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L: Seed height
W: Seed length
H: Seed thickness

L/H=1.17 1.17<L/H<£1.35 L/H>1.35
thick medium thin
L/W=0.96 1% 2 no observation
round round-thick round-medium

0.96>1L/W=0.84 4 5

medium medium-thick medium-medium | medium-thin
L/W<0.84 7 8

oval oval-thick oval-medium oval-thin

Fig. 1.

Eight degree of score for seed shape based on the height-thickness ratio and

the height-length ratio of soybean seed.

* . Phenotypic score
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Table 1. Number of accessions assessed phenotypically for 10 traits in soybean landraces from
Japan including sevevn regions, China including sevevn regions, Korea and Taiwan.

Country Japan Chaina Korea Taiwan Total

Region a b c d e f g Total h i i k 1 m n Total
Character
Seed size 87 227 239 58 20 137 11 779 87 21 17 49 28 15 21 238 158 21 1196
Seed color 87 227 239 58 20 138 11 780 87 21 17 49 28 15 21 238 158 21 1197
Saddle color 87 227 239 58 20 138 11 780 87 21 17 49 28 15 21 238 158 21 1197
Hilum color 87 227 239 58 20 138 11 780 87 21 17 48 28 15 21 237 158 21 1196
Seed shape 85 208 214 53 19 125 9 713 73 21 17 48 28 15 21 223 146 16 1098
Flowering time 87 221 232 51 17 129 10 747 8 21 17 48 28 13 20 233 154 15 1149
Flower color 87 218 235 60 19 135 10 764 8 20 17 48 28 12 21 231 151 14 1160
Pubescence color 87 218 230 60 19 132 10 756 84 20 16 47 28 13 20 228 148 15 1147
Leaflet shape 87 210 232 54 17 116 10 726 8 20 17 48 28 13 20 231 152 15 1124
Growth habit 87 161 191 38 15 94 7 593 8 20 17 45 28 13 20 228 1561 8 980
All characters* 85 144 156 26 11 66 6 494 68 20 15 39 28 12 20 202 138 8 842

* . Number of accessions that all phenotypes were indentified for 10 characters and most common phenotypes were more than

50%.

a=Hokkaido, b=Northern Honshu, c=Central Honshu, d=Southern Honshu, e=Shikoku, f=Kyushu, g=0kinawa, h=Dong-
bei (Touhoku), i=Huabei (Kahoku), j=Xibei (Seihoku), k=Huadong (Katou), 1=Huazhong (Kachu), m=Xinan (Seinan), n=

Huanan (Kanan). Region name in parenthesis are in Japanese.

Table 2. Descriptor score codes for 10 characters in soybean landrace.

Phenotypic score

Character 1 2 3 4 5 6 7 8 9
Seed size very small small medium large very large
Seed color yvellow  light green green dark green light brown brown dark brown red brown black
Saddle color nothing brown red brown black
Hilum color yellow brown dark brown

and green and black
Seed shape See fig. 1.
Flowering time* 1 1T m I\ \%
Flower color white purple
Pubescence color  gray light brown brown dark brown unknown

(sparse)

Leaflet shape ovate narrow

Growth habit determinate semideterminate indeterminate

*Flowering time was followed the ecotypes described by Fukui and Arai (1951).
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Table 3. Frequency (%) distribution of soybean landraces of Japan, China, Korea and Taiwan in

10 characters.

Country Japan China Korea Taiwan Total

CharacterRegiona b ¢ d e f g Total h i j k 1 m nTotal
Phenotypic x2 x2 x
score
Seed size 1 1 0 2 2 0 4 4 2 3 0 41 4 14 20 24 10 6 33

2 22 19 32 19 40 61 45 32 66 76 53 70 79 80 57 68 30 53

3 60 52 48 62 50 26 10 47 205.1** 28 24 6 24 7 0 19 20 45.3** 58 14 218.6**

4 12 21 18 14 10 7 0 15 (n=779, 3 0 0 2 0 0 0 2 (n=238, 5 0 (n=1196,

5 6 8 - 3 0 2 0 4 df=24) 0 0 0 0 0 0 o0 0 df=18) 1 0 df=12)
Seed color 1 71 62 73 79 75 79 37 70 8 52 46 64 71 60 66 70 67 47

21 4 4 2 5 1 18 3 2 5 12 12 4 7 19 7 13 10

3 17 12 10 5 5 5 18 10 5 0 6 4 7 0 0 4 8 5

4 0 7 5 0 0 0 0 4 0 14 0 0 0 0 0 1 1 0

5 1 5 0 0 0 1 0 2 0 5 12 6 7 13 0 4 1 0

6 0 5 3 2 10 1 0 3 3 10 6 4 0 7 5 4 3 5

7 0 0 0 0 0O 1 18 1 170.8* 0 0 0 0 O O O o0 68.1*" 1 0 83.5**

g8 0 1 1 3 5 1 0 1 (n=78, 0 0 06 0 0 0 0 0 (n=238, O 0 (n=1197,

9 10 4 4 9 0 11 9 6 df=48 5 14 18 10 11 13 10 9 df=36) 6 33 df=24)
Saddle color 1 99 100 99 98 95 98 100 99 100 100 100 100 100 100 100 100 98 100

2 0 0 0 0 1 0 - 49.4* 0o 0 0 0 0 0 0 O 0 0 7.4

3 0 0 0 0 5 0 0 - (n=780, ¢ 0 0 0 0 0 O O 0 0 (n=1197,

4 01 2 0 6 1 df=18 0 0 0 0 0 0 0 0 2 0 df=9)
Hilumcolor 1 5 19 15 9 10 5 0 13 40.1** 48 2¢ 6 3 4 0 0 22 73.1** 37 10 68.9**

2 67 46 45 55 60 46 27 48 (n=780, 36 33 70 64 67 53 52 50 (n=237, 35 29 (n=119%,

3 28 35 40 36 30 49 73 39 df=12) 16 43 24 33 29 47 48 28 df=12) 28 61 df=6)
Seed shape 1 20 15 8 19 21 5 0 12 18 0 2 0 0 0 6 14 0

2 25, 17 16 8 0 10 11 15 5 5 0 0 0 2 29 6

3 25 25 20 20 26 14 11 21 37 29 6 23 28 27 14 26 9 19

4 28 32 43 39 43 55 56 40 27 37 29 40 28 33 52 35 40 50

5 1 2 5 6 5 6 0 4 60 5 0 2 4 0 0 1 2 0

6 0 0 1 2 0 0 0 - 8.3 5 0 29 6 4 27 0 8 103.8** 0 0 186.1**

7 1 5 4 4 5 8 22 5 (n=713, 8 10 36 27 36 13 29 20 (n=223. 5 25 (n=1098,

8 0 4 3 2 0 2 0 3 df=42) 0 14 0 0 0 0 5 2 df=42) 1 0 df=21)

In parenthesis, n is number of landraces, df is degrees of freedom. The phenotypic scores were followed Table 2.
** . significant at the 19 level. - : lower than 0.5%. # . x? test between 4 countries.
a=Hokkaido, b= Northern Honshu, c=Central Honshu, d=Southern Honshu, e=Shikoku, f=Kyushu, g=0kinawa, h=Dong-
bei (Touhoku), i=Huabei (Kahoku), j=Xibei (Seihoku), k =Huadong (Katou), 1=Huazhong (Kachu), m=Xinan (Seinan), n=
Huanan (Kanan). Region name in parenthesis are in Japanese.
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Table 3. Continued.

Country Jz}pan China Korea Taiwan Total
Character Region a b ¢ d e f gTotal h i j k 1 m nTotal
Phenotypic x? x? x*
score
Flowering time 1 99 12 4 2 6 7 0 18 73 10 6 0 4 0 0 28 1 13
2 1 56 32 16 12 36 50 35 17 66 0 25 11 0 10 20 39 13
3 0 31 37 22 18 5 10 23 678.4** 9 24 24 33 49 92 20 27 243.9** 49 20 129.1**
4 0 1 18 48 46 23 20 15 (n=747, 1 0 35 15 29 8 15 11 (n=233. 10 7 (n=1149,
5 0 0 9 12 18 29 20 9 df=24) 0 0 35 27 7 0 55 14 df=24) 1 47 df=12)
Flower color 1 22 38 36 26 29 25 60 32 16.9** 51 60 29 31 69 75 29 47 21.1** 26 32 23.8**
2 78 62 64 74 71 75 40 68 (n=764, 49 40 71 69 31 25 71 53 (n=231. 74 68 (n=1160,
df=6) df=6) df=3)
Pubescence color 1 16 39 42 38 53 34 20 36 73 45 51 32 43 38 35 52 64 47
2 0 12 5 9 13 10 0 8 4 20 16 2 11 0 0 6 9 6
3 75 48 50 52 34 51 80 53 95.4*™ 22 35 33 66 42 62 65 41 48.1* 27 47 55.8**
4 0 0 - 0 0 1 (n=7%, 0 0 0 0 0 0 0 0 (n=228, 0 O (n=1147,
5 13 0 0 0 0 2 df=24) 1 0 0 0 4 0 0 1 df=18) 0 df=12)
Leaflet shape 1 83 99 99 96 100 97 100 97 66.6* 91 95 100 100 96 92 100 95 8.6 99 100 4.0
2 17 1 1 4 0 3 0 3 (n=726, 9 5 0 0 4 8 0 5 (m=231, 1 0 (n=1124,
df=6) df=6) df=3)
Growth habit 1 100 97 92 100 86 91 43 94 26 40 18 20 18 33 20 24 72 25
2 0 1 2 0 7 4 0 2 662 6 10 12 7 11 15 5 8 8.1 1 0 432.3**
3 0 2 6 0 7 5 57 4 (n=593, 68 50 70 73 71 52 75 68 (n=228. 27 75 (n=980,
df=12) df=12) df=6)

In parenthesis, n is number of landraces, df is degrees of freedom. The phenotypic scores were followed Table 2.

** . significant at the 19 level. - : lower than 0.5%. # : x? test between 4 countries.

a=Hokkaido, b=Northern Honshu, c=Central Honshu, d=Southern Honshu, e=Shikoku, f=Kyushu, g=0Okinawa, h=Dong-
bei (Touhoku), i=Huabei (Kahoku), j=Xibei (Seihoku), k=Huadong (Katou), |=Huazhong (Kachu), m=Xinan (Seinan), n=

Huanan (Kanan). Region name in parenthesis are in Japanese.
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A Total (n=842)

Seed size

color

C China (n=202)

Seed size
Growth
habit E eed color
Leaflet ) Saddle*
shape color
Pubescence : Hilum
color ; color
1
Flower Seed shape
color “
Flowering time
Fig. 2.

Korea and over all.

B Japan (n=494)

Seed size
Growth
habit
Leaflet
shape
Pubescence
color
N N
Flower Seed shape
color o
Flowering time
D Korea (n=138)
Seed size
Growth
habit eed color
Leaflet Saddle
shape |\ color
AY
Pubescence s | Hilum
color < =3 color
Flower Seed shape
color

Flowering time

Interrelationship among 10 characters of soybean landraces in Japan, China,

n : number of laidraces. * : no polymorphism.

Each line indicates a significant character pair at the 5% level.

Solid lines

and broken lines indicate positive and negative correlation followed the scores

showed Table 2, respectively.
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A Hokkaido (n=85)

Seed size
Growth*

habit Seed color
Leaﬂet Saddle
shape color
Pubescence Hilum

color —==7 color
Flower Seed shape

Flowering time

C Central Honshu (n=156)

Seed size
Growth
habit Seed color
Leaflet* Saddle
shape color
Pubescence Hilum
color color
Flower Seed shape
color
Flowering time
E Kyushu (n=66)
Seed size
Growth -~~~
habit Seed color
Leaflet Saddle
shape color
Pubescence Hi}um
color color
Flower Seed shape
color \
Flowering time
Fig. 3.

Japan.
n : number of landraces. * : no polymorphism.

Each line indicates a significant character pair at the 5% level.

B Northern Honshu (n=144)

Growth
habit
Leaflet*
shape

Pubescence
color

Flower Seed shape

color

Flowering time

D Southern Honshu (n=26)

Seed size
Growth*

habit Seed color
Leaflet Saddle
shape color
Pubescence Hijum

color cotor
Flower Seed shape

color
Flowering time

Interrelationship among 10 characters of soybean landraces of five regions in

Solid lines

and broken lines indicate positive and negative correlation followed the scores
showed Table 2, respectively.
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A Dongbei (n=68)
Seed size

B Huazhong (n=28)

Seed size
Growth eed color Growth . Seed color
habit *~ . habit “. \\‘
Leaflet AN Saddle* Leaflet AN Saddle*
shape color shape N color
\‘ ‘\\
N v *
Pubescence ~._ Hilum Pubescence \ \, Hilum
color ~color  color '
Flower >> Seed shape
color s
Flowering time Flowering time
C Xinan (n=12) D Huanan (n=20)
Seed size Seed size
Growth ! eed color Growth Seed color
habit _#,”,—5 habit
Leaflet. .- """, Saddle* Leaflet Saddle*
shape N color shape color
II
Pubescence N Hilum Pubescence Hilum
color ' color  color ~» color
! 4
' -~
/ o
Flower’ Seed shape Flower '," Seed shape
color L color 3
Flowering time Flowering time
Fig. 4.

China.

Interrelationship among 10 characters of soybean landraces of four regions in

n : number of landraces. * : no polymorphism.
Japanese name of the four regions (A-D) are Tohoku, Kachu, Seinan and

Kanan, respectively.

Each line indicates a significant character pair at the 5% level.

Solid lines

and broken lines indicate positive and negative correlation followed the scores

showed Table 2, respectively.
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Table 4. Shannon-Weaver diversity index (H') for 10 traits in soybean of Japan, China, Korea

and Taiwan.

Country Japan China Korea Taiwan Total

Region a b c d e f g Total h i j k 1 m n Total
Character
Seed size 1.60 1.79 1.73 1.57 1.36 1.54 1.35 1.80 1.250.79 1.251.17 0.95 0.72 1.41 1.28 1.52 1.42 1.78
Seed color 1.28 1.98 1.51 1.16 1.29 1.21 2.19 1.66 0.90 2.03 2.16 1.75 1.41 1.74 1.38 1.59 1.66 1.78 1.70
Saddle color 0.090.040.10 0.12 0.29 0.12 - 0.10 - - - - - - - - 0.14 - 0.10
Hilum color 1.14 1.50 1.46 1.31 1.30 1.24 0.85 1.41 1.451.551.09 1.10 1.07 1.00 1.00 1.49 1.57 1.27 1.48
Seed shape 2.132.41 2.32 2.36 1.95 2.05 1.66 2.35 2.24 2.19 1.81 2,01 1,91 1.93 1.62 2.35 2.17 1.70 2.43
Flowering time (.09 1.44 2.02 1.88 2.00 2.03 1.76 2.19 1.17 1.21 1.79 1.94 1.81 0.39 1.68 2.23 1.49 2.01 2.19
Flower color 0.76 0.96 0.94 0.82 0.87 0.81 0.97 0.91 1.00 0.97 0.87 0.89 0.89 0.81 0.86 1.00 0.82 0.91 0.93
Pubescence color 1.05 1.47 1.40 1.39 1.40 1.56 0.72 1.49 1.08 1.51 1.44 1.05 1.56 0.96 0.93 1.32 1.23 1.29 1.46
Leaflet shape 0.66 0.04 0.05 0.23 - 0.22 - 0.20 0.450.29 - - 0.220.39 - 0.28 0.10 - 0.21
Growth habit - 0.220.45 - 0.700.550.99 0.37 1.12 1.36 1.16 1.05 1.44 1.44 0.99 1.16 0.94 0.81 0.96

- : not variable. A

a=Hokkaido, b=Northern Honshu, c=Central Honshu, d=Southern Honshu, e=Shikoku, f=Kyushu, g=0kinawa, h=Dong-
bei (Touhoku), i=Huabei (Kahoku), j=Xibei (Seihoku), k =Huadong (Katou), 1=Huazhong (Kachu), m=Xinan (Seinan), n=
Huanan (Kanan). Region name in parenthesis are in Japanese.
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Summary

(1) Ten agricultural characters of 1197 soybean landraces from Japan partitioning seven regions, China
partitioning seven regions, Korea and Taiwan were surveyed to elucidate the regional differentiation of
their traits.

(2) The regional differences were observed in seed size, seed color, hilum color, seed shape, flowering
time, flower color and pubescence color among four countries and among regions of Japan and China.
Seed shape and flowering time exhibited the geographical cline which round shape and early-flowering
were frequent in northern regions and southern regions had high frequency for oval shape and late-
flowering.

(3) Correlation among pigmentation characters, such as seed color, saddle color, hilum color, flower
color and pubescence color which were controlled by common loci, and among other characters were
found. The pattern of character association was specific to countries and regions, indicating landrace
groups were differentiated.

(4) Phenotypic diversity was high for seed size, seed shape and pubescence color in Japan, for seed shape,
flowering time, flower color, leaflet shape and growth habit in China, for saddle color and hilum color
in Korea, for seed color in Taiwan. Northern and central Honshu exhibited higher phenotypic diversity
than other regions of Japan, indicating that the great variablity of landrace was observed in these
regions.



