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Effects of harvesting on spatial heterogeneity of soil moisture in secondary

forests of Maoershan region
GU Jia-Cun', WANG Zheng-Quan'", HAN You-Zhi"*, WANG Xiang-Rong', MEI Li' (1. School of Forestry,

Northeast Forestry University, Harbin 150040, China; 2.School of Forestry, Shanxi Agriculture University, Taigu 030801, China). Acta
Ecologica Sinica,2005,25(8) :2001~2009.

Abstract: The spatial and temporal variability in soil moisture is affected by a variety of factors, such as topography. climate,
vegetation, soil properties, etc. Harvesting is one of important sources resulting in spatial heterogeneity in soil moisture.
However, effects of harvesting on spatial heterogeneity in soil moisture were not clear. Here, we used geostatistics approach to
quantify spatial heterogeneity in soil moisture caused by harvesting. Our objectives were to (1) examine how harvesting
affected variation of soil moisture; (2) quantify effects of harvesting on spatial heterogeneity and spatial pattern in soil
moisture, and (3) test whether the variations were related to harvesting intensity.

This research was conducted in the secondary forests at the Maoershan Forest Research Station (45°21’ ~45°25'N, 127°30
~127°34'E) of Northeast Forestry University. In May 2001, three 50m X 50m plots with similar stand structure were treated,
i.e., Treatment A (control), Treatment B (randomly harvesting 50% of basal area), and Treatment C (clear cutting). There
was 10m buffer zone on each side of the plots. There were 160, 154, and 154 sampling points in Treatment A, B, and C,

respectively. We divided each plot into 100 grids at 4m intervals, randomly selected two subplots (8m X 8m) in each plot, and
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took soil samples diagonally in the plots and subplots. This protocol ensured the interval distance to range from 0. 5m to 56m.
At each sampling point. topsoil (3~5cm) samples were taken for gravimetric water content determination on May 22 and
August 28 in 2002-year, June 1 and August 26 in 2003-year. Semivariogram and ordinary block kriging were applied for
analyses of spatial pattern and heterogeneity in soil moisture.

Harvesting decreased obviously topsoil moisture n situ, with treatment C driest and treatment A wettest. Both treatment
and sampling date had a significantly (p<C0. 01) effect on soil moisture except for plot A and B in August 2002. Semivariogram
analysis demonstrated that harvesting modified spatial heterogeneity in soil moisture. Our two years (total four times) research
indicated that, harvesting decreased the means of nugget and sill. Means of structural ratio (C/C,+C) declined with increasing
the harvesting intensity. However, range was not related to harvesting intensity. In the first year following harvesting, ranges
in the spring were less than those in the summer both in treatment B and C. In the second year, ranges in the spring were still
less in treatment C but greater in treatment B. Spatial heterogeneity in soil moisture was mainly caused by spatial
autocorrelation (>>50% ) in all plots. However, harvesting tended to decrease the structural variance ratio. Comparing spatial
patterns in topsoil moisture among three plots, harvesting changed their spatial patterns. In a forest ecosystem with strong
spatial pattern, harvesting tended to reduce its pattern strength and have a larger impact on topsoil moisture in spring than in
summer. We also found that harvesting resulted in spatial patchiness more fragmented in spring and homogenized the spatial
distribution of topsoil moisture in summer.

Key words :soil moisture; spatial heterogeneity; harvesting; geostatistics; secondary forests
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Fig. 1 Diagram of point locations sampled in the three sites. a for plot A (control), b for plot B (cut 50%) and plot C (cut 100% ), x and

v axes express plot boundary, the unit of length is meter
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Table 1 Descriptive statistic results of topsoil (3~5cm) moisture (%) in three plot

Sampling time Mean Variance Minimum Maximum CV (%) Sample size
A Plot A (Control)
2002 5 22 May 22 2002 57.70 59.98 36. 35 80. 68 13.42 160
2002 8 28 August 28 2002 55. 30 76.78 19.56 84. 31 15. 84 160
2003 6 01 June 01 2003 62. 14 35. 54 36. 48 76.19 9.59 160
2003 8 26 August 26 2003 56.08 45. 31 36. 88 75. 00 12.00 160
Mean 57.81 54. 40 31.98 79. 04 12.71
B Plot B (Cut 50%)
2002 5 22 May 22 2002 59.68 31.79 48. 29 73. 46 9.45 154
2002 8 28 August 28 2002 54. 88 21.22 43. 67 65. 31 8. 39 154
2003 6 01 June 01 2003 54. 26 77.21 20. 00 75.81 16.19 154
2003 8 26 August 26 2003 51.52 18. 33 42.18 64.15 8. 31 154
Mean 55.08 31. 14 38.53 69. 68 10.58
C Plot C (Cut 100%)
2002 5 22 May 22 2002 49.59 23.89 33.96 61.67 9. 85 154
2002 8 28 August 28 2002 48. 44 31.49 32.91 67.39 11.58 154
2003 6 01 June 01 2003 57. 88 97. 24 29.17 79. 31 17. 24 154
2003 8 26 August 26 2003 49. 83 23.37 34. 24 66. 29 9.70 154
Mean 51.43 43.99 32.57 68. 66 12.09
2.2
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Fig. 2 Semivariograms for topsoil (3~5cm) moisture in three plots
a; ~as by ~byci~cy A( ). B( 50%).,C( ) indicate the

semivariograms for topsoil (3~5cm) moisture in plots A (control),B(cut 50%) and C(cut 100% )respectively at different sampling time
1~4 2002 . 2003 N Number 1~4 represent the season spring and summer of 2002 year and same as
2003 year
2

Table 2 Parameters of semivariogram for topsoil (3~5cm) moisture in three plots

Plot Date Model Nugget (Cy) SillC+Co) Range(a) ProportionC/(C+Cp) R?

A 2002-05-22 Sph 18. 60 62.12 8. 00 0.70 0. 82
Plot A 2002-08-28 Sph 27. 40 79.12 4. 00 0. 65 0.57
(control) 2003-06-01 Sph 7.70 53.19 25. 20 0. 86 0.91
2003-08-26 Sph 13.70 56. 37 17. 80 0.76 0.93

Mean 16. 85 62.79 13.75 0.74
B 0220-05-22 Sph 9. 64 35.77 8. 00 0.73 0.91
Plot B 2002-08-28 Sph 10. 50 22.00 14.56 0.52 0.77
(cut 50%) 2003-06-01 Sph 21. 60 78.50 23. 80 0.73 0.71
2003-08-26 Sph 4. 56 14. 34 15. 48 0. 68 0.90

Mean 11.57 37. 65 15.46 0. 66
C 2002-05-22 Sph 7.52 24. 05 9.50 0. 69 0.95
Plot C 2002-08-28 Sph 14.97 34.02 13.50 0.56 0. 86
(cut 100%) 2003-06-01 Sph 25.90 112. 80 10. 38 0.77 0. 88
2003-08-26 Sph 13. 44 26. 89 19. 20 0. 50 0.74

Mean 15. 45 49. 44 13.15 0.63

C:. structural variance; Sph: spherical model
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Fig. 3 Spatial patterns for topsoil (3~5cm) moisture in three plots
a>>65b>60c>55d>50e>45{>40 g<<40;x v (m);a;~as.by~b,.ci~cy A( ). B(
50%).C( ) ; 1~4 2002 . 2003 . a,b,c.d,e,f,g indicate different

levels of soil moisture percent,x and y axes express plot boundary,the unit of length is meter; a;~ays.b;~b,.c;~cy indicate the kriging
maps for soil surface moisture in plots A (control),B(cut 50%) and C(cut 100%) at different sampling time. Number 1~4 represent the

season spring and summer of 2002 year and same as 2003 year
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