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Abstract
In order to help maintain soil fertility, a national survey was conducted in Japan, beginning in 1979.  
Both soil samples and questionnaires given to farmers on agricultural management were collected.  By 
using the dataset, we described the long-term application rates of on-farm organic amendments (which 
we denote as OA and consists of livestock waste compost (LWC), and “other OA” such as rice straw 
residue) that are crucial for maintaining soil fertility.  Average LWC and “other OA” application rates 
(fresh weight, FW) decreased from 17.8 ± 0.5 and 3.2 ± 0.2 (1979-1983) to 12.1 ± 0.4 and 2.7 ± 0.4 
(1994-1998) Mg Fw ha-1, respectively.  The long-term change in LWC application rate may be partly 
due to limited time and labor.  The application rates were influenced by the type of crop, possession of 
livestock, and the part-time/full-time status of farmers.  The differences in OA application may be 
partly due to the separation of crop and livestock farming.  When data points were categorized by the 
joint influence of these factors, there was a difference of more than seven times between the largest 
and smallest LWC application rates.  The largest application rate was achieved by the group with “feed 
and forage crops” (FFC, such as dent corn) along with full-time farmers possessing livestock, while 
the smallest rate was achieved by the group of full-time or part-time farmers with neither FFC nor 
vegetable cropping (e.g. potatoes), and with no possession of livestock.  

Discipline: Soils, fertilizers and plant nutrition 
Additional key words: crop type, part-time/full-time status of farmers, possession of livestock

Introduction

Food production must be doubled in order to feed the 
world’s growing population over the next 50 years27.  
Sustainable food security is closely linked with soil fertil-
ity4.  Monitoring soil properties and agricultural manage-
ment play crucial roles in maintaining and enhancing soil 
fertility.  The application of organic amendments (OA) is 
one form of management used to maintain soil fertility.  
However, excessive application has caused environmental 
degradation31. 

The application rates of organic amendments vary both 
globally15,16 and nationally9 as influenced by certain fac-
tors7,9,11,12,28 and over time7,16.  The application rate has only 
been approximated based on the number of livestock15, and 
sometimes together with the rates of utilized/non-utilized 
livestock excreta9,16 based on available statistics.  Moreover, 
in Japan, knowledge about the long-term OA application 
rate for wheat and barley is availabe19, while such knowl-
edge for other crops is derived from a one-off survey23, or 

based on recommendations regarding OA application rate30.  
This knowledge is crucial to identify areas or crops with a 
high OA application rate.  However, the knowledge is inad-
equate for understanding the changes in soil properties 
linked with OA application.  To understand such changes in 
detail, a national soil survey has been underway in Japan 
since 197914 to collect both soil samples and questionnaire 
surveys on agricultural manegement.  Given the growing 
concerns in recent years over climate change, such survey 
data have become more important than ever, as it allows us 
to evaluate the changes in soil organic carbon (SOC) in 
association with agricultural management, and estimate 
SOC changes by using Tier 3 methods3.  By using the data-
set, Mishima et al. (2012)12 estimated the amount of manure 
produced from 1994 to 1997, while Leon et al. (2012)7 
reported the long-term change in on-farm OA application 
rates in paddy fields from 1979 to 1998, taking into account 
the joint influence of several factors.  The long-term change 
in the OA application rate in upland fields has yet to be 
studied in detail.  Given the fact that organic matter is 
depleted faster in upland fields than in paddy fields5, this 

*Corresponding author: e-mail obara@affrc.go.jp
Received 3 August 2012; accepted 18 March 2013.

377



Leon et al.

JARQ  47 (4)  2013378

knowledge will presumably prove essential in monitoring 
soil fertility.

With this background, this paper aims to explore the 
differences and long-term changes in OA application rates 
associated with agricultural structure, and those changes in 
Japan. 

Materials and methods

Activity data
We used the national soil survey data collected 

between 1979-1998 [5394 points in wave 1 (1979-1983); 
5286 in wave 2 (1984-1988); 5283 in wave 3 (1989-1993); 
4879 in wave 4 (1994-1998)].  We selected farmers that 
responded to the four consecutive surveys, and who contin-
ued the same land use (upland field, 4006 points).  That is, 
even if farmers did not specify which crops they were grow-
ing, we still used their information in the analysis.  In case 
neither the types nor the amounts of OA were described, we 
assumed that no OA was applied.  We omitted those points 
that were missing the amounts of OA, but included the types 
(and vice versa, 15 points) and those points with extremely 
large application rates (greater than 400 Mg ha-1, 8 points).  
As a result, we used 3983 points for each wave. 

We described the OA application rates for the crop 
type, possession of livestock, and part-time/full-time status 
of farmers.  As for the crop type, vegetables were divided 
into “leaf” [e.g. Chinese cabbage (Brassica rapa var. gla-
bra)], “fruit” [e.g. tomato (Solanum lycopersicum)], “root” 
[e.g. carrot (Daucus carota L.)], and “other” [e.g. sweetcorn 
(Zea mays convar)] as per the “Agricultural Production 
Environmental Statistics”23.  We grouped data points for 
growing “feed and forage crops” (FFC, crop 3), followed by 
data points for growing vegetables (crop 2) and the rest of 
the crops (crop 1).  In case crop 1 and/or crop 2 were grown 
together with FFC, or crop 1 was grown together with crop 
2, these data points were included in “FFC/others” and 

“vegetables/other,” respectively.  In case “leaf,” “fruit,” 
“root” and/or “other” vegetables were grown twice (or three 
times), we grouped these types as “vegetables/vegetables” 
(or “vegetables/vegetables/vegetables”).  As for the posses-
sion of livestock, we assumed that farmers covered by the 
data points possessed livestock only if the numbers of dairy 
cattle (Bos taurus), beef cattle (Bos taurus), swine (Sus 
scrofa domesticus), poultry (Gallus gallus domesticus), and 
other farm animals were reported. 

Organic amendments were divided into two groups: 
Livestock waste compost (LWC) and “other organic amend-
ments (“other OA”)” to describe the OA application rate.  
LWC contained livestock waste compost (from cattle, 
swine, and other livestock) with/without sawdust.  “Other 
OA” included rice straw compost, husks, sawdust or bark 
compost, green manure, wheat straw residue, city refuse 
compost, sewage sludge compost, waste from the food pro-
cessing industry, and industrial waste. 

Statistical method
We took a nonparametric approach to test for signifi-

cant differences in distribution among several independent 
samples (using the Kruskal-Wallis test) or paired samples 
(using the Friedman test), as the medians of OA in many 
cases were 0 (Fig. 1).  Consequently, the application rates of 
OA were described in terms of mean ranks derived from the 
tests, as well as the average.  Fig. 2 shows one type of mean 
rank, while Figs. 3 and 4, and Tables 1 and 2 show two 
types of mean ranks [mean ranks (1) and (2)].  Mean rank 
(1) was used to test for differences (in OA application rate) 
between groups differing in livesotck possession (Fig. 3), 
between full-time and part-time farmers (Fig. 4), and among 
smaller groups as defined by combinations of these factors 
(Table 2) for each wave, using the Kruskal-Wallis test.  
Mean rank (2) was used to test for differences (in OA appli-
cation rate) among the waves for each level of factors, using 
either the Friedman test for when observations were paired 
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Fig. 1.  �Histograms of application rates of livestock waste compost (LWC, at left) and other organic amendments (“Other 
OA,”at right) in wave 3 (1989-1993)
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(in Fig. 2), or the Kruskal-Wallis test when the Friedman 
test was not suitable, as the observations were unpaired in 
Figs. 3 and 4, and Tables 1 and 2.  In case these tests detect 
groups that are significantly different (P<0.05), post hoc 
tests were conducted.  Statistical analyses were conducted 
using PASW statistics 18.  The technical details, including 
differences in the mean ranks, of the statistical analyses 
employed in this paper were previously described by Leon 
et al7.

Results 

Application rate of organic amendments in upland 
fields 

Fig. 2 shows the average application rate of OA on the 
basis of fresh weight (FW) and mean rank values over time 
(between 1979-1998).  The average application rate of live-
stock waste compost (LWC) was between four and six times 
higher than that of “other organic amendments (“other 
OA”).” Both the average and mean rank values of livestock 
waste compost (LWC) application rate decreased from wave 
1 to wave 4 (P<0.05).  That is, the average LWC and “other 
OA” application rates (fresh weight, FW) decreased from 
17.8 ± 0.5 and 3.2 ± 0.2 (1979-1983) to 12.1 ± 0.4 and 2.7 ± 
0.4 (1994-1998) Mg FW ha-1, respectively.  Thus, the 
changes in both the average and mean rank of “other OA” 
over time were much smaller than those of LWC. 

Influence of crop type on the application rate of 
organic amendments

Table 1 lists the average OA application rates, mean 
rank (1) and mean rank (2).  The application rate of LWC 

was lower for crop 1 than for crop 2 and crop 3.  Among 
crop 1, the application rates (both mean rank (1) values and 
average) of LWC for “wheat and barley” and “pulses (e.g. 
Glycine max)” were likely to be lower than for other crops 
in crop 1, while it was higher for “flowers (e.g. Cosmos)” 
and “industrial crops (e.g. Beta vulgaris ssp. vulgaris).”  As 
for crop 2, the application rate of LWC for single cropping 
(“leaf,” “root” and “other” vegetables), except for “fruit 
vegetables,” was lower than for multiple croppings (“vege-
tables/other,” “vegetables/vegetables” and “vegetables/veg-
etables/vegetables”).  Among crop 3, the LWC application 
rates (average and mean rank (1) values) were the greatest 
for “FFC/FFC.” From wave 1 to wave 4, the average appli-
cation rate of LWC decreased continuously for certain crops 
in crop 3 (P<0.05, “FFC” and “FFC/FFC”).  Other crops did 
not change as per a single trend.  As for “other OA,” the 
application rate was likely to be higher (both average and 
mean rank (1) values) throughout the survey waves for 
“vegetables/vegetables/vegetables” and “fruit vegetables,” 
and lower for “FFC” and “pulses.”  The average application 
rate of “other OA” decreased continuously from wave 1 to 
wave 4 for potatoes and sweet potatoes (P<0.05).

Influence of possessing livestock on the application 
rate of organic amendments

Fig. 3 shows the mean ranks and average OA applica-
tion rate for farmers with and without livestock.  The mean 
rank (1) value for LWC was higher (P<0.05) for farmers 
with livestock than for those without livestock.  In addition, 
farmers with livestock applied LWC more than twice as 
much, in terms of average, as did the farmers without live-
stock, who showed a significantly higher application rate of 
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“other OA” than farmers with livestock. 
During the survey waves, the differences between the 

farmers in terms of LWC and “other OA” application rates 
became smaller.  That is, although both farmer groups 
reduced the LWC application rate (P<0.05), farmers with 
livestock reduced the rate more than did farmers without 
livestock.  Conversely, the application rate of “other OA” 
did not differ significantly over time for farmers with live-
stock (P>0.05), but decreased significantly for farmers with-
out livestock. 

Influence of the part-time/full-time status of farmers 
on the application rate of organic amendments

Fig. 4 shows the mean ranks and average OA applica-
tion rate for part-time/full-time farmers.  Throughout the 
survey waves, full-time farmers applied a significantly 
greater amount of LWC (P<0.05) than did part-time farm-
ers.  As for “other OA,” which is different from LWC, no 
significant difference was noted between farmers in either 
of the first two waves.  The mean rank (1) value for “other 
OA” was higher for part-time farmers than for full-time 

farmers, while the opposite held true for average, except in 
wave 4.  This could be attributed to some full-time farmers 
applying a greater amount of “other OA.” The application 
rates of LWC and “other OA” decreased for both farmer 
groups over time (P<0.05).

 
Joint influence of several factors on OA application 
rate

Table 2 lists the joint influence of the factors that we 
explored in previous sections on LWC and “other OA” 
application rates, except for the farming status (i.e. part-
time/full-time status) for crops 1 and 2, as no significant dif-
ference was observed when data points were categorized in 
terms of the farming status of farmers and their possession 
of livestock regarding these crops (P>0.05, except for crop 
2 in wave 3).  Throughout the survey waves, the average 
application rate of LWC was largest in group 8, followed by 
groups 6, 4, 3, 2, and 1 (each having a group size at least 
greater than 79, except groups 5 and 7 where the maximum 
group size was 44).  Such a small number of samples made 
long-term change in the average LWC and other OA appli-
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Fig. 3.  �Application rates of organic amendments by farmers with/without the possession of livestock in upland fields
Post hoc tests were conducted after the Kruskal-Wallis test revealed significant differences (in OA application rate, 
P<0.05) between the groups possessing and not possessing livestock, and differences among the waves.  The different 
lowercase letters mean that the mean rank (1) values in a wave differed significantly among farmers possessing livestock 
and those not possessing livestock, and that the mean rank (2) values for each group of farmers differed significantly 
between the survey waves (P<0.05).  The error bar in Average shows the standard error of mean.  (No. of samples with 
the possession of livestock: 1572, 1557, 1600, and 1580 in waves 1, 2, 3, and 4, respectively; No. of samples without the 
possession of livestock: 2411, 2426, 2383, and 2403)
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cation rates unclear, and made a comparison of average val-
ues among the groups less certain as 95% confidence 
intervals were set wide due to a large standard error of 
mean).  There was a difference of about seven to ten times 
between the smallest (group 1) and largest LWC application 
rates (group 8).  For example, in wave 4, there was a differ-
ence of about seven times between the largest (39.7 ± 2.5 
Mg FW ha-1, group 8) and smallest (5.5 ± 0.4 Mg FW ha-1, 
group 1) LWC application rates.  The possession of live-
stock had a great influence on increasing the LWC applica-
tion rate among the same crop types (e.g. groups 1 and 2 in 
case of crop 1), but crop types might have a greater influ-
ence than possessing livestock (e.g. groups 2 vs. 3).  
Conversely, the “other OA” application rate was likely to be 
high in groups where the LWC application rate was low.  
That is, it was lower in groups 8 and 6 than in other groups, 
except for group 6 in wave 1. 

How the application rate of organic amendments 
changed from 1979 to 1998

Table 2 shows that rate of change in average OA appli-
cation over a 20-year period varied among the groups.  The 

largest rate of decrease in average LWC application was 
seen in group 4 followed by group 8, but fluctuated in 
groups 1 and 6.  As for “other OA,” the largest rate of 
decrease in average application rate was seen in group 1 
(P<0.05). 

According to average, both the LWC and “other OA” 
application rates decreased continuously in some groups 
(i.e. groups 2, 3 and 8 for LWC, group 1 for “other OA”) 
(P<0.05).  The change in application rate between waves 1 
and 4 was partly explained by a change in the percentage of 
data points that applied OA (Table 2).  The rate decreased 
between 6% and 18% for LWC, and 10% for “other OA,” in 
groups where a significant difference was observed.

Discussion

Influence of individual factors on OA application rate
Similar to previous studies, the LWC application rate 

differed with crop11 and livestock excreta production9,28, and 
the part-time/full-time status of farmers7,12.  The difference 
in LWC application rate between farmers with/without live-
stock might be partly due to the separation of crop and live-
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Fig. 4.  �Application rates of organic amendments by part-time/full-time status of farmers in upland fields 
Post hoc tests were conducted after the Kruskal-Wallis test revealed significant differences (in OA application rate, 
P<0.05) between full-time/part-time farmers, and differences among the waves.  The different lowercase letters mean 
that the mean rank (1) values in a wave differed significantly between full-time/part-time farmers, and that the mean rank 
(2) values for each group of farmers differed significantly between the survey waves (P<0.05).  The error bar in Average 
shows the standard error of mean.  (No. of samples by full-time farmers: 2717, 2737, 2569, and 2465 in waves 1, 2, 3, and 
4, respectively; No. of samples by part-time farmers: 1206, 1245, 1406, and 1500)



Leon et al.

JARQ  47 (4)  2013384

C
ro

p
ty

pe
Pa

rt/
fu

ll-
tim

e
fa

rm
er

s

Li
ve

st
oc

k
po

ss
es

si
on

G
ro

up
M

ea
n 

ra
nk

 (1
)

M
ea

n 
ra

nk
 (2

)
A

ve
ra

ge
 (M

g 
FW

 h
a-1

)
%

 o
f f

ar
m

er
s t

ha
t a

pp
lie

d
O

rg
an

ic
 a

m
en

dm
en

ts
Sa

m
pl

es

W
av

e 
1

W
av

e 
2

W
av

e 
3

W
av

e 
4

W
av

e 
1W

av
e 

2W
av

e 
3W

av
e 

4
W

av
e 

1
W

av
e 

2
W

av
e 

3
W

av
e 

4
W

av
e 

1W
av

e 
2W

av
e 

3W
av

e 
4

W
av

e 
1W

av
e 

2W
av

e 
3W

av
e 

4

LW
C

 a
pp

lic
at

io
n

C
ro

p 
1

—
W

ith
ou

t
G

ro
up

1
13

20
A

14
31

A
14

06
A

14
39

A
17

90
17

86
17

54
18

55
5.

5
±

0.
6

4.
9

±
0.

5
4.

5
±

0.
4

5.
5

±
0.

4
28

28
26

31
89

7
94

7
90

7
83

8

W
ith

G
ro

up
2

19
86

B
19

21
B

18
50

B
17

49
B

12
22

a
11

10
b

10
71

b
10

49
b

12
.3

±
0.

6
10

.6
±

0.
6

10
.2

±
0.

7
9.

6
±

0.
7

65
53

49
47

58
5

58
1

55
0

51
4

C
ro

p 
2

—
W

ith
ou

t
G

ro
up

3
18

81
B

18
42

B
18

03
B

17
53

B
29

08
a

26
96

b
26

49
b

26
78

b
14

.3
±

0.
6

11
.2

±
0.

6
10

.9
±

0.
5

10
.4

±
0.

5
54

47
45

48
14

69
13

82
13

28
12

94

W
ith

G
ro

up
4

25
06

C
23

89
C

D
23

55
C

20
85

C
11

26
a

10
24

b
10

14
b

89
5

c
24

.6
±

1.
3

20
.7

±
1.

1
20

.7
±

1.
2

15
.7

±
0.

9
80

69
70

62
53

6
49

1
51

3
49

3

C
ro

p 
3

Pa
rt-

tim
e

W
ith

ou
t

G
ro

up
5

20
35

A
B

C
25

30
B

C
D

E
18

19
A

B
C

15
52

A
B

C
31

37
27

23
15

.7
±

5.
4

26
.4

±
7.

8
11

.2
±

4.
8

5.
7

±
2.

5
55

71
47

40
11

14
17

15

W
ith

G
ro

up
6

27
57

C
D

26
47

D
27

17
D

22
73

C
D

24
5

a
22

1
ac

23
0

a
18

9
bc

32
.1

±
3.

0
27

.8
±

2.
9

30
.4

±
2.

5
24

.4
±

3.
6

81
75

81
66

79
95

13
5

12
8

Fu
ll-

tim
e

W
ith

ou
t

G
ro

up
7

20
41

B
C

19
19

A
B

C
16

45
A

B
C

20
45

B
C

D
65

60
52

67
22

.4
±

6.
0

19
.4

±
6.

2
8.

1
±

3.
0

23
.8

±
6.

1
48

48
35

52
27

44
20

31

W
ith

G
ro

up
8

31
15

D
30

64
E

27
73

D
26

09
D

78
4

a
74

6
a

65
8

b
63

3
b

57
.3

±
2.

9
50

.7
±

2.
6

41
.8

±
2.

5
39

.7
±

2.
5

90
86

77
75

37
1

36
4

34
8

33
2

“O
th

er
 O

A
” 

ap
pl

ic
at

io
n

C
ro

p 
1

—
W

ith
ou

t
G

ro
up

1
20

80
A

20
66

A
19

82
A

C
18

41
A

C
18

67
a

18
41

ab
17

70
bc

16
93

c
3.

2
±

0.
3

3.
1

±
0.

3
2.

5
±

0.
2

2.
1

±
0.

2
28

26
22

18
89

7
94

7
90

7
83

8

W
ith

G
ro

up
2

18
59

B
19

05
B

D
18

75
A

B
17

92
A

11
15

11
29

11
15

11
01

2.
2

±
0.

3
2.

0
±

0.
3

2.
3

±
0.

3
2.

7
±

0.
4

16
17

16
14

58
5

58
1

55
0

51
4

C
ro

p 
2

—
W

ith
ou

t
G

ro
up

3
21

37
A

20
42

A
19

97
C

19
02

C
28

79
a

27
30

b
26

81
b

26
40

b
4.

1
±

0.
3

3.
3

±
0.

2
3.

5
±

0.
3

3.
9

±
0.

4
30

24
22

21
14

69
13

82
13

28
12

94

W
ith

G
ro

up
4

18
09

B
C

18
42

B
D

C
18

17
B

E
18

11
A

C
10

12
10

16
10

06
10

35
2.

6
±

0.
5

2.
9

±
0.

5
2.

4
±

0.
5

3.
6

±
0.

6
13

13
13

15
53

6
49

1
51

3
49

3

C
ro

p 
3

Pa
rt-

tim
e

W
ith

ou
t

G
ro

up
5

22
72

A
B

C
18

41
A

B
C

23
55

A
C

E
15

28
A

B
C

33
ab

26
ab

34
a

23
b

4.
9

±
2.

9
1.

6
±

1.
4

5.
7

±
2.

7
0.

0
±

0.
0

36
14

41
0

11
14

17
15

W
ith

G
ro

up
6

17
12

B
C

16
63

C
D

16
78

B
D

15
58

B
22

6
21

9
22

1
21

3
2.

5
±

1.
2

1.
8

±
1.

1
1.

1
±

0.
5

0.
4

±
0.

3
8

4
5

2
79

95
13

5
12

8

Fu
ll-

tim
e

W
ith

ou
t

G
ro

up
7

25
30

A
21

51
A

B
20

75
A

B
C

D
18

91
A

B
C

72
60

59
56

13
.9

±
4.

6
5.

6
±

1.
6

4.
8

±
2.

3
5.

5
±

2.
9

44
27

25
19

27
44

20
31

W
ith

G
ro

up
8

16
48

C
16

73
C

16
36

D
16

43
B

71
0

70
8

69
7

71
7

1.
0

±
0.

3
1.

7
±

0.
5

0.
8

±
0.

3
1.

7
±

0.
5

5
5

3
6

37
1

36
4

34
8

33
2

Po
st

 h
oc

 te
st

s 
w

er
e 

co
nd

uc
te

d 
af

te
r t

he
 K

ru
sk

al
-W

al
lis

 te
st

 re
ve

al
ed

 s
ig

ni
fic

an
t d

iff
er

en
ce

s 
(in

 O
A

 a
pp

lic
at

io
n 

ra
te

, P
<0

.0
5)

 b
et

w
ee

n 
th

e 
gr

ou
ps

, a
nd

 d
iff

er
en

ce
s 

am
on

g 
th

e 
w

av
es

. T
he

 d
iff

er
en

t u
pp

er
ca

se
 le

tte
rs

 m
ea

n 
th

at
 th

e 
m

ea
n 

ra
nk

 (1
) v

al
ue

s 
in

 a
 w

av
e 

di
ff

er
ed

 s
ig

ni
fic

an
tly

 b
et

w
ee

n 
th

e 
gr

ou
ps

; t
he

 d
iff

er
en

t l
ow

er
ca

se
 le

tte
rs

 m
ea

n 
th

at
 th

e 
m

ea
n 

ra
nk

 (2
) v

al
ue

s 
fo

r e
ac

h 
gr

ou
p 

di
ff

er
ed

 s
ig

ni
fic

an
tly

 b
et

w
ee

n 
th

e 
su

rv
ey

 w
av

es
 

(P
<0

.0
5)

. M
ea

n 
ra

nk
 v

al
ue

s (
1)

 a
re

 c
om

pa
re

d 
ve

rti
ca

lly
; m

ea
n 

ra
nk

 v
al

ue
s (

2)
 a

re
 c

om
pa

re
d 

ho
riz

on
ta

lly
.

Ta
bl

e 
2.

  J
oi

nt
 in

fl
ue

nc
e 

of
 se

ve
ra

l f
ac

to
rs

 o
n 

liv
es

to
ck

 w
as

te
 c

om
po

st
 (L

W
C

) a
nd

 “
O

th
er

 O
A”

 a
pp

lic
at

io
ns

 in
 u

pl
an

d 
fi

el
ds



Organic Amendments Application Rate in Japanese Upland Fields

385

stock farming that began in the 1960s13, when many 
Japanese farmers possessed livestock for labor and manure 
purposes before that separation.  Under this condition, as 
shown in Fig. 3 and Table 2, farmers with livestock utilized 
readily available livestock waste, while farmers without 
livestock applied “other OA” partly due to the difficulty of 
getting LWC.  This difficulty might be due to the limits 
imposed by the high cost of long-distance LWC transport26, 
thereby resulting in LWC being mainly distributed within a 
prefecture32.

Long-term change in OA application rate 
The global trend in the application rate of manure 

(including slurry, in terms of phosphorus) over time 
remained almost constant before 1990, and then started to 
increase, although it varied among continents and regions16.  
Manure production was high in the Northern Hemisphere, 
especially in areas with intensive crop land use and high 
livestock densities15.  Despite the global trend, the on-farm 
LWC application rate as well as non-zero application data 
points decreased over time in Japanese upland fields (Fig. 
2). 

Possible reasons for the decrease in LWC application 
rate are (1) restricted labor and time, (2) aging farming com-
munities, (3) lower water content in cattle manure compost, 
and (4) complaints about offensive odor.  With regard to 
reason (1), during the survery period, persons engaged in 
farming decreasd by more than 30% at the national level 
(from 12.5 million in 198020 to 8.6 million in 200024).  
Moreover, the number of livestock per household increased 
(from 16.8 head per livestock farming household in 197917 
to 49.7 head in 199821 for dairy cattle, and from 5.517 to 
21.321 head for beef cattle), while working hours per head of 
livestock decreased 30% to 44% (e.g. from 177 hours in 
197918 to 122 hours in 199822 for dairy cattle, from 41 
hours18 to 23 hours22 for fattening male dairy cattle).  This 
kept farmers with livestock as busy6 or even busier than 
before.  A similar trend was also observed in our study.  
About a third of farmers increased the head of livestock on 
average by 2.6 times (in terms of average animal unit25 from 
13.2 head in wave 1 to 33.7 in wave 4), while average labor 
in their households remained constant over time (2.9 per-
sons).  Under this condition, the LWC application rate 
decreased from 31.5 in wave 1 to 22.8 Mg Fw ha-1 in wave 
4, despite the fact that the number of livestock increased to 
an extent that could have increased the LWC application 
rate by more than double (up to 81.9 Mg Fw ha-1 or the 
product of the wave 1 value of 31.5 Mg Fw ha-1 times 2.6).  
That is, the actual application rate of LWC (22.8 Mg Fw ha-

1) was about a quarter of the expected rate (81.9 Mg Fw ha-

1).  This suggests that a great amount of LWC was not 
applied to the soil, which might partly contribute to the 
increase in non-utilized livestock waste9.  With regard to 

reasons (2), (3) and (4), the present dataset lacked the neces-
sary information, but these factors could help to explain the 
decrease in LWC application.  At the national level, the 
number of persons aged 65 or older engaged in farming 
increased by 1.5 times (from 1.9 million in 198020 to 3.0 
million in 200024).  For these farmers, applying manure may 
pose a great physical effort.  As for reason (3), the water 
content in cattle manure compost decreased by 10%10 
between 1979 and 1998.  Without such water content 
change, the LWC application rate in wave 4 shown in Fig. 2 
might have been about 1 Mg Fw ha-1 higher.  With respect 
to reason (4), MAFF reports showed a decrease in the pro-
portion of complaints about offensive odor related to live-
stock farming from 75% to 61% (there were 4552 cases 
related to odor complaints in 19801 and 1582 cases in 
19982), though these complaints may not be always related 
to the application of LWC into soil, but such complaints 
may influence LWC production32.

The basic guidelines under the Soil  Fertil i ty 
Enhancement Act8 recommend the application of between 
15 and 30 Mg ha-1 of compost in upland fields.  This was 
mostly satisfied throughout the survey waves by many 
groups listed in Table 2 when we summed both average 
LWC and “other OA,” except for groups 1 and 2.  However, 
note that between 25% of farmers (in wave 1) to 40% of 
farmers (in wave 4) who did not apply OA [i.e.  percentage 
of farmers that applied total OA (sum of LWC and “other 
OA”)] decreased from 74% to 57% in Fig. 2.  Conversely, 
between 13% (in wave 4) and 20% (in wave 1) of the total 
data points were greater than recommended.  Since OA 
application is crucial to maintain and enhance soil fertility, 
this result indicates that soil carbon—one basis of soil fertil-
ity—may be lost in the first case above, while excessive 
application may have caused environmental degradation in 
the latter case (e.g. degraded water quality).

A comparison with a one-off published statistics
Table 3 compares the OA application rates for vegeta-

bles in the current study with those given in the “Agricultural 
Production Environmental Statistics23.” The average LWC 
application rate at the points without the possession of live-
stock in our study was slightly lower than the value shown 
in the statistics, but was higher at the points with livestock.  
Conversely, the application rate of “other OA” (i.e. sum of 
sawdust or bark compost, husks, rice straw compost) in our 
study tended to be higher than in the statistics23.  This might 
be attributed to the type of farmers participating in our 
study, who tended to be enthusiastic about maintaining or 
enhancing soil fertility, for which OA application was one 
of the recommendations29.
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Conclusions

The main purposes of this study were to obtain detailed 
information on long-term OA application rates in upland 
fields.  Similar to paddy fields, OA application rates in 
upland fields decreased from 1979 to 1998.  When data 
points were simply divided by such individual factors as 
crop type or the possession of livestock (e.g. possessing 
livestock as opposed to not possessing livestock), the aver-
age LWC application rates of each crop or with/without the 
possession of livestock were clearly different.  However, 
even in the same crop, there were differences depending on 
the possession of livestock, which was observed when the 
data points were categorized in terms of crop type and the 
possession of livestock (e.g. vegetable cropping with live-
stock vs. vegetable cropping without livestock).  The pres-
ent results will be useful in calculating OA application rates 
at the national level in the near future, and in exploring the 
influence of land management on SOC stock changes over 
the 20-year period of this study.
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