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16 3.3 2.3 2.3 kgf 12 9

50 14 16 35% 9

10.9 kgf 12 14 16 5.4, 4.5 4.2 kgf 39 50%
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2.24 ± 0.03 x b w 0.38 ± 0.03 b 2.62 ± 0.03 b 3.71 ± 0.11 b
2.68 ± 0.07 a 0.51 ± 0.04 b 3.20 ± 0.09 a 6.46 ± 0.36 a
1.59 ± 0.04 c 0.87 ± 0.04 a 2.46 ± 0.05 b 2.04 ± 0.10 c
2.44 ± 0.04 b 0.37 ± 0.03 b 2.81 ± 0.04 b 3.91 ± 0.15 b
2.85 ± 0.08 a 0.55 ± 0.06 a 3.40 ± 0.11 a 5.42 ± 0.36 a
1.91 ± 0.05 c 0.46 ± 0.03 ab 2.38 ± 0.06 c 3.58 ± 0.16 b

z A 36 172 cm 62 kg B 63 162 cm
z  55 kg
y 10
x ± n=24-85
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 z 1 y
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2004; Nwe et al., 2012 2016

OWAS AC3

2004 2011

A B

AC A AC2 B

AC3 A

150° B 150°

B AC3

AC3

Karhu 1977 (2004) 3
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4 AC1 50%
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5 B 9

8 . 10 5 7  
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1989 2004

1998a
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5 ‘ ’ 200 cm 100 cm 100 cm

30 m 40 cm 1 1 a 125

2012 1 a

 180 N: P2O5: K2O = 14%: 12%: 14% 25 kg

N: P2O5: K2O = 10%: 8%: 9% 8.3kg P2O5: 20%  2.5 kg

CaCO3: 89%  11.5 kg

1992 3 ~ 5 cm

8 2 , N: P2O5: K2O = 10%: 3%: 

10% 3 kg 4 22.2 mm 220 cm

 60 cm 2 m 2 5-1 a

20 cm 3 80 130 cm

2012 5 21 1 m 10

12~15 mm 2004

12 mm 15 mm

50 cm
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z  
y  
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2012 6 29

60 cm 1 b

20 cm×3

60 120 cm

1 c

1

80 cm 20 cm

 

 

1 ~ 3 9 1 10.4 11.2 m
2

13 ~ 14 

 4 2012 6 21 10 10

2013 4 17 6 20

26 cm

25 cm

1997 A B L 19 g M

12~18 g S 9~11 g  

5-2
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n=4  

A B  
NS Tukey HSD 5%  

n=4
A B

NS Tukey HSD 5%

 
n=4  

A B  
NS Tukey HSD 5%  
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5-1 1 a

86.5 89.0 kg 42.9 47.9 kg S L 3

1 

a 129.3 136.9 kg A

5-3 9

59 95%

4

100% 69 94%

 

1989

2008a 2004 2007

L 

50 cm

20 cm 3

20 cm

2008b

, 

L 18 g  
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kg a-1 z

L M S y L M S y

47.0 ± 3.9 x 33.1 ± 2.4 6.4 ± 0.7 86.5 ± 3.5 34.5 ± 2.8 7.2 ± 0.8 1.1 ± 0.2 42.9 ± 1.9 129.3 ± 3.1
52.4 ± 5.3 31.5 ± 3.9 5.1 ± 0.6 89.0 ± 3.9 39.4 ± 3.7 7.1 ± 0.3 1.4 ± 0.3 47.9 ± 3.6 136.9 ± 6.4
44.4 ± 7.5 35.6 ± 3.1 7.1 ± 1.3 87.1 ± 5.4 36.9 ± 5.4 7.9 ± 0.7 2.2 ± 0.5 46.9 ± 6.2 134.1 ± 11.0

w NS NS NS NS NS NS NS NS NS
z A B
y

x ± (n=4)
wNS Tukey HSD 5%

2012 2013 y

 

z A B  
y  
x n=4  
wNS Tukey HSD 5%  
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A
n=4 4 6

n=1 4
A B A

Tukey 6 Tukey-Kramer HSD
5% NS

A  
n=4 4 6  

n=1 4  
A B A  

Tukey 6 Tukey-Kramer HSD  
5% NS  
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2008b 150 cm

200 cm 100 

cm

 

5-4 1 10 m

53 247 1 a

9 41 30

1
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n=4
1 10 m

1 a 1
* t 5%

0  

10  

20  

30  

40  
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 a
-1

 

 

 
 

n=4  
1 10 m  

1 a 1  
* t 5%  
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1

A 36 173 cm 62 kg B 58 168 cm 75 kg

 C 63 162 cm 55 kg 3

8 10 30 B 8

22 60

20 30 cm

10 cm VP13

30 m 10 m

1 2 2011 7 8

1 100 a  10 m 20

1 100

2

5

, 

130 140 cm 50 60 cm . 

5-5

55 cm

3 1

4

80 cm   



 107

  

 
z  
y  
x  

z 

y 
x 

55 cm 
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1

,

, ,

,

, ,

RULA Rapid upper limb assessment

McAtamney Corlett, 1993 45° 0°

20° 20° 45° 20 45°

45° 60° 45 60° 60° 4

100 1

3  

 

5-6 1 13.4 15.0

5-7 53 61

24 31 2 77

5 12

3 9

A B

C 4 B

2 1 C

1  
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NS Tukey HSD 5%

30 50 60 3
n=3

1

0  

5  

10  

15  

20  

   

m
in
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NS 

m
m

-1
 

 
 

30 50 60 3  
n=3  

1  
NS Tukey HSD 5%  
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1  

A 36 173 cm
62 kg B 58 168 cm 75 kg

C 63 162 cm 55 kg  

1
A 36 173 cm

62 kg B 58 168 cm 75 kg
C 63 162 cm  55kg

100

0  20  40  60  80  100  

 

 

 

 A
 

  

  

  

0  20  40  60  80  100  

 

 

 

 B
 

0  20  40  60  80  100  
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%  

 
 

100
1  

A 36 173 cm
62 kg B 58 168 cm 75 kg

C 63 162 cm 55 kg  
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5-8

A 20

B C C 20

 

A 20 36 41

20 45 52 58 45 87 45 60

12 45 60°

5 2 B C 20

6 45 50 B

20 45 45 38 57

61 36 20 45 23 45

21

C 20

45 1.6 45  

A

20 90 B 20

31 40

59 22 45

10 3

C 20 10

3

45
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A 36 173 cm 62 kg B 58 168 cm 75 kg
C 63 162 cm  55kg

100 1

0  20  40  60  80  100  

 

0  20  40  60  80  100  

20°  20 45° 45 60° 60°  

 

 

0  20  40  60  80  100  

 

 

 

 A
 

 

0  20  40  60  80  100  0  20  40  60  80  100  

0  20  40  60  80  100  

0  20  40  60  80  100  

 

 

 

 B
 

0  20  40  60  80  100  

 

0  20  40  60  80  100  
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%  

 
 

100 1
 

A 36 173 cm 62 kg
B 58 168 cm 75 kg C 63 162 cm

55 kg  
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1 2

 

 

1 9

2

A 36 173 cm 62 kg

B 63 162 cm 55 kg 2 9 11

28.7 A 9 13 30.8 B

8 30 32.0 B 8 31 30.1

A 3
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5-9

5-10 113 g 9

1.5 kg 55 cm

14

3 1

4

2

 

4

100 a-1

130 140 cm, 50 60 cm 35 cm

60 cm

 

 

60

10 1

10 1 t

10

1 4 JOWAS 2001 OWAS

Karhu 1977 1 4 AC  

1  



 115

 

 

  

 
y  
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z 

y 
x 

55 cm 
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30

36 173 cm 62 kg  
a  
b  
c  
d  
e 20  
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Borg Scal (Borg 1982)

 

 

60 10 5-11 1

A 16.0 13.2 B

16.6 13.7

18%  

10 5-12

50

A 5 B 13

A 24% B 30%

A

4

4

 

5-11  
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A 36
 173 cm  62 kg B 63

 162 cm  55 kg

n=6)
** t 1%

0  

5  

10  

15  

20  

A B 

(
 m

in
 -1

  

 
  

 
 

n=6  
** t 1%  

A 36  
173 cm 62 kg B 63
162 cm 55 kg  

m
in
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10 1
A 36  173 cm  62 kg 

B 63  162 cm  55 kg

0  20  40  60  80  100  

 

 

 

 

 

B
   

   
A

 

  
  

  

%  

 
 

10 1
 

A 36 173 cm 62 
kg B 63 162 cm 55 kg  
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OWAS 5-13 A

AC1 6 57% AC3 1/7 2%

AC4 B AC2

70% AC1 27

AC3 1/20 3%  

60 5-14

Borg Scale

3 B

Borg Scale A

Borg Scale 1  

60 5-2

B

B

60

 

4 A AC1 50%  
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A 36 173 cm
62 kg B 63 162 cm 55 kg

AC4 : corrective measures immediately
AC3 : corrective measures as soon as possible
AC2 : corrective measures in the near future
AC1 : no corrective measures
AC
OWAS (Karhu et.al., 1977; Louhevaara and Suurnakki, 1992)

0  20  40  60  80  100  

 

 

 

 

%  

B
A

 

AC1 AC2 AC3 AC4 

%  

 
Action Category AC  

OWAS Karhu et. al., 1977; Louhevaara and Suurnakki, 1992 AC
 

AC1 : no corrective measures 
AC2 : corrective measures in the near future 
AC3 : corrective measures as soon as possible 
AC4 : corrective measures immediately 

A 36 173 cm 62 
kg B 63 162 cm 55 kg  
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60 Borg Scale Borg, 1982
0 0.5 1 2 4 5 7 10

A 36 173 cm 62 kg 0 B 63
162 cm 55 kg 0.5

A B

 
 

60 Borg Scale Borg 1982  
0 0.5 1 2 4 5 7

10  
A 36 173 cm 62 kg

0 B 63 162 cm 55 kg
0.5  

A B  
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 z  y

z 14

 60

 B

A

z A 36   173 cm,  62 kg B 63  162 cm  55 kg
y 9
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AC2 40% B

AC1 OWAS

20° AC 2

B

AC1

B

60

 

18%

1998

 

35 cm

162 173 cm 20 70

163 173 cm 2015 35 cm
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2013 2008 6

1 12 15 mm

2004 1 m 10

12 mm 15 mm

50 cm

1 60 cm

 

 

A 30

173 cm 62 kg B 50 176 cm 55 kg C

60 169 cm 71 kg 3 10 m

20

4 200 cm 140 cm



 126

10 cm

10 cm 10 20 40

60 80 cm 1 20

3

 

 

5-15 A

B 20 80 100

C 10 cm 40 80 cm 12%  

OWAS 5- 16

AC

A 80 60 cm

AC1 AC2 50% 40 cm AC1 40 20

10 cm 29 23 7% B

AC2 80% AC1 80 cm 17% 60 40 cm

6% 4% 20 10 cm 0% AC1

 C 40 cm AC2 85% AC1

90% AC1 50

20 10 cm AC2 45%

AC3 50%  

5-17

80 cm

A 80 60 

cm 20 20 45 50% 40 

cm 20° 20 45° 45 60°  
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A 30  173 cm  63 kg B 50
176 cm  55 kg C 60  169 cm  55 kg

10 m 20 3

0  

20  

40  

60  

80  

100  

120  

10 20 40 60 80 

20
  

A 

10 20 40 60 80 

B 

NS 

10 20 40 60 80 

C 

NS  b b b b 

cm  cm  cm  

 
 

A 30 173 cm 62 kg
B 50 176 cm 55 kg C 60

169 cm 71 kg  
10 m 20 3  
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Action Category AC  

OWAS Karhu et. al., 1977; Louhevaara and Suurnakki, 1992 AC
 

AC1 : no corrective measures 
AC2 : corrective measures in the near future 
AC3 : corrective measures as soon as possible 
AC4 : corrective measures immediately 

A 30 173 cm 62 
kg B 50 176 cm 55 kg C 60

169 cm 71 kg  
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A 30  173 cm  63 kg
B 50  176 cm  55 kg C 60

169 cm  55 kg
10 m 20 3

0% 20% 40% 60% 80% 100% 

80 

60 

40 

20 

10 

cm
 

A 

20° 20 45° 45 60° 60 90° 90°  

0% 20% 40% 60% 80% 100% 

C 

0% 20% 40% 60% 80% 100% 

B 

   

 
 

A 30 173 cm 62 kg
B 50 176 cm 55 kg C 60 169 cm

71 kg  
10 m 20 3  

  
A B  C 
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1 4% B 80 60 40 cm 20 45

45 90% 20 cm 20

45 50% 45 50% C 80 60

40 cm B 20 45 90% 20 cm

45 80% 10 cm 20 45

60% 45 40%  

5-3

80 60 cm 40 cm

20 10 cm

C 10 cm

B C  

OWAS

C 20 10 cm

AC3 50% A

B 10 cm AC3 A

B

C 20 10 cm

A B C AC3

B 10 20 cm AC3 10

20 cm 40 cm 45

50% 20 cm

OWAS

AC2 40cm 10 20 cm AC

OWAS 20

20 45

20 10 cm  
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( cm ) A B C

80

60

40

20
10

A 30  173 cm  63 kg B 50  176 cm  55 kg C
60  169 cm  55 kg

10 m 20 3
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AC2 A B C

10 20 cm

5 1

 

20 cm

40 cm 40 cm

80

60 cm 40 cm

40 cm

60 cm
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2006

 

 

 

2005

 

2013
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5

2  

10 50

5 1 7 31

2

2

3 1  

1

50

1

OWAS Karhu et.al., 1977; Louhevaara and Suurnakki, 

1992 Action Category AC 1 4 10
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42.0 41.0

47.2 42.6
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1 6-1

2.69 1.92

1

3.40 2.94

1.72 1.56

2.55

1.65

1

3.66

2.90

1.37 1.92  

6-2

48.6% 52.7% 50%

22.4%

14.3% 22.9% 2.9%

10.0%

18.0% 1.9% 6.3%

45.2%

61.0% 21.5%

12.3% 24.4%

0.4%

19.7% 14.6%

0.9%  

6-3

AC2 86.2% AC1 12.4% AC3 1.4% AC4

AC2 66.3% AC3 33.7% AC1

AC4 AC2  
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50 1 OWAS Karhu et.al., 1977
Louhevaara and Suurnakki, 1992 Action Category AC
AC1 : 
AC2 : 
AC3 : 
AC4 : 

50 1
1 50

0  20  40  60  80  100  

 

 

 

 

 

0  20  40  60  80  100  

 

 

%  

AC1 AC2 AC3 AC4 

  

50 1 OWAS Karhu et.al., 
1977 Louhevaara and Suurnakki, 1992 Action Category AC

 
AC1 :  
AC2 :  
AC3 :  
AC4 :  

 
 

 

 
1 50

 

%                         %  
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91.7% AC1 7.5% AC3 0.9% AC4

AC2 70.9% AC3 25.8% AC2 AC3

96.7%  

50

6-1

6-2

6-1

 

4 30 60

4-2 50

50
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14

30 60

3.7

50

1.37 1.92

30 60

50

30 60

50

 

2004 2011

AC3 30%

3

1 2 1

1

AC2 70%

AC3 2% AC3 5%

2004 4
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4 30 60

AC3

2%

1

2009
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2009

 

 

22

25 1

11 11 9 2

50 6 60 4 70 1

151 154 cm 1 155 160 cm 3 161 164 cm 2 165 170 cm

3 175 180 cm 1 181 184 cm 1  

6-2 1 2

3 4 5 6

7 8 9-1

9-2 10

11 12 13 14

15 9-1 11 15 12 5

9-1 2 11

6 15 3

40 70 9 5 14

 

 

6-4  
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1
9 2 50 70 160 183 cm 6-2

6-2  

0% 20% 40% 60% 80% 100% 

 

 

 

 

 

 

 

 

 

    
    
   

  

 

 

 

 

 

 
1

9 2 50 70 160 183 
cm 6-2  

6-2
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64% 70%

27%

36% 18%

46% 36% 9%

54% 46%

27% 9% 27% 27%

9%

9% 55%

18%

36% 27%

91% 9%

36% 46%

 

6-5 82%

18% 70%

9%  

6-6 55% 90%

80 90% 18% 70 80% 9% 60 70% 18% 50%

100%

45% 55% 64%

34%  

6-3

 



 147

1
9 2 50 70 160 183 cm

6-2
6-2  
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1
9 2 50 70 160 183 cm 6-2

 

  

 

90%  80-90% 70-80% 
60-70% 50-60% 50%  
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9 2 50 70 160 183 
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z

z 40 70 9 5
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1.5 kg

1.5 2.0 kg

2003 73%

1.5 kg

27%

36%

3 1

 

 

 

1

100%
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1997

1998

5 2
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2005

 

14
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25 11

14

70% 1.5 kg

55% 90%
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Asparagus officinails L.

 

2

2

2
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30 cm

7

 

70 Ovako Working Posture Analysis 

System OWAS Karhu et al., 1977

AC4

24%

10 a 3 5
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AC3 60%

 

3

2

95%  

9 9

12 14 16

12 14 16 9 35 50%

35 mm 14

14  

4

2
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8% 7% 17%

AC3 AC1 50% AC1 AC2

97%

Borg Scale 8 9

3

 

5

3

2

18% AC3

AC2 Borg 

Scale

40 cm
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60 cm  

6

50

25 1 11

70%

90% 55% 60 70%

18%

14
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18%

50 70

 

2014

2014

2015 71.5 67.0

65 80.1% 64.6%

2016

2003

90%

 

2012

6 2
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http://www.pref.hiroshima.lg.jp/uploaded/attachment/174610.pdf
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Aspar agus  ( Asparagus  of f ic inal i s  L. )  i s  one  of  t he  impor t an t  cr ops  in  Japa n .  

Mai n t a in ing  m other  s tem cul t i va t ion  i s  a  widel y  u sed  f orm  of  a spa ragus  

cu l t i va t i on  f rom  Hokkaido  to  Kyushu,  and  ha r ve s t  cont inues  f r om spr ing  t o  

au t um n in  cr opping  form.  Mothe r  s t ems  a re  a l lowed  to  g row  t o  the  f er n  s tage  

af t e r  t he  har ves t  o f  young  spea r s  i n  sp r ing .  Far mers  har ves t  the  young  spea r s ,  

which  grow up  f rom  the  gr ound ,  u s i ng  shear s  o r  a  s ick l e  wi th  c rouching  pos tu re  

(Ka tah i r a ,  2004;  Sakamoto  e t  a l . ,  2011) .  

Al though ,  t he  cu l t i va t ion  of  aspa ra gus  i s  pr omoted  by  t he  pre fec tura l  

gover nment  i n  Hi r oshima P re fe c ture ,  some of  age d  fa rme rs  ha ve  g iven  up  t he  

cu l t iva t i on  due  to  the  l a r ge  phys ic a l  burde n ,  e .g . ,  l ong  hour s  of  t he  c rouc hi ng  

pos tur e .  Improve ment  of  har ves t i ng m ethod  i s ,  t he re fore ,  necessar y ,  and  mot her  

s tem be nding  method  wa s  de ve loped  in  Hi r oshim a  Pre fe c tura l  Technology  

Researc h  Ins t i t u t e ,  Agr i cu l tur a l  Tec hnology Resea rc h  Cen te r .  Thi s  i s  a  me thod  

se pa ra t ing  mothe r  s t ems  f r om  the  shoo t  sp rout ing  a rea  by  bend ing  of  basa l  par t  o f  

mothe r  s tems ,  so  tha t  f a rmers  c an  f ind  and  ha rve s t  young  spear s  eas i l y .  In  th i s  

s tudy ,  The  au thor  enga ged  i n  re sea rch  on  the  la bor  r educ ing  ha rves t ing  sys tem  as  

desc r i bed  below.  

Cha pter  2 .  Es ta bl i shment  of  t he  mother  s tem be ndi ng  method  Fi r s t ,  the  au thor  

inves t i ga ted  the  es t ab l i shmen t  of  mothe r  s t ems  bend ing  me thod wi thou t  y ie ld  

r educt i on .  Low l igh t  i n t e rcept ion ,  wh ic h  was  cons ider ed  to  be  the  c a use  o f  t he  

dec rease d  yi e ld  in  t h i s  communi t y ,  can  be  a t t r i but ed  t o  the  fa ct  t ha t  t he  bent  

mothe r  s t ems  a re  i n  c lose  p roximi ty  to  the  s tems  in  the  a d jo in ing  r idge .  Li gh t  

in t e rcept ion  inc re ase d  when  the  mother  s t ems  wer e  ben t  t o  the  a l l eyways  s l an t ed  

mothe r  s t ems  wi th  an  ang le  of  30 .  Al though the  spea r  y i e ld  in  t he  re v i se d 

mothe r  s t em t r a in ing  was  s imi la r  ( 96% )  to  than  in  t he  cont r o l ,  t he  improveme nt  of  
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the  l i gh t  i n t e rc ept ion  in  t he  rev i sed  mother  s tem t r a in i ng  was  insu ff i c i en t .  When  

the re  was  in suff ic i en t  sunshine ,  the  y ie ld  wi th  t he  mother  bending  me thod  wa s  

lower  tha n  t ha t  of  t he  con t r o l  i n  cons ider a t i on  of  t he  l ow l ight  i n t e r cept ion  in  t he  

spac e  be twee n r i dges .  

Se condly ,  t he  a u thor  i nves t i ga te d  the  e f fe c t s  of  t r imming  of  t he  conges te d  

br anches  be t ween r i dges  a t  beginn ing  o r  e nd  of  phy l lode  deve lopme nt .  When  

br anches  wer e  t r imm ed  in  30  cm width  a t  t he  cent er  l i ne  be twee n r i dges  a t  t he  

d i f fe re n t  s t ages ,  i l l uminat ion  a nd  t he  re la t ive  amount  of  in t egr a te d  so la r  r ad ia t ion  

inc re ase d  as  c ompar ed  wi th  the  mother  s tem bending  me thod wi th  s lan t ing .  The  

y ie lds  of  young  spea rs  in  Ju ly  unde r  t he  mothe r  s tem bending  method  wi t h  

s la n t ing  we re  l ower  t ha n  those  unde r  t he  cont ro l .  On  t he  o the r  hand ,  when  

br anches  wer e  t r immed  a t  the  be ginn ing  o f  phyl lode  devel opm ent ,  

the  y i e ld  of  young  spea rs  was  s imi la r  to  t ha t  o f  the  c on t ro l  even  under  

insu f f i c i en t  sunsh ine .  The bra nch  cont inue d  t o  deve lop  by  the  t r imming  a t  the  

beginning  of  phy l lode  deve lopment ,  so  tha t  more  phyl lode  fo r mat ion  a s  compare d  

to  t he  t r imming  a f t er  phyl lode  de ve l opme nt  was  recogniz ed .  I t  was  f ound  tha t  the  

y ie ld  d id  no t  de crease  when  br anc hes  we r e  t r immed  a t  t he  beg inni ng  of  phy l lode  

deve lopmen t .  The  t r imming  br anches  be twee n  r i dge s  r esu l t ed  a nother  pos i t ive  

ef f ec t  in  impr ov ing  p lan t  main te nanc e  be tween  r idges ,  wh ic h  made  wa lk ing  a nd  

wate r i ng  p l an ts  ( whic h  involved  moving  a  rod  wi th  noz zl es  up  and  down)  eas i e r .  

Thi rd l y ,  t he  e f f ec t s  of  t he  mother  bend ing  me thod on  har ve s t  work  e f f i c i ency  

and work  pos ture  wer e  eval ua te d .  A male  f a rm er  age d  70s  har ves t ed  young  spea r s  

wi th  or  wi thout  ( con t ro l )  t he  mothe r  be nding  met hod.  Ha rves t ing  pos tures  were  

eva lua t ed  us ing  the  Ovako Work ing  Pos t ur e  Ana lys i s  Sys t em ( OW AS) .  Sever e  

pos tur es  c lass i f i ed  as  AC4 ,  meaning  the  cor rec t i ve  measures  immedia te l y ,  

cons ide r ab ly  r educe d  wi th  the  mother  bending  m ethod as  compare d  to  the  c ont r ol ,  

and  har ves t ing  t ime  became  24%  shor te r .  The  r a te  of  the  t ime  wi th  t he  c rouc hi ng  
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pos tur es  in  har ve s t i ng  spear s  under  the  mothe r  s t ems  wa s  de cr ea sed  f rom 77%  to  

14%.  The se  f i nd ings  sugges t  t ha t  the  m other  s tem be nding  method  wi l l  im prove  

ha rves t ing  c i r cumst anc es .  Fu r the r  improvement  of  har ves t ing  posture  i s  ne eded ,  

because  the  pos tur es  wi th  AC3 ,  r equi r ing  co r re c t i ve  measures  a s  soon  a s  poss ib le ,  

were  obse rved  wi th  t he  va lue  o f  more  t han  60% e ven  wi t h  the  mothe r  s t em  

bending  me thod .  

Cha pte r  3 .  De velopmen t  of  ha rve s t i ng  too ls  for  s tanding  ha rves t  The  a ut hor  

deve loped  a  l ong-sha f te d  shears  so  t ha t  f armers  c an  ha rves t  young spea r s  whi l e  

s ta ndi ng ,  a long  wi th  a  l a r ge -whee led  c a r t  tha t  i s  u se d to  ca r r y  t he  har ves t e d 

young  spea r s  and  c an  be  e as i ly  mane uver ed  th rough  muddy  passa ges .  

Fi r s t ly ,  she ar s  ope r a t ing  pr ocedures  wer e  inves t iga t ed  f rom the  pe r spec t ive  of  

the  burde n  on  the  user ’ s  dominan t  a rm a nd  eas iness  o f  t he  ope rat i on .  The  har ves t  

e f f ic i e ncy  of  s ingl e -hand ope ra t ion  was  h ighe r  t ha n  tha t  o f  bo th -hands  oper a t ion .  

In  s ing le -hand  opera t ion ,  t he  subjec t ive  phys ica l  burde n  o f  t he  upper -g r ip  type ,  

in  whic h  a  c ase  was  a t t ac hed  to  t he  dominan t  a rm wi th  a  be l t  and  t he  s ub je c t  

oper a t ed  t he  l ong-sha f t ed  shea rs  by  a  g r ip  a t t ac hed  to  the  f r ont  o f  t he  case ,  wa s  

lower  than  tha t  o f  a  sha f t -gr ip ,  i n  wh ic h  the  subjec t  opera t ed  t he  l ong-shaf t e d  

shea rs  wi th  a  sha f t  type  gr ip .  The  upper -gr ip  t ype  of  shea rs  was  adopte d  base d  on  

th i s  r esu l t .  Gr ab  type  and  s toc k  t ype  shears  were  compare d  the i r  e f f i c i ency  a nd  

bu rde n  for  s tanding  ha rves t .  The  g ra b  type  she ar s  hol d  t he  spear s  wi th  the  g ra b  

gr i p  whe n the  spe ar s  a re  c u t  wi th  t he  shea r s .  The  s tock - type  has  a  case  for  t he  

s to re  of  ha rves ted  spear s  be s ide  shea r s .  In  both  t ypes ,  t he  ha rve s t i ng  suc ce ss  ra t e  

r ea ched  m or e  than  95% in  s im ula te d  ha r ves t i ng ,  and  i t  wa s  c l a r i f ie d  t ha t  s ta nding  

ha rves t  was  poss ib le  wi th  t he  long-sha f t e d  shea r s .  

Se condly ,  a  l a r ge -whe eled  ca r t  wa s  deve loped  for  ca r ry ing  the  har ves t e d 

spea rs .  Al though  ca r t s  wi th  9 - inch  ( 22 .9  cm diame te r )  whee l s  a re  commonly  used  

to  car ry  the  ha rves t ed  spea r s ,  oper a t i on  of  t hese  car t s  i s  d i f f i cu l t  under  t he  
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muddy  cond i t i on  a f t er  r a in .  Ca r t s  u sed  f or  s t anding  har ves t ing  shou ld  be  e as i l y  

oper a t ed  wi th  one  hand ,  bec ause  t he  f a rmer s  use  t he  l ong- sha f ted  she ar s  wi t h  

the i r  dominant  a rm.  The  a u thor  i nves t i ga t ed  t he  ef fe c t  of  whe e l  s i ze  ( 9 - ,  12 - ,  14 -  

and  16- inch  d i ame te r  whee ls )  on  c ar t  t r ave l  r e s i s t ance  a l lowi ng ea sy  mane uver ing  

thr ough  the  muddy  passa ges .  The au thor  t hus  de ve lope d  a  ca r t  wi th  14 -i nc h  ( 35 .6  

cm di amete r )  whe els  t ha t  r equ i r es  l e s s  power  t o  move tha n  ca r t s  wi t h  9 - inc h  

whee l s .  W he n  the  5  kg  load  wa s  in  ba ske t  s imi l a r  t o  be ing  f i l l ed  wi th  spe ar s ,  t he  

ave rage  ca r t  t r avel  r es i s t ances  of  12 - ,  14 -  a nd 16- inch  whee ls  were  3 .3  kg f ,  2 .3  

kg f  and  2 .3  kgf ,  r espec t ive ly .  These  va lues  were  appr oximate ly  35 -50% of  t he  

ave rage  car t  t ra vel  r e s i s t a nc e  of  a  c a r t  w i th  9 - inch  whe els  (6 .7  kgf ) .  The  

max imum car t  t r ave l  r es i s tanc es  o f  9 - ,  12 - ,  14 -  a nd  16 - inc h  wheel s  wer e  10 .9kgf ,  

5 .4  kgf  4 .5  kgf  a nd 4 .2  kg f ,  r espec t ive ly .  Ca r t  t r ave l  r es i s tanc es  wi t h  14  a nd  16 -

inc h  wheel s  were  s imi l a r ly  l ower  t ha n  tha t  wi t h  12 - inc h  wheel s .  In  a ddi t ion ,  i t  

was  f ound  tha t  t he  wheel  s iz e  a dapt  to  c l ea r  uneven  te r r a in  was  found to  be  more  

tha n  12- inche s .  A c a r t  wi th  14 -inch  whe e ls  was ,  t he re fo re ,  de cided  t o  be  a  t r a i l  

p r oduc t .  

Cha pter  4 .  Work  e f f ic i e ncy  ve r i f ic a t ion  of  de ve loped  ha rve s t  t echnology  The 

au t hor  i nves t iga t ed  t he  ha rve s t  e f f i c iency ,  ha rves t  pos ture ,  and  subjec t ive  burde n  

wi th  e l ec t r i c  long-shaf t ed  shea r s  ( grab  a nd  s tock  types)  a nd  the  l a rge -whee le d  

ca r t  a long  wi th  the  mothe r  s t em bend ing  me thod .  Two  ma le  subjec t s  ( subj ec t  A 

and  B)  har ves t ed  spe ar s  f or  60  m in .  The  ha rves t  e f f i c ie ncy  o f  t he  s tock  type  was  

the  same as  t ha t  o f  t he  con t r o l  in  sub jec t  A.  For  t he  subj ec t  B ,  t he  e f f i c i ency  o f  

the  s t ock  type  wa s  8% lower  than  tha t  of  t he  c ont r o l .  On  the  o the r  ha nd,  in  

subjec t  A and  B ,  t he  ha rves t  e f f i c ie ncie s  inc re ased  by  17%  and  8% ,  respec t ive l y ,  

wi th  the  g rab  type .  The  au thor  eva lua te d  t he  subjec t s ’  har ves t  pos t u re s  us i ng  

OWAS.  For  t he  subjec t  A ,  t he  t ime  of  AC2 (cor re c t i ve  me asur es  i n  t he  ne ar  

fut ure ) ,  AC3 a nd  AC4 wer e  72% ,  14% ,  a nd  6%,  r espe ct ive ly ,  in  t he  cont r o l .  In  
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cont ra s t ,  t he  va lues  of  AC3 and  AC4 dec rea sed  by  le ss  tha n  1%,  and  tha t  o f  AC1  

(no  c or rec t i ve  me asur es )  inc rease d  by  mor e  t han  55% wi th  t he  gra b  a nd  s toc k  

type  shea r s .  Fo r  t he  sub jec t  B ,  AC2 a nd  AC3 a cc oun ted  for  41% and  58% 

respec t ive ly ,  i n  t he  cont r o l ,  and  the  t im e  o f  AC1  inc rea sed  more  t han  

appr oxima te ly  50%  wi th  the  g rab  a nd  s tock  t ypes .  The  subj ec t ive  phys i ca l  burde n  

on  t he  subjec t s  was  eva lua te d  us ing  a  mod i f i ed  Borg  Sc ale  a f t e r  60  mi n  of  

ha rves t ing .  The  subjec t ive  phys i ca l  bur den  in  s ub jec t  A and  B was  8  and  9 ,  

r espec t ive ly ,  whe ase as  subjec t ive  phys ic a l  bur den  was  l es s  than  3  fo r  bo th  

subjec t s  u s ing  a  g rab  or  a  s tock  type  shear s .  These  re su l t s  sugges t  t ha t  t he  ne w 

harves t  method (us ing  the  mothe r  be nd ing  me thod,  l ong- shaf ted  shear s ,  and  a  

l a rge -whee led  car t )  was  e f fec t i ve  i n  improving  ha rves t i ng  pos ture  and  r educ ing  

the  phys ic a l  bur de n .  Fur t hermore ,  ha rve s t ing  us ing  grab  type  shear s  was  more  

e f f ic i e n t  t ha n  c ont r o l ,  a nd  so  the  grab  t ype  i s  cons ide re d  to  be  a  promis i ng  

machi ne  f or  s t anding  har ves t .  

Cha pte r  5 .  Extending  the  appl ica t ion  o f  ha rves t ing  us ing  l ong-shaf t e d  she ar s  i n  

a  c onvent iona l  cu l t i va t i on  m ethod  F i rs t l y ,  improvement  of  b ranch  t r a in ing and  

eva lua t ion  of  harve s t ing  ab i l i t y  wer e  a t t empte d  to  respond  to  the  re ques t  f or  

us ing  long-shaf t ed  shear s  i n  c onvent iona l  cu l t i va t i on  f i l e d .  The  a u thor  

inves t iga te d  t he  ef f ec t s  o f  t r a i n ing  of  branches  wi th  s t r ings  or  ne t  on  t he  

v i s ib i l i ty ,  yie ld  and  qual i ty  of  young  spe ar s .  The  y ie ld  and  qual i t y  wer e  s imi l a r  

to  t he  c ont ro l  i r r e spect ive  o f  b ranch  t ra in ing  me thods .  Addi t ional ly ,  t he  au tho r  

com pare d  the  working  ef f i c ie ncy  of  t ra in ing  branches  wi th  s t r ings  and  net s ,  a nd  

found  tha t  t r a in ing  wi th  s t r i ngs  pe rmi t s  a  r educ t ion  in  wor king  t im e as  compar ed  

to  t he  ne t  t r a in ing  ( 21% of  the  work  t ime  on  t r a in ing  wi th  net s ) .  

Se condly ,  t he  e f fe c t  o f  b ra nch  t ra in ing  on  ha rve s t  wor k  ef f ic iency  and  bending 

of  the  uppe r  body  of  subjec t s  ( A ,  B  and  C)  who used  long- shaf t ed  she ar s  were  

eva lua ted .  No  d i f f er e nc e  was  found  in  ha rve s t  wor k  e f f ic ienc y  among  the  b ranc h  
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t r a in ing  methods .  I t  was ,  howe ver ,  obse rve d  t ha t  the  be nding  angle  of  t he  upper  

bodies  was  dec re ase d  in  subjec t s  B  and  C  whe n br anch  t r a in ing  wi th  s t r i ngs  or  

ne t s  was  app l i ed  a s  compar ed  t o  t he  cont r o l .  Vi s ib i l i t y  of  the  spea r s ,  as  as se sse d  

by  a l l  s ubj ec t s ,  wa s  impr ove d  by  t r a in ing  branches  wi t h e i t he r  s t r ings  or  ne t s .  

Thi rd l y ,  t he  au thor  inves t i ga te d  t he  har ves t  e f f ic i e nc y ,  har ves t  pos tu re ,  a nd  

subjec t ive  phys i ca l  bu rde n  when long-sha f ted  s he ar s  ( gra b  type )  a nd a  l a rge -

whee led  c ar t  we re  used  unde r  mod i f i e d  br anch  t r a in ing  me thods  ( the  new s ta ndi ng  

ha rves t  me thod) .  Two  m ale  sub je c t s  ( A  a nd  B)  ha rves t ed  spea rs  for  60  min  wi t h  

the  ne w s t and ing  ha rves t  met hod  and  t ra d i t iona l  me thod  ( con t ro l) .  The  har ves t  

e f f ic i e ncy  of  t he  ne w s t andi ng  har ves t  method  was  18%  lower  than  tha t  of  the  

cont ro l .  The  au t ho r  a l so  evalua ted  the  har ve s t  pos t ure  us ing  OWAS.  For  the  

subjec t  A,  t he  f r equency  of  pos tures  c l a ss i f i ed  as  AC3  or  AC4 decrease d  f rom  

20% (c ont r o l )  to  2% wi th  the  new s t a nd ing  har ves t  me thod.  Fur thermor e ,  the  

f re que ncy  o f  AC1 pos tu re s  i ncrea sed  f r om 9%  ( cont ro l )  t o  57% wi th  t he  ne w 

s ta ndi ng  ha rve s t  met hod .  Fo r  the  sub je c t  B ,  t he  f r eque ncy  of  pos tur es  c l as s i f ie d  

as  AC3  or  AC4  decr e ased  f r om 58% ( cont r o l )  t o  3%  wi th  t he  ne w s t anding  har ves t  

me thod ,  and  the  f r eque nc ie s  of  AC1  and  AC2 inc re ase d  f r om 1%  to  27%  and  f r om 

41% to  70% , re spec t ive ly ,  wi th  t he  ne w s t anding  ha rve s t  me thod .  Over a l l ,  

un fa vora bl e  pos tur es  dur ing  har ves t  wer e  r educe d  by  the  new s t anding  har ves t  

me thod .  The  sub jec t ive  phys ic a l  burde n  on  the  sub je c t s  was  eva luate d  us i ng  a  

mod i f i ed  Bor g  Sc ale  a f te r  60  min  of  ha rves t ing  wi th  e i t he r  the  new s ta nding  

ha rves t  me thod  o r  c onve nt ional  methods .  The  subjec t ive  phys i ca l  burde ns  on  bot h  

subjec t s  wer e  h ighes t  (> 8)  a t  t he  wai s t  i n  t he  con t r o l ,  whe reas  the  s core s  wer e  

lower  than  3  i n  the  ne w s t a nd ing  ha rves t  method .  Fur thermore ,  i n  subjec t  B,  t he  

subjec t ive  phys ica l  bur den  dec reased  in  many  body par t s  suc h  a s  nec k  a nd  bac k  

wi th  the  ne w s t anding  ha rves t  met hod .  These  re su l t s  sugges t  tha t  t h i s  me thod  i s  

e f f ec t ive  in  im prov ing  pos t ure  a nd  r educing  the  phys ica l  bu rden  on  f armer s  i n  
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ha rves t ing  a sparagus  in  ma in t a in ing  mother  s tem  c ul t i va t ion  a l though  e f f ic ienc y  

wi th  new s t and ing  ha rves t  me thod  was  r educ ed  by 18% a s  compared  to  the  

cont ro l .  

Four th ly ,  t he  working  passa ge  wid th  fo r  t he  impr ovemen t  in  har ves t i ng  pos ture  

was  examined .  Three  ma le  subjec t s  ( A ,  B  and  C)  har ve s te d  spea rs  wi th  5  degre es  

of  pas sage  wid ths  ( 10 ,  20 ,  40 ,  60,  a nd  80  cm) .  For  the  subjec t  C,  har ves t ing  

ef f ic i e ncy  was  s l i gh t ly  lower  wi th  i n  t he  10  c m pa ssage  width ,  and  the re  was  no  

d i f fe re nce  found  i n  ha rves t  wor k  ef f ic ie nc y  under  t he  o ther  pa ssage  wid ths .  The  

bending  angle  o f  t he  uppe r  body  inc rease d  wi th  10  and  20  cm passage  wi dt h  in  a l l  

subj ec t s ,  and  AC3 inc re ase d  to  mor e  than  50% wi th  10  and  20  cm passage  wi dt h  

in  the  subjec t  C .  In  cont ras t ,  a l l  subje c t s  could  ha rve s t  wi thout  d i f f ic u l ty  or  

pr ob lems  unde r  pas sage  wid th  wa s  60  cm or  more ,  bu t  t hey  f e l t  d i f f i cu l ty  of  t he  

v i s ib i l i ty  of  young  s pe ar s  wi th  40  cm o r  lower  pas sage  wid th .  From these  resu l t s ,  

a  passa ge  width  of  60 cm  o r  more  was  cons ide red  pre fe rab l e  f or  har ves t ing  us ing  

long-s ha f t ed  shea r s .  

Cha pte r  6 .  Ve r i f ic a t ion  in  pr oduc t  f i e l d  F i r s t ,  ver i f i ca t i on  i n  p roduc t  f i e l d  wa s  

conduc ted  t o  eva lua te  the  improveme nt s  in  har ves t ing  pos tu re  a nd  har ves t ing  

ef f ic i e ncy .  A  femal e  subjec t  ha rves ted  spe ar s  wi th  and  wi thout  t he  m other  s t em  

bending  me thod  and  long-s ha f ted  shea r s .  

The  e f f ic i enc y  of  spr ing  and  summer  ha rve s t s  us ing  the  mothe r  s t em bending  

method  a nd long-sha f ted  shea r s  was  s imi lar  t o  t ha t  of  conve nt iona l  ha rves t i ng  

method (c ont ro l ) .  The  f reque nc y  o f  AC3 pos tu re s  dec rease d  to  le s s  tha n  2% us i ng  

long-s ha f t ed  shea r s .  In  add i t ion ,  t h i s  sub jec t  fe l t  t ha t  the  pa in  i n  her  wa is t  was  

a l l ev ia t ed  a nd  t ha t  t he re  wer e  no  problems  in  har ves t i ng e f f ic ienc y .  

Se condly ,  a  que s t i onnai re  survey  c once rn ing  the  long-shaf t ed  shea rs  ( grab  

type)  was  conduc te d  wi t h  aspa ra gus  f a rmers  i n  Hi roshima  Pr e fec tu re .  The  long-

shaf t e d  shear s  were  len t  to  25  fa rmer s  who  cu l t i va te d  a spar a gus  i n  conve nt iona l  
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methods ,  and  the  ques t ionna i re  sur vey  was  conduc ted  wi th  t he  11  fa rmers  who  

used  the  long-sha f t e d  shea r s  f or  m ore  t han  appr ox imate ly  one  m on th .  

Mor e  t ha n  70%  f ar mer s  r esponded  ‘ not  ve ry  not i ceab le ’  o r  ‘ not  no t i ceable’  

about  the  we ight  of  t he  l ong-shaf ted  shea rs .  Thi s  r e su l t  me ant  t ha t  t he  wei ght  o f  

the  long-shaf t ed  she ar s  (1 .5  kg)  was  wi th in  an  acce ptab le  r a nge .  As  for  t he  r a t e  

of  t he  spea rs  t ha t  could  be  ha rves te d  wi t h  l ong- shaf t e d she ar s ,  ‘more  t ha n  90% ’  

and  ’60 -70%’  a cc oun ted  for  55%  a nd  18%,  re spec t ive ly ,  of  t he  r esponses ,  bu t  no  

responden ts  e xpres sed  d i ssa t i s f ac t i on  wi th  har ves t i ng  e f f ic i enc y .  However ,  t he  

op in ion  t ha t  ‘ ha rves t ing  ef f ic i e ncy  wa s  de cr ea sed  be ca use  a  l a rge  num be r  o f  

spea rs  cou ld  no t  be  ha rve s ted  wi t h long-sha f t ed  she ar s ’  wa s  obta ined  f r om the  14  

f armer s  who gave  up  use  the  long-sha f t ed  shear s .  The r eason  was  es t imat ed  tha t  

the i r  p r of i c i ency  l e vel  was  ina dequat e  because  t he y  di d  not  use  t he  l ong-shaf t ed  

shea rs  e nough  t o  m ake fu l l  use  of  t hem. Cons equen t ly ,  i t  was  conc lude d  tha t  

exe rc i se  i s  necessa r y  t o  ha rve s t  smooth ly .  F inal l y ,  ‘ pos i t ive  impre ss ions ’  o f  

r educi ng  phys ic a l  bu rden  were  a l so  obt a ined  f rom fa rme rs  who gave  up  to  use  t he  

long-s ha f t ed  she ar s ,  so  tha t  exer c i se  to  improve  fa rmer s ’  p r o f i c i e ncy  in  a  shor t  

pe r iod  shou ld  be  e s t ab l i she d  fo r  t he  e x tens ion  of  t he  sys te m.  

The  au thor  wish  t he  fa rmers  to  in t r oduce  t hese  e f fec t i ve  t e chnique  fo r  

impr oving  fa rmers ’  ha rves t i ng  pos ture  and  r educing  t he  phys ica l  burde n  of  

ha rves t ing  a spara gus  for  t he  fundamenta l s  of  s tab le  product ion  of  a spa r agus .  
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