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Abstract: Classical statistics methods were adopted to analyze the soil quality variability its affect—
ing factors and affecting degree at a regional scale (700 km®) in the central part of hilly Loess
Plateau region of China. There existed great differences in the variability of test soil quality indica—
tors. Soil pH structural coefficient silt content specific gravity bulk density total porosity cap—
illary porosity and catalase activity were the indicators with weak variability; soil nutrients ( N P
and K) contents CaCO, content cation exchange capacity ( CEC) clay content micro-aggregate
mean mass diameter aggregate mean mass diameter water-stable aggregates respiration rate mi—
crobial quotient invertase and phosphatase activities respiratory quotient and microbial carbon
and nitrogen showed medium variation; while soil labile organic carbon and phosphorus contents
erosion—esistance permeability coefficient and urease activity were the indicators with strong vari—
ability. The variability of soil CaCO; total P and K CEC texture and specific gravity etc. was
correlated with topography and other environmental factors while the variability of dynamic soil

quality indicators including soil organic matter content nitrogen content water-stable aggregates
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permeability microbial biomass carbon and nitrogen enzyme activities and respiration rate was
mainly correlated with land use type. Overall land use pattern explained 97% of the variability of
soil quality indicators in the region. It was suggested that in the evaluation of soil quality in hilly

Loess Plateau region land use type and environmental factors should be fully considered.

Key words: soil quality; variability; land use; environmental factor; hilly Loess Plateau.
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Fig.1 Location of the sampling watershed.
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Table 1 Basic status of the study plots

Sample Land use Altitude Slope Slope position Slope aspect Topography Vegetation

number type ('m) (°)

4 1060 ~ 1049 0 FP Cucumis sativus Lyco—
Greenhouse persicon esculentum Capsi—
vegetable land cum frutescens

20 1156 ~ 1341 5~34 U4 M12 14 A2 U8 SA4 GS5 HSI5 Caragana korshinskii
Planted shrub land SuU6

10 Orchard 1211 ~1374  20~32 U3 M3 14 A4 SA2 SU2 GS2 HS3 TRS Malus domestica

63 1122 ~1397  10~36  Ul4 M41 18 A13 Ull GS4 HS56 TR3 Artemisia annua
Abandoned land SA21 SU18 A. capillaris Stipa bun—

geana A. sacrorum

35 1101 ~1373  15~35 U7 MI19 L9 A4 U4 SAl4 HS20 GS15 Robinia pseudoacacia
Planted woodland SuU13

126 Cropland 1024 ~1386 3 ~30 u6 L5 M77 A7 U40 SA43 HS88 TR27 Setaria talica Zea

Su7 FP11 mays Fagopyrum esculen—
tum

14 1226 ~ 1428 7 ~34 U8 M6 A2 Ul SA9 HS13 TRI1 Melilotus suaveolens
Planted grassland SU2 Medicago sativa

22 1081 ~1297 12~40 U6 MI10 L6 SA8 SU7 U4 GS A.  sacrorum
Natural grassland A3 Stipa bungeana

4 1123 ~1355 25 ~27 L U3 SU1 HS2 GS2 Cotoneaster multiflora
Natural shrub land Rosa xanthina

4 1125 ~1371 15 ~35 U3 L1 U2 SA2 GS2 HS2 Ouercus wutaishanica
Natural woodland Betula platyphylla

U.M.L NN A.U.SA.SU N N FP.GS.HS.TR N N N

N U M L meant upper middle and lower position respectively. A U SA SU meant adret udbac semi-adret and
semi-udbac respectively. FP GS HS TR meant flood plain gully slope hillside and terrace respectively. The numbers in the description of slope
position slope aspect and topography were the number of samples.
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2
Table 2 Descriptive statistics of soil chemphysical and biological properties in the study plots

Soil attributes Sampling number ~ Minimum Maximum Mean SE
Total N( g * kg™") 297 0.21 2.91 0.48 0.020
Total P(g * kg™") 248 0.41 1.62 0.61 0. 007
Total K( g * kg™") 297 9.25 98. 02 23.03 0. 498

Organic matter( g * kg™') 297 2.90 66. 20 8. 64 0. 406
Available N (mg * kg ") 297 12. 11 204. 61 33.94 1.491
Available P ( mg * kg ™' 251 0.48 168. 67 4.83 1. 070
Available K ( mg * kg ™') 233 37.00 361.00 94.28 2.986

CaCO5(g*kg™") 297 21.91 155. 66 110. 47 0. 820

pH 212 7.86 9.24 8.77 0.011

CEC ( cmol * kg™") 297 4.11 16. 57 5.09 0.075
Silt (%) 286 53.00 73.20 66.92 0.114
Clay (%) 286 15.50 34.70 22.53 0.128

Structure coefficient 90 76.22 97.34 89. 69 0.395
MICMMD ( mm) 286 3.30 7. 60 5.47 0.030

Aggregate (%) 297 7.50 91.30 44.04 0. 880
MMD ( mm) 297 0.07 4.24 1.22 0. 050

Capillary porosity ( %) 291 37.97 63.79 48.29 0.130

Bulk density (g * em ™) 297 0.78 1.45 1. 14 0. 004
Specific gravity (g * em ~%) 78 2.52 2.69 2.59 0. 003
Total porosity ( %) 253 44.33 69. 36 54.29 0. 171
Infiltration coefficient ( K,,) 295 0.01 6. 95 0.62 0. 049
Anti-scourability (L « min~' « g~ ") 297 1. 66 36. 64 1.81 0.249
Microbial biomass C (mg * kg™') 297 12.92 380. 17 58.91 2.236

Microbial biomass N ( mg * kg~") 297 2.71 75. 16 12.20 0. 480

Phosphate( mg phenol * g ~' soil) 296 0.78 11.36 2.03 0. 063
Catalase (ml 0. 1 mol * L™'KMnO, * g™ ") 297 6. 62 9.04 8.00 0. 109

Invertase ml 0. 1 mol * L™'Na,S,0; * g~' soil + (24 h) ~') 297 0. 60 8.59 2.29 0.053
Urease g NHy;-N * ¢! soil - (24 h) ! o 297 0.12 12.22 1.67 0.070
| Respiration intensity mg CO, ¢ g7 soil *+ (24 297 0.18 136 0. 44 0.007
h) Microbial quotient ( %) 282 0.33 3.15 1.28 0.017
Respiratory quotient ( %) 297 0.82 12. 86 2.34 0. 049

3
Table 3 Variation coefficient of soil physical properties ( %)

Land use type Anti-  Infiltration ~ Structure Clay Silt Specific Bulk Total Capillary
Water scourability coefficient coefficient gravity density porosity porosity
stable MMD MICMMD

aggregate
11.8 49.2 50.3 45.0 6.0 11.5 9.7 3.1 0.8 3.5 6.2 5.3
Greenhouse vegetable land
5.2 19.0 292.3 51.0 5.4 9.1 9.1 3.2 0.5 2.0 1.9 2.0

Orchard
34.5 32.0 157.4 39.2 3.2 16.3 12. 1 3.0 1.9 7.4 7.3 7.3

Abandoned land
48.8 69.5 4006.0 50.7 2.7 15.8 16.9 3.1 1.4 5.5 5.6 4.9

Cropland

6.2 14.1 90.0 311 2.1 13.7 8.0 2.1 0.2 7.0 5.9 6.7

Planted grassland
22.8 27.8 129.1 27.5 0.6 9.6 15.6 0.9 0.2 15.2 17.5 1.4

Planted shrub land
38.3 48.5 97.2 94.4 3.3 24.3 11.0 1.6 1.0 11.2 6.2 4.4

Planted woodland
21.2 25.9 129.3 83.7 3.4 10. 1 7.5 1.6 1.0 11.6 13.4 5.2

Natural grassland

5.8 7.0 85.2 34.1 10.6 29.4 19.1 5.3 1.7 14.1 9.3 4.3

Natural shrub land

15.4 23.7 46.4 16.4 8.7 25.2 12.0 2.6 2.4 6.8 4.3 8.6

Natural woodland

Total 49.3 03.8 236.2 141.8 4.2 4.5 15/1 2.5 U5 10.6 8.9 T4

=2
o
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Table 4 Variation coefficient of soil chemical properties ( %)
N C p K CaCO5 pH
Land use type Organic Total Labile Total Total Available Available Available
matter N organic C P K N P K CEC
40.0 33.8 44.8 34.2 3.9 42.2 52.0 73.7 14.0 5.5 7.0
Greenhouse vegetable land
15.2 11.7 62.8 9.3 30.6 20.2 49. 16.2 4.6 7.7 1.1
Orchard
27.4 24.5 61.8 9.9 21.4 36.3 37.2 41.4 10.9 11.0 1.2
Abandoned land
39.0 37.4 55.8 10.5 15.1 42.1 83. 28.3 13.5 14.7 1.9
Cropland
8.9 11.6 58.6 7.8 5.0 28.7 44.7 86.3 52.4 12.7 1.3
Planted grassland
32.6 28.8 39.0 7.2 21.9 33.9 50.2 37.3 14.0 9.6 1.0
Planted shrub land
38.4 29.9 55.6 9.1 21.2 34.4 37. 33.6 5.4 12.0 1.4
Planted woodland
62.5 53.3 58.7 11.9 22.6 51.5 31.6 27.8 8.1 15.0 1.7
Natural grassland
66.9 63.3 57.8 4.4 32.8 70.3 67. 44.2 8.2 26.9 2.6
Natural shrub land
40.1 30.3 50.5 5.6 32.2 19.9 57.2 15.7 16.7 27.1 2.5
Natural woodland
Total 86.2 73.9 124. 4 19.8 18.0 81.6 348. 48.3 45.0 14.9 1.9
5
Table 5 Variation coefficient of soil biological properties ( %)
Land use type Phosphatase ~ Catalase Invertase Urease C Microbial ~ Respiration  Respiratory
Microbial Microbial quotient intensity quotient
biomass biomass
cabon nitrogen
25.5 5. 17. 43.5 28.6 3.1 19.6 17.2 43.7
Greenhouse vegetable land
28.0 4. 12. 15.1 51.3 8.4 59.7 56. 1 93.8
Orchard
46.7 11. 39. 81.9 45.2 57.5 60.0 22.7 42.8
Abandoned land
26.2 4. 39. 71.4 26.2 16.6 18.5 17.4 17.8
Cropland
21.3 1. 11. 16.3 5.9 8.5 13.0 20.0 25.6
Planted grassland
17.0 8. 21. 58.0 38.5 22.9 30.5 26.7 24.1
Planted shrub land
52.3 9. 48. 74. 1 44.1 41.6 51.4 18.6 55.6
Planted woodland
76.2 7. 70. 63.3 69.9 47.2 46.9 20. 6 102.5
Natural grassland
9.1 2. 22. 17.7 88.8 84.6 44.5 27.8 50.3
Natural shrub land
47.6 4. 24. 56.7 17.3 25.1 22.5 23.3 38.9
Natural, woodland
Total 82.8 8. ¢ 69. 102.2 91.4 909 55.5 490 84.7
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Table 6 Contribution of land use type and environmental factors to the variation of soil physical properties ( %)
Variance source Anti- Silt Clay Structure Bulk Specific Total Ko
scourability coefficient Water Capillary density gravity porosity  TInfiltration
MICMMD stable MMD porosity coefficient
aggregate
20.68**  2.393 2,173 3.836  0.584**  165.2° 0.501 5.809 0.083 0. 0003 2.897 0. 060"
Land use type 78 9 6 34 65 65 59 46 47 37 21 58
0. 462 18.08 24.94 1.035  0.022 29.92 0.150 1.347 0.042 0. 0001 1.737 0.011
Topography 2 68 74 9 3 12 17 10 24 10 13 11
0 0.754 0. 697 0.322  0.025 5.693  0.035 1. 140 0.001 0. 000 0.233 0.010
Altitude 0 3 2 3 3 3 4 9 1 0 2 10
4.771 4.838 3.200 1.957  0.129%*  26.12 0.108 2.715 0.003 0. 0004 1.952 0.016
Slope 18 18 9 17 14 10 13 21 2 42 14 15
0 0.428 0.321 0.994  0.029 23.34 0.041 0.471 0.045 0. 0001 2.102 0.002
Slope position 0 2 1 9 3 9 5 4 25 6 15 2
0. 404 0 2.610 3.145  0.109** 2.665  0.015 1.267 0.001 0. 0001 4.799 0. 004
Slope aspect 2 0 8 28 12 1 2 10 1 5 35 4
1 2 (%) The data on top and bottom of each line were the vari—
ance of soil attribute and the variance percentage of the attribute to total variance of the attributes respectively. * P <0.05; * * P <0.01. The same below.
7 ¢ )
Table 7 Contribution of land use type and environmental factors to the variation of soil chemical properties ( %)
N p K N p K  CaCO, pH CEC
Variance source Total Total Total Organic Available  Available  Available
N P K matter Labile N p K
organic C
0.172**  0.0001 0.75 93.78** 1.954** 891.8** 0.372 594.6 20.56  0.010" 1.919**
Land use type 91 5 6 85 73 94 48 61 13 48 50
0. 001 0. 0001 1. 08 0.31 0.079 2.51 0. 127 181.2 26.94 0.002 0.228
Topography 0 5 9 0 3 16 18 17 9 6
0.010 0.001" 0.20 12.92** 0.105 17.52 0. 161 103. 8 19.94 0.005" 0.233
Altitude 6 45 2 12 4 2 21 11 13 24 6
0. 001 0. 0005 2.03 0. 69 0. 481 1.74 0.024 33.64  49.16" 0 1. 081
Slope 0 23 18 1 18 0 3 3 32 0 28
0. 003 0. 0003 2.25 1.35 0. 045 7.00 0.078 58.17 6.59 0.001 0.024
Slope position 2 13 20 1 1 1 10 6 4 5 1
0. 002 0. 0002 5.147 1.40 0.019 24.40**  0.019 10.75  31.96" 0.003" 0.387
Slope aspkot 1 9 45 1 i 3 2 1 21 14 10
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Table 8 Contribution of land use type and environmental factors to the variation of soil biological properties and soil quality
(%)
Variance source C N Phosphatase Invertase Urease Microbial ~Respiration Respiratory
Microbial ~ Microbial Catalase quotient intensity quotient  Soil quality
biomass biomass index( SQI)
cabon nitrogen
2192%*  102.6"  2.693" 0. 068 1.418" 0.870  0.044" 0.026** 3.220" 0.029**
Land use type 56 43 50 11 50 32 15 72 36 97
395.1 19.92 0.584 0. 020 0. 160 0. 298 0 0. 002 0 0. 0003
Topography 10 8 11 3 6 11 0 6 0 1
57.6 0 0. 151 0.162 0. 055 0.257 0. 054 0. 003 4.947" 0. 0002
Altitude 1 0 3 25 2 10 20 9 56 1
1091 100. 3 1.728 0. 184 1. 028 0.417 0. 083 0. 003 0 0. 0004
Slope 28 42 31 28 37 15 29 7 0 1
161.1 12.97 0. 035 0. 063 0. 082 0.422 0. 105 0 0.327 0
Slope position 4 5 1 10 3 16 37 0 4 0
26.8 4.911 0. 248 0. 147 0. 064 0.417 0 0.002 0. 380 0
Slope aspect 1 2 4 23 2 16 0 6 4 0
50% (3.5 km?)
P.  K.CaCO, . :
N p 81% N T, N N
K 83% N 0
CaCo, 70% . Y . .
( ) 8 20
. (700
(P <0.05) 36% ~72%. .
(CV <10%)
21
97 % (CV>100%) .
( 38 pH (CV<10%) .
3
(CV <20%)
(CV 45% ~90%) .
N } N -1 (CV50% ~102%) .
2 -2
(4333 km?)

(CN 3092 =l60% )] 51
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Table 9 Sensibility classification of soil quality indicators in the hilly Loess Plateau region

Sensitivity CV( %) Soil attribute
=100 P. K~ N . Available P anti-scorability infiltration coeffi—
High sensitive cient labile organic C organic matter urease
40 ~ 100 (ON N. N N. N, N N
Middle sensitive N N N K. Microbial biomass C  microbial bi—
omass N phosphate available N total N MMD invertase aggregate microbial quotient res—
piration intensity respiratory quotient available K CEC
10 ~40 K. P, <CaCO; Total K total P clay CaCO; MICMMD
Low sensitive
<10 N N N ~pH. N Bulk density total po—
Insensitive rosity catalase capillary porosity structure coefficient pH silt specific gravity
16
Al
pH ~ ~ N ~ ~
24

( inherent quality)

( dynamic quality)

N

CaCO; -

25

(P <0.01)

Al \CEC\

Ky

.CaCO, CEC. .

N N

97%

CaCO3 N N N CEC N
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