Sikkimese rice, and recip-
rocals were calculated. In view of the female parent, the differences in the value for in-
dica (No.1) and japonica (No.2) were as follows in the order from No.3 to No.16, provided
that the calculation was made only by the absolute value; 0.10, 0.04, 0.05, 0.06, 0.01, 0.02,
0.02, 0.04, 0.01, 0.03, 0.04, 0.01, 0.01 and 0.01, respectively. Average and its standard devia-
tions in the whole Sikkimese rice were 0.03+0.03. In view of the male parent, the dif-
ferences in the value for indica and japonica were as follows in the same order; 0.00,
0.02, 0.02, 0.00, 0.02, 0.05, 0.05, 0.03, 0.00, 0.00, 0.02, 0.01, 0.02 and 0.00, respectively. Aver-
age and its standard deviations in the whole Sikkimese rice were 0.02+0.02. In recip-
rocal views, correlation coefficient between these was —0.0961, showing no significance
even at 59 level.

III. Thickness

Parent; Comparative values of parental plants on the thickness are shown in
Table 1. The largest (0.91) was obtained in No.11, followed by Nos.6 and 7 (0.89). The
smallest (0.82) was obtained in No.9, followed by Nos.1 and 15 (0.84). Average and its
standard deviations in the whole strains were found to be 0.86+0.02.

Hybrid; The values among diallel crosses are shown in Table 6. The consider-
able range was observed. The values for individual seed level ranged from 0.96 to 0.68
and mean value ranged from 0.90 to 0.77. In the combination level, the largest (0.94) was
obtained in the combination, No.16 x No.14, followed by No.3x No.13, No.8 x No.6,
No0.9x No.16 and No.15x No.2 (0.93). The smallest (0.71) was roted in the combination,
No.8 x No.2, followed by No.1 x No.9 (0.74). The differences in the value were confirmed
to be large in accordance with the varieties in the respective combination-set.

In Table 3, the average value and the standard deviations in thickness in the whole
combinations are shown. In view of the female parent, the highest value in the parental
average (0.90) was obtained in No.16, followed by Nos.11 and 13 (0.89). The lowest value
in the parental average (0.80) was noted in Nos.6, 7 and 8, followed by No.9 (0.81). The
differences of the value in the parental level were ascertained to be large in accordance
with each parent. The relation between the values of average and standard deviations
was not recognized clearly. In view of the male parent, the highest value in the paren-
tal average (0.88) was obtained in No.4, which was the same as in cases of the length and
width, followed by Nos.6 and 13 (0.87). The lowest value in the parental average (0.84)
was noted in Nos.10 and 15. The relation between values of average and standard devia-
tions was not recognized clearly, either. The average and its standard deviations in the
whole combinations were 0.86 10.05.

To make clear the value in view of reciprocal combinations, correlation coefficients
of the value of female parent on male parent in the same strain were calculated, and are
shown in Table 4. Whole strains showed no significance even at 5% level. In the whole
strains, correlation coefficient was +0.0618 to the degree of freedom of 118, showing
no significance even at 5% level. It was concluded that reciprocal differences in this
study suggested no considerable cytoplasmic influence on the value.

The differences between the maximum and the minimum values of thickness for
each parent in view of the female parent were as follows in the order from No.l1 to No.
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16; 0.16, 0.10, 0.11, 0.06, 0.07, 0.12, 0.15, 0.22, 0.18, 0.06, 0.08, 0.08, 0.05, 0.05, 0.09 and 0.06,
respectively. It may be noted that the value was peculiarly large in No.8. The average
and its standard deviations were 0.10+0.05. Those in view of the male parent were as
follows in the same order; 0.17, 0.22, 0.16, 0.14, 0.14, 0.14, 0.14, 0.16, 0.17, 0.12, 0.15, 0.16,
0.15, 0.17, 0.22 and 0.15, respectively. It may be noted that the values were peculiarly
large in Nos.2 and 15. Those average and its standard deviations were 0.16+0.03. In
reciprocal views, correlation coefficient between these was +0.1450, showing no signif-
icance even at 59, level.

To make clear the relations between Sikkimese rice and two testers, the differences
in the value at the time when two testers were crossed with Sikkimese rice, and recip-
rocals were calculated. In view of the female parent, the differences in the value for in-
dica (No.1) and japonica (No.2) were as follows in the order from No.3 to No.16, provided
that the calculation was made only by the absolute value; 0.00, 0.02, 0.05, 0.08, 0.04, 0.04,
0.00, 0.01, 0.01, 0.02, 0.02, 0.01, 0.02 and 0.02, respectively. Average and its standard devi-
ations in the whole Sikkimese rice were 0.02+0.02. In view of the male parent, the dif-
ferences in the value for indica and japonica were as follows in the same order; 0.02,
0.04, 0.00, 0.01, 0.00, 0.01, 0.17, 0.03, 0.04, 0.00, 0.01, 0.00, 0.05 and 0.02, respectively. It
may be noted that the value was peculiarly large in No.9. Average and its standard devi-
ations in the whole Sikkimese rice were 0.03 +0.04. In reciprocal views, correlation coef-
ficient between these was —0.0337, showing no significance even at 5% level.

IV. Ratio of length to width

Parent; Comparative values of parental plants on ratio of length to width are
shown in Table 1. The largest (0.90) was obtained in No.16, followed by Nos.2 and 15
(0.89). The smallest (0.83) was noted in No.7. Average and its standard deviations in
the whole strains were found to be 0.86+0.02.

Hybrid; The values among diallel crosses are shown in Table 7. A considerable
range was observed. Values for individual seed level ranged from 1.01 to 0.76 and mean
value ranged from 0.95 to 0.84. In combination level, the largest (0.98) was obtained in
the combinations, No.6 x No.11 and No.6 x No.15, followed by No.6 x No.8 (0.96). The
smallest (0.79) was noted in the combination, No.11 x No.16, followed by No.10 x No.7,
No.14 x No.2 and No.16 x No.7 (0.80). The differences in the value were confirmed to be
large in accordance with the varieties in the respective combination-set.

In Table 8, the average value and the standard deviations in the ratio in the whole
combinations are shown. In view of the female parent, the highest value in the paren-
tal average (0.91) was obtained in No.6, followed by No.8 (0.90). The lowest value in the
parental average (0.84) was noted in No.12. The differences of the value were ascertain-
ed to be large in accordance with each parent. The relation between values of average
and standard deviations was not recognized clearly. In view of the male parent, the high-
est value in the parental average (0.89) was obtained in No.15, followed by No.12 (0.88).
The lowest value in the parental average (0.86) was noted in 7 strains. The relation be-
tween values of average and standard deviations was not recognized clearly, either.
The average and its standard deviations in the whole combinations were 0.87 +0.04.

To make clear the value in view of reciprocal combinations, correlation coefficient
and linear regression of the ratio of female parent on male parent in the same strain
were calculated, and are shown in Table 9. One strain showed significance at 5%, level,
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Table 8. Averages and their standard deviations of three characters in female and
male parental levels; ratios of length to width, of length to thickness and
of width to thickness

Code Length/Width Length/Thickness Width/Thickness
No. Female Male Female Male Female Male
1 0.85+0.02 0.86+0.02 0.83+0.05 0.84+0.05 0.97+0.05 0.98+0.05
2 0.86 +0.02 0.87+0.04 0.8240.02 0.84 +0.07 0.95+0.03 0.97+0.04
3 0.86+0.03 0.86+0.03 0.84+0.02 0.8440.04 0.97+0.04 0.98 +0.02
4 0.89+0.02 0.87+0.03 0.86+0.02 0.84+0.04 0.97+0.02 0.97+0.04
5 0.8840.02 0.87+0.03 0.86+0.03 0.85+0.04 0.98+0.02 0.97+0.04
6 0.91+0.04 0.87+0.02 0.91+0.04 0.83+0.04 1.01+0.03 0.96 +0.03
7 0.89+0.02 0.86+0.04 0.89+0.03 0.84+0.05 1.00+0.04 0.99+0.03
8 0.90+0.02 0.87+0.04 0.91+0.05 0.85+0.06 1.01£0.04 0.96+0.04
9 0.89+0.03 0.86 +£0.04 0.89+0.05 0.85+0.06 1.01+0.03 0.99+0.06
10 0.85+0.02 0.87+0.04 0.84+0.03 0.86+0.04 0.99+0.03 0.99+0.03
11 0.85+0.02 0.8710.05 0.81+0.04 0.85+0.08 0.95+0.03 0.98+0.04
12 0.84+0.01 0.88+0.04 0.82+0.02 0.85+0.05 0.98+0.03 0.98+0.02
13 0.85+0.01 0.86+0.03 0.82+0.01 0.84 +0.05 0.97 +0.02 0.97+0.04
14 0.85+0.03 0.86+0.03 0.81+0.03 0.84+0.05 0.97+0.03 0.984+0.04
15 0.87+0.02 0.89+0.03 0.82+0.04 0.8740.04 0.95+0.04 0.9740.03
16 0.85+0.03 0.86+0.02 0.80+0.02 0.85+0.03 0.95+0.02 0.98+0.01
Whole 0.87+0.04 0.85+0.05 0.98+40.04

but 15 strains showed no significance even at 5% level, respectively. In the whole strains,
correlation coefficient was +0.0659 to the degree of freedom of 118, showing no signif-
icance even at 5% level. It was concluded that reciprocal differences in this study sug-
gested no considerable cytoplasmic influence on the ratio.

The differences between the maximum and the minimum values of the ratio for each
parent in view of the female parent were as follows in the order from No.1 to No.16; 0.06,
0.07, 0.08, 0.07, 0.09, 0.14, 0.10, 0.09, 0.11, 0.09, 0.11, 0.05, 0.04, 0.09, 0.07 and 0.13, respec-
tively. The average and its standard deviations were 0.09+0.02. Those in view of the
male parent were as follows in the same order; 0.08, 0.14, 0.09, 0.10, 0.10, 0.09, 0.11, 0.13,
0.10, 0.10, 0.16, 0.11, 0.08, 0.10, 0.12 and 0.09, respectively. Those average and its stand-
ard deviations were 0.11+0.02. In reciprocal views, correlation coefficient between these
was +0.0755, showing no significance even at 5% level.

To make clear the relations between Sikkimese rice and two testers, the differences
in the value at the time when two testers were crossed with Sikkimese rice, and recipro-
cals were calculated. In view of the female parent, the differences in the value for indica
(No.1) and japonica (No.2) were as follows in the order from No.3 to No.16, provided
that the calculation was made only by the absolute value; 0.01, 0.03, 0.01, 0.02, 0.01, 0.04,
0.03, 0.04, 0.01, 0.01, 0.04, 0.03, 0.03 and 0.02, respectively. Average and its standard devia-
tions in the whole Sikkimese rice were 0.02+0.01. In view of the male parent, the dif-
ferences in the value for indica and japonica were as follows in the same order; 0.02, 0.00,
0.01, 0.02, 0.00, 0.04, 0.04, 0.01, 0.01, 0.01, 0.02, 0.01, 0.00 and 0.01, respectively. Average
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and its standard deviations in the whole Sikkimese rice were 0.01£0.01. In reciprocal
views, correlation coefficient between these was —0.0921, showing no significance even
at 5% level.

V. Ratio of length to thickness

Parent; Comparative values of parental plants on ratio of length to thickness are
shown in Table 1. The largest (0.91) was obtained in No.1, followed by Nos.9 and 10 (0.88).
The smallest (0.77) was noted in No.11, followed by No.7 (0.78). Average and its stand-
ard deviations in the whole strains were found to be 0.84 +£0.04.

Hybrid; The values among diallel crosses are shown in Table 10. A wide range
was observed. The value for individual seed level ranged from 1.06 to 0.72 and mean value
ranged from 0.94 to 0.82. In combination level, the largest (1.04) was observed in the com-
bination, No.8 x No.2, followed by No.1 x No.9 (0.98). The smallest (0.74) was noted in
the combination, No.11 x No.6, followed by No.14 x No.11 (0.75). The differences in the
value were confirmed to be large in accordance with the varieties in the respective com-
bination-set.

In Table 8, the average value and the standard deviations in the ratio in the whole
combinations are shown. In view of the female parent, the highest value in the paren-
tal average (0.91) was obtained in Nos.6 and 8, followed by No.9 (0.89). The lowest value
in the parental average (0.80) was noted in No.16. The differences of the value were as-
certained to be large in accordance with each parent. The relation between the values
of average and standard deviations was not recognized clearly. In view of the male parent,
the highest value in the parental average (0.87) was obtained in No.15, followed by No.10
(0.86). The lowest value in the parental average (0.83) was noted in No.6. The relation
between values of average and standard deviations was not recognized clearly, either.
The average and its standard deviations in the whole combinations were 0.85+0.05.

To make clear the value in view of reciprocal combinations, correlation coefficient
and linear regression of the ratio of female parent on male parent in the same strain
were calculated, and are shown in Table 9. One strain showed significance at 1%, level,
but 15 strains showed no significance even at 5% level, respectively. In the whole
strains, correlation coefficient was —0.0189 to the degree of freedom of 118, showing
no significance even at 5% level. It was concluded that reciprocal differences in this
study suggested no considerable cytoplasmic influence on the ratio.

The differences between the maximum and the minimum values of the ratio for
each parent in view of the female parent were as follows in the order from No.l to No.
16; 0.22, 0.09, 0.10, 0.08, 0.09, 0.13, 0.12, 0.23, 0.15, 0.13, 0.13, 0.08, 0.06, 0.10, 0.16 and 0.10,
respectively. It may be noted that the values were peculiarly large in Nos.1 and 8. The
average and its standard deviations were 0.12+0.05. Those in view of the male parent
were as follows in the same order; 0.17, 0.28, 0.15, 0.15, 0.15, 0.16, 0.17, 0.19, 0.21, 0.15,
0.20, 0.15, 0.14, 0.20, 0.17 and 0.12, respectively. It may be noted that the value was pecul-
iarly large in No.2. Those average and its standard deviations were 0.17+0.04. In re-
ciprocal views, correlation coefficient between these was +0.1760, showing no signif-
icance even at 5% level.

To make clear the relations between Sikkimese rice and two testers, the dif-
ferences in the value at the time when two testers were crossed with Sikkimese rice,
and reciprocals were calculated. In view of the female parent, the differences in the
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ratio for indica (No.1) and japonica (No.2) were as follows in the order from No.3 to No.
16, provided that the calculation was made only by the absolute value; 0.01, 0.05, 0.01,
0.04, 0.03, 0.08, 0.01, 0.01, 0.03, 0.00, 0.02, 0.04, 0.05 and 0.02, respectively. Average and
its standard deviations in the whole Sikkimese rice were 0.03 +0.02. In view of the male
parent, the differences in the value for indica and japonica were as follows in the
same order; 0.00, 0.06, 0.02, 0.02, 0.02, 0.01, 0.17, 0.06, 0.08, 0.01, 0.02, 0.01, 0.03 and 0.04,
respectively. It may be noted that the value was peculiarly large in No.9. Average and
its standard deviations in the whole Sikkimese rice were (.04+0.04. In reciprocal
views, correlation coefficient between these was —0.3200, showing no significance even
at 59% level.

VI. Ratio of width to thickness

Parent; Comparative values of parental plants on ratio of width to thickness
are shown in Table 1. The largest (1.06) was obtained in No.10, followed by Nos.3,
9 and 12 (1.00). The smallest (0.90) was noted in No.2, followed by Nos.6 and 11 (0.92).
Average and its standard deviations in the whole strains were 0.97 +0.04.

Hybrid; The values among diallel crosses are shown in Table 11. A wide range
was observed. The values for individual seed level ranged from 1.18 to 0.81 and the
mean value ranged from 1.04 and 0.90. In combination level, the largest (1.15) was ob-
tained in the combination, No.l x No.9, which was the same as in case of the husked
grain, followed by No.8 x No.2 (1.10) and No.6 x No.4 (1.08). The smallest (0.85) was
noted in the combination, No.3 x No.1, followed by No.2x No.3 and No.7xNo.4 (0.89).
The differences in the value were confirmed to be large in accordance with the varie-
ties in the respective combination-set.

In Table 8, the average value and the standard deviations in the ratio in the whole
combinations are shown. In view of the female parent, the highest value in the parental
average (1.01) was obtained in Nos.6, 8 and 9. The lowest value in the parental average
(0.95) was noted in Nos.2, 11, 15 and 16. The differences of the value were ascertained
to be large in accordance with each parent. The relation between the values of average
and standard deviations was not recognized clearly. In view of the male parent, the
highest value in the parental average (0.99) was obtained in Nos.7, 9 and 10. The lowest
value in the parental average (0.96) was noted in Nos.6 and 8. The relation between
values of average and standard deviations was not recognized clearly, either. The
average and its standard deviations in the whole combinations were 0.98 +0.04.

To make clear the value in view of reciprocal combinations, correlation coef-
ficient and linear regression of the ratio of female parent on male parent in the same
strain were calculated, and are shown in Table 9. One strain showed significance at
5% level, but 15 strains showed no significance even at 5% level, respectively. In the
whole strains, correlation coefficient was +0.0648 to the degree of freedom of 118,
showing no significance even at 5% level. It was concluded that reciprocal differences
in this study suggested no considerable cytoplasmic influence on the ratio.

The differences between the maximum and the minimum values of the ratio for
each parent in view of the female parent were as follows in the order from No.l to
No.16; 0.22, 0.11, 0.19, 0.08, 0.07, 0.12, 0.15, 0.16, 0.12, 0.09, 0.12, 0.10, 0.07, 0.09, 0.17
and 0.08, respectively. The average and its standard deviations were 0.12+0.04. Those
in view of the male parent were as follows in the same order; 0.22, 0.17, 0.10, 0.19, 0.13,
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0.10, 0.12, 0.13, 0.25, 0.09, 0.14, 0.08, 0.12, 0.15, 0.10 and 0.09, respectively. Those average
and its standard deviations were 0.14+0.05. In reciprocal views, correlation coef-
ficient between these was +0.1862, showing no significance even at 5% level.

To make clear the relations between Sikkimese rice and two testers, the differ-
ences in the value at the time when two testers were crossed with Sikkimese rice, and
reciprocals were calculated. In view of the female parent, the differences in the value
for indica (No.1) and japonica (No.2) were as follows in the order from No.3 to No.16,
provided that the calculation was made only by the absolute value; 0.12, 0.02, 0.01,
0.02, 0.04, 0.03, 0.04, 0.06, 0.01, 0.01, 0.07, 0.00, 0.03 and 0.00, respectively. Average and
its standard deviations in the whole Sikkimese rice were 0.03+0.03. In view of the male
parent, the differences in the value for indica and Japonica were as follows in the same
order; 0.02, 0.07, 0.03, 0.00, 0.02, 0.05, 0.15, 0.07, 0.03, 0.00, 0.00, 0.02, 0.03 and 0.04, respec-
tively. It may be noted that the value was peculiarly large in No.9, which was the
same as in case of the husked grain. Average and its standard deviations in the whole
Sikkimese rice were 0.04+0.04. In reciprocal views, correlation coefficient between
these was +0.3485, showing no significance even at 5% level.

PArT II. Relation between the respective two characters

I. Length and width

Parent; Correlation coefficient of comparative values of width on length in paren-
tal plants was +0.3300 to the degree of freedom of 14, showing no significance even at 5%,
level.

Hybrid; Correlation coefficients of comparative values of width on length in the
same strain were calculated, and are shown in Table 12. One, 2 and 5 strains showed
significances at 0.1%, 1% and 59 levels, respectively, but 8 strains showed no signif-
icance even at 5% level. In the whole combinations, correlation coefficient was
+0.3471 to the degree of freedom of 238, which was significant at 0.19% level. Gen-
erally speaking, the larger is the comparative value of width, the larger is the com-
parative value of length, too.

II. Length and thickness

Parent; Correlation coefficient of comparative values of thickness on length
In parental plants was —0.4071 to the degree of freedom of 14, showing no signif-
icance even at 5%, level.

Hybrid; Correlation coefficients of comparative values of thickness on length in
the same strain were calculated, and are shown in Table 12. Three strains showed
significances at 59, level, but 13 strains showed no significance even at 59 level, re-
spectively. In the whole combinations, correlation coefficient was +0.1994 to the
degree of freedom of 238, which was significant at 1% level. Generally speaking,
the larger is the comparative value of thickness, the larger is the comparative value
of length, too.

III. Width and thickness
Parent; Correlation coefficient of comparative values of thickness on width in
parental plants was +0.0358 to the degree of freedom of 14, showing no significance
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even at 59, level.

Hybrid; Correlation coefficients of comparative values of thickness on width in
the same strain were calculated, and are shown in Table 12. Twelve, 2, and 2 strains
showed significances at 0.1%, 1% and 5%, levels, respectively. In the whole com-
binations, correlation coefficient was +0.7427 to the degree of freedom of 238, which
was obviously significant at 0.19% level. Generally speaking, the larger is the com-
parative value of thickness, the larger is the comparative value of width, too.

IV. Ratio of length to width and ratio of length to thickness

Parent; Correlation coefficient of comparative values of ratio of length to thick-
ness (abbreviated as R : L/T) on comparative values of ratio of length to width (R -
L/W) in the parental plants was +0.3556 to the degree of freedom of 14, showing
no significance even at 5% level.

Hybrid; Correlation coefficients of comparative value of R:L/T on compar-
ative value of R - L/W in the same strain were calculated, and are shown in Table
13. Fifteen and 1 strain showed significances at 0.19% and 1% levels, respectively. In
the whole strains, correlation coefficient was +0.7464 to the degree of freedom of 238,
which was obviously significant at 0.1% level. Generally speaking, the larger is the
comparative value of R - L/W, the larger is the comparative value of R - L/T, too.

V. Ratio of length to width and ratio of width to thickness

Parent; Correlation coefficient of comparative values of ratio of width to thick-
ness (R - W/T) on comparative values of R - L/W in parental plants was —0.1051 to
the degree of freedom of 14, showing no significance even at 5% level.

Hybrid; Correlation coefficients of comparative value of R:W/T on compar-
ative value of R - L/W in the same strain were calculated, and are shown in Table 13.
One strain showed significance at 1%, level, but 15 strains showed no significance even
at 59, level, respectively. In the whole strains, correlation coefficient was +0.1912 to
the degree of freedom of 238, which was significant at 1% level. Generally speaking,
the larger is the comparative value of R - W/T, the larger is the comparative value
of R - L/W, too.

VI. Ratio of length to thickness and ratio of width to thickness

Parent; Correlation coefficient of comparative values of R - W/T on comparative
values of R - L/T in parental plants was +0.7038 to the degree of freedom of 14, which
was significant at 1%, level. Generally speaking, the larger is the comparative value of
R - W/T, the larger is the comparative value of R - L/T, too. Linear regression of those
of R-L/T on R:-W/T was calculated as follows; Y =0.720X — 0.883, where Y and X
indicate comparative values of R -L/T and R . W/T, respectively. This formula in-
dicates that the former becomes 0.720 larger, by becoming 1 degree larger the latter
(O points, 0.98 in the former and 0.84 in the latter, respectively).

Hybrid; Correlation coefficients of comparative value of R - W/T on compara-
tive value of R - L/T in the same strain were calculated, and are shown in Table 13.
Fourteen, 1 and 1 strain showed significances at 0.1%, 1% and 5% levels, respec-
tively. In the whole strains, correlation coefficient was +0.7148 to the degree of free-
dom of 238, which was obviously significant at 0.1% level. Generally speaking, the
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larger is the comparative value of R - W/T, the larger is the comparative value of
R - L/T, too.

PART III. Comparison of the practical values of unhusked and
husked grains

I. Length

Parent; Correlation coefficient of length of husked on unhusked grains in pa-
rental plants was +0.9779 to the degree of freedom of 14, which was obviously signif-
icant at 0.19, level. Generally speaking, the longer is the length of unhusked grain,
the longer is the length of husked grain. Linear regression of length of husked on
unhusked grains was calculated as follows; Y =0.964X+0.484, where Y and X indi-
cate lengths of unhusked and husked grains, respectively. This formula indicates that
the length of unhusked grain becomes 0.964 mm longer, by becoming 1 unit longer
the length of husked grain.

Hybrid; Correlation coefficient and linear regression of length of husked grain
on length of unhusked grain in the same strain were calculated, and are shown in
Table 14. The whole strains showed significances at 0.19, level. In the whole combina-
tions, correlation coefficient was +0.6167 to the degree of freedom of 238, which was
significant at 0.1% level. Generally speaking, the longer is the length of unhusked
grain, the longer is the length of husked grain, too.

II. Width

Parent; Correlation coefficient of width of husked on unhusked grains in pa-
rental plants was +0.8426 to the degree of freedom of 14, which was obviously signif-
icant at 0.19; level. Generally speaking, the wider is the width of unhusked grain,
the wider is the width of husked grain. Linear regression of width of husked on un-
husked grains was calculated as follows; Y =0.784X+0.243, where Y and X indicate
widths of unhusked and husked grains, respectively. This formula indicates that the
width of unhusked grain becomes 0.784 mm wider, by becoming 1 unit wider the width
of husked grain.

Hybrid; Correlation coefficient and linear regression of width of husked grain
on width of unhusked grain in the same strain were calculated, and are shown in
Table 14. Twelve, 3 and 1 strain showed significances at 0.1%, 1% and 59 levels, re-
spectively. In the whole combinations, correlation coefficient was +0.7365 to the de-
gree of freedom of 238, which was significant at 0.19, level. Generally speaking, the
wider is the width of unhusked grain, the wider is the width of husked grain, too.

III. Thickness

Parent; Correlation coefficient of thickness of husked on unhusked grains in pa-
rental plants was +0.8595 to the degree of freedom of 14, which was obviously significant
at 0.19% level. Generally speaking, the thicker is the thickness of unhusked grain, the
thicker is the thickness of husked grain, too. Linear regression of thickness of husked
grain on unhusked grain was calculated as follows; Y =0.703X--1.392, where Y and X
indicate thicknesses of unhusked and husked grains, respectively. This formula indicates



T. C. KATAYAMA

24

*A[9A1309dsea ‘STeAS] %,G pue 9,1 ‘9,10 I8 jJueoyTu3Is

3 ¢
LR L 2

96 T+XGITO=A B8EC  xxa08650 €680+XLIGO=X B8EC  xxxSOEL0 60V T~XOLE0=X 862  xxxl9I90  O[OUM
ISEE+XIET0=K 80  xxaGPLOO E6THXEETO=K 82  xxx8LEYD VEEO+XISE0=A 83  xxa0T160 0T
€790+ X2HT0=A 82 <FBLE'0 886°0+X9090=X 82  xxxBLELO GEO+X66L0=A 82  xxx96260 Gl
GELE+XTO0T=K 88  xxxlL6LO EOIG+XBE0T=K 82  saVE8LO BBTO+X6L80=A 82  xxxPLS60  PI
8GCE+XIGY0=K 8  xxaBCHO0 GETE+HXIIN0=K 8Z  xxx0LLO GVO+XULE0=K 82  xxxSOV60 e1
1902+XII90=& 88  %xxl629°0 2U8THXPIIO=K 88  xxxb099°0 PBE0+X0880=A 88  xxa81060 g1
090'0—X8ST0=A 8% <ELTFO LSV T+XGLFO=R 82  xxxBELO 1930+XP980=K 88  xxaG9LS'0 11
999G+ XVIL0=K 88  xxalPI90 LBUE+X6PI0=K 82  xnalSPLO BLOT+X6860=KX 87  xxaE960 O
199G+XI8E0=X 88  »xl66V°0 CIBT+KGIO=RK 8Z  xxx980L0 6600—X0BL0O=A 82  4xxGLFEO 6
9900 +X9BT0=& 87 +968E°0 8L80+X6LT0=A 82 +90T5°0 L6TO—X88V0=A 83  xax68290 8
BIVT+XBLI0=A 82  xualELLO 9LOB+XB0E0=A 82  xxE1990 980+XEE0T=A 82  xxellB60 L
080+XPOE0=X 82  »xaCLGYD LLET+XTHPO=RK 82  xxx092L0 GELO+X088'0=X 83  xxx6C360 O
GV T+HXLISO=K 82  axsOEIL0 88CT+XBEVO=R 88  xxxD6EL0 8SCT+XLV60=A 83  «xx89060 G
B0ET+XTILO=R 8Z  xxsBSELO EOLT+X6IE0=K 82  xsGEQG0 00S'T+XLI80=A 82  xxx3868°0 ¥
GLET+XIGI0=A 88  axx6LLEO SPOC+HXELIO=A 88  xxx6V6S0 180 +XE880=A 88  xxallV60 €
069'E+X9970=A 82 +26TH'0 8CTE+XPSE0=A 82  #a81FC0 Y880~ XCGL0=A 83  xxslPBLO 3
IST+XII90=X 82  xa8835°0 99ZT+XEIO0=AK 82  xax£999°0 2000-X868°0=X 88  xxxl6860 1
uoIssaiSex . JULBTOYJE00 uo1ssaisex - JUBTOLJO0D ' uorsseagox . JUBIOLYJO00 .

IeoUIrT] P woneparop Ieaury 3P vonererion IBaury 3P uonererioy °N

ssowyory, P y8ue it

A[3A1900adsal ‘ssoUOIY) pue YIpim ‘yjSue| ur (paysny) ww 1)'T pue
ww 8g'g ‘W 88'g (POYSNYUN) ww QI'g PUB ww £g'g ‘ww 0g'g ‘syutod O 'ssswydly} pue yipim ‘yidus]
‘suread (X) paxsny uo (X) peysnyun jo siajoereyd 931Y} JO UOISSaIFod JedUl] PUEB JUSIOYE0D UOIFE[adI0)) ‘P a[qel,



Diallel Cross Experiment among Sikkimese Varieties VI. 25

Table 15. Ratio of length to width of the parental plants in relation to unhusked and
husked grains. Figure used in the table shows the number of strains.

Unhusked
Husked 3.60 2.80 270 2.60 2,50 240 230 220 210 2.00 Total
z 2 b 2 2 2 2 e 0 2
3.51 271 261 251 241 231 221 211 201 1.91

3.20~3.11 1 1
2.40~2.31 2 2
2.30~2.21 1 1
2.20~2.11 1 1
2.10~2.01 1 2 3
2.00~1.91 1 1
1.90~1.81 1 1 1 3
1.80~1.71 p 1 3
1.70~1.61 1 1

Total 1 . 2 1 1 1 2 1 2 4 1 16

7=+0.9850*** (d.f.=14), significant at 0.19 level.

that the thickness of unhusked grain becomes 0.703 mm thicker, by becoming 1 unit thick-
er the thickness of husked grain.

Hybrid; Correlation coefficient and linear regression of thickness of husked grain
on thickness of unhusked grain in the same strain were calculated, and are shown in
Table 14. Ten, 2 and 4 strains showed significances at 0.1%, 1% and 5% levels, respec-
tively. In the whole combinations, correlation coefficient was +0.5930 to the degree of
freedom of 238, which was significant at 0.19, level. Generally speaking, the thicker is
the thickness of unhusked grain, the thicker is the thickness of husked grain, too.

IV. Ratio of length to width

Parent; Correlation coefficient of ratio of length to width (abbreviated as R-L/W)
of husked on unhusked grains in the parental plants was +0.9850 to the degree of free-
dom of 14, which was obviously significant at 0.1%, level (Table 15). Generally speaking,
the larger is R-L/W of unhusked grain, the larger is R:-L/W of husked grain, too. Linear
regression of R-L/W of husked on unhusked grains was calculated as follows; Y =0.882X
+0.253, where Y and X indicate R-L/W of unhusked and husked grains, respectively.
This formula indicates that the R:L/W of unhusked grain becomes 0.882 larger, by be-
coming 1 unit larger R-L/W of husked grain.

Hybrid; Correlation coefficient and linear regression of R-L/W of husked grain
on R-L/W of unhusked grain in the same strain were calculated, and are shown in
Table 16. The whole strains showed significances at 0.19% level. In the whole combina-
tions, correlation coefficient was +0.9197 to the degree of freedom of 238, which was
obviously significant at 0.19, level (Table 17). Generally speaking, the larger is R-L/W
of unhusked grain, the larger is R-L/W of husked grain.
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28 T. C. KATAYAMA

V. Ratio of length to thickness

Parent; Correlation coefficient of ratio of length to thickness (abbreviated as R-
L/T) of husked on unhusked grains in the parental plants was +0.9356 to the degree
of freedom of 14, which was obviously significant at 0.1% level. Generally speaking,
the larger is R-L/T of unhusked grain, the larger is R-L/T of husked grain. Linear re-
gression of R-L/T of husked on unhusked grains was calculated as follows; Y =0.804X
+0.436, where Y and X indicate R-L/T of unhusked and husked grains, respectively.
This formula indicates that R-L/T of unhusked grain becomes 0.804 larger, by becom-
ing 1 unit larger R-L/T of husked grain.

Hybrid; Correlation coefficient and linear regression of R-L/T of husked grain on
R-L/T of unhusked grain in the same strain were calculated, and are shown in Table
16. Fifteen and 1 strain showed significances at 0.1% and 1% levels, respectively. In
the whole combinations, correlation coefficient was +0.8511 to the degree of freedom
of 238, which was obviously significant at 0.1% level. Generally speaking, the larger
is R-L/T of unhusked grain, the larger is R-L/T of husked grain.

VI. Ratio of width to thickness

Parent; Correlation coefficient of ratio of width to thickness (abbreviated as R-W/
T) of husked on unhusked grains in the parental plants was +0.7485 to the degree of
freedom of 14, which was obviously significant at 0.1% level. Generally speaking, the
larger is R-W/T of unhusked grain, the larger is R-W/T of husked grain. Linear regres-
sion of R-W/T of husked on unhusked grains was calculated as follows; Y =0.631X
+1.802, where Y and X indicate R-W/T of unhusked and husked grains, respectively.
This formula indicates that R-W/T of unhusked grain becomes 0.631 larger, by becom-
ing 1 unit larger R-W/T of husked grain.

Hybrid; Correlation coefficient and linear regression of R-W/T of husked grain on
R-W/T of unhusked grain in the same strain were calculated, and are shown in Table
16. Twelve, 2 and 1 strain showed significances at 0.1%, 1% and 5% levels, respectively,
but 1 strain showed no significance even at 5% level. In the whole combinations, cor-
relation coefficient was +0.5669 to the degree of freedom of 238, which was signif-
icant at 0.19% level. Generally speaking, the larger is R-W/T of unhusked grain, the
larger is R-W/T of husked grain.

Discussion

Basing on the results obtained in this experiment, the following problems are to
be discussed here.

i) The average value of hybrid in the parental level were sometimes larger than those
of the respective parent for several characters (Tables 1, 3 and 8). On the other hand,
in view of the standard deviations, it did not necessarily follow that the values of the
parental level were larger than those of the respective parent. At this point, the con-
siderations on hybrid vigor or heterosis may as well be borne in mind. Richharia et
al.’? found substantial heterosis in height and tillering of F, hybrids of rice by com-
paring them with mid-parental values. Typical varietal representatives of the two dis-
tantly related variety-groups of rice in combination are expected to show consider-
able hybrid vigor. Superiority of F, hybrids was estimated on the basis of heterosis,
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which was illustrated by the mean increase of F, hybrids over the mid-parental value
of parents!®”. The strains used in the present study may be included in this category.
For example, in case of No.l in view of thickness, the average values in parental level
were indicated to be 0.84, 0.86 and 0.86 in pure line, averages for female and male par-
ents, respectively (Tables 1 and 3). In combination level, the values were 0.84, 0.86,
0.88 and 0.92 in No.l, No.2, No.1 () xNo.2 (3) and No.2 (2)xNo.1 (&), respectively
(Tables 1 and 6). These considerations were ascertained in the several characters cal-
culated in the present experiment.

ii) From the data of reciprocal relations, it was clearly ascertained that some sets
of combinations were always observed to have been constantly disordered from the
standard pattern to be set in exceptional regions for several characters. These tenden-
cies were found in several combinations, for example, No.8 x No.2, No.8 x No.13, and in
others.

In reciprocal views, it may be noticeable that No.8 showed significances in 4
characters and Nos.13 and 14 showed significances in only 1 character each, respec-
tively (Tables 4 and 9). These characters may be used for hetero- or homozygosis in each
strain. In the whole combinations, any significant relations were not found at all. In
spite of the negative correlations found in the reciprocal comparisons, no significant
difference was shown through the whole combinations. So, it was concluded that the
reciprocal differences suggested no considerable cytoplasmic inheritance reported in
this experiment.

iii) Six relations among the respective characters were analyzed, basing on correla-
tion coefficient. In view of parental plants, only one case showed significance. In view
of the whole combinations, the whole cases showed significances. One, 2 5 and 8
strains showed significant correlations in 6, 5, 4 and 3 relations between the two
characters, respectively (Tables 12 and 13). It was noticeable that 3 relations, i.e., the
ones between length and thickness, between ratio of length to thickness and ratio of
length to width, between ratio of width to thickness and ratio of length to thickness,
showed significances in the whole strains. It may be a peculiar phenomenon that No.
8, Addey variety, showed significant correlations through all cases both in the respec-
tive character and in the comparative character.

In comparing the parental pure line and parental average in hybrid combinations,
at the time when some strain was crossed with alien strains, it was ascertained that
correlation coefficients were sometimes different in the former and in the latter. In view
of each set of combination, it was noticeable that some sets of combinations, i.e., No.
6 x No.15, No.9 x No.2, were found to have been disordered from the standard pattern to
be set in the exceptional regions for several characters. The strains, in which some sets
of combinations showed such tendency, showed, in general, no significance in strain
level. These findings propose an interesting problem for strain or variety specificities.

iv) In comparisons of the practical values of unhusked and husked grains for six
characters, the parental plants for the whole cases and hybrid combinations for most
cases showed significances. It means that strains used here are noted to show a syn-
chrony to intra-plant variance with strain. Such tendency was denoted for ear-emer-
gence!?,

v) Chou? held that China is one of the primary centres of the origin and that the
differentiation of the japonica varieties took place in China. On the other hand, other
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scientists held that Sikkim might be one of the differentiation centres of O. sativa into
japonica and indica, judging from diallel crosses using several strains collected in Sikkim
and other countries®. Since two countries mentioned above are closely located,
further experiments should be practiced.

Summary

Succeeding to the previous papers, diallel cross experiments were made, using 14
strains of Sikkimese rice varieties and one type of indica and another type of japonica.
In this report, the comparative values of unhusked and husked grains on six morpho-
logical characters, i.e., length, width, thickness, ratio of length to width, ratio of
length to thickness, and ratio of width to thickness, and the mutual relationships were
described. The main results obtained during this study were summarized as follows:

1) The comparative values of length of parental plants and F; hybrids were both 0.72
in average. In view of the reciprocal combinations, 2 strains showed positive signifi-
cances. The comparative values of width of parental plants and F, hybrids were both 0.83
in average. In view of reciprocal combinations, 1 strain showed positive significance.
Thecomparative values of thickness of parental plants and F; hybrids were both 0.86
in average. In view of reciprocal combinations, the whole strains showed no signifi-
cance. The comparative values of L/W of parental plants and F, hybrids were 0.86 and
0.87 in average, respectively. In view of reciprocal combinations, 1 strain showed neg-
ative significance. The comparative values of L/T of parental plants and F, hybrids
were 0.84 and 0.85 in average, respectively. In view of reciprocal combinations, 1
strain showed negative significance. The comparative values of W/T of parental plants
and F; hybrids were 0.97 and 0.98 in average, respectively. In view of reciprocal com-
binations, 1 strain showed negative significance.

2) The differences of the respective characters in the parental and combination
levels were ascertained to get larger in accordance with the variety of each parent. In
view of reciprocal comparisons in the whole characters, it was concluded that the re-
ciprocal differences suggested no considerable cytoplasmic influence on the six charac-
ters measured here. Substantial heteroses in several cases of F; hybrids compared with
mid-parental values were ascertained.

3) Six relations between the respective two characters were analyzed and showed
the following results. In view of parental plants, only 1 case, i.e., the relation between
L/T and W/T, showed positive significance at 1% level. In view of the whole cross com-
binations, 4 and 2 cases showed positive significances at 0.1% and 19 levels, respec-
tively.

4) In comparison of the practical values of unhusked and husked grains for six
characters, the followings were denoted. In view of parental plants, the whole cases
showed positive significances at 0.1% level. In view of the hybrid combinations, 15
strains and the whole combinations showed positive significances in case of the ratio
of width to thickness. The all strains and the whole combinations showed positive
significances in the remaining 5 characters, i.e., length, width, thickness, ratio of length
to width and ratio of length to thickness.
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