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Fig. 1 Distribution of the soil profile for soil sampling in the studied slope
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Table 1 Statistics of macro-porosity and total porosity in soil profiles relative to position on the slope (%)

BTt Berp W
The top The middle The bottom
RALBREE  RALBUE LEAE RALBE  BALBUE e KALBE  BALBUE o 1B
Profile depth . . .
(em) Macro Total Ratio Macro Total Ratio Macro Total Ratio
cm
porosity  porosity (%) porosity porosity (%) porosity porosity (%)
0~3 39.23 45.31 86.58 37.30 40.87 91.26 35.65 42.81 83.27
3~6 38.90 43.30 89.84 35.00 40.36 86.72 35.98 39.89 90.20
6~9 35.10 42.13 83.31 37.56 39.85 94.25 36.49 38.19 95.55
9~12 35.85 41.29 86.82 35.98 39.34 91.46 33.18 36.98 89.72
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The top The middle The bottom
RALBE BALBUE B IALBE BALBUE o AE KRALBUE  BALBUE HofE
Profile depth

(em) Macro Total Ratio Macro Total Ratio Macro Total Ratio
porosity  porosity (%) porosity porosity (%) porosity porosity (%)

12~15 36.56 40.65 89.94 37.25 38.83 95.93 31.32 36.05 86.88
15~18 36.44 40.12 90.83 33.36 38.32 87.06 33.73 35.28 95.61
18 ~21 35.38 39.67 89.19 34.44 37.81 91.09 30.83 34.63 89.03
21~24 34.79 39.28 88.57 32.20 37.30 86.33 28.56 34.07 83.83
24 ~27 35.50 38.94 91.17 34.69 36.79 94.29 32.15 33.58 95.74
27~30 32.97 38.64 85.33 35.33 36.28 97.38 29.16 33.13 88.02
30~33 33.67 38.36 87.77 35.05 35.77 97.99 28.22 32.73 86.22
33~36 33.92 38.11 89.01 35.20 35.26 99.83 27.09 32.37 83.69
36 ~39 34.55 37.88 91.21 32.66 34.75 93.99 30.57 32.03 95.44
39~42 34.32 37.66 91.13 34.07 34.24 99.50 30.26 31.72 95.40
42 ~45 33.30 37.46 88.89 33.71 33.73 99.94 29.34 31.43 93.35
45 ~48 34.20 37.27 91.76 31.11 33.22 93.65 28.37 31.16 91.05
48 ~51 33.11 37.10 89.25 29.26 32.71 89.45 30.01 30.91 97.09
51~54 34.63 36.93 93.77 29.48 32.20 91.55 30.42 30.67 99.18
54~57 34.64 36.78 94.18 30.49 31.69 96.21 29.70 30.44 97.57
57 ~60 34.63 36.63 94.54 31.12 31.18 99.81 30.02 30.22 99.34
60 ~ 63 34.06 36.48 93.37 29.08 30.67 94.82 28.27 30.02 94.17
63 ~ 66 35.36 36.35 97.28 29.84 30.16 98.94 29.43 29.82 98.69
66 ~ 69 36.10 36.22 99.67 29.00 29.65 97.81 25.95 29.64 87.55
2 Mean 35.10 38.81 90.82 35.18 35.26 94.32 30.64 33.38 92.03
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Fig. 2 Variation trend of macro porosity anomaly in soil profiles with depth in the profile
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Table 2 Proportion of macro-pores of equivalent diameter in number in the soil profile relative to position of the profile on

slopes (% )

| 1 T KFLBR S H AR A QUL (il Proportion of classes of macro-pores of equivalent diameter ( mm ) in number
Profile depth W T The top 3 " The middle 3 )i The bottom

(em) 1~3  3~5 5~7  >7 1~3  3~5 5~7  >7 1~3  3~5 5~7  >7
0~3 66.67 18.18 3.03 12.12 76.47 9.80 3.92 9.80 73.58 13.21 5.66 7.55
3~6 78.79 9.09 0.00 12.12 81.33 9.33 2.67 6.67 65.71 17.14 0.00 17.14
6~9 73.33 6.67 0.00 20.00 81.33 9.33 2.67 6.67 78.95 7.89 5.26 7.89
9~12 73.08 13.46 5.77 7.69 77.03 13.51 2.70 6.76 76.09 4.35 2.17 17.39
12~15 66.07 17.86 7.14 8.93 80.56 12.50 1.39 5.56 73.33 8.89 2.22 15.56
15~18 68.18 15.91 4.55 11.36 85.33 9.33 1.33 4.00 70.45 9.09 0.00 20.45
18 ~21 68.29 19.51 4.88 7.32 84.31 9.80 0.00 5.88 75.38 12.31 3.08 9.23
21 ~24 63.27 24.49 2.04 10.20 79.03 12.90 1.61 6.45 69.23 21.54 4.62 4.62
24 ~27 74.29 8.57 2.86 14.29 78.79 13.64 1.52 6.06 79.25 9.43 1.89 9.43
27 ~30 73.53 11.76 0.00 14.71 76.92 13.46 0.00 9.62 61.70 23.40 4.26 10.64
30~33 64.10 15.38 2.56 17.95 68.57 11.43 10.00 10.00 56.25 12.50 0.00 31.25
33~36 73.81 7.14 7.14 11.90 78.72 8.51 0.00 12.77 68.42 5.26 0.00 26.32
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1 i YR KALBREE R A4S FHA BBl Proportion of classes of macro-pores of equivalent diameter ( mm ) in number
Profile depth Y Wi The top Y The middle K The bottom
(em) 1~3 3~5 5~17 >7 1~3 3~5 5~7 >7 1~3 3~5 5~17 >7
36 ~39 71.43 11.43 8.57 8.57 81.48 7.41 1.85 9.26 80.00 6.67 0.00 13.33
39 ~42 76.92 5.77 5.77 11.54 67.39 10.87 2.17 19.57 72.73 11.36 4.55 11.36
42 ~ 45 73.68 10.53 3.51 12.28 82.00 6.00 4.00 8.00 75.71 14.29 2.86 7.14
45~ 48 70.18 7.02 12.28 10.53 57.14 19.05 4.76 19.05 71.79 7.69 5.13 15.38
48 ~ 51 71.70 13.21 5.66 9.43 62.50 16.67 0.00 20.83 67.31 11.54 5.77 15.38
51~54 75.81 11.29 4.84 8.06 59.09 13.64 4.55 22.73 59.52 14.29 7.14 19.05
54 ~57 70.00 14.00 2.00 14.00 46.67 6.67 6.67 40.00 68.00 18.00 4.00 10.00
57~ 60 67.57 13.51 5.41 13.51 50.00 14.29 0.00 35.71 72.73 11.36 0.00 15.91
60 ~ 63 60.61 12.12 3.03 24.24 88.41 8.70 0.00 2.90 68.09 17.02 0.00 14.89
63 ~ 66 73.21 8.93 5.36 12.50 69.44 8.33 0.00 22.22 69.70 6.06 6.06 18.18
66 ~ 69 68.75 14.58 4.17 12.50 80.56 9.72 1.39 8.33 50.00 13.64 9.09 27.27
- Mean 70.58 12.63 4.37 12.42 73.61 11.08 2.31 12.99 69.74 12.04 3.21 15.02
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Fig. 3 Variation trend of the ratio of macro-pores / total pores in number with depth in the profile ( % )
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Table 3 Statistics of circular of macro-pores in soil profile relative to position of the profile on the slope

R jt?L[ﬁ!'iﬁ?[ﬁl% .
Macro-pore circularity
Profile depth(cm) I e RS
The top The middle The bottom

0~3 0.20 0.44 0.46
3~6 0.46 0.43 0.14
6~9 0.07 0.07 0.40
9~12 0.09 0.27 0.05
12~15 0.11 0.14 0.10
15~18 0.14 0.38 0.27
18 ~21 0.17 0.36 0.32
21~24 0.06 0.19 0.04
24 ~27 0.08 0.31 0.17
27~30 0.21 0.38 0.40
30~33 0.09 0.35 0.05
33~36 0.44 0.12 0.07
36 ~39 0.04 0.22 0.28
39~42 0.16 0.27 0.30
42 ~45 0.14 0.07 0.20
45~ 48 0.04 0.25 0.03
48 ~51 0.05 0.05 0.21
51~54 0.07 0.08 0.29
54 ~57 0.05 0.21 0.38
57 ~ 60 0.13 0.08 0.06
60 ~ 63 0.11 0.07 0.33
63 ~ 66 0.04 0.05 0.40
66 ~ 69 0.04 0.44 0.03
- #{HMean 0.13 0.23 0.22
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Table 4 Correlation between macro-porosity and paticle size composition relative to position of the profile on the slope

HuF AL ik A By g A Bk

Geomorphic sites Coarse sand Fine sand Silt Clay
5 T The top 0.874" -0.689" -0.827"
Y H The middle 0.843" -0.865" -0.840"
Wi The bottom 0.776" -0.017 -0.685" -0.238

e **FRLE0.0LKF (XU ) I B A JeNote: **indicates significant correlation significant at the 0.01 level ( bilateral )
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Spatial Distribution of Macro-pore Properties in Soil Profile on a Slope of
Weathering Granite

ZHANG Liping CHEN Ruzhang WU Yanhong DENG Longzhou

( Institute of Soil and Water Resource and Environment Sciences, College of Environment and Resource Sciences, Zhejiang

University, Zhejiang Provincial Kay Laboratory of Agricultural Resources and Environment, Hangzhou 310058, China )

Abstract [ Objective ] Strong soil erosion affects profoundly soil porosity of slope lands. On
slopes the same in parent material but different in erosion intensity, soil pore properties in soil profile
vary sharply. This study was oriented to explore spatial distribution pattern of macro-pore properties in
soil profile relative to landform positions and soil erosion intensity, a slope of weathered granite under
erosion in Shengzhou, Zhejiang Province was taken as the study area. [ Method ] This study in oriented
to characterize macro-pore in soil profiles at different landform positions on the slope, with the help of
the Shengzhou Soil and Water Conservation Monitoring Station. Along the slope where the station sits,
three typical sites, different in erosion intensity, were selected separately, at the top, middle and bottom.
A soil profile or soil column, 70 cm in length, was sampled at each site using PVC pipes with known inner
diameter. The columns were then CT- scanned layer by layer with high intensity and their CT images were
interpreted with the ArcGIS10.1 image processing technology for analysis of macro-pore distribution and
its influencing factors. The pore characteristics indices studied include macro-porosity proportion of macro-
porosity to total porosity, anomaly of macro-porosity, circularity of macro-pores, proportion of different
classes of macro-pores of equivalent diameter in number, and ratio of macro-pores to total pores. [ Result ]
The following conclusions were drawn from the analysis and calculation: (1) Macro-pores dominated all
the three soil profiles, and pores between 1 ~ 3 mm in diameter were the highest in proportion and pores

e between 5~ 7 mm were the lowest. In terms of number of macro-pores, the three typical soil profiles
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exhibited a decreasing order of the one at the middle > the one at the bottom > the one on the top; in the soil
profiles on the top and at the middle of the slope, the proportion of macro-pores number is comparatively
small. (2) The difference between macro-porosity and total porosity was very small in all the three soil
profiles and decreased with soil depth. The soil layer with macro-porosity higher than the average was
distributed mainly in the upper part of the profiles between 0 cm and 30 cm. The difference between soil
layers was not obvious and never exceeded 10%, but the deep in the soil profile, the greater the difference.
(3 ) Circularity of macro-pores was a factor affecting the relationship between macro-porosity and total
porosity, while the higher the content of clay and silt, the higher the circularity. (4 ) The proportion of
coarse sand was the highest in all the three profiles, amounting to 50% or more, while the proportion
of clay the lowest, being no more than 12%. Correlation of macro- porosity with soil particle size was
analyzed with SPSS 20.0, revealing that soil macro-porosity was significantly and positively related to
content of coarse sand, but negatively to content of clay and silt. The finer the soil particles, the greater the
total porosity and the smaller the proportion of macro-pores. [ Conclusion ] In a word, severe soil erosion
alters the characteristics of soil structure, being porous in the upper and layer and compact in the lower
layer. Affected by erosion, the soil profiles are dominated with macro-pores, poor in pore structure. The
distribution of macro-pores in the soil profiles is obviously affected by the intensity of erosion. The more
serious the erosion, the higher the proportion of macro-pores and the more serious the phenomenon of
soil water and nutrient loss. All the findings in this study provide a train of thought for evaluation of soil
evolution under erosion and contents of the research on soil evolution.

Key words Eroded slope; Soil profile; Macro-pore; CT scanning; Threshold controlling
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