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Fig. 4 SOM spatial distribution map relative to number of sampling sites and sampling method ( average of 100 kriged maps )

http: //pedologica. issas. ac. cn



4 1] e PR SRR RO A LTS () 57 R Y R T 789

1.000

0.988(N=351)

/A

(=

Nel

~

wn
T

<

o s hHLRE .
Completely random sampling
—a [/ SRAE T A A

Minimum sampling distance sampling
1 " 1 i 1 "

300 250 200 140 100
Ff 8B Number of sampling sites

KI5 ONTRIRE A5 SARE i 4 L G BT s [R) B 28
HITET PR UEMLRMSE (100U T5 25 5 197 418
Fig. 5 Cross-validated mean standardized RMSE of spatial

FRUEAL 3 T A 2
Average standardized RMSE
=) =
Nel Ne
[\ wn
W [«

0.900

prediction of SOM relatively to number of sampling sites and

sampling methods ( average of 100 predicting results )

AN S SO 1 e S AL T B0 T RE A L AR
O A AR S R s R i Y SE B . AT L,
T OSBRSS N AR i, S P R
SR e, 14 T B e e 0 5 P 2l 8 o R A A R
WM

3 45

FER BT 7S A X SOME 25 [A) 28 S ek Oy 1, #
R IFIE R SR AT, E YR R DU R
EjSOM F AR 55 R AN DU E 14 A A5 X6 A5 S 285 40 3 7
1452 M) 2 12 125 SOM 25 1] A8 S5 248 #4g 4 Wy ] b 11 i 4%
Z— MXSEABENMAE T, BRI /N RAE (]
TR REAE — R b MRS (] S5 R X SOMZS ]
AR S SE R HE W R O HLas [ s 88 4), A AT
P S 5 R A DT AT A AT B T 4R R SO MUY 2 [i) T
KRS fE LIEME S, BT MBS
SOMZE 5 R EEAHDUEL , A PR+ HERFE 5 A4 (] i
TR i B 35 B 60 G ISR B T R

2 &

(1] WETH. LY Jeat. PEL ML, 2000.Huang
C Y. Soil science (In Chinese ) .Beijing: China
Agriculture Press, 2000

[ 2 ] LiY. Can the spatial prediction of soil organic matter
contents at various sampling scales be improved by
using regression kriging with auxiliary information?

Geoderma, 2010, 159 (1) : 63—75

[3]

[4]

[5]

[6]

[8]

[9]

[10]

[11]

B, EE4, LR, % AT RBF MM
B b A B A A R S A O iR Al TR A
2010, 26 (1) : 87—93.Li Q Q, Wang C Q, Yue
T X, et al. Method of spatial variety of soil organic
matter based on radial basis function neural network
(In Chinese) .Transactions of the CSAE, 2010, 26
(1) : 87—93

Yu D S, Zhang Z Q, Yang H, et al. Effect of soil
sampling density on detected spatial variability of
soil organic carbon in a red soil region of China.
Pedosphere, 2011, 21 (2) : 207—213

MHE, BUKAE, R, S RREEAET b E b+
AT HURR AL AR AE —— 2 T 5 £ 156 KU i Meta 23
Br. A=d52# 4, 2014, 34 (13) : 3735—3743.Tian
K, Zhao Y C, Xu X H, et al. A meta-analysis of field
experiment data for characterizing the topsoil organic
carbon changes under different fertilization treatments
in uplands of China (In Chinese) . Acta Ecologica
Sinica, 2014, 34 (13) : 3735—3743

WL, BRSPS A S AT R TR RS
B&, 2003, 12 (3) : 371—375. Pan C Z, Shangguan
Z P. Review of the research on soil spatial variability (In
Chinese ) . Ecological Environment, 2003, 12 (3) :
371—375

Huang B, Sun W, Zhao Y, et al. Temporal and spatial
variability of soil organic matter and total nitrogen in an
agricultural ecosystem as affected by farming practices.
Geoderma, 2007, 139 (3) : 336—345

A, A g R R g N deat:
[E 4l kL, 2006.Shi Z, Li Y.The application of
geostatistics in soil science (In Chinese ) . Beijing:
China Agriculture Press, 2006

EREN, B, BAR, AF. SRR RO XS = A L
Hu X - SEAL T3 i bR s 6] A8 S A B s . BTE, 2010,
42 (3) : 421—428.Wang Z G, Zhao Y C, Huang B,
et al. Effects of sample size on spatial characterization
of soil fertility properties in an agricultural area of the
Yangtze River delta region, China ( In Chinese ) .Soils,
2010, 42 (3) : 421—428

MER, BRA, FFJ1, 4. RERAHERET L3R m
Kriging e 1 23 [ Ah (EORS 7 b3 —— DA D 25 2R+ iR
WX B R . R AR, 2011, 42 (4) . 872—
878.Zhao Y F, Chen J, Qi L, et al. The comparison
of soil map and Kriging methods for spatially prediction
precision of soil properties with different sample
spacings—A case of Shajiang Black Soil area (In
Chinese ) .Chinese Journal of Soil Science, 2011, 42
(4) : 872—878

EH, WER, Jong S.B, . A HH A M E) 4

http: //pedologica. issas. ac. cn



790 + H ¥ iR 52 %
25 AR S 5 R AR D7 AW g ARl TR A= 4R, 2001, 2006, 32 (9) : 1320—1333
17 (2) : 33—36. Wang K, Shen Z ), Jong S B, [17] SRR, LA MEE. bt o R AR AL,
et al. Spatial variants and sampling strategies of soil 2004.Shi Z L. Atlas of Jiangsu Province (In Chinese ) .
properties for precision agriculture (In Chinese ) . Beijing: SinomapsPress, 2004
Transactions of the CSAE, 2001, 17 (2) : 33—36 (18] b, Lol 23 Bror k. dbat: ROl A
[12] 5, BEE, Wk, % BB 4 A, 2000.Lu R K. Analytical methods for soil
SRR B PR FE RO SY. ARSI, 2012, 27 and agro—chemistry (In Chinese ) . Beijing: China
(8) : 1382—1391.Zhao Q Q, Zhao G X, Jiang H Agricultural Science and Technology Press, 2000
L, et al. Study on spatial variability of soil nutrients [19]  XUAPRE, se2=iE, TR, & BTG GIS
and reasonable sampling number at county scale (In F4) K T8 L TR i X A 58 i b o] P 5T DA o )
Chinese ) . Journal of Natural Resources, 2012, 27 Wl ). 34k, 2004, 41 (1) @ 20—27.Liu F
(8) : 1382—1391 C, Shi X Z, Yu D S, et al.Mapping soil properties of
[13]  Bkmi'%, b, #okk, % AFCRMESE T LHER the typical area of Taihu Lake watershed by geostatistics
P 7 [B] A8 S AR AE R FLHERGAS BE DR 9. 4, 2004, and geographic information systems-Acase study of total
36 (5) : 538—542.Yao L X, Zhou X C, Cai Y F, nitrogen in topsoil ( In Chinese ) . Acta Pedologica
et al. Spatial varibility of soil properties at different Sinica, 2004, 41 (1) : 20—27
sampling intensities and accuracy of their estimation [20]  JpLsR, 2, . W3AE L R 55  5 i 5 B
(In Chinese ) . Soils, 2004, 36 (5) : 538—542 Jemt: B AL, 2011, Zhou C H, Pei T, et
[14] ok, fawM, ZFRE, F. AFRE T L8RS al.Principles of geographic information system spatial
23 AR SRR AF ST . £33, 2004, 36 (4) @ 376— analysis (In Chinese ) . Beijing: Science Press, 2011
381.Lei Y W, Wei C Z, Li J H, et al.Characters of [21] Goovaerts P. Geostatistics in soil science: State-of-the-art
soil nutrient spatial variability in different scale (In and perspectives. Geoderma, 1999, 89 (1) : 1—45
Chinese ) . Soils, 2004, 36 (4) : 376—381 [22] Jmede, KA, B, & ARREES S T 3%
(151 Z=vhon. S e i DR 2 R BE R A - 39597 433 1] A LT A ] O 7 % L. M AE TSR, 2011,
A S N ORI SE. BUIH: SENRSFR =BT, 2008. 18 (6) : 34—40.Su X Y, Zhao Y C, Yang H, et
Li Z Y. Study on the soil nutrients spatial variability and al. A comparison of predictive methods for mapping
reasonable distances of soil sampling design under the the spatial distribution of soil organic matter content
village level scale of Karst regions in Guizhou Provice with different sampling densities (In Chinese ) . Earth
(In Chinese ) . Guiyang: College of Agriculture, Science Frontiers, 2011, 18 (6) : 34—40
Guizhou University, 2008 [23] Simbahan G C, Dobermann A. Sampling optimization
[16] Webster R, Welham S J, Potts J M, et al. Estimating based on secondary information and its utilization in soil

the spatial scales of regionalized variables by nested
sampling, hierarchical analysis of variance and residual

maximum likelihood. Computers & Geosciences,

carbon mapping. Geoderma, 2006, 133 (3) : 345—
362

EFFECT OF NUMBER OF SAMPLING SITES ON CHARACTERIZATION OF SPATIAL
VARIABILITY OF SOIL ORGANIC MATTER

Hai Nan"*  Zhao Yongcun' *'

Tian Kang" ’

Huang Biao'

Shi Xuezheng’

o1
Sun Weixia

(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academg of Sciences,

Nanjing 210008, China )

(2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

Abstract

210008, China )

(3 University of Chinese Academy of Sciences, Beijing 100049, China )

Soil organic matter ( SOM ) is an important soil component playing a critical role in various
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chemical and physical processes in soil, and meanwhile, may serve as a crucial index in assessing soil
carbon stock, soil fertility and soil quality of an agro-eco-system. Therefore, to reveal the law of SOM spatio-
temporal variability is a precondition for realizing sustainable utilization of soil resources. Then how to collect
soil samples is the first issue that has to be dealt with in quantitative expression of spatial distribution of SOM
content. And moreover, characterization of SOM spatial variability is closely related to size, density and
distribution of soil sampling. Changes in the number and distribution of sampling sites may directly influence
accuracy of the deduction and prediction of SOM spatial variability. On the other hand, generally speaking,
usually the bigger, the number of samples to be collected, the more, the human resources, material and
time to be consumed in sampling and lab analysis, but if the number of sampling sites is too small, it is very
likely that some important spatial information of soil properties would be missed. Consequently, it is very
meaningful to find out how the number of sampling sites affects characterization of SOM spatial variability
and it is of some important practical significance to have a scientific designing of soil sample collection in an
attempt to save soil sampling cost.

On the basis of the 351 SOM valid data, a field experiment was laid out in Luhe County of Nanjing,
Jiangsu Province to have 5 series of sampling designs, different in number of sampling sites, that is, 300,
250, 200, 140 and 100, set in line with the completely random sampling ( CRS) and minimum sampling
distance sampling ( MSDS) methods. Based on deviations in variability deduction and spatial prediction of
the 100 repeated samplings at each sampling series, effect of number of sampling sites on characterization of
SOM spatial variability was explored. Results show that the nugget-to-sill ratios ( Cy/Sill ) of SOM derived
from soil samples collected using two different sampling methods decreased with decreasing number of soil
sampling sites, and it is more obvious with MSDS than with CRS, indicating that properly reducing the
number of sampling sites may minimize the effect of sampling sites mismatching to SOM variation scale on
variability deduction and hence improve reliability of characterization of SOM spatial variability. Comparison
of SOM predictions using OK in deviation shows that using either sampling methods, RMSEs of spatial
prediction, though fluctuating with decreasing number of sampling sites, were lower than that derived from
all the sampling sites as a whole. The minimum RMSE was achieved when the number of sampling sites was
reduced to 250 and the MSDS method was used, and about 6% lower than that of the prediction based on all
the sampling sites as a whole. All the above findings imply that rationalizing the layout of sampling sites in
number and density to match density of sampling sites to SOM variability scale is more important than simply
increasing the number of sampling sites.

Key words Soil organic matter ( SOM ) ; Spatial variability; Completely random sampling ( CRS) ;

Minimumsampling distance sampling ( MSDS) ; Scale matching
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