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1996
2
( 1978 1995)
2005 ( 2006)
1
2 2009 ( 2011) 2
2010
2011)
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6 2011 9
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1/2000 a 4 9 27
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1 (2011 )
13 14 15 24
4/4  10/17 20 4/4  10/17 20 4/4  10/17 20 33 10/18 21
1 474 10/16 19 44 10714 17 474 10/15 18 373 10/22 25
2 474 10/16 19 474 10716 19 44 10719 22 474 10/20 23
2 474 10/25 28 /4 11/4 38 o4 - - o4 - -
474 10/23 26 /4 11/4 38 o4 - - o4 - -
4/4  10/24 27 M4 11/6 40 o4 - - o4 - -
a) b)
1
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(8 51 11 17
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1 2 24
(1 ) 13 14 15
20 24 (21 )
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281 #MMLEAE
1. HERELEHERE

2007 2009 3 (
) (
) 2
6 6 28 m’( 90 cm
< 40 cm) 12 g m”
21 g m”
( S ) 128
( 322) N POs KO

12 48 48gm’
2. BREHEBREREORE (BB 2-1 : 2007 ~ 2008 £)

2007
5 25 6 5 6 15 6 25 7 5 7 15 6
2 6 6 6 15 6
25 7 5 7 12 7 23 3.7 m” (
90 cm > 30 cm) 90 cm
13 cm ( 85 m’) 20ecm( 56 m’) 30cm( 3.7 md) 40
cm (28 m?) 4 2 6 15
6 25
7 10 21 g m”
2008
6 6 ( 6 17 ) 6 16 ( 6 26 ) 6 26 ( 7



3 ) 3 90 cm 20 cm (

56 m’) 30cm( 37 m) 40cm ( 28 m’) 3
9 2 2007
2 2007
6 5 6 15 ) 2008 6 16 ( 6 16 )
20 m’
3. BIHEEOEESLUHERBEDHRS (BB 2-2 : 2008 ~ 2009 £)
2008 6 16 6 26 3.7 m” ( 90 cm
< 30 cm) N P.Os KO 12 48 48 ¢ m”
2
40 CUS40 2
2.1 gm® 3 63gm” 2 4
2 7 17 CUS40
(2003)
(2003)
40 80
CuUS40
2009 6
15 ( 6 25 ) 40 cm
( 90 cm 2.8 m”) 21 gm’
(40 cm 21 gm® ) 2 30 cm ( 90 cm
3.7 m) 2.1 g m* (30 cm
21 gm® ) 6.3 g m” (30 cm 63 gm” ) CUS40
2.1 gm? (30 cm CUS40 2.1 gm” ) 4
2 7 16
2 2008
6 6 6 16 7 11
2.1 gm” 2009 6 5 6 15
7 9

-13 -



2-1 20 m’

4. AEEAR
2-1 2-2
2-1 2007
2-2 2009
11 mm
11 mm
11
mm ( 2002)
11 mm
10
= vl
5. REHEEAT
2
Tukey-Kramer
for Windows ( )
E3 #BR
r—
1. [REH
2 2007 8
10 2008 7 8
2
5 6 7 8 9 10
2007 19.2  20.5 22.2 24.1  23.9 241 251 27.5 28.9 26.3 26.1 25.4 23.0  20.2
2008 19.8  19.8 21.6 22.4  26.1 27.3 28.1 28.2 27.7 23.9 251 23.8 18.9  18.6
() 2003 19.3 19.9 223 249 247 265 256 26.8 26.5 24.4 23.6 19.9 21.8  18.4
19.4 206 22.1 23.2 25.2 256 27.2 27.5 26.7 25.9 244 23.2 20.3  18.3
2007  69.5  44.0 47.0 75.5  72.5 132.5 33.5 3.0 1.0 58.0 23.0 22.5 35.0 22.5
2008  93.5  94.0 28.5 37.0 12.5 36.5 89.5 2.5 3.0 30.0 1.0 13.5 133.0  44.0
(m) 2009 36.5 16.5 6.5 85.0 25.5 118.0 102.5 101.5 12.5 5.0 0.0 31.0 28.5 1225
3.7 52.6 58.2 97.9  66.0 77.9 44.6  43.8 42.6 57.0 70.3 66.3 65.3  43.9
1993 2004 1971 2000

- 14 -



3 2 (2007 )

11 mm 11 mm 11 mm
/
/ / / / cm -1 -1 -1 -1 g m—Z g m—2
7/13  9/3
5/25 7/6 (49) (52) 725 b 15.9 ¢ 7.1 496 a 18.8 a 446.5 a 241.8 a 54.1 a
7/19  9/7
6/5 7/9 (@4 (50 67.4 b 15.2 ¢ 7.2 68.6 bc 30.7 b 575.8 a 369.7 ab 64.2 ab
7/26  9/12
6/15 7/18 (41) (8) 58.4 ab 14.1 b 7.1 70.8 bc 39.0 b 686.9 ab 502.1 bc 73.0 bc
2
8/2 9/21
6/25 7/20 (38) (50 50.5 a 13.0 a 6.8 74.3 ¢ 490 c 817.7 bc 677.1 cd 82.8 ¢
8/11 10/1
7/5 7/31 @D 6D 46.7 a 129 a 6.7 54.4 a 46.7 bc 825.7 bc 780.0 d 94.5 d
8/19 10/8
7/15  8/9 (35) (50 52.4 a 13.4 ab 6.4 60.0 ab 48.5 c 869.4 ¢ 79.5 d 91.6 d
( ) 7/24 10/5
6/5 7/18 49 (73) 66.2 16.1 9.4 128.5 93.8 1151.9 999.1 86.3
2 5 (Tukey-Kramer ) 2 90 cm
< 30cm (3.7 m?d 90 cm>< 40 cm (2.8 m2)
4 2 (2007 )
11 mm 11 mm 11 mm
/
om em -1 -1 -1 2 -1 2 -1 m2 g -1 gm'z g -1 gm‘z
13 60.3 13.5 6.6 40.9 a 347.9 ¢ 40.7 a 347.6 b 17.6 a  150.4 85.0 a 726.6 55.5 a  474.0 63.8
20 56.9 13.8 7.4  48.9 ab 271.4 b 58.0 b 322.2 b 24.5 ab 136.1 124.8 a  693.3 79.7 ab  442.7 63.9
2 30 53.2 13.6 7.5 51.5 b 190.6 a 70.4 ¢ 260.6 a 39.4 bc 145.9 184.2 b 682.4 136.8 bc  506.7 74.1
40 54.7 13.7 8.1 62.9 ¢ 174.7 a  89.4 d 248.2 a 53.9 ¢ 149.6 240.0 b 666.8 188.2 c  522.9 78.3
C ) 4614 161 103 9.3 250.9 148.3 411.9 110.2 306.0  444.1 1233.5  397.0 1102.8 89.4
2 5 (Tukey-Kramer ) 90 cm 2 6 15
7 26 9 12 6 5 7 24 10 5
7 18
2009 8
3 7
8 2007 2008
2009 8 2.3

2. BRI LHEERZEORE EER2-1)

2007 2 3
2
5 25 49
6 25 38 35 1 2
50

-15 -



25

11 mm
11 mm
11 mm
2
2007 () 2
4
2
11 mm m
11 mm
40 cm 30 cm
11 mm
2
2008 2
5
2007
5 2 (2008 )
11 mm 11 mm 11 mm
/
/ / / cm cm -1 1 1 m? -1 m? g * gm? g ' gm?
20 56.2 15.0 6.7 34.0 188.6 8.6 47.8 57.9 321.9 25.3 140.8 38.6
6/6 Zg %}8 30 50.2 14.4 6.9 46.7 172.8 16.7 61.9 97.4 360.8 58.0 214.7 52.9
40 49.0 14.8 7.4 53.4 148.2 13.4 37.1 95.2 264.5 40.8 113.2 41.3
20 47.5 14.0 5.3 36.9 204.7 13.9 76.9 75.3 418.3 44.0 244.3 54.2
6/16 zgs;‘ %ig’ 30 46.7 14.2 6.8 52.4 193.9 25.4 9.1 123.9 458.9 84.4 312.5 68.1
40 45.2 13.8 6.6 57.0 158.2 30.0 83.3 143.0 397.2 100.6 279.5 70.1
2 20 47.4 14.0 5.2 34.9 193.9 17.1 95.0 84.1 467.5 59.8 332.2 71.6
6/26 (83431) %421;1 30 48.9 14.2 5.8 51.8 191.7 30.9 114.3 148.6 550.2 117.0 433.5 78.3
40 47.8 14.3 6.3 60.2 167.2 38.5 106.8 174.1 483.5 142.6 396.1 80.8
(A) ** *k x n.s. n.s. n.s. n.s. n.s. n.s. * * *
®) * n.s. *x * n.s. n.s. n.s. * n.s. n. n.s. n.s.
Ax<B n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n. n.s. n.s.
( ) 6/6 /24 10/6 40 55.3 16.5 8.6 67.3 186.8 29.1 80.7 173.8 482.7 107.8 299.5 62.0
48) (74
* ** n.s 5
2 6 6 7 11 6 16 7 17 6 26
7 24 7 11

-16 -



11

6 16

mm

30 cm

30 cm

26

3. BEXHEROBESEFSIUVEREDRE (BB 2-2)

-17 -

2008 2
6
6 2
(2008 )
11 mm 11 mm 11 mm
/
g m2 cm -1 -1 -1 -1 g m2 g m2
2.1 43.2 13.7 6.3 49.8 19.2 396.8 238.1 60.0
6.3 43.6 13.7 6.2 53.5 30.3 526.5 407.7 77.2
US40 2.1 45.1 14.1 6.3 58.2 31.1 597.4 452.1 75.6
2 6.3 47.8 14.1 6.4 58.6 32.1 581.5 450.5 7.4
(A) ns ns ns ns * *x * ns
® ns ns ns ns * ns ns ns
A><B ns ns ns ns ns * ns ns
( ) 2.1 60.9 16.8 9.5 74.8 52.4 936.4 600.2 64.2
*ooxx n.s. 5 1 2 6 16
7 17 7 24 9 17
6 6 7 11 7 24 10 6
7 2 (2009 )
11 mm 11 mm 11 mm
( /
) o -1 -1 -1 -2 -1 -2 -2 g -1 g -2 g -1 g m2
) fogc:_z 56.1 14.6 7.4 58.3 161.8 a 91.2 253.2 73.9 205.1 327.0 908.4 305.1 847.6 93.2
) lsogc:_z 60.0 14.5 7.2 54.7  202.4 ab 78.8  291.9 62.0 229.5 268.6 994.9  248.7 921.3 92.6
2
6_330;:,2 62.4 15.0 7.4 58.3 215.9 b 79.8  295.6 63.7 235.7 265.1 982.0 246.2  911.7 92.7
US40 ng ;mm,z 58.6 14.7 6.9 53.6  198.5 ab 80.5 298.0 65.6 242.8 276.6 1024.3  258.7  958.2 93.6
(S 2‘;2 ;",'2 68.1 18.0 9.3 93.6  220.6 112.4 312.3  104.5 290.2  445.7 1238.2  435.4 1209.4 97.6
2 5 (Tukey-Kramer ) 90 cm 2 6 15
7 16 24 9 17 6 5 79
7 22 10



11 mm

CUS40
11 mm
CUS40
11 mm
CUS40 2.1 g m” 3
2009 7 ( 21 g m” )
30 cm 30 cm 6.3 g m”
m’ m’ I1 mm
30 em  CUS40 2.1 g m”
11 mm
B4 BE
1. TRTZ=A25) OBEEH
2 2
( 3 50)
2
9 ( 2000) 2 6 25
9 21 24 7 10
( 3 5
2 9 25
2
( 3 5
( )
( 1995 1998)
2 ( 3 5 )
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mm
( 3 5 )
( 1984 1990
3 5
1
( 1952
( 1989)
1982) 5
( 1983)
2
2

2. TERFZTEA2E] ICHETHHREFE

( 1998a 2011)

(

1991

1963)

1998a)

11
11 mm
7
1993)
2002)
( 1995)

2000 Zheng  2003)

15 6

11 mm



2 2007 40 cm

30 cm 2008 30 cm
20 cm ( 4 5
2007 2008 ( 4 5 )
2 7
2008 ( 2
11 mm

(Miura 1987

2007)
( 1992) 2
mZ
(
1983 1993)
( 1992 1998b)
(Isobe 1995)
m2
11 mm ( 4 5 )
2 20 cm
mm 90 cm
cm 2
2007 2008 2009 30 cm
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( 4 5 7 )

90 cm
2 30 40 cm
3. T&FZ2A 251 OBIHBEEN
2
2008 21 g m”
63 gm’ CUS40 2.1 g m” CUS40 6.3 g m”
( 6 ) 2009 30 cm 21 gm’
6.3 gm’ m’
«C 7 )
2008 2009
7 « 2 )
8
( 2003) 2008 2009
( 2 ) 2008
2009 2008
11 mm 2009
2009
2008
CUS40 (2009)
(2003)
60
60 CUS60

-21 -



CUS40
(
2
CUS40
( 2016)
2008
2.1 g m”
2510 21
21 g m’®
650
2
BSsE W/E

2017 41

(1990) (2002)

CUS60
2003) (2003)

5 CUS40 20
65 80
CUS40

CUS40 2.1 g m” 6.3 g m’

( 6 ) 2009

2009
2008
CUS40
2 CUS40

CUS40 10 kg
20 kg 1300

10 a CUS40 1280

CUS40

CUS40

-22 -



11 mm
2
m
20 cm
90 cm
40
2008
2

30

CUS40

2009
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CUS40

11
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( 2007
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1996
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2003
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2010

[R¥9E2A25] ORNEBRZEHRTORR

(

( 2000)
2010)
2005
2003
( 1998)
2012
2
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S22 MMEFE
1. fEmBEREAE

2
( ) (
)
( S ) 128
2007 6 15 7 5 2008 6 16 2009 6 15
2007 2008 28 m’( 120 cm > 30 cm) 2009 37 m’
( 90 cm > 30 cm) 2007 6 25 7 12 2008 6
26 2009 6 25
( 322) N P.Os K:O 12 48 48¢g
m’ 7 N 2.1

gm’

2. EOBPXRENBORBFMUELL (EE 3-1: 2007 ~ 2009 £F)

2
8 2
7 3 2
()
4
4 2
( 3 )
8 2
2
n -1
2007/6/15 8 24 22.2 a
2007/7/5 9 27 22.6 a
2008/6/16 7 21 28.6 b
2009/6/15 7 21 32.3 b
N 5 (Tukey-Kramer

-25 -



3. XOMBKXKOKEERE (B 3-2: 2009 £F)

2 4
2
Fehr and Caviness (1977)
(R3)
4. BEEHERAT
2010 (
E3FH HER
1. [KREH
2 2007
7 5 8 11 2008 6
7 24

- 26 -

(

16

2013

(R6)

1978

6 15

1992)

2009

26

15



2 2007 8 10
2008 7 8
2009
2. XEOPBEBKENABOERMUEILL (HE 3-1)
2 5
) (%)
( ) 4 (2007 2 2008 2009
1)
16 16 5
15 15 } (®)
14 14
13 =13
£ S
12 12
11 11
10 10
9 9
8 8
7 7 F
5 , , , , \ , , , 6 . . . . . . . ,
28 33 33 43 48 53 58 63 68 800 900 1000 1100 1200 1300 1400 1500 1600
) )
1 2007/6/15 y=1.1058+0.2097x R2=0.923** [ 2007/6/15 y=0.6167+0.0082x R2=0.923**
m 2007/7/5 y=0.089+0.2556x R2=0.940** m  2007/7/5 y=-1.2765+0.011x R2=0.951**
2008/6/16 y=0.5053+0.2236x R2=0.923** 2008/6/16 y=-0.629+0.0094x R2=0.925%**
o 2009/6/15 y=0.4044+0.2076x R2=0.925** o 2009/6/15 y=-1.1575+0.0096x R2=0.933**
5 2
@) ) > 1
9 5 (v a, bx)
@ ®)
6 6
p 0.023 p 0.717 p 0.002 p 0.146
b, b, b, B
p 0.001 p 0.001
B 0
p 0.001 p 0.058
a; a, a, O
5 (b -

-27 -



80
70

~ 60

0)

50
40
30
20
10

(@]

@

[ (@ 1w
a
L ] 0 70 I
I ~ 60
N/
50
40
30
20
10
; 0
66 1150 1250
)
2007/6/15 y=-57.96+1.2616x R2=0.114ns 1 2007/6/15
2007/7/5 y=-156.44+3.3322x R2=0.597** m  2007/7/5
2008/6/16 y=-137.17+2.6837x R2=0.752%* 2008/6/16
2009/6/15 y=-387.3+7.0554x R2=0.800** o 2009/6/15
6 2
()
5 ( ) (y
9
2007 7 5
3
3 6
1 0.2 mm 100
5 9 3 6
( ai
(y 0.4628 0.0091x R’
)
2 6
10

-28 -

1550 1650

)

1350 1450

y=-60.231+0.0489x R2=0.116ns
y=-195.7+0.1591x R2=0.590**

y=-153.65+0.1149x R2=0.745**
y=-455.08+0.3368x R2=0.814**

** 1 ns
a  bux)
6 3
(
0.9 mm
a a o)
0921 P 0.001 3
1



3 6 5
10 6 (y a, bx)
@ ()
6 6
p 0.006 p 0.002 p 0.001 p 0.001
I:)1 b2 bn B
B 0 ] ] ] ]

- 9
100 100
~
%0 ~ 90
~ o
80 80
70 70
60 60
50 50
40 40
c 30 e 30
4 2 = 20
10 10
0 0
800 900 1000 1100 1200 1300 1400 1500 1600
) )
100
~ () 2008/6/16 ~ 100
- 0T o 90
80 80
70 i 70
60 60
50 50
40 40
30 30
£ =
5 20 5 20
10 F 10 } ' .
____________________ 4 —_—_—————— —_——————L_
0 : : : P N , , 0 ; : R P A : ,
800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600
) )
7 2 11mm
n 3)

-29 .



6 2
11 mm 7
2 11 mm
70 7
1250 (
5 ) 1380 2007 7 5
11 mm 70 1120
1320
3. EOBXDOHEERZE (HER 3-2)
15 15
[} [ ]
u f @ P I *
13
’élZ
~ 11
10
9
8
7
6
5 a1 'l a1 a1 a1 'l '} 'S L L 2 I} Il Il '}
30 35 40 45 50 55 60 65 800 900 1000 1100 1200 1300 1400 1500 1600
) )
o 2 y=0.4044+0.2076x R2=0.925%* o 2 y=-1.1575+0.0096x R2=0.933**
- 4 2 y=-0.2822+0.2318x R2=0.772%* - 4 y=-2.0367+0.0107x R2=0.779**
8 2 4 2
(2009)
@ ®) o1
11 8 (y a, bx)
(a) (b)
p 0.452 p 0.439
b, b, B
p 0.001 p 0.001
B O
p 0.104 p 0.097
a, a, O
( ) 2
5 (b) 9

-30 -



8
4 2
11
4 2
Fa4ti BR
1. EOPEK (FEEHEMN ORBHZEL
2
C 5 )
2007 6 15 7 5 2
7 5 6 15
( 5 ) 6 15 7 26
7 5 g8 11 7 5 6 15
( 1952 1963)
( 2000 Zheng  2003) 1
2
7 5
7 5 10 1
9 10
( 2000) 2 10
6 ( 7 24 26 9
12 17 )
3 6 ( )

-31 -



( ) (hour min.)
( ) ( ) 6 7 8 9 10
( ) 35=00749"" 135=34726"" 14h 28m 14h 14m 13h 26m 12h 23m 11h 17m
( ) 35°37727"" 135=037407" 14h 32m 14h 17m 13h 28m 12h 23m 11h 16m
(http://www.gsi.go.jp/KOKUIJYOHO/CENTER/kendata/kyoto _heso.htm 2016 12 18 )
(http://eco.mtk.nao.ac.jp/cgi-
bin/koyomi/koyomix.cgi 2016 12 18 ) 2016
( 2 )
DVR
( 2000) DVR
( 2006)
DVR
2
2
37 7 1
4 ( 12 ) 6
( 2016)
2

2. HBOBRBHEL

( 10 ) 6
2007 2009 3
1380 ( 6 7 ) 2

-32 -



( 2003 2005

2004 2015)
(
(

(
2011)

3. TRFZ2A25) ONEEL
2

2007)

1986)
1988)
2006  Sato 2007

11 mm

11 mm

4. XOPBRKEBDHTE
(2016)

30

1250

(Fehr and Caviness 1977)

-33-

2007

1380

11



EsH WE

2
2007 2009 3
2 6
1250
11 mm 70 6
3 1380
2
4 2
2
4
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F44E REBFOIFIAHER (R ETEA] OFEHESR

$18 #E5
2
2 3
9 10 (
1978 1995 2006) 7
8 3
( 2000)
7 7 8
( 2007)
8 2
1 ) ( 2011)
2 2010
( 2011)
1 2
F2H MHEHLEAE
1. HERELERERZE
1 2 2

)
2. BHMEEICEIT2EEARLLEEEERTOREET (BREB 4-1: 2010 ~ 2012

-35 -



)

2010 2012 3 1 2 2
( S ) 128
44 m’( 90 cm < 25 cm)
( 322) N POs KO 12 48
48 gm”
2010 5 4 5 17 )5 14 (5 26 )
5 24 (6 4 ) 3 (003 mm)
2 2 2 ) ( 13 )
5
4 6 9 5 14 6 15 5 24
6 25
2011 8
7
8 5 4
( 5 18 ) 5 24 (6 6 ) 2
2 8 (2 )
5 4 6 7 15 5 24
6 21 27 7
8 4 15
( 5 6 ) 4 25 (5 10 ) 2 4
( 13 )
2012 8 7
I 4 16 5
13
4 4 5 5 5
w1 mm
o momom  ma
ro12 1 416 4/26  5/4 - 5/24
2 - 4726 5/4 - 5/24
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26

10 cm

550

300 g m®
3 (2007

) 4
( 13 ) 2
5 10 ) S5 4 (5 18 )S5 24 (
( 13 )
4 16
26 5 31 6 5 5 4
5 24 6 26 28
4 16 4
5 16
2012 ® SK-L200T (( )
3
10 mm
( 2002)
10
( )
500 g m” 700 g m”
g m’ ( 1994)
JA
( JA 2000)
2009 ) 395 ¢ m”
10 mm 400 g m”
3. BIZERZFALETR EYZ2A] REOEHAMEDO KT (FHER 4-2: 2012
~ 2013 )
2012 ( )
( 54 m = 22 m)
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4-1 1 5 8

40 m’( 100 cm >< 25
cm) N P.Os K.O 12 48 48 gm’
2013 2012 ( 54 m x
22 m) ( ) 2
1 3 1 3 25
4 15 3 2012
2013 2
15 40 cm
10 cm ® SK-L200T (( ) )
4-1
10
mm 4-1
( 2002)
10 4-1 10 mm
400 g m*
4-1 4-2
F3Em HR
1. EHMBREICSTL2FEFARLRELEERNTORES (HE& 41
2010 14 a 5 4 6 18
20 5 14 6 24 27 5 24 7 2 5
5 4 8 2 4 5 14 8 9 11
5 24 8 20 24
1 2 1
2 1 2
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1 2
14 5 /
a 2010
10 mm 10 mm
/ / / cm -1 -1 g -1 -1 g m2 g m2
5/4 5/17 6/20 8/3 26.8 10.7 4.5 150.5 45.6 26.6 512.7 382.0
6/18 8/2 31.9 10.9 5.8 212.7 57.2 32.1 658.2 489.0
514 5/26 6/26 8/10 34.7 10.8 4.7 212.2 63.0 35.3 735.6 526.5
6/24 8/9 33.9 10.3 5.3 231.6 69.4 42.7 813.5 630.8
5/24 6/4 7/4 8/21 42.9 12.6 4.8 225.8 58.9 43.8 768.6 671.7
7/2 8/20 49.3 13.1 5.2 278.6  79.5 44.8 884.6 612.7
5/4 5/17 6/20 8/4 30.0 10.8 4.6 138.7 44.8 20.5 460.1 303.0
6/18 8/3 36.0 11.0 5.9 207.4 64.2 27.2 609.1 389.3
5/14 5/26 6/27 8/11 34.7 10.6 4.2 212.9 62.3 32.8 747.2 516.3
6/26 8/10 44.6 11.9 6.1 241.9 79.7 26.1 748.5 362.7
5/2 6/4 7/5 8/24 53.8 13.2 5.2 235.0 59.5 50.8 815.8 760.0
7/3 8/23 58.5 13.3 7.0 323.2 86.3 63.9 1026.3 877.6
() - - - i faled *x n.s. n.s. n.s. n.s n.s.
(B) - - - *% *%* * *%* *% *% *%* *%
(C) - - - *k * *k *% *k n.s. * n.s.
A><B - - - *x n.s. *x n.s. n.s. n.s.
AxC - - - * *x n.s. n.s. n.s. n.s. n.s.
B><C - - - n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
A><B>=<(C - - - *x *x n.s. n.s. n.s. n.s. n.s. n.s.
b 2011
10 mm 10 mm
/ / / cm -1 -1 g -1 -1 g m—2 g m—2
5/ 5/18 6/17 8/3 25.3 9.6 4.3 132.0 39.9 24.5 464.5 371.8
6/17 8/2 27.1 10.2 5.7 224.4  58.9 38.9 778.2 640.7
5/2 6/6 6/30 8/25 24.9 10.5 5.0 216.5 58.7 40.6 765.2 647.2
6/29 8/23 28.3 10.6 5.9 203.0 49.0 33.2 594.8 495.5
5/ 5/18 6/18 8/4 25.8 9.6 4.6 159.2 48.6 26.0 574.3 420.9
6/19 8/2 26.4 10.1 5.9 216.9 59.9 32.1 752.9 571.2
5/24 6/6 7/2 8/25 29.2 11.0 5.7 272.0 79.7 42.5 935.5 686.5
7/1 8/23 31.9 11.1 6.4 294.2  88.5 43.7 1004.5 727.9
(A) - - - * n.s. ** *% ** n.s. *% *
(B) — — — ** *%* *x *%* ** ** *%* **
(C) — — — ** n.s. *x *%* * ** *%* **
A><B — — — * n.s. n.s. ** ** ** *%* **
Ax<C - - - n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
BXC - - - n.S. n.S. n.S. *%* * *% *%* *%
A>=<B>=<(C - - - n.s. n.s. n.s. * * *x *x *x
b * 5 ** 1 n.s.
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10 mm
5 14 2 5
24 1 10 mm
10 mm
2
2011 5 14 b 8
5 4 6 17 19 5 24
6 29 7 2 5 4 8 2 4 5
24 8 23 25 2010
1 2 1
2 1 1 10 mm
1 5 24
1 2
15 4
(2011 )
10mm 10mm
/ / / / cm -1 1g ! -1 1 g g m?
4/15 5/6 6/9 7/20 28.1 10.6 5.2 153.7 35.0 23.6 457.1 380.8
1 4/25 5/10 6/11 7/23  25.7 9.8 4.9 156.5 38.0 28.0 510.9 447.7
4/15 5/6 6/8 7/20 30.0 10.5 5.5 170.0 44.9 23.6 487.8 353.0
2 4/25 5/10 6/11 7/23 29.6 10.0 6.1 199.0 58.4 32.9 663.8 508.2
A) - - - n.s. n.s. ** * * n.s. n.s. n.s.
(B) - - - n.s. fal n.s. n.s. n.s. n.s. n.s. *
Ax<B - - - n.s. n.s. * n.s. n.s. n.s. n.s. n.s.
* 5 ** 1 n.



4 15 4 1
2 4 15 6 8 4
25 6 11 4 15
4
15 7 20 25 7 23 10
4
2 3 1 2
1 2
16 4 5
(2012 )
10mm 10mm
/ / / / cm -1 g 1 -1 -1 g m? g 2
6/6 7/20 24.4 .4 3.2 69.2 24.0 13.8 275.0 196.6
4/16 5/7
6/5 7/20 24.9 .2 4.3 155.3 41.3 31.0 580.2 506.2
6/13 7/28 28.0 10.5 4.1 194.1 60.0 29.7 729.0 480.3
4/26 5/10
6/12 7/26 29.7 10.6 5.6 253.0 66.9 43.3 905.4 720.9
1 6/20 8/3 29.9 11.2 5.0 240.6 73.1 40.7 889.2 658.3
5/4 5/18
6/17 8/3 34.9 11.2 5.7 288.6 79.4 45.4 985.1 733.7
7/2 8/18 29.1 10.2 4.6 198.9 60.9 38.5 694.4 561.0
5/24 6/6
7/1 8/17 30.3 10.4 5.4 234.8 64.1 45.8 794.2 683.8
4/26 5/10 6/13 7/27 35.8 11.3 5.4 271.6 75.1 42.3 914.2 684.8
5/4 5/18 6/18 8/3 44 .9 12.1 6.4 321.4 96.5 49.0 1092.6 769.1
2 5/24 6/6 7/2 8/17 39.9 11.3 6.3 281.4 87.4 47.8 936.2 685.0
17 16 (2012 )
a
10mm 10mm
(A) *%x *%* .S. *%x *%* S * n.s
(B) *%x * .S. *%x *%* *%x n.s.
A>=B n.s. n.s. S n.s. n.s S n.s. n.s
b 1
10mm 10mm
(A) *%x *%x *%x *%* *%x *%* ** *%x
(B) n.S. n_s_ ** ** * ** ** **
A>=B n.s. n.s. S n.s. n.s S n.s. n.s
16 b 5 1
* 5 ** 1 n.s.
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2012

2. BHEEREMNALE TR ETEA)] REOHHAMED R (R 4-2)

25
16

16

16

17

18

2012
( 4-1 2012 ) 19 2
4 2
10 mm
18
(2012 )
/ / /
7/20 74 1647.6 22.3
4/16 5/7 21 405.2 19.4
7/20 74 1712.9 23.1
7/28 79 1829.6 23.2
4/26 5/10 14 278.0 19.9
7/26 77 1838.0 23.9
8/3 77 1891.2 24.6
5/4 5/18 14 267.4 19.2
8/3 77 1960.9 25.5
8/18 73 1948.8 26.7
5/24 6/6 13 290.6 22.4
8/17 72 1995.9 27.7
4/26 5/10 7/27 14 278.0 19.9 78 1871.8 24.0
5/4 5/18 8/3 14 267.4 19.2 77 1960.9 25.5
5/24 6/6 8/17 13 290.6 22.4 72 1995.9 27.7

-4 -

2012



19 1
(2012 )
10mm 10mm
/ / / / cm -1 g ! -1 g2 g m?
4/18 5/8 6/1 7/18 34.8 9.5 5.8 191.8 51.7 27.8 592.3 397.1
4/16 5/7 6/5 7/20 24.9 9.2 4.3 155.3 41.3 31.0 580.2 506.2
16 1 4 16
20 1 3
(2013 )
10mm 10mm
/ / / / cm - 1 og ! - 1 ogm? g m?
3/1 3/18 4/26 44 54 6/8 259 a 8.4 a 5.0 111.1 a 18.7 a 16.5 a 239.7 a 229.4 a
3/25 4/8 5/13 53 56 6/19 28.8 a 8.9 a 5.4 191.8 b 38.2 b 33.4 b 520.0 b 486.9 b
4/15 4/30 5/26 55 62 7/8 38.5 b 10.0 b 5.7 229.0 b 50.8 b 43.0 b 694.3 b 638.8 b
5 (Tukey-
Kramer )
21
(2013 )
/ / / /
659.8 16.9 979.1 22.8
3/1 3/18  4/26 6/8 39 43
730.6 18.7 986.3 22.9
669.6 19.1 928.5 25.1
3/25 4/8 5/13 6/19 35 37
708.2 20.2 937.8 25.3
587.8 22.6 1111.0 25.8
4/15 4/30 5/26 7/8 26 43
589.0 22.7 1135.7 26.4
40 cm 10 cm
2013 20 3 1
4 26 3
25 5 13 4 15 5 26
3 1 6 8 3 25 6 19 4 15
7 8 4 15
1 3 1
3 25 4 15
3 25
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21

3 1
4 15 43 3 25 37
3 25
3 1 3 25 4 15
F4E BB
1. TEEYRERE 18], TEEYARE 2B OXEREELNELDER
K3
1 1
2 3 5 6 8
( 14 15 16 18 19 20
) 4
(1998a)
(2011)
10 mm
1 r 0.827 (P 0.01 n 40 3
) 2 r 0.698 (P 001 n
30 3 )
( 1977 1998a)
( 2011 2011) 22

- 44 -



2002)

22

_ 45 -

a 1 n=40
10 mm 10 mm
0.621 ** 0.627 ** 0.553 ** 0.500 ** 0.424 **
0.622 ** 0.607 ** 0.502 ** 0.481 ** 0.394 *
0.717 ** 0.538 ** 0.614 ** 0.447 ** 0.459 **
- 0.942 ** 0.929 ** 0.863 ** 0.821 **
b 2 n=30
10 mm 10 mm
0.581 ** 0.488 ** 0.688 ** 0.501 ** 0.542 **
0.617 ** 0.523 ** 0.699 ** 0.570 ** 0.607 **
0.650 ** 0.650 ** 0.513 ** 0.380 * 0.312
- 0.937 ** 0.856 ** 0.874 ** 0.810 **
b n 3 * ** 1%
2
4
16 )
1 (
1962) (Saito 1970)
(1976) 25 30
(
( 2011)
16
2013 1



40 cm 3001 18.3 3
25 26.2 4 15 26.8 3001
8 ( 1998 2000b)
( 1994)
3001 16.9 325
19.1 4 15 22.6 ( 21 ) (2011)
( 20 )

(1962)  Saito  (1970)

( 20 )
1
(2011)
( 18 )
1 2 ( 14 16 ) 5
4
4 ( 14 16 )
5
2

2. BHRIELBAEIRBICH T 2 EEROKEE
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2
4
(
3 25
1
31
2012
FSH WBWE

1994)

19

)

10 mm

- 47 -

(2000a)

15

400 g m”

16

20



- 48 -



=

SE

£

FE 18 #

9.5 mm

13 mm

2004

E
4
2010
2 )
2011)
5
2007

EEYRER1S] &V TEEYRRR 25 OWEEPOEHA

2
( 2011)
( 2011)
( 2001)
& mm 10 mm
( 2001 2003 2013 2015)
( 2000)
(
11 mm
10 mm
8
( 2007 2008 2010)
1 mm 12
( 1998)
( 2001)
(2002)
( 2003 2003
2012 2015)
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( 2000)
(
2000 2010 2011
(2002) (2004)

2012)

281 #MMLEAE
1. HERELEHERE

2011

2015)

(2012)

(

128

- 50 -

2000

2011)

( 2001)
( 1988
(2000)
1998 2003
2002)



0.03

mm 44  m’( 90 cm >
25 cm) (
322) N P.Os KO 12 48 48gm’
2. OBKREFEDOHEZEAE (B 5-1: 2010 ~ 2011 )
2010 2011 5 24
2010 6 4 2011 6 6 2010
1 7 2 2 7 3 2011
6 29 7 1
38 67 36 3
2
()
9
3 A

2 2013
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brigal
(TER O—RF I ER)

RTF =T
(T OAFEET)

2 2013

3. BERAESDEIL (GRER 5-2: 2013 £)

2013 5 4 5 24
10
1 5 4
8 21
8 5 24 8 22
-80
10 -80
80
)
50 ml
) A (5000 rpm 5 )
B
5 ml

-52 -

2F U0
(B O2E HER )

60

40 ml

(

17

100

59

10000 rpm 5
(
50 ml
80

10

24

-80

)



(5000 rpm 5 ) B 50 ml

(14000 rpm 5 )

100 pl 02 N
(pH 2.2) 900 pl 5 (14000 rpm 5
)
RI HPLC (( ) LC-10)
Shodex Asahipak NH 2 P-50 4 F (4.6 > 250 mm) 75
1 ml min’ 35
4
(Ex 348 nm Em 450 nm) HPLC (( )
Prominence) Shim-pack Amino-Na
0.6 ml min" Type-H
Y- (GABA) o-
1
F3 WR
1. [R&EH
23 2010 7 8
2011 2013
2011 8
2. ROBKEFRORZEBRE (BB 5-1)
2 11
23
6 7 8

2010 20.1 23.0 24.6 25.1 26.5 28.2 28.6 28.5 28.7
2011 21.0 20.9 27.4 26.7 27.5 25.9 27.8 27.6 26.1
2013 21.7 24.7 22.4 26.5 26.1 26.7 27.3 28.6 25.6
20.6 22.2 23.6 25.0 25.7 27.0 27.6 27.1 25.8

1993 2010
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mm

mm

1 2 2010 51 52
2011 56 57
( )
1 1400 (2010 ) 1500 (2011 ) 2
1430 (2010 ) 1530 (2011 )
10 mm 1
2010 2011
2
2010 1 41.9 ! 2
Lo 1 (2010 ) 15 1@ 1 (011 )
14 14 .
3 |y =0-1815x + 1.6355 |y = 0.2924x - 4.2941 $
Rz = 0.540"" g 13 RZ2 = 0.933" & ®
12 . ® 12 .
11} . $ o 1t ¢
10 ¢ 10
o r 0L o8k + 12261 T y = 0.0236x + 10.832
g | y = -0.0280x + 12 g | ¢ R2 = 0.011
R2 = 0.049
7 1 1 1 1 J 7 ;_‘ 1 1 1 1 1 )
3 43 48 53 58 63 38 43 48 53 58 63 68
15 r@® 2 (2010 ) L r® 2 (2011 )
14 14 T y =0.2069x + 0.0181
13 } y =0.2074x + 0.2328 _ 13 f R2 = 0.868" @
2 = ** = *
b | R2 = 0.870 o b ¢
11 11t
10 10
9 T 1434.9 9 = _0.0412x + 14.392
o | y = 0.0894x + 6.0908 e e
R2 = 0.380 -
7 L 'l 'l il J 7 L L L L L J
38 43 48 53 58 63 38 43 48 53 58 63 68
11

- 54 -

**

1%



100 D 10mm
L 4
2 o 0 ¢
* L 4
80 F .
¢ ¢ .
~ 60 } -
* N\
o’
40 F
. y = 4.8184x - 172.98
0 F . R2 = 0.559"*
0 * : : : '
38 43 48 53 58 63
100 r (3) A
*
g0 F ¢ ¢ y=-4.4718x + 259.21
R2 = 0.770"
~~ ‘ ~
60
o/ o’
40 F
20 F
0 $—
38 63
12
A C
D) 10mm
** 1
42.9 - 2011
1 2010
2010 1
12
1
24

- 55 -

100

80

60

40

20

100

80

60

40

20

%)
- y = 1.8422x - 94.792
R2 = 0.496" i
- *
L L ‘ L ‘ ]
38 43 48 53 58 63
[ (4) C ¢ z
*
i . ®
* /s
T
[ o o
. ¢
i ¢ y =5.324x - 221.05
R2 = 0.839™
*
3 L ; L L L ]
38 43 48 53 58 63
(2010 )
* 5
23.0 1330 !
10 mm
A C
2



24

- 56 -

A C
a) 2010 2011
10mm y = 4.8184x - 172.98 (RZ:O. 559**) y = 5.0386x - 190.76 (R2:0_8gg**)
y = 1.8422x - 94.792 (R?=0.496") y = 1.9718x - 109.24 (R?=0.607")
y = -4.4718x + 259.21  (R?=0.770"") y = -4.0201x + 259.81  (R?=0.881"")
y = 5.324x - 221.05 (R?=0.839"") y = 3.6984x - 161.25  (R?=0.737 )
10mm y = 6.2742x - 244.12 (R?=0.851"") y = 3.9601x - 138.44 (R?=0.894™)
y = 1.5842x - 80.045 (R*=0.614") y = 1.0255x - 54.768 (R*=0.424")
y = -5.0639x + 290.23 (R?=0.843"") y = -3.4632x + 240.81 (R?=0.829")
y = 6.4546x - 285.51  (R?=0.841"") y = 3.7128x - 178.15  (R?=0.701"")
10mm * 5% ** ]
25 24
1 2
2010 2011 2010 2011
10mm 70 % 50.4 1401.0 51.8 1407.7 50.1 1405.5 52.6 1427.5
5% 54.2 1515.8 57.9 1559.4 53.7 1491.5 58.3 1588.9
A 50 % 46.8 1285.2 52.2 1430.1 47.4 1320.3 55.1 1507.4
C 50 % 50.9 1401.0 57.1 1559.4 52.0 1434.6 61.4 1669.2
5 1 10 mm
A X
24
25
10 mm 70
5
1 50 54 (2010
) 52 58 (2011 ) 5 7
2 54 (2010 ) 53
58 (2011 ) 5 6
10 mm 70 1
1400 2 1400 1430 11



2 2011

1 10 mm 70 2010
1
38 67
A C (
24 )
3. BEREADELE (BHER5-2)
26
1450
A 10 11 mm B 11 12 mm
12 13 mm
13 14
1 2
(3500 2920 mg 100 g‘l)
C 2830 1760 mg 100 g'1
26
(2013 )
(mm)
A 88 11.1 0.72
5 4 6 11 8 5 1397.3 B 75 11.8 0.78
C 71 13.0 1.03
1 A 72 10.6  0.68
5 24 6 30 8 21 1406.1 B 68 11.6 0.75
C 94 12.3 0.83
A 77 11.1 0.79
5 4 6 12 8 8 1454 .5 B 100 11.9 0.72
C 57 12.3 0.92
2 A 80 11.1 0.70
5 24 7 1 8 22 1410.3 B 84 12.2 0.77
C 70 12.7 0.97
5 4 15 5 24

- 57 -

12

1400



ZINAN\\
ZIINN\\\Y
ZEENNNNNN\\Y
ZIINNN\
ZIINN\\X
ZENNN\\\t

4000 r

(;-Boot bu)

13

G-

BooT Bu)

HGABA B

14

2013

26

2360

2640

A

1210 mg 100 g’

2300

C

-1

mg 100 g

13

427 mg 100 g")

(1058

93 mg

188

170 mg 100 g’

A 231

24

100 g

- 58 -



27

» 0.234 0.128 0.621 0.196 0.159 0.106 0.350
(0.026) (0.037) (0.324) (0.028) (0.042) (0.005)  (0.129)

®) 0.292 0.118 0.478 0.189 0.105 0.484 0.197
(0.088) (0.050) (0.242) (0.046) (0.026) (0.328)  (0.052)

© 0.842 0.590 0.728 0.554 0.659 0.319 0.707
(0.760) (0.587) (0.574) (0.413) (0.627) (0.149)  (0.612)

Ax<B 0.855 0.596 0.980 0.977 0.599 0.728 0.960

B>=<C 0.448 0.204 0.944 0.318 0.267 0.362 0.338

Cx<A 0.845 0.508 0.632 0.716 0.577 0.802 0.664

13 14
257 mg 100 g'
1 5 4
(62 mg 100 g) 5 24 B
(314 mg 100 g") A
( 14 )
27
5 1
5
Eati BE
1. EONEBHoAT-INELHM
1 2
(11 2 )
( 2003 2010 2012)
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( 2007 2015)

(2015)
66
70
2004) 1 2
2010 2011
(2007)
2 1
2 2011 2010
10 mm
10 mm
5
( 24 )
1 2 1400
( 25 )
2. BERA D D 5 A 1= I E A
1 2
1760 mg 100 g'1 ( 13 ) 1058 427 mg 100 g"1 (

- 60 -

(2007)

30

3500
)



4146 1482 mg 100 g’

373 145 mg 100 g’ ( 2012)
1 2
2
(2012) 1
2
1 2
( 2002 2007 2011 2012)
1 2 10 30
( 13 ) (2004)
B_
1 2
( 27 )
( 2002 2007 2015)
1 2
1 2 3
A
( 13 )
A C
A C
( 14 )

-61 -



( 13
( 26 )
FSH WBWE
2010
2011
1400

10

14 )

11 mm

1400

11

12 mm

-62 -

12

mm

10 mm

2000

24

2010)

A)

51 52
56 57
30

10 11 mm



RE REBE-[RIZA] R ETZA] OLEBRMESERDAR

F1f AHRROKBE

2005 2
2
2 1 2
2 6
11 mm
2 90 cm
40 cm 2
40 CUS40 21 g m”
2
6 1250
11 mm 70
1380
4 2
2 4
1 2
5
5
4 7

- 63 -

2009

30



52

51

mm

11

2010

57

56

12 mm

2011

70

10 mm

1400

11 mm

10

2000

15

3
2008

2005

2004

2010

22227/ \\

2227/ I \\

222777/ \\

I\\'!

n <
(eu)

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

1996

15

- 64 -



2
2003)
( P- ®)
MA ( 2003)
( 2003)
9
MA
2
2010
2
2
( 15 )

10 ha

JA

(

60 ha

2
15 )
2011) 2012
JA
MA

F2ff BECEERBICETARNHNREELETOREAM

1. EERBILKEXZ SRR
15
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60 ha

2003 2011)
10 a
30 ( 2003)
( 2001)
1 10 a
40 48 (
2003 2011)
( HP)
(
2008 2011)
10 20 ha
( 2015)
18
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CUSS100

2. -G EEDORIH

2017)

1

2015)

-67 -

100

(

2008)



2
1
2
2
1
2 2
6
11 mm
2
11 mm
CuUS40 2008
CUS40
2

20 cm
90 cm

- 68 -

2009

10

40

11

30

mm

40 cm

CUS40



2 6
1250 11 mm
70 6 3
1380
2
4
2
4
1 2 2
1
2 4 5
8 4
7
4
3 4
6
1 2
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1400

2010
2011

11 mm 51
12 mm 56 57

10 mm

10 11

-70 -

52

30

10



51 A 3k

2008. . , . 1-109.
2011.
13: 1-10.
2003. . 1: 10-12.
2017.
http://www.pref.akita.lg.jp/pages/archive/5276 (2107 9 25 ).
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Investigation of Physiological and Ecological Characteristics and Development of
Production Technique of Black-seeded Soybean 'Tambaguro' for

Edamame (Green Soybean) New Cultivars in Kyoto Prefecture

Mitsuru Sugimoto

Summary

The black-seeded soybean 'Tambaguro' for Edamame (green soybean) cultivar 'Murasakizukin
2" was bred in 2005 in Kyoto prefecture. And after four years in 2009, two edamame (green
soybean) cultivars, 'Natsudoritambaguro 1' and 'Natsudoritamabaguro 2', were bred as new early
black soybean in Kyoto prefecture and are called, "Kyo Natsuzukin" (commercial name). In order
to develop cropping types for stable production of these cultivars, the flowering characteristics
under different photoperiods. The critical day length was detected in 'Murasakizukin 2', and
'Shintambaguro', but 'Natsudoritambaguro 1' and 'Natsudoritambaguro 2' flowerd independent of
day length.

Secondly, in order to develop a cropping type to obtain a stable yield of 'Murasakizukin 2',
we investigate the effect of sowing time for relay sowing with 'Murasakizukin', planting density,
fertilizer type and nitrogen rate of topdressing at the molding time on pod yield of Edamane. The
harvesting time changed with moving the sowing time, however, changing duration was shorter
in harvesting time than that in sowing time. The optimal sowing period thought to be from mid
to late June because the latter the sowing time, the havesting time became to be almost same
with 'Murasakizukin', and the earlier the sowing time, the yield and the ratio of pods with which
thickness more than 11 mm to total pods weight.decreased. The total number of pods and total
pod weight per m’ increased with dense planting, but the ratio of pods with which thickness more
than 11 mm to total pods weight decreased with the less than 20 cm of hill distance. Therefore
the planting density suitable for 'Murasakizukin 2' thought to be 30-40 cm of hill distance to 90
cm of between rows. By using the 40 days sigmoidial releasing type coated urea (CUS40),
controlled release fertilizer, at the molding time, it was considered that the total pod weight and
the pod weight with pod thickness more than 11 mm in the CUS40 plot increased at 2008 such
low yield year. But it was not considered that the yield increased at 2009 such high yield year.

Thirdly, in order to elucidate the optimum harvesting time of 'Murasakizukin 2', we examined
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the changes in the thickness and appearance of pods during the seed growth in 2007-2009. A
significant linear relationship was found between pod thickness and the days or accumulated
mean air temperature after flowering. The analysis of covariance revealed that the slope of the
regression line did not significantly vary with the year. The percentage of pods with more than
11 mm in thickness reached 70 % when the accumulated temperature after flowering exceeded
1250 degrees Celsius in the mid-June-sowing cultivation (conventional sowing) in all three years.
The commercial value of green soybean is lost by the appearance of yellow pods, and it occurred
when the accumulated temperature after flowering exceeded 1380 degrees Celsius. These results
suggested that the optimum harvesting time of 'Murasakizukin 2' could be estimated by the
accumulated temperature after flowering. In addition, the tendency of increasing pod thickness at
the uppermost four nodes of the main stem was similar to that in the whole plant. Therefore, the
pod swelling in the whole plant could be grouped by that at the uppermost four nodes.

Forthly, in order to develop cropping types for stable production of "Kyo Natsuzukin", the
suitable sowing time outdoors and in plastic greenhouses were examined using two cultivars,
'Natsudoritambaguro 1' and 'Natsudoritambaguro 2', in Kyoto prefecture in 2010-2013. By
changing the sowing time from April 15 to May 24 in the transplanting culture of "Kyo
Natsuzukin" under outdoor conditions, the harvesting time also changed from July 20 to Aug. 23.
The sowing time suitable to obtain a target yield (400 g m” fresh weight pods with over 10 mm
thickness), was from early to late May, with harvesting from early to late August. Although
sowing in April allowed harvesting in middle to late in July, it reduced the pod number and yield
compared with those in May and April sowing. To combine the earlier harvesting and stable
yield in the unheated plastic greenhouse, later than late-May sowing and later than early-April
transplanting, and harvesting in middle to late June may be necessary because vegetative growth
was poor and pod number and yield were small in the culture sown on March 1. A close relation
was found between the amount of vegetative growth and the pod yield in "Kyo Natsuzukin"
cultivars used in this study.

Fifthly, In order to elucidate the optimum harvesting time of "Kyo Natsuzukin", we examined
the thickness and appearance of pods, and the chemical components of boiled seeds during the
seed growth using two cultivars, 'Natsudoritambaguro 1' and 'Natsudoritambaguro 2', in
2010-2013. The average pod thickness in both cultivars reached 11 mm at 51-52 days after
flowering in 2010, a high-temperature year, and reached 12 mm at 56-57 days after flowering in

2011, an average-temperature year, but did not increase thereafter. Assuming that the early limit
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of the harvesting period is the time when the percentage of thinner pods less than 10 mm thick,
which is the standard thickness for shipment in Kyoto, reached less than 30% of total pods. This
time corresponds to the time when the accumulated temperature after flowering reached 1400
degrees Celsius in both cultivars. Throughout the harvesting period in both cultivars, the color of
seed coat changed from light to deep purple, but the content of free sugars and amino acids
reached the maximum before the time when the color of whole hilum became pinkish. At this
time, the pod thickness reached 10-11 mm, which is slightly thicker than the shipment standard
in Kyoto. Therefore the optimum harvesting time judged from the chemical property is earlier

than that judged from the pods appearance.
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