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Fig. 2. 3.  
Soil profile of each stand. 
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2. 3. 4  
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Fig. 2. 4.  
Aggregation index of each stand. 
Bars indicate standard deviation. 
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2. 3. 5  

Fig. 2. 5
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Clearcut area (1993) 

 

Clearcut area (1992) 

 

Clearcut area (1991) 

 

Clearcut area (1990) 

○: -6.2kPa≤, : -49.1kPa≤, □: Total porosity 

Fig. 2. 5.  
Soil pore composition of each stand. 
Bars indicate standard deviation. 
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Fig. 2. 6.  
Hydraulic conductivity of each stand. 
Bars indicate standard deviation. 
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2. 4  

2. 4. 1  

Fig. 2. 7

Table 2. 1

1.68 1.44 1.02 mm 92 B

1.75 1.18 mm 1.12 mm

2

 

 

2. 4. 2  

Fig. 2. 8 3 5

B B1 22. 4 g kg-1 1.38 mm

92 B

1985

8 80 g kg-1 4 40 g kg-1
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3 31.1 g kg-1 30.4 g 

kg-1 A A1

91

90 A

A-B 92 A-B
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Crumb Granular Blocky Nutty 

Single 

grain 
Structureless 

 ●: Primary structures, ○: Secondary structures, : Average of primary structures 

ST: Strong, MO: Moderate, WE: Weak 

 

Fig. 2. 7.  
Relationship between soil structure and aggregation index. 
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●: A, A1, ○: A2, : A-B, □: B, B1 

cr: crumb, gr: Granular, bk: Blocky, sg: Single granular, 

None: Structureless 

 

Fig. 2. 8.  
Relationship between total carbon and 
aggregation index. 
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, 6.2 kPa

 

 

 

 

 
●: A, A1, ○: A2, : A-B, □: B, B1 

cr: crumb, gr: Granular, bk: Blocky, g: Single granular, 

None: Structureless 

**: P<0.01, *: P<0.05 

 

Fig. 2. 9.  
Relationship between aggregation index and 
porosity. 
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2. 4. 4  

6.2 kPa pF 1.8

Fig. 2. 10

6.2 kPa

1×10-4 m s-1

A2

 

 

 

All samples Average of each layer 

●: A, A1, ○: A2, : A-B, □: B, B1 

cr: crumb, gr: Granular, bk: Blocky, sg: Single granular, None: Structureless 

**: P<0.01 

  

Fig. 2. 10.  
Relationship between porosity and hydraulic conductivity. 
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2. 4. 5  

Fig. 2. 11 92 B

1.38 mm 5.33×10-5 m s-1

Fig. 2. 11

92 B

2  

 

 

 
●: A, A1, ○: A2, : A-B, □: B, B1 

cr: crumb, gr: Granular, bk: Blocky, sg: Single granular, 

None: Structureless 

*: P<0.05 

 

Fig. 2. 11.  
Relationship between aggregation index and hydraulic 
conductivity. 
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2 1 4

3 4

2 1 93

 

 

3. 2  

3. 2. 1  

Fig. 3. 1 60

1990 1993 0.3 ha

2 1994

1993 93
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1,080 m 36 18.7 m 18.9 cm

1,342 /ha

1993 11
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1994 4 2,432

/ha

1  

 

 

 

 
 

Fig. 3. 1.  
Study site. 
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3. 2. 2  
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3. 3  

3. 3. 1  

Fig. 3. 2 1994 8 A0 A1 A2 A-B

B 1995 8 A1 A2 A
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Fig. 3.2.  
Soil Profiles. 

3. 3. 2  

Table 3. 1

A 1994 8 A1 A2

A1 1995 8

1995 8 1995 11 1996

10 1996 8

2 4 mm

A-B 1994 8

1995 8 1995 11 1996 8
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1996 10 B
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1988 1990 A B
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Undecomposed organic matter 

Aug. 1994 Aug. 1995 Nov. 1995 Aug. 1996 Oct. 1996 
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3. 3. 3  

Table 3. 1 A

A1 A-B B C/N

C/N

1965 1 5 BD BB PD

C/N

1965 1982 1991

1991 1 3

1965

C/N

 

 

3. 3. 4  

Fig. 3. 3 Fig. 

3. 3 Dunnett  

A A1

1996 10

10

1996 10 10

5 1994 8

1995 8

1995 11
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1996 8

2 mm
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1997 A A1

 

A2 1994 8 A1

 

A-B A A1 A2

A-B 5 A A1 A2

1996 8

A

 

B 1996 8

5

1996 8

1995 8

1995 11

4 1995 11
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9.5 mm

2 mm 1960 A-B

cm

96.4 5 mm

A A1

A

B
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A, A1 
 

 

A, A1 

 

A2 

 

A2 

 

A-B 

 

A-B 

 

B 

 

B 

Bars indicate standard deviation.  

**: P<0.01, *: P<0.05, NS: Not significant (Dunnett’s multiple comparison post hoc test). 

 

    

Fig. 3. 3.  
Aggregation index and percent aggregate of each soil profile. 
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3. 3. 5  

6.2k Pa 6.2 kPa

Fig. 3. 4
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Hillel 1998
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Bars indicate standard deviation. ***: P<0.01, **: P<0.05, *: P<0.1, NS: Not significant (Dunnett’s multiple comparison post hoc test). 

    

Fig. 3. 4.  
Soil pore composition of each plot. 
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Fig. 3. 5.  
Relationship between aggregation index and porosity. 
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Fig. 3. 6.  
Relationship between percent aggregate and porosity. 
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3. 3. 6  

Fig. 3. 7  
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Fig. 3. 10
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Bars indicate standard deviation.  

***: P<0.01, **: P<0.05, NS: Not significant (Dunnett’s 

multiple comparison post hoc test). 

 

Fig. 3. 7.  
Hydraulic conductivity of each soil profile. 

  

** 
*** *** 

*** 

0.0000

0.0001

0.0002

0.0003

Aug.
1994

Aug.
1995

Nov.
1995

Aug.
1996

Oct.
1996

H
yd

ra
ul

ic
 c

on
du

ct
iv

ity
 (

m
 S

-1
) 3 10-4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 
 

A, A1 

0.0000

0.0001

0.0002

0.0003

Aug.
1994

Aug.
1995

Nov.
1995

Aug.
1996

Oct.
1996

H
yd

ra
ul

ic
 c

on
du

ct
iv

ity
 (

m
 S

-1
) 

3 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 
 

A2 

NS 
NS 

NS 

NS 

0.0000

0.0001

0.0002

0.0003

Aug.
1994

Aug.
1995

Nov.
1995

Aug.
1996

Oct.
1996

H
yd

ra
ul

ic
 c

on
du

ct
iv

ity
 (

m
 S

-1
) 

3 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 
 

A-B 

NS 

NS NS 

NS 
0.0000

0.0001

0.0002

0.0003

Aug.
1994

Aug.
1995

Nov.
1995

Aug.
1996

Oct.
1996

H
yd

ra
ul

ic
 c

on
du

ct
iv

ity
 (

m
 S

-1
) 

3 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 10-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 
 

B 



58 

 
 

 

 

A, A1: n=5, r=0.97*** 

A-B: n=5, r=0.64 

B: n=4, r=0.27 

***: P<0.01 

●: A, A1,  ○: A2, : A-B, □: B  

  

Fig. 3. 8.  
Relationship between aggregation index and hydraulic conductivity. 

 
 
 
 

 

 

A, A1: n=5, r=0.98*** 

A-B: n=5, r=0.39 

B: n=4, r=0.14 

***: P<0.01 

●: A, A1,  ○: A2, : A-B, □: B  

  

Fig. 3. 9.  
Relationship between percent aggregate and hydraulic conductivity. 
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-6.2kPa≤ 
A, A1: n=5, r=0.74 

A-B: n=5, r=0.83* 

B: n=5, r=0.83* 

*: P<0.1 

 

<-6.2kPa 
A, A1: n=5, r=-0.85* 

A-B: n=5, r=-0.84* 

B: n=5, r=-0.58 

*: P<0.1 

 

Total porosity 
A, A1: n=5, r=0.62 

A-B: n=5, r=0.76 

B: n=5, r=0.85* 

*: P<0.1 

●: A, A1,  ○: A2, : A-B, □: B  

  

Fig. 3. 10.  
Relationship between porosity and hydraulic conductivity. 
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3. 4  

A A1

A-B

B

A A1
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4  

 

4. 1  

3 ― 1 3

A A1 6.2 kPa

6.2 kPa

A A1

A A1

 

3

1982 1997

1982 1997

1998

1973 1982

2002

2005

30 60 cm
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2000 Cosentino et al. 2006 Zaher and Caron 2007 1987 1988

2

Panabokke and Quirk 1956

Bresson and Cadot 1992 1995

1981

1982

 

 

4. 2  

4. 2. 1

1996 1,018 m

28 SW 1,020 m 34 W

16.6 m 23.7 cm 1,019

/ha 5.3 m

8.8 cm 1,990 /ha 10 m

14.7 m

34.6 cm 332 /ha 14.5 m
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21.6 cm 241 /ha 10 m

BD A 16 cm

17 cm A  

 

4 .2. 2  

A0

A 0 5 cm 5.6 4.75

4.0 3.35 2.8 mm Retsch AS200 BASIC

30 5.6 mm 4.75 mm 4.75 mm 4.0 mm 3.35 mm

2.8 mm 20

1 Table 

4. 1 5 mm

4.75 5.6 mm 4 mm 4.0 4.75mm 3 mm 2.8 3.35 mm

H B  

 

 

Table 4. 1.  
Size and mass of aggregate samples. 

 

Aggregate samples Size (mm) Mass (g) 

 H3 2.80-3.35 0.014-0.034 

Japanese cypress site H4 4.00-4.75 0.035-0.075 

 H5 4.75-5.60 0.070-0.110 

 B3 2.80-3.35 0.014-0.034 

Broad leaves site B4 4.00-4.75 0.043-0.083 

 B5 4.75-5.60 0.085-0.125 
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4. 2. 3  

11.3 cm 4.0 cm DIK-1506

1 mm No. 1 80 150 mesh

2 cm 295.7 g No. 1

1

3 mm 30 4 mm 5 mm 20

W39 cm D26 cm H6.5 cm 6

30 75% 14

D DW

W 3 D

DW 1 2 4 6 8 10 12

1 1 3 mm

60 μL 4 mm 5 mm 80 μL

20 μL 0.5 mL 00-NS-S

00-NSTP

W 1 cm

DW  

3 mm 4 mm 5 mm 3

D DW W 2 3

3 18 6 D

7 DW W 120



66 

H3D

3 mm  

 

4. 2. 4  

DW W 2 1

12 3 mm

30 4 mm 5 mm 20 3 110

24 3

14 1

18  

 

4. 2. 5  

14 35

18

5 5 90 5 mm

4.75 4.0 2.0 1.0 mm 4 mm 4.0 2.0 1.0 

mm 3 mm 2.8 2.0 1.0 mm

1.0 mm

 

 

4. 2. 6  

4.75 mm

4.0 mm 2.8 mm 2.0 mm 1.0 mm 1.0 mm

1.0 mm 5 mm 4 mm 3 mm
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4.75 4.0 2.8 mm

100

5 mm 4.75 mm 5 mm 4 mm 4.0 mm

4 mm 3 mm 2.8 mm 3 mm

D

DW W

5 mm

4 mm 3 mm D Dunnett

Dunnett

1997  

van Bavel 1949 2 3

D

Dunnett

5 mm 4.75 5.6 mm 5.18 mm 4 mm 4.0 4.75 mm 4.38 mm

3 mm 2.8 3.35 mm 3.08 mm  

5 mm 0.85 mm 4 mm

0.75 mm 3 mm 0.55 mm
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Dunnett

 

5 mm 4 mm

3 mm t  

 

4. 2. 7

CN MT-500

2.0 mm

 

 

4. 3  

4. 3. 1  

Fig. 4. 1 4. 2 D

0.0531 0.0626 kg kg-1 0.0472 0.0552 kg kg-1

D

DW

0.0671 0.0943 kg kg-1 0.413 0.450 kg kg-1

0.0514 0.0639 kg kg-1 0.303 0.367 kg kg-1

DW
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W

0.557 0.684 kg kg-1 0.664 0.687 kg kg-1

0.501 0.586 kg kg-1 0.462 0.616 kg kg-1

D W

DW
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Fig. 4. 1.  
Moisture contents of aggregate samples (Japanese 
cypress site). 
Bars indicate standard deviation. 
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Fig. 4. 2.  
Moisture contents of aggregate samples (Broad leaf site). 
Bars indicate standard deviation. 
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4. 3. 2  

3 mm 4 mm 5 mm

Dunnett Fig. 4. 3 4. 5

5 3 mm Fig. 4. 

3 H3D 95.4 H3DW 83.8 H3W 96.9

H3DW Dunnett H3D H3DW

1 H3W

B3D 94.9 B3DW 85.3 B3W 91.2 B3DW

Dunnett B3D B3DW 1

B3W

H3DW B3DW  

4 mm Fig. 4. 4 H4D 69.8 H4DW 54.6

H4W 74.2 H4DW Dunnett H4D

H4DW 1 H4W

B4D 61.7 B4DW 48.7 B4W 65.6 B4DW

Dunnett B4D B4DW 1

B4W

4 mm 3 mm 5 mm

H4DW B4DW

 

5 mm Fig. 4. 5 H5D 84.2 H5DW 80.1

H5W 86.7 H5DW Dunnett

H5D H5DW H5W
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B5D 87.3 B5DW 85.3 B5W 89.2 B5DW

Dunnett B5D B5DW B5W

 

 
 

Fig. 4. 3. 3mm  
Percent of 3-mm (>2.8 mm) aggregates retained. 
Bars indicate standard deviation. 
**: P<0.01, NS: Not significant (Dunnett’s multiple 
comparison post hoc test). 

 

 
 

Fig. 4. 4. 4mm  
Percent of 4-mm (>4.0 mm) aggregates retained. 
Bars indicate standard deviation. 
**: P<0.01, NS: Not significant (Dunnett’s multiple 
comparison post hoc test). 
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Fig. 4. 5. 5mm  
Percent of 5-mm (>4.75 mm) aggregates retained. 
Bars indicate standard deviation. 
NS: Not significant (Dunnett’s multiple comparison post 
hoc test). 
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mm B4DW 3.62 mm B4W 3.88 mm B4DW Dunnett

B4D B4DW 1 B4W

 

5 mm Fig. 4. 8

5.18 mm

0.12 0.25 mm H5D

5.02 mm H5DW 4.93 mm H5W 5.03 mm H5DW

Dunnett H5D H5DW 1 H5W

B5D 5.06 mm B5DW 4.97 mm

B5W 5.06 mm B5DW Dunnett B5D

B5DW 5 B5W

 

 

 
 

Fig. 4. 6. 3mm  
Mean weight diameter of 3-mm aggregate samples. 
Bars indicate standard deviation. 
**: P<0.01, NS: Not significant (Dunnett’s multiple 
comparison post hoc test). 
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Fig. 4. 7. 4mm  
Mean weight diameter of 4-mm aggregate samples. 
Bars indicate standard deviation. 
**: P<0.01, NS: Not significant (Dunnett’s multiple 
comparison post hoc test). 

 

 
 

Fig. 4. 8. 5mm  
Mean weight diameter of 5-mm aggregate samples. 
Bars indicate standard deviation. 
**: P<0.01, *: P<0.05, NS: Not significant (Dunnett’s 
multiple comparison post hoc test). 
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3 mm W H3W B3W 4 mm D H4D

B4D 5  

 

4. 3. 3  

Table 4. 2 61.54

65.10 g kg1 47.48 52.61 g kg1

5.39 5.67 g kg-1 2.99 3.77 g kg-1

CN 11.0 11.5 13.3

17.6

CN  

 

Table 4. 2.  
Total carbon and total nitrogen of aggregate samples. 

 

Aggregate samples Total carbon (g kg-1) Total nitrogen (g kg-1) C/N ratio 

 H3 61.54 5.62 11.0 

Japanese cypress site H4 65.10 5.67 11.5 

 H5 61.85 5.39 11.5 

 B3 48.64 3.67 13.3 

Broad leaves site B4 52.61 2.99 17.6 

 B5 47.48 3.45 13.8 
 

 

4. 4  

3 mm 4 mm 5 mm 100 Fig. 4. 3

4. 5

Fig. 4. 6 4. 8
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D DW W

DW W

3

DW Dunnett 3 mm 4 mm

D DW 1

3 mm 4 mm

DW D

DW

Fig. 4. 1 4. 2 3 mm 0.0539 0.0675 kg 

kg-1 4 mm 0.0514 0.0943 kg kg-1

DW

 

5 mm Dunnett

D DW

Dunnett D DW

1 5

5 mm 3 mm 4 mm
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2010 Chan 

and Mullins 1994

Table 4. 2

4 mm 5 mm

5 mm 3 mm 4 mm

Fig. 4. 1 4. 2 5 mm 0.0639

0.0671 kg kg-1 3 mm 0.0539 0.0675 kg kg-1 4 mm 0.0514

0.0943 kg kg-1

Panabokke and Quirk 1956 Chan and Mullins 1994

r (4/3)πr3 4πr2

1975 2000
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Fig. 4. 3 4. 4
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Fig. 4. 5 4 mm
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Summary 

 

Changes in the physical properties of forest soil 

 due to aggregate destruction after forest cutting. 

 

Hiroshi ONO 

 

Soil structures known as aggregates develop in the surface soil of forests that are properly 

managed. Forest soils with well-developed aggregates are rich in pores and, thus, exhibit high 

infiltration capacity, permeability and moisture retention. Such hydrological properties of forest soil 

significantly affect the public benefit function (which includes water conservation) of forests. 

However, several reports have indicated that the physical properties of soil change after forest 

cutting and that such changes are due to the disturbance of soil during harvesting operations or the 

destruction of aggregates resulting from changes in the soil environment after clearcutting. In this 

study, I conducted soil surveys and laboratory experiments to quantify and identify the mechanism 

involved in the destruction of aggregates after forest cutting and the changes in physical properties 

of soil resulting from the destruction of aggregates. 

 

First, I examined methods for quantitatively evaluating degree of aggregate development with 

reference to previous research. Next, I measured the physical properties of soil samples collected 

from Japanese cypress (Chamaecyparis obtusa Endl.) stands and former (i.e. clearcut) Japanese 

cypress stands and quantitatively assessed aggregate development using an aggregation index. 

Aggregation index score was high for soils with crumb or granular structure and low for soils with 

blocky structure, single-grain, or no apparent structure. I observed positive correlations between 

aggregation index score and number of large pores (≥-6.2 kPa) and between number of large pores 
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and saturated hydraulic conductivity. It was thus demonstrated quantitatively that aggregate 

development was accompanied by increases in number of large pores and permeability. The 

relationship between degree of aggregate development and the physical properties of forest soil can 

be expressed by a single quantitatively determined value, the aggregation index score. In other 

words, I was able to identify a consistent relationship between degree of aggregate development 

and other physical properties. Based thereupon, it was confirmed that the aggregation index score is 

an effective quantitative measure of degree of aggregate development. 

 

Next, I examined the relationship between destruction of aggregate structure after clearcutting and 

changes in soil physical properties such as pore size distribution and permeability. Soil samples 

were collected from a clearcut Japanese cypress (Chamaecyparis obtusa Endl.) stand 1-3 years 

after clearcutting. Soil physical properties were measured and water-stable aggregates analyzed by 

the wet-sieving method. It was found that, after clearcutting, the soil structure of A or A1 horizons 

changed. Specifically, it was found that aggregate diameter decreased, indicating a destruction of 

aggregate structure. This change in aggregate size distribution was accompanied by a change in soil 

pore size distribution, i.e. a decrease in large pores and increase in fine pores, which resulted in a 

reduction of permeability. In A-B horizons, although I observed changes in soil structure, pore size 

distribution and permeability remained unchanged. In B horizons, I observed no change in soil 

structure, pore size distribution and permeability. In conclusion, it was found that changes in soil 

pore composition and permeability after clearcutting were closely related to changes in soil 

structure and destruction of aggregates only in the near-surface A and A1 horizons. Furthermore, in 

A and A1 horizons, nutty (subangular blocky) structure appeared after clearcutting, indicating that 

drying of the surface soil had occurred in clearcut areas. In Japan, which has a temperate humid 

climate, periods of precipitation usually occur at regular intervals. Thus, it is likely that the surface 

soil of clearcut areas repeatedly undergo intense drying and wetting cycles and, consequently, that 
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aggregate destruction occurs as a result of slaking. 

 

Next, I conducted aggregate incubation experiments to clarify changes in aggregation resulting 

from repeated drying and wetting cycles. 3-, 4-, and 5-mm soil aggregate samples were collected 

from the A horizons of a Japanese cypress (Chamaecyparis obtusa Endl) stand and a broad leaf 

stand.  The samples were incubated for 14 d under three different moisture regimes: dry, repeated 

drying-wetting cycle, and continuously wet. The 3- and 4-mm aggregate samples from both stands 

subjected to repeated drying-wetting cycles were easily dispersed by slaking, whereas similarly 

treated 5-mm aggregates were not as readily dispersed. Degree of aggregate dispersion varied by 

aggregate size, with larger aggregates being less readily dispersed than smaller aggregates. 

Moreover, there was no clear difference in degree of aggregate dispersion between samples from 

the two stands. Aggregate dispersion was not observed in aggregates incubated under wet 

conditions. 

 

Based on the results above, I believe that the decrease in aggregate size observed in clearcut areas 

is at least partially due to aggregate destruction caused by slaking. Furthermore, I suggest that 

retention of understory vegetation and the A0 layer after clearcutting will reduce the rapid wetting 

and intense drying of surface soil, which in turn will reduce slaking, and also prevent aggregate 

destruction due to splash impact. Thus, I believe that the retention of understory vegetation and A0 

layer is important to the preservation of the soil after clearcutting. 
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Photo. 1.  

Cypress stand. 

Photo. 2. 93 1994 8  

Clearcut area (1993). Aug. 1994 photo shoot. 

  

  

Photo. 3. 93 1995 10  

Clearcut area (1993). Oct. 1995 photo shoot. 

Photo. 4. 93 1996 5  

Clearcut area (1993). May 1996 photo shoot. 

  

  

Photo. 5. 1996 6  

Panoramic view of Clearcut areas. Jun. 1996 photo shoot. 

Photo. 6. 1996 9  

Panoramic view of Clearcut areas. Oct. 1996 photo shoot. 
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Photo. 7. A 

Soil profile A of cypress stand. 

Photo. 8. B 

Soil profile B of cypress stand. 

  

  
Photo. 9. 93 A  

Soil profile A of clearcut area (1993). 

Photo. 10. 93 B 

Soil profile B of clearcut area (1993). 

  

  
Photo. 11. 92 A 

Soil profile A of clearcut area (1992). 

Photo. 12. 92 B 

Soil profile B of clearcut area (1992). 
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Photo. 13. 91 A 

Soil profile A of clearcut area (1991). 

Photo. 14. 91 B 

Soil profile B of clearcut area (1991). 

  

  
Photo. 15. 90 A 

Soil profile A of clearcut area (1990). 

Photo. 16. 90 B 

Soil profile B of clearcut area (1990). 
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Photo. 17. 1994 8  

Soil profile (Aug. 1994). 

Photo. 18. 1995 8  

Soil profile (Aug. 1995). 

  

  
Photo. 19. 1995 11  

Soil profile (Nov. 1995). 

Photo. 20. 1996 8  

Soil profile (Aug. 1996). 

  

 

 

Photo. 21. 1996 10  

Soil profile (Oct. 1996). 
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Photo. 22.  

Japanese cypress site. 

Photo. 23.  

Japanese cypress site. 

  

  

Photo. 24.  

Broad leaves site. 

Photo. 25.  

Broad leaves site. 

  

  

Photo. 26.  

Incubation samples. 

Photo. 27.  

Incubation samples. 

 


