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Assessment of integrated soil fertility index based on principal components analysis. WU
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College of Resource and Environment Northwest A&F University Yangling 712100  Shaanxi
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Abstract Taking the Yangling of Shaanxi as a case and selecting field plot scale as the assess-
ment unit the farmland soil fertility quality was evaluated by using integrated fertility index. Ac-
cording to the statistical analysis for sample number rationality the regional soil fertility assess-
ment based on 27 sampling sites were sufficient to meet the required accuracy of 15% and 20%
relative error under 90% confidence level. The minimum data set components including soil or-
ganic matter total nitrogen total phosphorus total potassium available phosphorus available
potassium CEC and calcium carbonate were selected through calculating the Norm values based
on principal components analysis and the non-linear membership function was used to transform
the indicators into dimensionless data and to evaluate single indicator. The radar plot was used to
reflect the single factor fertility and the integral fertility. It was shown that total phosphorus and
calcium carbonate were the limiting factors for the soil fertility quality in the study area and the

integrated fertility index at field plot scale was 0. 7-0. 8.

Key words principal components analysis PCA  minimum data set MDS  membership
function integrated soil fertility index.
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Tab.1 Descriptive statistics of soil properties
%
g kg! 11.17 9.30 20. 46 13.77 2.58 18.72
g kg! 2.79 0. 84 3.63 2.03 0.90 44. 25
g kg! 0.55 11 0. 66 0.35 0.16 44.24
mg- kg ™! 64. 06 16. 54 80. 60 40. 38 9.40 23.29
g kg™! 17.37 15. 66 33.03 24.46 2.71 11.10
mg- kg 326. 64 86. 62 413.26 163.95 72.37 44. 14
CEC com- kg™! 8.77 17.72 26. 49 21.36 2.04 9.53
pH 0. 65 7.88 8.53 8.32 0.21 2.47
% 8.29 4.40 12. 69 8. 95 2.18 24. 41
mg- kg~ 15.25 1.95 17.20 7.82 4.42 56. 58
mg- kg ! 20. 62 6. 47 27.09 18. 15 8.41 46.32
2
Tab.2 Adequate sampling amount within the error
95% 90%
5% 10% 15% 20% 5% 10% 15% 20%
59 15 7 4 41 10 5 3
332 83 37 21 229 57 25 14
353 88 39 22 243 61 27 15
92 23 10 6 63 16 7 4
21 5 2 1 14 4 2 1
329 82 37 21 227 57 25 14
CEC 15 4 2 1 11 3 1 1
pH 1 1 1 1 1 1 1 1
100 25 11 6 69 17 8 4
540 135 60 34 372 93 41 23
363 91 40 23 250 62 28 16
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Tab.3 Results of principal component analysis factor loadings communalities of soil quality factors indicators’ weight
and Norm values

PC-1 PC2 PC3 PC4 Norm

1 0. 903 0.044 0. 146 0.237 0. 635 0. 068 2.086

1 0. 899 ~0.088 ~0.364 0.011 0.758 0.081 2. 101

1 0.826 0.121 0. 450 ~0.112 0.912 0.097 1.969

1 0.726 ~0.207 ~0.244 ~0.166 0.921 0.098 1714

1 0.711 0. 463 0.121 0045 0.947 0. 101 1.745

1 0.723 ~0.387 ~0.326 0. 005 0. 895 0. 095 1.773

CEC 1 ~0.722 0.241 0. 491 ~0.051 0.823 0. 088 1.776

2 0.727 0.114 0.517 0. 304 0.901 0. 096 1. 800

3 0.136 0.761 ~0.283 0.519 0.949 0.101 1.230

3 0.222 ~0.752 0. 444 0.209 0.856 0. 091 1.255

pH 4 0. 499 0.372 0.127 ~0.720 0.779 0.083 1. 449
5.227 1. 785 1.339 1.024
% 47.518 16.229 12. 174 9.309

%

N
3

.518 63. 747 75.921 85.230
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Tab.4 Value of turning point in membership function of evaluating indicators
CEC
g kg! g kg! g kg! g kg! mg: kg~ mg- kg ! cmol- kg~! %
C, 6 0. 05 0. 06 6.0 3.0 50 10 ¢ 5

d 15
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5 n =27
Tab.5 Descriptive statistics of membership value of indi-
cators
2005

0.91 0.95 0.93 0.01 0
0.53 0.78 0.70 0.07 0.01
0.10 0.38 0.18 0.08 0.01
0.93 0.99 0.97 0.01 0
0.91 0.96 0.95 0.01 0
0.94 0.98 0.99 0 0
CEC 0. 89 0.94 0.92 0.01 0
0.10 0.97 0.41 0.27 0.07
2
pH
0.7
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2 8
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Fig.2 Radar plot of membership value of indicators
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Fig.3 Scatter chart of soil fertility index
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