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Establishing a minimum dataset for soil quality assessment based on soil

properties and land use change
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Abstract To assess soil quality a Minimum Data Set MDS of soil properties has to be proposed commonly through
calculating the total load of each candidate soil parameters on all of the qualified principal components by the use of
Principal Component Analysis PCA  and Norm-value computation. Considering intensive land-use change the method
introduced in this study for MDS establishment integrated the quantified contribution of landuse forms and duration to each
soil parameter using multivariate analysis and mean multiple comparison. In this way a MDS representing maximally all
candidates with minimal loss of the soil quality information contained by those non-MDS soil parameters is established. The
MDS proposed can not only well integrate the quantified influence of land-use change and duration on soil parameters but
also is quite flexible and extendable with the potential to be extrapolated to assess soil quality in other regions. Based on two

sets of soil database obtained separately in 1985 and 2004 two MDSs established were compared with each other. It was
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found only a quite small change in MDS component occurred during a 20-year period. For a better assessment of soil
quality it seemed necessary to examine at what temporal scale and how much the MDS will change for a site-specific area
with intensive landuse change.

Key Words soil quality assessment land use change minimum dataset temporal scale statistical technique
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Fig. 1  Geographical location and sample distribution of study area
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Table 1 Candidate soil parameters included in Data 1985 and Data 2004
Data Candidate soil parameters
Data 2004 pH CEC OM TN TP TK Silt/ Clay EC
Data 1985 AN AP AK Bd Depth T p
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Fig. 2 Integrated method for soil quality assessment based on soil parameters and land use change
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LSD Test r
3 Norm R T
7 0 Norm R?
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Table 2 Significance of difference in effects of soil types and land-use change LUC and their interaction on soil parameters
Factors df Bd pH oM TN TP TK AN AP AK CEC  Silt/Clay EC
L. 9 0.000 0.585 0.089 0.247 0.985 0.000 0.143 0.000 0.857 0.003 0.172 0.980
Soil types
LuC 5 0.007 0.179 0.044 0.007 0.222 0.648 0.000 0.000 0.000 0.522 0.852 0.009
Interaction 14 0.407 0.003 0.769 0.696 0.931 0.728 0.006 0.000 0.212 0.508 0.946 0. 886
R? 0.511  0.417 0.359 0.343 0.169 0.468 0.445 0.549 0.296 0.259 0.259 0.209
N=194
PCA Norm 3 Datal985 =1
PC 4 91.46%  Data2004 5 74.05% Datal985 3
PC 12 75.03% Data2004 3 56.87%
3 PC Biplot 3
OM TN AN CEC EC 4 5
1 pH / 2 AK AP TP 3 TK  Bd
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Fig. 3 Biplot of soil parameters on the first 3 PCs computed from PCA on the two set of data
SPSS GLM R T Norm R* T
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MDS
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Table 3 Scoring candidate soil parameters and determining the MDS based on Data2004
Scoring Linear transform
Soil parameters Grouping Norm R? T Norm R? T Sum
TN 1 1.786 0.937 1 0.992 0.945 1 2.936
oM 1 1.801 0.916 1 1 0.923 1 2.923
CEC 1 1.510 0.980 1 0.839 0.988 1 2.826
AN 1 1.485 0.907 1 0.825 0.914 1 2.739
EC 1 1.337 0.580 1 0.742 0.585 1 2.327
pH 2 1.089 0.992 1 0. 605 1 1 2.605
/ Silt/ clay 2 1.027 0.975 1 0.570 0.983 1 2.553
AK 3 1.247 0.769 3 0.692 0.775 0.333 1.801
TP 3 0.935 0. 646 2 0.519 0.651 0.5 1.670
AP 3 1.101 0.335 10 0.612 0.338 0.1 1.049
Bd 4 0.857 0.992 2 0.476 1 0.5 1.976
TK 5 0.906 0.979 1 0.503 0.987 0.333 1.824
Datal985 R T Norm
Data2004 5 MDS  MDS2004
6 4 OM pH K K MDS1985 p
MDS2004 p
3.2 MDS
1 OM 2004
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Table 4 Pearson correlation coefficient between factors inside the MDS and those outside

Ttem Silt/ clay EC AP TN AN CEC
Data 2004
OM 0.289 0.576 0.125 0. 840 0.641 0.470
pH -0.531 -0.229 -0.197 -0.39% -0.558 -0.166
AK -0.014 ns 0.489 0.539 0.357 0.488 0.125 ns
TP 0.018ns 0.123ns 0.559 0.192 0.271 0.052ns
TK 0.191 0.052 ns -0.051 0.115ns  -0.027 ns 0.003 ns
Bd -0.034 ns -0.135 ns —-0.020ns —0.087 ns —-0.105 ns -0.010 ns
Data 1985 TP Depth Bd
oM 0.906 0.859 0.629 0.151 -0.316 -0.617
pH -0.335 -0.555 -0.140 0.362 -0.295 -0.259
AK 0.217 -0.110 0.581 -0.221 -0.350 —-0.069ns
TK 0.387 0.393 0.173 0.295 0.396 -0.577
AP -0.340 -0.342 -0.141 0.273 0.753 0.066ns
T p 0.312 0.133 0.446 -0.098 -0.615 —-0.440

ns no significance

5 Datal985 PCA Norm MDS

Table 5 PCA analyzing grouping and calculating of Norm values on the candidate variables for Data 1985

1 2 3 4 Norm
Soil parameters Grouping PC 1 PC 2 PC3 PC 4 Norm values
AN 1 0.964 -0.126 -0.137 -0.105 2.01
TN 1 0.933 -0.134 0.193 -0.001 1.95
oM 1 0.879 -0.320 0.128 0.069 1.88
Bd 1 -0.844 -0.090 -0.171 -0.159 1.77
CEC 1 0.545 -0.013 0.653 -0.097 1.46
pH 2 -0.488 -0.291 0.298 0.744 1.51
TK 2 0.548 0.367 —-0.009 0.546 1.44
TP 2 0.132 0.194 -0.215 0.749 1.08
AP 3 -0.234 0.912 -0.023 0.118 1.46
Depth 3 -0.010 0.899 -0.320 0.050 1.42
T p 4 0.213 -0.436 0.672 0.369 1.32
AK 4 -0.037 -0.142 0. 884 -0.145 1.28
2 pH pH
1 P <0.01
® 20a pH 11.01% 6
pH
6 20a
Table 6 Dynamics of soil parameters in cantonal Suzhou over the last 20 years
CEC oM N P K P K Bd
- pH -1 -1 -1 -1 -1 -1 -1 -3
Year cmol kg g kg g kg g kg g kg mg kg mg kg g cm
1986 6.45 17.80 28.22 1.69 0.648 16.02 23.19 85.13 1.18
2004 5.74 19.90 32.83 1.87 0.77 14. 65 27.71 107.06 1.16
Changing -11.01 11.80 16.34 10.39 18.83 -8.55 19.49 25.76 -0.02
rate %
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