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Effects of land use patterns on soil physio — chemical properties in Zhangjiakou area

LIU Chang' ** ZHOU Minghua® ZHANG Bowen’® WANG Xingling’® REN Bing® PENG Tao' LUO Weijun' GU Feng’

( 1. Institute of Geochemistry —Chinese Academy of Sciences Guiyang 550081 China; 2. Institute of Mountain Hazards and Environment
Chinese Academy of Sciences Chengdu 610041  China; 3. University of Chinese Academy of Sciences Beijing 100049  China)
Abstract: The soil physical and chemical property as important index for soil health evaluation is sensitive to land use patterns. In
order to understand the effects of land use patterns on the soil physical and chemical property in the Bashang area of Zhangjiakou City
four main land use patterns including grassland woodland vegetable land and conventional cropland were selected and then soil
pH bulk density SOC TN TP and available trace elements in the 0 ~15 em and 15 ~30 cm soil depths were analyzed. Results
showed that bulk densities of surface soil (0 ~ 15 em) had no significant difference among the four land use types. However bulk
densities of subsurface soil ( 15 ~30 ¢m) in vegetable land and cropland (1. 62 g*cm ™) were significantly higher than that in wood-
land (1.51 geem ™) and grassland (1.37 geem™®)  indicating the physical compaction caused by tillage. The pH of surface and
subsurface soil of vegetable land and cropland was significantly lower than that of woodland and grassland. SOC contents and nitrogen
content in vegetable soil of the 0 ~ 15 ¢m and 15 ~30 cm depth were with the highest value in 4 land use patterns and the contents of
available Cu (0.59 mg*kg™') and available Zn (2. 04 mgekg™') were significantly greater than those of other 3 land use patterns. TP
contents of grassland (2.88 gekg™') and vegetable land (2.86 g=kg™') were significantly higher than those of forestland and crop—
land. The contents of SOC TN and TP were all significantly positively correlated with the content of soil clay particles; while the con—
tents of available Fe available Mn and available Zn were significantly negatively correlated with soil pH; there was a significant posi—
tive correlation between the content of SOC and contents available of Fe  Mn Cu and Zn. These results can provide the foundation

support for the scientific management and sustainable utilization of land resources in Bashang area.
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Table 1 ~ Soil basic physical and chemical properties with different soil depths in 4 land use patterns

Soil depth Land use pattern vl Bulk density/ ( g*cm~?) Sand /% Silt/ % Clay /%
Grassland 8.25 +0.07 Ba 1.44 +0.06 Aa 48.9+5.79 Ab  37.5%4.72 Aa 13.6 £1.08 Aab
Forestland 8.23 £0.04 Aa 1.55 £0.06 Aa 84.8+4.53 Aa 7.19%3.12 Ab  7.96 £1.42 Ab

O-tyem Vegetable land 7.79 £0.04 Bb 1.37 £0.05 Ba 68.8+1.88 Aab 14.9+1.04 Ab  16.3 £0.99 Aa
Cropland 8.07 £0.06 Aab 1.44 +0.02 Ba 85.4+0.28 Aa 5.95+0.24 Ab  8.70+0.28 Ab
Grassland 8.49 £0.02 Aa 1.37 +0.07 Ab 61.0+9.12 Ab  27.8+£7.86 Aa 11.3 £1.70 Aab
Forestland 8.36 £0.04 Aa 1.51 £0.04 Aab 73.1+8.31 Aab 13.5+5.02 Aab 13.4 +3.53 Aab

13730 em Vegetable land 8.04 £0.04 Ab 1.62 +0.06 Ba 70.6 =1.52 Aab  13.7 £0.77 Aab  15.7 £0.85 Aa
Cropland 8.05 +0.05 Bb 1.62 +0.08 Aa 84.6+0.66 Aa  6.82+0.34 Ab  8.60 +0.33Ab

(P<0.05);

(P<0.05) .
Note: Different capital letters indicate significant differences between different soil depths under the same land use pattern ( P <0.05) ; different

lowercase letters indicate significant differences between different land use patterns in the same soil layer ( P <0.05) . The same is as below.

SOC. TN, C/N TP 0~15 cm. 15~30 em o
SOC C/N SOC.
TN, C/N TP o 0~15cm SOC 15 ~30 ¢cm (P<0.05)
0~15cm C/N 15 ~30 cm (P<0.05),
2 4 N
Table 2 SOC TN and TP contents with different soil depths in 4 land use patterns
Soil organic Total nitrogen/ C/IN Total phosphorus/
Soil depth Land use pattern
carbon/ ( gokg™!) (g°kg™) (g°kg™")
Grassland 13.8 £1.48 Ab 1.66 0. 17 Ab 8.33 £0. 11 Ac 2.88 £0.26 Aa
Forestland 7.98 £1.27 Ac 0.83 £0. 12 Ac 9.58 £0.41 Aab 1.42 +0.06 Ab
O-loem Vegetable land 25.2+1.01 Aa 2.62 £0.08 Aa 9.61 £0.08 Aa 2.86 £0.09 Aa
Cropland 7.35+0.15 Ac 1.10 0. 17 Abe 8.65 +0.36 Abc 1.45 +0. 11 Ab
Grassland 12.4 +2.23 Abc 1.51 £0.24 Aa 8.13 £0.20 Ab 2.95£0.25 Aa
Forestland 4.53 £0.28 Ac 0.54 £0.03 Ab 8.69 0. 28 Bab 1.16 £0. 06 Ac
1930 em Vegetable land 18.8 £1.55 Ba 2.00 £0. 12 Aa 9.22 +£0.21 Aa 2.34 £0.07 Ab
Cropland 7.41 £0.56 Ac 0.87 £0. 06 Ab 8.47 £0. 11 Aab 1.26 £0. 08 Ac
2.3 N
4 0~15 cm 7.35 ~
11.5 mgekg ™ (P <0.05)
( 3); 9.63 ~15.2 mgekg ™'

(P <0.05)

0.14 ~0.59 mgkg™'

(P<0.05),

(P>0.05);
v 0.44 ~2.04 mgekg ™'
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15 ~30 cm 5.92 ~10.2 mgkg ™'
(P <0.05) ;
8.00 ~11.7 mgekg ™ N N ; N
0.12 ~0.64 mgekg '+ 0.27 ~1.26 mgkg ™' .
(P<0.05),
0~15 cm+ 15 ~30 cm 0
0~15 cmy 15 ~30 cm N N ;
0~15 cm 15 ~30 cm N
(P>0.05) ,
3 4
Table 3 Trace elements contents with different soil depths in 4 land use patterns
Available Fe/ Available Mn/ Available Cu/ Available Zn/
Soil depth Land use pattern
(mgkg™") (mgekg™") (mgkg™") (mgkg™")
Grassland 7.96 +1.56 Aab 11.6 +0.65 Aab 0.39 +0.03 Ab 0.44 +0.07 Ac
Forestland 7.35£0.67 Ab 12.1 +1.05 Aab 0. 14 £0.05 Ac 0.59 +0.05 Abc
01> em Vegetable land 11.5+1. 16 Aa 15.2£1.12 Aa 0.59 +£0.04 Aa 2.04 £0.16 Aa
Cropland 8.47 £1.25 Aab 9.63=1.10 Ab 0.17 +0.02 Ac 0.78 +0. 14 Ab
Grassland 6.95 +0.90 Aab 8.00 £0. 16 Aa 0.32 £0.04 Ab 0.27 +0.01 Ac
Forestland 5.92 +0.39 Ab 10.1£1.73 Aa 0.12 +0.02 Ac 0.29 +0.01 Be
3730 e Vegetable land 10.2 +0. 86 Aa 11.7 £0.21 Aa 0.64 +0.01 Aa 1.26 +0.04 Ba
Cropland 8.01 £0.95 Aab 9.06 +0. 84 Aa 0.17 £0.01 Ac 0.60 +0.07 Ab
2.4
( 4. 1): SOC. TN TP
(P<0.01) (P<0.01)
(P<0.01); SOC TN (P <0.05)
(P<0.01),
NN (P<0.05)
(P<0.01); pH
(P<0.01); (P<0.01)
(P<0.01) .
( PCA) ( 1 5) .
2  PCA 79% 6.05 3.30, (PC1)
46% SOC. TN 0.93. 0.91 0.90;
(PC2) 25% 0.88 0.82. 2
71% 71% o C/N. S

o
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Table 4  Correlation coefficients between soil indices in the study area
COE pH BD SOC TN C/N TP Fe Mn Cu Zn Sand Silt Clay
pH  1.000
BD -0.055 1. 000
SOC -0.380 -0.378 1. 000
TN -0.353 -0.427"  0.993** 1.000
C/N -0.428" 0.165  0.431" 0.385  1.000
TP -0.102 -0.299 0.683** 0.731**-0.012 1. 000
Fe -0.617*%-0.108 0.489"  0.436"  0.380 0.047 1. 000
Mn -0.567**-0.315 0.640** 0.539** 0.602** 0.212 0.712** 1.000
Cu -0.407 -0.246 0.861%* 0.814** 0.282 0.6417* 0.573** 0.629** 1.000
Zn -0.868%*-0.036  0.430" 0.380  0.503** 0.161  0.645** 0.598** 0.434"  1.000
Sand -0.302 0.463" -0.536**-0.553** 0.104 -0.638**-0.017 -0.330 -0.602** 0.158 1. 000
Silt  0.348 -0.474" 0.470" 0.485" -0.151  0.595** 0.010  0.349  0.567**-0.175 -0.979** 1.000
Clay -0.182 -0.400" 0.738** 0.747** 0.304 0.564** 0.244  0.538** 0.774** 0.244 —-0.811** 0.733** 1.000
COE: , BD: ; SOC: v TN: ; C/N: ; TP: ;K , Fe: ; Mn: ;o Cu:
; Zn: ;. Sand: ;o Silt: ; Clay: o K K 0.01 ;o 0. 05 o
Note: COE  correlation coefficency; TP total phosphorus; BD  bulk density; SOC  soil organic carbon; TN total nitrogen; AK available po—

tassium content; Clay

available Cu; Zn

o FL:

soil clay content; Silt

soil silt content; Sand

soil available Zn. * * indicates significant correlations at the 0. 01 level

soil sand content; Fe

*

soil available Fe; Mn
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Principal component analysis of soil physical and chemical properties with different land use patterns



3 : 339

5

Table 5 Variance decomposition principal component analysis table

Component Eigen value Proportion of variance /% Cumulative proportion of variance/%
1 6. 05 46.57 46.57
2 3.30 25.39 71.96
3 1.07 8.23 80. 19
4 0. 81 6.21 86.40
5 0. 64 4.90 91. 30
6 0.41 3.16 94. 46
7 0.32 2.46 96. 92
8 0.17 1.29 98.22
9 0.11 0. 84 99. 05
10 0.07 0.55 99. 60
11 0.04 0.31 99.92
12 0.01 0.08 100. 00
13 <0.01 <0.00 100. 00
3
pH 24
o pH pH
25
0.24 o

26

(1.37 g*em ™)

27

18% 12% o
18
28
SOC SOC 0,
SOC N SOC N
67%  251% 197% SOC
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™ TP »
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