
1967 1-1-1

1970

1976 2003

2004

2018

2009 2018

2018 2018

2020

1971

2014 1981

400,000ha 1-1-2

0

20

40

60

80

100

120

140

1960 1970 1980 1990 2000 2010 2020

1
1

(k
g)

0

50

100

150

200

250

300

350

1960 1970 1980 1990 2000 2010 2020

ha

1-1-1
2020a

1-1-2
2020b

1



1-1-1

1

1 2

2 3

1 1 2012

223,000ha 8

10

4

 2020.12.24

8

2004

4

2004

Hasegawa and Tabuchi, 

1995

1988 1991

1-1-1
 1985 2019 2020

1

ha
2 3

1985 2019
ton g m-2 ton g m-2

77,800 100,900 677,700 558 88,400 226
55,900 98,500 18,500 290 52,100 148
23,800 27,700 705 188 18,400 148
48,600 40,900 81,000 389 11,400 115
17,800 17,200 68,600 429 12,000 101
27,600 25,200 26,100 310 10,100 107
26,200 22,100 9,780 385 4,350 100
20,900 14,000 9,940 438 668 137
49,000 56,200 144,700 433 20,400 97

133 103 15 94 0 18

1
2 2019
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1-1-3

1-1-2

1-1-3

1983

2020b

0

50

100

150

200

250

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

g
m

-2

0
50

100
150
200
250
300
350
400
450
500

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

g
m

-2

1-1-3
2011 2020

1 10a
g m-2



1-1-2 30a
 2015 2015

1-1-3
 2014 2020

1988 1992

1994 2002 2006

2007

2004 2010

1998

2006 2007

2013 2019 5 7

2005 5 6

1-1-4

20

2018 20mm

5 6 7 8

ha
30a

ha

1

%

223,400 212,889 95.3
611,200 396,405 64.9
430,800 274,302 63.7
281,600 192,153 68.2
133,300 83,857 62.9
177,400 99,620 56.2
278,700 118,102 42.4
320,300 189,696 59.2

852 505 59.3
2,458,000 1,567,527 63.8

1 30a

1
2 g m-2

375 37 221 15
359 40 211 19
525 84 255 17
492 53 240 15

1 2020

2 10a
10a 2013 2019

5 g m-2
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20mm 0.9 1.5

4 5

6

1986 1986

2018

1999 2008

1982 1988

1995

1-1-2

1995

1979

1988

1985a

1985b 1987 1988

1992 2000 2007 2008

2009 2013 2013

2014 2014 2014

2014

FOEAS

FOEAS

2009

2000

2020a 2014

1-1-4
mm month-1 1

5 6 7 8
77.5 1.1 88.6 1.5 120.6 2.3 143.8 2.5
79.9 1.2 75.0 1.3 122.0 2.1 151.2 2.4
65.3 0.9 67.2 1.2 128.5 2.4 169.5 2.3
72.3 1.3 70.8 1.2 156.5 2.5 155.1 2.5

1 20mm d
2 20 1999 2018



2018 18,500ha

30 50

/ha

2020a

1972

1982

1978 1987 1988

1992 1995

1988 1988

2011

2018

221,900ha 8%

FOEAS

2

plant m-2

g plant-1

2

2 1

2 2

3

3 1

152



3 2

4

1995 Hillel, and Gardner, 1969

1990 1993

1991 Bresson, 1995

1991

1981

1991 Shiel and Yuniwo, 1993 Lee et al., 1996 Nabi et 

al., 2001 2006

structural crust)

depositional crust Chen 

et al., 1980 1991

Le 

Bissonnais, 1996 2001

Kemper and Koch, 1966

Moldenhauer 

and Kemper, 1969; Lee et al., 1996

FAO 1998

0.25kg kg-1 0.35kg kg-1

Lemos and Lutz, 1957; Seker 2003 Ferry and Olsen

1975

Modulus of rupture Richards, 1953

clay > silt >> sand

Modulus 

of rupture Richards, 1953; Hanks and 

Thorp, 1957 Pocket 

penetrometer Seker 2003 2006

2008

2006

Hanks and Thorp

1957

Seker 2003

0.37 0.48MPa

20 30%

2006

15mm 0.8MPa

1974

1994 2006



1994

Lado and Ben-Hur 2004

Seker 2003

2mm

1970

1988

1976 1977 1981

1983 1986 1987 2003

1986

1987

1987 1997

2003

1976

1986 1983

1983 1987

1990 2003

1981

1963 1964

1972 1986 1988 1986

1988

Hasegawa and Kasubuchi 1993

Hasegawa and Sato 1987
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1982 1983

1986 1988

1986  

1974 1982 1983

1982

34

pF

1988

1986

1978

1986

O.D.R

O.D.R

1974 10

0.05 0.10m3 m-3

1983

11

40cm

50cm

0.05m3 m-3

1989 1991

1994

1989 15cm

0.05m3 m-3 1.2Mg m-3

1994 1959

1970

1977 1979 1985

2021.3.31

2020

1988

pF1.8 1988

1992

24mm -10kPa

1mm d-1 24

24

D/D0  0.005



1963

1964 1977 1983

1989 X

1984 1994 2000

1997

1

1981

2005

2014

1982 Sayre and 

Moreno Ramos, 1997 1990 2004

Wang et al., 2004; Tripathi et al., 2005

1987 2008

5 10cm 20 30cm

5m

20m

Schwab et al., 1957 USDA SCS 1971 1975

1981 1981 1982

1987 Ochs et al., 1995

m

2004

1963 1966

1972

Twitty and Rice, 2001

Hill 

et al., 2015

2004 2008

2005

2017 2020a

2007
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1970

1978 1982

1988 m2

2008 1

80cm 15cm

Raised bed furrow irrigation 

system

Sayre and Moreno Ramos, 1997

Wang et al., 2004 Tripathi et al., 2005 Jat et al., 2005

1970 10

1990

Twitty and Rice, 

2001

Zotarelli et al., 2013

1985a 1985b 2000

1987

1988 1992

FOEAS 2009

2018 2020a 2020b

FOEAS

1m

2.5m

1997

pF

1978

1982 1988 1988

1988 1992



2004 2008

2008

2020

2008

2009 2013 2013

2014 2014 2014

1985a

1985b 1988 1992

2020a 2020b

1987 Shimada et al., 1995

1987

40cm

1

70 40 70cm 40 20 40cm

40cm

50cm

Shimada et 

al. 1995

70cm 40cm

8 40cm 15cm

30cm

2008

2009 2014

2013 2013

2014 2014

2 3

20 30cm

1988 8

8 35cm 2

30%

1992

5 7

10 20cm

15.5kPa pF2.2 49.1kPa pF2.7 pF2.2

1982 pF2.5 1978 1987

1988 pF2.7 1992

1995

2011

2014

1988 2011

1997 2009 2017

2009

1988
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Skaggs 1982 FAO accessed 2021.3.31

2016

1988 4

1988

7



1981

1991

Hanks and Thorp, 

1957 Seker, 2003 2006

1974

1994 2006

Bresson, 1995

3

2006

1974 1994

2mm

2-1-1

1974

1994 2006

2mm

1 1 1 5

650 230 180mm

3cm 2

4 8 2

145mm h-1

3 8 2

20mm d-1

0 5cm 39.4% 5.9

VC cotyledon 

stage

2-1-1 DIK-5561

2-1-1

pH CEC 1CaO MgO K2O
H2O kg kg-1 mg kg-1 cmolc kg-1 mg kg-1

5.8 0.019 2,602 1,525 475 14.9 582 609

1

152



40

2mm 100mL

145mm h-1 3 8 40

1

550 5

2012 2-1-2

2-1-1

10mm 0.35MPa

70 100% 10mm

60% 10mm

2-1-1
8mm L54mm

2-1-2 n = 40

pH CEC 1CaO MgO K2O
H2O kg kg-1 mg kg-1 cmolc kg-1 mg kg-1

5.5 0.056 2,756 660 318 19.8 962 292
0.6 0.034 1,116 370 193 8.3 273 366

1

2-1-1

1 5%
Tukey

0
10
20
30
40
50
60
70
80
90

100

0 - 10
(0 - 0.35MPa)

10 - 20
(0.35 - 1.56MPa)

20 - 30
(1.56 - 9.35MPa)

30 <
(9.35MPa <)

%

mm

a

b
b

n = 9 n = 3 n = 4



2010

70%

70%

10mm

2007 0.37 0.57MPa

2-1-2 40mm

40mm 40mm

0.20kg kg-1

0.30kg kg-1 0.50kg kg-1

10mm

0.05kg kg-1

1997

10mm

0.50kg kg-1

0.13kg kg-1 0.06kg kg-1

10mm

2-1-3

Taylor et al. 1966 Lutz and Haque 1975

Ferry and Olsen 1975

clay > silt >> sand

2001

Chen et al., 1980 1991 1995

2-1-2

Lado and Ben-Hur 2004

Seker 2003

2mm

152



2-1-2

1 40mm 40mm
40mm 0.05kg kg-1

2-1-3 0.50kg kg-1

1 40mm 40mm
40mm

0

10

20

30

40

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

b

kg kg-1

0

10

20

30

40

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

m
m c

kg kg-1

0

10

20

30

40

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

m
m a

kg kg-1

0.05 kg kg-1

0.05 kg kg-1

0

10

20

30

40

0.00 0.02 0.04 0.06 0.08 0.10 0.12

m
m

kg kg-1

0

10

20

30

40

0.00 0.05 0.10 0.15 0.20

kg kg-1

0

10

20

30

40

0.00 0.02 0.04 0.06 0.08 0.10

m
m

kg kg-1



2007

1994

10mm

0.35MPa

0.50kg kg-1

0.13kg kg-1 0.06kg kg-1

10mm

100mL

 

2-1-2
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2002

2004 3

2-2-1

8

1 2

300g m-2

10%

1.5g m-2 2020

66cm 15 20cm 1

2 3

8

10

3 20

20cm 20cm

70

1

70 1

3 2.6m2

g m-2

g plant-1 g m-2

3 20

2-2-1

2002

1 1 LiC
2 2 LiC
3 1 SiC
4 1 SiC
5 1 SiC
6 2 LiC
7 NA 1 CL

2003

8 1 LiC
9 1 LiC

10 3 LiC
11 1 CL
12 1 CL
13 1 CL
14 2 LiC
15 1 CL
16 NA NA HC
17 NA NA CL
18 NA 1 LiC
19 NA 2 CL

2004

20 3 SiC
21 1 CL
22 1 CL
23 1 CL
24 1 SiC
25 NA 1 SiC
26 1 LiC
27 1 SiC
28 NA NA HC
29 NA NA CL
30 NA 1 CL

1 NA



10

1 80cm

100mL

pH H2O

CaO MgO K2O

-3.1kPa

-98.1 -3.1kPa

2012

DIK-5521 60cm 3

5

2

16cm 40cm

15cm

20cm

60

D t

Kostiakov (1)

c n (2) Ib

1997

2012

 D = ct n (1)

 Ib = 60cn (600 (1-n ))n-1  (2)

 EXCEL

EXCEL  

2-2-2 2-2-3

2020

2020

1

CaO MgO

MgO

2-2-2 n = 30

pH CaO MgO K2O
/ / 1

H2O mg kg-1 mg kg-1 mg kg-1 % % mg kg-1

1 5.80 2,687 720 244 60.0 42.2 2.9 7.3 217
0.34 745 238 84 23.2 17.7 1.5 2.3 73

2
5.93 2,694 836 217 70.0 47.6 2.6 9.4 194
0.42 751 320 69 26.4 19.1 1.3 3.0 80

2 5.5
  6.5

3,000
  6,000

250
  450

150
  300

60
 80

40
 60 6 2 100

  300
1
2 2020

2-2-3 n = 30

1 2

cm Mg m-3 m3 m-3 m3 m-3 m3 m-3 cm s-1 mm
1 14.8 1.05 0.59 0.15 0.09 1.7 10-3 11.3

6.6 0.14 0.06 0.09 0.03 101.2 3.5

2
35.8 1.19 0.54 0.05 0.07 5.0 10-5 20.5
12.6 0.20 0.07 0.04 0.04 101.2 2.8

3

20 30 0.90 1.10 0.15 0.25 0.10
10-3

10-4 16 20
1 -98.1 -3.1kPa
2
3 2020

152



2003 2 1

1

2 1

2

20mm

1987

1987

1

CaO

CaO

pH

2003 pH

5.54 5.57 CaO 2,053 2,225 mg kg-1

1 2

2

1

2-2-4

2016

1

2-2-4

1 20cm

14.8cm

2

20mm

2-2-1

Ib

300g m-2 Ib 100mm h-1

300g m-2

plant m-2

g plant-1

Ib

Ib

100mm h-1 15g plant-1

2-2-2

2006

2012 2004 2013

2007

2-2-4 1 2016
2

cm Mg m-3 m3 m-3 m3 m-3 cm s-1 mm

n = 22

1 15.6 0.98 0.61 0.06 5.2 10-5 8.5
2.6 0.14 0.05 0.07 101.4 5.4

2
1.22 0.53 0.03 3.3 10-6 18.5
0.20 0.07 0.04 101.1 4.9

n = 13

1 22.7 1.16 0.53 0.12 1.8 10-4 16.2
5.5 0.18 0.07 0.08 101.0 4.6

2
1.25 0.50 0.08 5.6 10-5 21.8
0.13 0.05 0.04 101.1 3.2

1
2



1988

1983

2-2-5

1988

2-2-1

Ib 100mm h-1

300g m-2 Ib

1989 1991 1994

2-2-1 Ib

2-2-2 Ib

0

100

200

300

400

500

0 1 10 100 1,000 10,000
g

m
-2

Ib mm h-1

0.1

0
5

10
15
20
25
30

0 1 10 100 1,000 10,000

g
pl

an
t-1

Ib mm h-1
0.1

0
5

10
15
20
25
30

0 1 10 100 1,000 10,000

pl
an

t
m

-2

Ib mm h-1

0.1

2-2-5

1

0.112
0.613**

0.413
0.660**

0.265
0.400
0.852**

0.653**

1 **1%
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2004 2014 20cm

2-2-6 Ib 100mm h-1

100mm h-1

1

2-2-7

1 2-2-7

Ib

38cm

1.24Mg m-3 0.04m3 m-3

0.52m3 m-3 10-5cm s-1

Ib

Ib

r = -0.949 1%

0.78 0.5

2-2-8

Ib 100mm h-1

Ib 100mm h-1

Ib 100mm h-1

10-5cm s-1 1.24Mg m-3

38cm

2-2-6

cm 40.2 17.5
cm 14.8 6.6
Mg m-3 1.23 0.17
m3 m-3 0.05 0.03
m3 m-3 0.53 0.06

1 cm s-1 -4.33 1.36
kg kg-1 0.52 0.14
kg kg-1 0.32 0.12

2 MPa 1.13 0.52
m3 m-3 0.07 0.03

1
2

2-2-7 Ib
F P 1

-0.106 4.042 16.287 0.0004 ** 38.1cm
-0.088 1.260 2.231 0.1465 -
6.854 -8.518 8.238 0.0077 ** 1.24Mg m-3

-43.156 1.807 10.930 0.0026 ** 0.04m3 m-3

-20.506 10.667 8.641 0.0065 ** 0.52m3 m-3

2 -1.820 -8.224 24.294 0.0000 ** 10-5cm s-1

0.012 -0.621 0.195 0.6620 -
0.001 -0.031 0.001 0.9753 -
0.271 -0.308 0.145 0.7066 -

-9.259 0.599 0.604 0.4437 -
1 1%
2



Ib 100mm h-1

38cm

10-5cm s-1 1.24Mg m-3

0.04m3 m-3 38cm

Ib 100mm h-1

Ib

Ib 100mm h-1

1998

2002

1963

Ib

Ib

3

38cm

1980

40cm

2001

20 30cm

40cm

Ib

2-2-7 20cm Ib

1991 Hasegawa and Kasubuchi 1993

2007

40cm

40cm

2-2-8 Ib

Ib 100mm h-1

Ib 100mm h-1 0.781

38cm 0.297
0.682

38cm -0.565
10-5cm s-1 0.318

0.626
10-5cm s-1 -0.451
1.24Mg m-3 -0.280

0.546
1.24Mg m-3 0.300
0.04m3 m-3 0.140

0.273
0.04m3 m-3 -0.131
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Ib

Ib 100mm h-1

10mm 0.35MPa

60%

10mm

0.20kg kg-1

0.30kg kg-1

0.50kg kg-1 10mm

10mm

0.50kg kg-1

0.13kg kg-1 0.06kg kg-1

10mm

10mm

0.50kg kg-1

0.13kg kg-1

0.06kg kg-1

Ib

100mm h-1

300g m-2

Ib

Ib

100mm h-1

38cm

10-5cm s-1 1.24Mg m-3

0.04m3 m-3

40cm

Ib

100mm h-1



9

7

5

6

FAO accessed 2019.10.19

5 6

1987

30cm

2020a

30cm

6

3-1-1
 

m2 1 m mm 5

2008

C08
LiC

Hd:5520
Co:2700

15 6/25 85.1
2

T08
LiC

Hd:6120
Co:4110

15
3

N08
LiC

Hd:2805
Co:

11 6/18 102.7

2009

4

C09
LiC

Hd:2400
Co:1200

12 6/3, 6/29 105.0

I09
LiC 2

Hd:2700
Co:2700

12 6/8 106.7
3

N09
LiC 4

Hd:2805
Co:

11 6/30 102.7

2010

14

C10-1
LiC

Hd:2400
Co:1200

12
6/11, 
6/29

96.3

22

C10-2
LiC

Hd:2400
Co:1200

12

I10
LiC

Hd:5100
Co:6400

15 6/14 70.6

1 Hd Co
2
3
4 5 7
5
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3-1-2 
 g m-2

2008
C08 10.0 0 10.0

T08 17.4 0 17.4
N08 10.0 0 10.0

2009
C09 10.0 0 10.0
I09 23.0 6.9 29.9
N09 10.0 0 10.0

2010
1 C10-1 10.0 4.0 14.0
2 C10-2 10.0 4.0 14.0

I10 8.8 5.7 14.5

2007 2010

3-1-1

3-1-2

2008 2009 2010

9 18cm

255 m-2 170 m-2

10.0gN 12.5gP2O5

5.0gK2O m-2 14.0gN 12.5gP2O5

5.0gK2O m-2

30cm

Hd 3-1-1

Co

3-1-1

1 Hd

Co Hd



1,200 6,400m2 Hd Co

C08 T08 C09

C10-1 C10-2 I10 2 I09 4 N09

N08

T08 C08 C09 C10-

1 C10-2 I10 3-1-1 (a)

320 250 300mm N08 N09 I09

3-1-1 (b)

400 80

260mm 50PS

PTO power take-off

540rpm 0.5km h-1

10

7 17

C08

11m N08 15m C08

C08

11m N08 15m C08

5m

11cm TDR TRIME - FM3

IMKO

10.0 14.5L s-1

70.6 106.7mm 3-1-1

C09 Hd Co

a b

320mm

300mm

250mm

400mm

260mm

80mm

3-1-1 a b
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10 11

10cm

DIK-3160-11

1

Hd 0.5m

6m

Co

1

10 11

4 5

10cm

RTR-52 1

Hd Co

1

T08 C10-2

40cm

DIK-8334-11 Hd

Co 1

1

C09 C10-1

5

7

Hd Co 7.2m 20m

6

15cm -31kPa 

(pF2.5)

1997

40cm 2020b

40cm -31kPa

11

4 5

7

3 1 1m

70 1

g m-2

7

3 2.0m2

1

2.2mm

13.5%

g m-2 Infratec 

1221 Grain Analyzer FOSS Analytical A/S

2012



3-1-2

4

3-1-3 3-1-5 2

3-1-4

5 10m

1 2cm

3 4 Kirby, 2002

2

4

C08

3-1-2 5

15m

15m

9

3-1-3 11m

N08 8

3-1-4

15m

Walker, 

1989

1ha

2008

Cannell et al., 1980; 

Yavas et al., 2012

3-1-2 C08

152



3-1-3 C09

3-1-4 2 I09



3-1-5 4 N09

92 m
70.0 m

52.5 m

35.0 m

17.5 m

0.0 m

3-1-2 C08

152



50-70
30-50
10-30

<

(cm3 cm-3)

60 m
15 m

92 m

3-1-3 15m 9

C08 27.1cm3 cm-3 n = 90

3-1-4 11m 8

N08 27.5cm3 cm-3 n = 63

85 m

33 m

11
 m

(cm3 cm-3)
50-70
30-50
10-30

<



a b

-14

-12

-10

-8

-6

-4

-2

0
10/8 10/15 10/22 10/29 11/5

kP
a

Co Hd

-30

-25

-20

-15

-10

-5

0
10/8 10/15 10/22 10/29 11/5

kP
a

3-1-5 10cm
C09 2009 a
b

80cm 15cm

Raised bed furrow 

irrigation system Sayre and Moreno 

Ramos, 1997; Wang et al., 2004; Tripathi et al., 2005; Jat et 

al., 2005

PTO

PTO

PTO

PTO

PTO

30cm

Schwab et al., 1957 USDA 

SCS 1971 1975 1981

1981 1982 1987 Ochs, et al., 1995

20m 1981

5m

1981 5 8m 1982

10m

30 80 9 24m

USDA SCS 1971

60 18m Zotarelli 

et al., 2013

0.1 0.3ha

ha ha

10m

15m

10 15m
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C09 Hd Co

3-1-5

Co Hd (a)

(b)

Hd -3.5kPa Co -2.3kPa

C09 Hd Co

3-1-6 Hd

Co

Hd

Hd 7.5 Co 6.5

11 4

3-1-7 I09

Co Hd

3-1-6 10cm
C09 2009 2010 5

n = 5

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

Co Hd

10 5

3-1-7
2008 2010 n = 3

1 * 4 Hd Co p < 0.05

0
20
40
60
80

100
120
140
160
180

11 4 11 4 11 4 11 4 11 4 11 4 11 4

C08 T08 C09 I09 C10-1 C10-2 I10

g 
m

-2 Co Hd*



4 I09

11 4 Co Hd

2

Brooks 2004

1988

3 11

2009

 

3-1-8 20mm

Co -31kPa

Hd

-31 kPa

3-1-3

Hd

Co Hd

Co 110%

1

Hd Co

3-1-4

Hd Hd

Co 107 129 %

T08 C10-2 Co

103 106%

C08 T08

Co I09

C10-2 Hd

Bole and Dubetz,1986; Eck,1988

Wuest and Cassman, 1992; 

Strong, 1982
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Yasutaka Tsukamoto

Summary

in addition to the establishment of technologies for controlling these parameters. The short-term rotation of paddy and upland 

crops, which is a soil control system used mainly for paddy rice cultivation, limits the establishment of suitable soil conditions 

soil physical properties that limit crop production and then utilize these properties as index values for productivity. In so 

conventional technologies to improve the physical condition and drainage of the soil. Furthermore, to increase the production 

well as recent climatic changes characterized by frequent heavy rainfall and dry weather. Such technologies should effectively 

use existing irrigation and drainage facilities and be accessible to farmers.

The aims of this study were (1) to establish index values for assessing soil conditions in order to increase the productivity of 

high productivity under soil and climatic conditions prone to drought and moisture damage. Our key results were as follows.

for measuring those index values.

kg-1

0.30kg kg-1, sand content was < 0.50kg kg-1

0.50kg kg-1 kg-1 kg-1, crust strength decreased to <10mm. 

the threshold for obtaining good soybean emergence. In addition, the soil conditions most likely to result in poor emergence 

due to soil crusting were a sand content of <0.50kg kg-1, an ignition loss of < 0.13kg kg-1, and a total carbon content <0.06 

kg kg-1. An increase in soil organic matter, including bulky organic matter, was associated with reduced crust strength.

A soil physicochemical survey was conducted on soybean fields converted from clay paddy fields in the western part of 

Hokkaido. Additionally, the relationships of the basic intake rate (Ib

152



with the growth yield of soybean, soil physical properties, and soil cross-sectional conditions were analyzed. The soil 

soil physical conditions below the shallow topsoil. When Ib h-1, grain yield per 

plant was affected and the grain yield per square meter was less than 300g m-2, irrespective of planting density. Analyzing 

the relationship of Ib with soil physical properties and soil cross-sectional conditions using quantification theory type II, 

the factors that reduced Ib to less than 100mm h-1

saturated hydraulic conductivity of < 10-5cm s-1, a dry density of >1.24 Mg·m-3, and a macropore porosity of <0.04m3 m-3. An 

underdeveloped soil structure with few cracks and pores resulted in Ib values of <100mm h-1 and low soybean yields. Hence, to 

Ib 

h-1

To develop water control technologies that can be easily used by farmers without requiring new irrigation facilities in paddy 

in the field using a trencher used by farmers for farm management and (2) a method for utilizing the underdrain cleaning 

2.1. Considering the ease of management and the impact on winter wheat growth, the optimal timing for digging hybrid ditches 

in June, when water demand by winter wheat is highest and rainfall is scarce. Grain yield increased both in our experimental 

fields under experimental irrigation conditions in which rainfall was excluded as well as in drainage and irrigation tests 

conducted at local farms. Furthermore, the yield increased due to improved drainage without irrigation. The expected increase 

in yield due to the installation of hybrid ditches, even when they were not used for irrigation, was greater than the expected 

reduction in yield due to the loss of land resulting from the construction of hybrid ditches. Similarly, the cost of constructing 

hybrid ditches, including labor, was very low compared with the price of wheat; accordingly, the strategy is expected to be 

Taken together, hybrid ditches that improve drainage and irrigation are an effective water control technology for improving the 

growth and yield of winter wheat.

2.2. During the period of greatest soil water uptake by soybeans and winter wheat, the set water level was 30cm below the 

surface when the matric potential of the primary root zone (i.e., 30cm below the surface for soybean and 40cm below the 

surface for winter wheat) fell below -31kPa, and subirrigation was carried out by using the underdrain system one day after the 

set water level was reached. An increase in grain yields of soybeans and winter wheat was observed both in our experimental 

local farms. In addition, we calculated the number of days until the matric potential in the root zone returned to -31kPa or less 

after rainfall or subirrigation. Based on these results, we proposed a method in which subirrigation is conducted more than 10 



field soil conditions by analyzing specific properties that limit crop production. Additionally, we established index values 

for improving soil physical conditions and proposed simple methods for evaluating these properties. After assessing field 

conditions using the newly established index values, technologies for improving soil physical properties and drainage can be 

climatic conditions prone to drought and moisture damage, irrigation and drainage technologies using existing irrigation and 
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