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Abstract: The dfects of grazing, litter collection and shrub clearance on il dructure and anterodi blity were invedigated in
artificid Pinus tabuladformis Carr. foreds of the Loess Hateau. Results showed that conpared with those in undisurbed il |, the
sand grain contents in 0 50 cm il with the human disurbances of increadng intendties increased separately by 11 83 %,
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37.80 % and 51. 60 %, the contents of dlt reduced separately by 8 16 %, 11. 83 %and 15. 55 %, the contents of clay decreased
separatdy by 8. 10 %, 20. 84 % and 30. 72 % ,which illudrated thet the il tended to become coarsen; corpared with the content
of water stable aggregates in undi sturbed forestland , the contents of weter stable aggregatesdf > Q 25 mm decreased separatdly by
16.59 %, 43. 12 % and 61. 13 %, the contents of water gable aggregatesdf > 1. 0 mm are separately 27. 78 % and 24. 34 % thet
o in und surbed fores land; the cortents of weter sable aggregates of 1. 0 — 0. 25 nm dedlined to an srdller extent and the
proportions of micro-aggregetes decreased separatdy by 19.39 %, 32.62 % and 33.47 %, while the proportions of micro-
aggregatesdf < 0.05 mm greatly increased with increasng disurbance intensty. The bulk weights of il increased by Q 11 —
0. 41g/c®. The total porosty decreased separately by 13.64 %, 25.47 % and 39. 14 % and the capillary paces decreased
separately by 7.79 %, 11.54 % and 29. 32 %, and the rorrcapillary gpaces decreased separady by 28.47 %, 60. 79 % and
64. 08 %. It was shown that the nonrcapillary gpace of topsoil is nmore sendtive to human digurbance. The highest il water
holding capacities decreased separately by 23.42 %, 37.15 % and 52. 92 % and the water-holding capacities by il capillary
reduced by 33.79 %, 43. 01 % and 52. 22 %; the naturd water contents dropped drown separaey by 31 03 %, 39. 34 % and
46. 28 % and the saturation noigture capacities reduced separately by 16 14 %, 28. 80 % and 49. 68 % ; the fidd water holding
capacities decreased separatey by 12. 39 %, 33. 92 % and 47. 47 %, and the content of available il water reduced separatdy by
9.55%, 20.55 % and 58.91 %. The initid irfiltration rates in the firg three minutes decreased separaedy by 38 74 %,
51.45 %, and 63. 23 % and the dahilized irfiltration rates dropped separately by 54. 06 %, 71. 63 % and 84. 10 %, 0 that the
accumu ative irfiltration in the initid three minutes were 48 15 %, 65. 93 % and 73. 35 % sgparady lower than in und surbed
foredlands. The saturated hydraulic conductivities decreased separately by 8 73 %, 33. 32 % and 51. 00 % conpared with that in
the control . The sructure codficient of il declined from 79. 12 % to 27. 32 %, the aggregetionsfell from 59. 48 % to 11. 11 %,
the d goergon retions were nore than one times higher and the d gperson codficients were nmore than four times higher. Decrease
in litter amount and organic metter in il were the mgjor reason resulting in deterioration in il physcd properties and the grazing
and tranpling followed.

Key words:Loess Hateau; Pinus tabulagformis Carr ; fores il ; physica property ; human digurbance; il degeneration
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, ( Quarcus liactungensis) ( Toxicodendron vernicifluum) ( Populus davidiana)
(Betula platyphylla) ( Acanthopanax senticasus) ( Pyrus betuladfdia) ( Ostryopsis
davidiana) (Lespedesa 9.) ( Rose xanthina) ( Rosa primula) 3% ( Cotonesster
multiflorug ( Spiraea pubescens) ( Prunus tomentcsa) (Acer ginnala) #
(Viburnum schensi anum) ('Syringa pekinensis) (Lonicera 9.) ( Euonymus alatus)

( Carex |ancedl ata) ( Thalictrum 9.) ( Phlomis umbrasa) (Rubia cordigidia)
( Epimedium brevicorum) ( Pdlygonatum cirrhifolium) ( Anemone tomentasa)
( Patrinia heterophyua) ( Periploca sspium) (Ampelopsis aconitifdia)
1.2
1.2.1 ,
' 20 60
, , 1620 1640m, 1200nt , 1992

1

Table 1 Basc conditions o sample land under different intensties o human-induced disur bance

) Fores Altitude Yope Tree height ecies
Digurbance degree ( a)age (m Agect (?,')J (m g Qoverage ? umber
None 42 45 1650 SAE3°20 38 11.1 0.85 15
Sight 43 46 1620 SWS0°30 35 10.2 0.75 13
Moderate 43 47 1640 SA\E8°30 33 9.5 0.60 10
Heawy 42 46 1660 SNE8° 35 8.2 0.50 7

22,2627
4 [ 1



3688 26

3 4 , 0.5; 11 3 , ,
2 3 0.6; : 1 2 ,
0.7; (CK) : , , , 0.85
1.2.2 : 4 5d 4]
2003 6 20 9 16 ;2004 5 25 9 23
( ) , S 10 12 (0 20cm 20
50cm) 4
[41] .,
[42] . [41]
1.2.3 (3 ) = (>0.05mm
) - (>0.05mm ) = /(> 0.05mm ) =(<
0. 05mMm )/( < 0.05mm ) = ( < 0.001mm )/(<
0. 001mm )
2
2.1
L ( 2) 1 1
(0 20cm) (1 0.05mm) (20 50cm) |, (0.05 0.001mm) ( <0.001mm)
H 1 ( >
0. 05mm) 11.83% 37.80% 51.60 %:; (0.05 0.001mm)
8.16% 11.83% 15.55 %:; ( <0.001mm) 8.10% 20.84% 30.72%
0.005 0.00Im 7.90% 20.80 %
26.17 %, , ,
2
Table 2 Soil mechanical composition under different intensities o human-induced distur bance
il particle sze(mm) digribution
Digurbance il profiles .
degree (am) Sand gt Qay Physca day
1 0.05 0.05 0.01 0.01 0.005 0.005 0.001 <0.001 <0.01
None 0 20 25.87+1.26 24.61+2.12 16.08+1.24 22.21+1.71 11.23+1.23 49.52+4.18
20 50 29.81+1.17 27.36+1.31 16.35+2.18 17.36 £1.42 9.12+0.14 42.83+3.74
Sight 0 2 28.93+1.02 25.46+2.25 15.12+1.31 20.17 £1.27 10.32£0.36 45.61+2.94
20 50 31.39+1.14 26.27+£3.98 14.21+1.12 19.21+£1. 35 8.92+0.28 30.95+2.75
Moderate 0 20 35.656+1.43 25.13+1.12 18.51+1.13 11.82+1.62 8.89+0.56 39.22+3.31
20 50 34.27+1.10 25.47+1.33 18.89+1.08 13.15+1. 34 8.22+0.32 40.26+2.74
Heavy 0 2 39.12+1.25 24.34+£2.34 17.42+1.24 11.36+£1.14 7.78+0.09 36.56 +2.47
20 50 37.25+1.42 25.62+1.19 16.94+1.31 12.18+1.13 8.02+0.10 37.14+2.54
2.2
[45 ,46]
, ( 3
,>0.25mm 16.59% 43.12% 61.13 %, > 2. 0mm

1.0 2.0mm ,>2.0mm 1.0 2.0mm
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27.78% 24.34%,1.0 0.5Mm 0.5 0.25mm

[36]
4 , , . >
0. 05mm 19.39% 32.62% 33.47 % <0.05mMm
, <0. 0lmm 1 3
, , > 1mm ,
3
Table 3 Soil water-gable aggregate content under different intensities of human-induced distur bance
(mm) (%)
Di sturbance il prfiles Water- sable aggregate contents for different particuate szes DM
degree (cm) >5.0 5.0 2.0 20 1.0 1.0 0.5 0.5 0.25 >0.25 (g/kg)
None 0 20 14.82+1.24 16.12+1.32 18.32+1.46 14.45+1.89 10.75+1.31 74.46+7.22 16.36 +1. 89
20 50 10.26+1.11 15.62+1.24 8.26+1.95 9.88+1.25 10.19+2.01 54.21+7.56 12.28+1.54
Sight 0 2 9.94+0.97 13.34+1.22 16.01+2.14 12.40+x2.01 10.86%+1.33 62.12%+7.67 15.52 £1. 62
20 50 6.64+£1.06 7.74%+0.98 8.20+1.21 8.39+0.68 9.39+£0.64 40.36%5.47 11.71+1.02
Moderate 0 2 5.24+0.98 9.85+0.79 8.41+0.83 7.62+0.92 10.23+0.64 42.35+4.16 10.34+1.34
20 50 5.46+1.45 4.36%0.87 6.21+1.14 7.51%0.81 6.24+0.57 20.78+4.84 7.63x1.12
Heavy 0 20 3.99+0.62 3.68+0.64  4.46+0.77 8.09+0.81 8.57+0.76 28.79+3.60 6.94+1.03
20 50 0.91+0.07 3.01+0.37 3.98+0.62 8.16+0.83 9.54+0.91 25.61+2.81 5.34+0.81
4
Table 4 Soil micro-aggregate composition under different intensities of human-induced distur bance
(mm) (%)
Di sturbance il prcfiles il micro-aggregate parti culate (mm) conpostion ( %)
degree (cm) 0.25 0.05 0.05 0.01 0.01 _0.005 0.005 0.001 <0.001 <0.01
None 0 2 66.32+3.38 24.58+£2.23 4.57+0.67 2.76%£0.33 2.54+0.43 9.87+1.43
20 50 51.24+2.64 32.41+2.11 8.12+0.74 6.32+0.87 1.94+£0.01 16.39%£1.62
Sight 0 2 53.46£2.17 31.91+2.37 5.81+0.55 5.97+0.52 2.85+0.31 14.63+1.38
20 50 52.72+3.88 30.56+2.01 8.23+1.68 5.21+£0.31 3.34+£0.12 16.78+2.11
Moderate 0 20 44.68 £2.31 31.34+1.89 9.31+0.83 11.28+0.64 3.49+0.24 24.08x1.71
20 50 41.23+2.34 32.13+2.67 8.96+0.42 12.14+1.83 5.14+0.16 26.24+2.41
Heavy 0 2 44.12 +2. 46 28.36+1.36 8.67+1.61 12.17+£0.71 6.78+0.33 27.62+2.65
20 50 40.89+3.02 31.47+2.18 7.62+0.37 11.52+1.44 8.52+1.51 27.66+3.32
2.3
[46 ,47]
( 5 , 0.11 0.4lg/em’ , ,
[48 49]
, ( 5
13.64% 25.47% 39.14 %, 7.79% 11.54 %
29.32 %, 28.47% 60.79% 64.08 %,

2.4
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16. 14 % 28.80 %

33.79% 43.01 %
49.68 %;
9.55 % 20.55 %

52.22 %;

5

58.91 %

31.03 %

12.39% 33.92 %

[44]

23.42 % 37.15%
46.28 %,

39.34 %
47. 47 %;

Table 5 Didribution of soil porosity under different intensties o human-induced distur bance

52.92 %;

Digurbance il prfiles Bulk dendty Total porosity Capillary porosty Norrcapillary porogty
degree (cm) (g/cm?) (%) (%) (%)
None 0 20 1.02£0.13 61.51+5.27 51.23+3.36 11.28+1.91
20 50 1.21+0.11 54.34+4.74 36.51+2.88 17.47+1.86
Sight 0 20 1.12+0.20 57.74+4.72 47.24+£2.76 12.18+1.96
20 50 1.32+0.21 50.19+3.33 34.31+2.31 14.59+ 1. 02
Moderate 0 20 1.31+0.16 50.57+3.41 45.32+1.9 8.02+1.42
20 50 1.42+0.31 46.42 +4.59 41.40+3.21 5.28+1.38
Heavy 0 20 1.51+0.29 43.78+4.65 36.21+2.64 7.74+2.01
20 50 1.53+0.64 42.26+3.14 37.58+2.12 4.21+1.02
6
Table 6 Soil moigure gatus under different intensties o human-induced distur bance( %)
Digturbance il profiles MMl Capillary Sturated Fidd Neturd Wilting Avalable
degree (cm) weter-foldng - weterfoldng water cgpacity noidure cgpacity water content  water content  water content
capacity capacity
None 0 20 87.52+3.56 40.51+2.16 53.95+1.67 33.81+2.13 26.84+1.24 14.25+1.32 19.56+1.34
20 50 76.26+3.12 37.24+2.34 46.59+2.02 30.62+2.34 24.33+1.45 13.45+1.22 17.17+1.25
Sight 0 2 68.57+£2.96 37.94+3.67 45.24+1.63 29.62+1.27 24.16+1.63 13.12+1.86 16.50%+1.36
20 50 56.23+2.31 36.51+1.94 42.72+2.12 25.58+1.64 23.42+1.22 11.52+0.87 14.06x1.71
Moderate 0 2 56.28+2.87 26.44+1.72 38.41+1.43 22.34+1.12 16.54+1.88 9.21+0.76 13.13+1.64
20 50 44.41+2.61 25.36+1.64 33.54+1.24 20.19+£1.03 15.82+1.69 7.95+1.22 12.24+1.22
Heavy 0 20 42.16+1.94 20.94+1.55 27.15+1.37 17.76+1.67 14.76+1.63 8.64+1.04 9.12+1.68
20 50 41.52+2.01  18.26+1.21 25.68+1.62 15.49+1.02 12.63+1.47 6.62+0.34 8.87+0.98
2.5
[43 45] 7
(0 20cm) ,
3mn 38.74% 51.45% 63.23 %; 54.06% 71.63% 84.10%,
30min 48.15% 65.93% 73.35%
8.73% 33.33% 51.00%
14. 91mm/min ,
2. 37mm/min, 5 10
, , 79.12% 27.32%, 59.48 % 11.11 %,
45. 96 % 95.76 %, 1 , 4
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4
[50]
, (il lignt organic metter)
[51]
[46 48]
7
Table 7 Soil infiltration capacities and oil anti-erodibility under different intensities o human-induced disur bance
30min
Initid Sable Sturated
; S . . Irfiltration Sructure Digerdon Digerdon Aggregate
bi 3:;):09 i lrt::on i lr:glon i Ir;rglon rate forward codficient Qodfficient rate degree
(mm/min) (mm/min) (mm/min) S0 mn (%) (%) (%) (%)
(mm/min)
None 36.51 14.91 1.26 18.61 79.12 20.88 45. 96 59.48
Sight 28.24 6.85 1.15 9.65 72.64 27.36 66. 42 44.01
Moderate 16. 87 4.23 0.84 6.34 45. 81 54.19 85.30 21.33
Heavy 10. 67 2.37 0.75 4.96 35. 62 64. 38 91. A 11.11
, (0.25 10mm) , ,
[36 38]
[36 47 52]
, > 0. 25mm , >2 1 2mm ,
[36] [53]
[48] [54.55]
0 10cm , )
22.42% 36.32%, 0 20cm 20 50cm ,
Qeevood ™!
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(r=-081""),
[54 55]
8 (N=42)
Table 8 Corrdative codficients of il properties
Index X2 X3 X4 Xs X X7 Xg Xg
OM( X1) -0.821°7 07447 0.653°"° 0.473° 0.89°° 07/8°° 0476° 0761 "
Buk dendty (Xz) 1 -0.923"" -0714"" -0.687"7-0816"" -0.723"" -0.607""-0.580"
Totd porosty ( Xs) 1 0.764"" 0.7010°° 0.843°" 0742 0.616° " 0.540°
Cepillary porosty ( Xa) 1 -0.688"° 0.788"° 0.6% " -0.386  0.490"
Norrcapillary porosity ( Xs) 1 0.438 " 0.319 0.578" " 0.354°
Maximum rroi sture capacity ( Xe) 1 0.93"" 0.648° " 0.644"°
Cepillary noigure capacity ( X7) 1 0.652" " 0.776 " ©
Norrcapillary moisture capacity ( Xg) 1 0.787 " "
Qontent of naturdl water ( Xo) 1
*p<0.05; * *p<0.01
(r=0.776" " ,n=42)
[38,44 45]
[58.59]

[571



11

3693

, , 14. 95t/hnt | 23. 03t/hnt
383.6mm 44. 4m, 11.6 % ,
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