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Abstract:  Objective  Soil organic carbon (SOC) varies sharply with time and space, as it is always subject to influences of
various soil-forming factors, natural environmental factors and human activities. So to determine how an appropriate number of
sampling sites could affect accuracy of the prediction of SOC in different time periods is the basis for formulating a scientific
strategy for high-efficient soil sampling. Method  In this study, a tract of upland (3.93><10* km?) in North Jiangsu was delineated
and selected as a case area, and the Ordinary Kriging interpolation method commonly used in soil science was adopted in analyzing
influences of numbers of sampling sites on prediction and mapping of SOC in different time periods. The study was designed to have
20 treatments, which were set in accordance with the principle of 5% decrease in number.  Result Results show that with the
number of soil sampling sites decreasing from 100% to 5%, correlation coefficient (+) between the predicted value and the measured
value of SOC in 1980 and in 2008 varied in the range of 0.15-0.56 and 0.24-0.60 and root mean square error in the range of 2.09-2.63
and 2.11-2.62 g'kg ™', respectively. As in 1980, the SOC in the studied region varied quite slightly in spatial autocorrelation and quite
drastically and locally, its prediction improved slowly and unsteadily in accuracy, and around 563 samples were needed to make the
prediction relatively reliable. However, in 2008, the SOC in the region varied quite sharply in spatial autocorrelation, but mildly
locally, and hence its prediction was very sensitive in accuracy to variation of the number of sampling sites. So 526 soil sampling
sites were enough to ensure stable prediction accuracy. Standard root mean square errors of the 20 treatments in terms of number of
sampling sites varied in the range of 0.34-0.43 and 0.20-0.25 g'kg ™', in 1980 and in 2008, respectively, and spatial prediction was
higher in 2008 than in 1980 in accuracy when the numbers of soil sampling sites were the same. Conclusion Results of this study
indicate that the optimal number of soil sampling sites and their prediction accuracy in the same area are not fixed, but determined in
the light of spatial variability of soil attributes, distribution and spatial layout of the sampling sites in each time period. As
environment, climate and farmland management practices all vary with time period, SOC content does too in spatial structure and
layout, which will greatly affect the optimal number of sampling sites relative to time period.

Key words: Soil organic carbon; Number of sampling sites; Prediction accuracy; Spatial variation ; Sampling design
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Fig. 1 Geographical location map of the upland area studied in Northern Jiangsu
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Fig. 2 Distribution of upland soil sampling sites in Northern Jiangsu in 1980 (a) and 2008 (b)
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Table 1 Descriptive statistical and semivariance models fitting parameters of SOC contents (g-kg™') in the study area relative to number of
sampling sites

IR G B[] PR BRRE S5V L 5]
F el HEHHE GEs MEILE R2
Number of Mean/ Standard Coefficient of Structural
Year Nugget Sill Range/km Goodness of fit
sampling sites (gkg')  deviation variation/ (%) proportion/%
751 5.70 2.35 41.23 0.73 5.57 13.11 15.60 0.57
713 5.70 2.34 41.05 0.72 5.54 13.00 15.00 0.56
676 5.68 2.34 41.20 0.74 5.55 13.33 13.80 0.54
638 5.68 2.33 41.02 0.72 5.48 13.14 14.40 0.53
601 5.78 2.36 40.83 0.74 5.62 13.17 15.30 0.52
563 5.70 2.39 41.93 0.75 5.78 12.98 16.20 0.52
526 5.75 2.36 41.04 0.72 5.62 12.81 17.40 0.56
488 5.67 2.33 41.09 0.74 5.52 13.41 13.80 0.55
451 5.82 2.40 41.24 0.75 5.80 12.93 15.90 0.61
1980 4F 413 5.65 2.35 41.59 0.75 5.63 13.32 17.10 0.58
Year 1980 376 5.64 2.35 41.67 0.75 5.63 13.32 14.40 0.56
338 5.69 2.32 40.77 0.76 5.51 13.79 17.40 0.51
300 5.74 2.38 41.46 0.68 5.69 11.95 16.50 0.55
263 5.89 2.39 40.58 0.79 5.83 13.55 19.50 0.52
225 5.89 2.22 37.69 0.77 5.63 13.68 17.40 0.53
188 5.76 2.44 42.36 0.76 5.96 12.75 15.90 0.46
150 5.98 2.42 40.47 0.84 5.92 14.19 8.40 0.04
113 5.76 2.12 36.81 0.15 4.37 3.43 6.80 0.08
75 5.89 2.68 45.50 0.41 7.24 5.66 13.50 0.09
38 5.36 2.06 38.43 0.16 4.15 3.86 17.90 0.08
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Number of Mean/ Standard Coefficient of Structural
Year Nugget Sill Range/km Goodness of fit
sampling sites (gkg')  deviation variation/ (%) proportion/%
751 10.41 2.66 25.55 0.03 0.07 42.86 100.20 0.71
713 10.4 2.67 25.67 0.03 0.07 42.86 104.70 0.72
676 10.41 2.66 25.55 0.03 0.07 42.86 108.30 0.72
638 10.38 2.65 25.53 0.03 0.07 42.86 110.10 0.75
601 10.34 2.69 26.02 0.03 0.07 42.86 105.30 0.75
563 10.34 2.64 25.53 0.03 0.07 42.86 99.30 0.71
526 10.41 2.63 25.26 0.03 0.07 42.86 104.70 0.71
488 10.38 2.65 25.53 0.02 0.07 28.57 81.30 0.70
451 10.32 2.61 25.29 0.03 0.07 42.86 111.60 0.67
2008 - 413 10.40 2.63 25.29 0.03 0.07 42.86 106.80 0.67
Year 2008 376 10.44 2.63 25.19 0.02 0.07 28.57 75.60 0.61
338 10.47 2.73 26.07 0.02 0.07 28.57 59.40 0.60
300 10.46 2.65 25.33 0.02 0.06 33.33 25.81 0.57
263 10.50 2.64 25.14 0.01 0.06 16.67 30.00 0.57
225 10.30 2.52 24.47 0.03 0.06 50.00 30.31 0.53
188 10.04 2.45 24.40 0.03 0.06 50.00 23.21 0.54
150 10.35 2.85 27.54 0.01 0.07 14.29 45.30 0.48
113 10.61 2.73 25.73 0.03 0.08 37.50 187.80 0.47
75 10.63 2.74 25.78 0.03 0.07 42.86 119.40 0.48
38 10.50 2.55 24.29 0.01 0.07 14.29 18.30 0.03
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Fig. 3 Prediction maps of SOC contents in 1980 relative to number of sampling sites
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Fig. 4 Prediction maps of SOC contents in 2008 relative to number of sampling sites
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Fig. 5 Accuracy of the prediction of soil organic carbon content in 1980 and in 2008 relative to number of sampling sites
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Table 2 Optimal number of sampling sites for prediction of soil

organic carbon in the upland area in North Jiangsu based on the
Cochran sampling quantity formula
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