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Fig. 1  Geographical location of the typical counties
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Fig. 3 Distribution map of sampling points based on farmland soil
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Table 1  Statistical characteristics of the farmland soil organic matter in the typical counties of Fujian Province
. o L #u'“?ﬂ( %/J.\{E RRME P —— A5 5 AL
Prefecture-level city Typical county Sample Min M Mean SD v

number (gkg™')  (gkg™')  (gkg™") (%)

N 17 Fuzhou City ] f% E- Minhou County 2 829 4.80 59. 60 30.76 7.96 25.88
BT 17 Nanping City KT Jian’ou City 3313 1.40 63. 60 26. 50 9.57 36. 13
J& %17 Longyan City Kk 5E B Yongding County 3 096 5.50 66. 70 36. 36 8.30 22.81
=T Sanming City & I B Datian County 4319 3.10 66. 00 30. 94 10. 59 34.24
75 M 77 Putian City WYL IX. Hanjiang District 2 038 8. 00 61.40 33.72 9.77 28.97
T Ningde City A& 5417 Fuding City 4 002 6. 20 67. 80 32.36 9.40 29. 04
SR IN T Quanzhou City 7 % T Nan’an City 3 954 5. 00 47.00 22.57 7.14 31.63
JE 717 Xiamen City [} % [X. Tong’an District 1572 3.20 36. 80 15.23 4.75 31. 18
7N 117 Zhangzhou City VE T H Zhangpu County 4197 1.02 40. 60 19. 63 7.00 35.68
BT Total 29 320 1.02 67. 80 27.83 10. 54 37.87
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Table 2 Semi-variance models and parameters of prediction of farmland soil organic matter contents in the typical counties of Fujian Province

M0 B Fe LA A 70 Pl B EiE] BN ASFE Range  HRERM %2 RSS

Typical county Optimal fitting model Cy Co+C Cy/Cu+C (% ) (m) R? T
&) 4% F. Minhou County HE B Exponential model 0.10 53.00 0.19 1020 0. 88 1.19
AR TT Jian’ou City $8 M7 Exponential model 2. 60 88. 65 2.93 2 700 0.99 1.10
7K 7€ H Yongding County 8B A Exponential model 2.90 65.08 4. 46 2 070 0.95 1.58
J M K Datian County F5 B4 Exponential model 0.10 92.31 0.11 1590 0.94 1.96
7T X Hanjiang District 5 #7515 Exponential model 0.10 85. 63 0.12 1071 0.95 2.06
¥ 54T Fuding City F8 M7 Exponential model 0.10 76.73 0.13 3 420 0.94 5.91
F§ %1 Nan’an City H& BAR T Exponential model 0.10 39.32 0.25 2250 0.73 4. 46
[§] % X Tong’an District $8 BB Exponential model 0.01 19.43 0.05 765 1.00 0. 00
{838 £ Zhangpu County F8 M7 Exponential model 0.10 33.62 0. 30 1626 0.95 1.43
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Table 3  Prediction error of the use of the deterministic interpolation method in predicting farmland soil organic matter contents
in the typical counties, Fujian Province
T T e
- ) 15 22 AR 22 o W45 22 R 2 - ) 45 22 A% 22
Typical ik Typical ViRiS Typical ViRiS
ME RMSE ME RMSE ME RMSE
county Interpolation . . county Interpolation . . county  Interpolation . )
(gkg™) (gkg” gkg™) (gkg™) (gkg™) (gkg™")
JiE] £ B IDW -0.024 6 7.03 FERE T IDW 0.027 5 8.91 K B IDW 0.082 0 7.52
Minhou GPI 0.0019  7.35 Jian'ou GPI 00037  9.31 | Yoneding gpp 00010  7.80
County City County
LPI 0. 006 3 7.06 LPI 0.001 6 8.97 LPI 0.007 4 7.53
CRS 0.015 4 7.04 CRS 0.013 1 9.07 CRS 0.0219 7.61
SWT 0.014 7 7.03 SWT 0.012 6 9.03 SWT 0.018 1 7.56
MF 0.052 2 7.83 MF 0.022 9 10. 30 MF 0.056 0 8.31
IMS -0.027 8 7.06 IMS 0.022 9 9.42 IMS 0.028 9 7.63
TPS 0.121 4 9.27 TPS 0.038 5 12.19 TPS 0.087 4 9.50
KA IDW 0.004 5 9.10 HRIT.IX IDW 0.020 9 8.86 FaEnT IDW 0.082 4 7.74
Datian GPI  -0.0073 9.35 | Hanjiang  gpp _0.0033  9.08 Fuding GPI  0.0147 8.19
County District City
LPI -0.018 7 9.14 LPI -0.018 6 8.90 LPI 0.053 1 7.78
CRS 0.008 1 9.22 CRS -0.001 6 8.96 CRS 0.010 7 7.79
SWT 0.002 1 9.18 SWT 0.002 2 8.92 SWT 0.009 7 7.77
MF 0.008 8 10.25 MF -0.064 1 9.86 MF 0.007 1 8.71
IMS -0.0120 9.04 IMS 0.0353 8.90 IMS 0.126 6 7.81
TPS -0.0122 11.96 TPS -0.106 6 11.28 TPS -0.007 9 10. 00
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Nan'an GPI  -0.0036  6.30 | Tongan GPI  -0.0005  4.56 | Zhangpu GPI  0.0165 5.45
City District County
LPI -0.065 4 6. 09 LPI -0.026 2 4.52 ’ LPI -0.037 6 5.07
CRS 0.022 8 6.11 CRS 0.014 4 4.58 CRS 0.007 0 5.03
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MF 0.003 7 6.82 MF 0.037 8 5.09 MF 0.008 4 5.41
IMS 0.046 3 6.12 IMS 0. 006 1 4.54 IMS 0.026 6 5.43
TPS 0. 065 6 8.22 TPS 0.047 2 5.88 TPS 0.013 9 6.11

ME ;3 £ ) % 2% Mean, RMSE ; ¥ J5 4R 1% 2% Root-Mean-Square , IDW ; J i 85 4 # ¥ Inverse Distance Weighting, GPI; 4 J&) £ 5 1 ¥ Global
Polynomial Interpolation, LPI: 5 £ Wi 2,3 Local Polynomial Interpolation, CRS : i I k£ 4% ki 44 % Completely regularized spline, SWT ;5K Jj Ff 2% pRi 4K
#: Spline with tension, MF ; i Y& ili i 5% %74 Multiquadric function, IMS: J 15 X il i 28 %0 % Inverse multiquadric function, TPS ; - [ £ 4% bR 0%
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) 22 X 8 A~ it 70 B 24 DL e {10 M 492 4 {8 07 % (UK
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IMS SWT) [ RMSE ; Herfr i {5 5L R T L7k s £
TRV DX A B A il i 25 DA UK $8 (E 880CR B i, R B
LA SK # A, Fg 2 Al )2 XU LA OK fie i, 32 22
DR Hh T 3 8 2 A {2 DA S R KR 98 45 A
o3 M g A, BEAE A FIR DX 3 P A K PR EE R ] 25 1]
SRR BT A B A5 SR X DX I Ak A i R AT TG i e DG Al
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Table 4  Error of the use of the Geo-statistical interpolation method in predicting farmland soil organic matter contents

in the typical counties of Fujian Province

Y w o TH R M)

HALE ot it T 1 ot i
Typical Ik R "% F=3 "% HETR 22
county Interpolation ME RMSE ASE MSE RMSSE
(skg™') (gke™") (gke™') (ske™') (gke™)

Tl T Rk H

MR AR T Ti i P ife T AR

Typical I R#E R2E %= R2E HEiR 2
county Interpolation ME RMSE ASE MSE RMSSE

(gkg™') (gkg™) (gkg™) (gke™') (gkg™")

AR OK 0.0062  7.02 6.81  0.0005 1.03

Minhou SK  0.0051 7.03 7.03  0.0005 1.00
County

’ UK 0.0093 7.02 6.81 0.0010 1.03

DK 0.0068  7.03 7.03  0.0008 1.00

KEH  OK  0.0046  7.49 7.61  0.0003  0.98

Yongding gk 0.0380 7.49 7.48  0.0048  1.00
County

UK 0.0062 7.49 7.61  0.0006  0.98

DK 0.0337 7.49 7.48  0.0042  1.00

WITX 0K 0.0072  8.85 8.79  0.0009 1.01

Hanjiang  gx 0.0243  8.85 8.78  0.0028 1.0l
District

UK 0.0077 8.85 8.76  0.0010 1.01

DK  0.0238 8.85 8.78 0.0028 1.01

M%m 0K 0.0009  6.03 5.57  0.0000 1.08

Nan’an SK  0.0117  6.03 5.98  0.0019 1.01

City

UK 0.0038 6.06 5.78  0.0006 1.05

DK 0.0110 6.04 6.04 0.0018 1.00

@ 0K —0.0066  5.05 5.31 -0.0015 0.95

Zhangpu g 0. 0142  5.06 5.98  0.0021 0.85
County

UK -0.0074  5.06 5.47 -0.0016  0.93

DK 0.014 2 5.10 6.09 0.002 1 0.84

AT OK 0.001 9 8.91 8.96 0.000 1 0.99

Jian’ou SK  -0.0194 8.93 9.13 -0.0022  0.98

City
UK 0.004 6  8.91 8.97 0.0004 0.99

DK -0.0112 8.93 9.19 -0.0012 0.97

K E OK 0.002 0 9.12 9.08 0.000 3 1.01

Datian SK -0.0017 9.10 856 -0.0001 1.06

Count
YUK -0.0039  9.12 9.19 —0.0003  0.99

DK -0.0017 9.10 8.56 0.000 1 1. 06

T OK -0.0013 7.74 7.84 -0.000 4 0.99

Fuding SK  -0.0102 7.73 7.79 -0.0016  0.99

City
B UK 0.0000 7.73  7.74 -0.0004  1.00
DK -0.0090 7.73 7.73 -0.0015 1.00

Il 22 X, OK -0.0001 4.50 4.27 -0.0002  1.05

Tong’an SK  -0.0516 4.50 4.56 -0.0113  0.99

District
UK 0. 000 6 4.50 4.23 -0.000 1 1. 06

DK -0.0516 4.50 4.56 -0.0113 0.99

ME ;5 ) 1) % 22 Mean , RMSE ; ¥ 7 # 1% 2% Root-Mean-Square , ASE ; 5% 1) 45 #f 22 Average Standard Error, MSE ; #5 i 1 Il 1% 22 Mean Stand-
ardized , RMSSE ; #] /7 HR Fr #fE 1% 22 Root-Mean-Square Standardized , OK ; %38 7% B 4% 3 Ordinary Kriging, SK ; faj 8 7 B A% 3% Simple Kriging, UK ;77 3¢

K& Universal Kriging, DK ; #7 HX 5 L #% 7 Disjunctive Kriging

3 45 ®©

i R B SR R HLT B & R
27.83 g kg AT G RS R BN 37.87%
Jm AR S, HOEAT SR ZU A 25 ) A AR OGO 22
PREI LA BB R L5 ROR e i o B B T
JKE B TR T LK AR A i A 3t S5 A AL B o L
SE VEAR(ELIES 2 SO B AU 0k, e U ML G T A (1 2
2 BRI Hz o0 BURS S5 SRR w8 T S i B AL
HPE 5 R B 5 fe 0 0 A A7 0 2 e O T R
WOk Fe ot g2 4 (B VK 2 ) PR 5 LR 0%, HL g B

o AR % J RN B R T B Kl i eR KRk 5 R
T[22 XL R 3l L 9 i D0 At o P A (L 1 Ok
FEAS R fe D0 3t G0 T 3 (B VR O 5 aE v LR I
L3 g RS 32 470 (EDRS JE2 55 T 7K 0 R 2% R B0k (T
HEERSN) o BARE fREE VIR () k&
UL 3t 2 A T ARG B0 A 24 R DX R v LA i
PEAT B M - SEA BIL T 2 (8] 46 (EDAS J3E 250, Ll st o
F1% DX IR FH 76T 50 B A 326 A AT BIL B 5 (0] 4 fEDORS
BEB T LA I 65 3 o 2 B DX U SR T 3 i e
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Fig. 4  Spatial distribution of farmland soil organic matter contents predicted with the optimal spatial interpolation method
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Table 5 Error of the use of the optimal interpolation methods in predicting farmland soil organic matter contents

in the typical counties of Fujian Province

BitwE P B mkws P s 4y Y

o LERGIHIEREN T T iR RARGINIERES wm Ji R P v o AR
- Optimal R ME 2= Optimal R R # ASE 2% HER 2%
Typical county )

deterministic (g kg™") RMSE geo-statistical ME RMSE (gkg™") MSE RMSSE

interpolation (gkg™') interpolation (gkg™') (gkg™") (gkg™) (gkg™")
i {2 £ Minhou County IDW -0.024 6 7.03 UK 0.009 3 7.02 6. 81 0.001 0 1.03
FERE T Jianou City IDW 0.027 5 8.91 UK 0.004 6 8.91 8.97 0. 000 4 0.99
7K 7€ H Yongding County IDW 0.082 0 7.52 UK 0. 006 2 7.49 7.61 0. 000 6 0.98
K M E Datian County IMS -0.0120 9.04 SK -0.001 7 9.10 8.56 -0.000 1 1. 06
{1 IX Hanjiang District IDW 0.020 9 8. 86 UK 0.007 7 8.85 8.76 0.001 0 1.01
T Fuding City IDW 0.082 4 7.74 UK 0. 000 0 7.73 7.74 -0.000 4 1. 00
7 %17 Nan’an City SWT 0. 000 4 6. 04 OK 0. 000 9 6.03 5.57 0. 000 0 1.08
[7] % [X. Tong’an District SWT 0.007 4 4.52 0K -0.000 1 4.50 4.27 -0.000 2 1.05
13 E Zhangpu County SWT 0.006 5 5.02 OK -0.006 6 5.05 5.31 -0.001 5 0.95

ME ;-2 il % 22 Mean, RMSE : # J5 #8i% 2% Root-Mean-Square , ASE ; 3F- 4] ¥5 #f 75 Average Standard Error, MSE : #5 #E 71 il 1% 22 Mean Stand-
ardized , RMSSE ; 2] 7 iR bR #E 1% 22 Root-Mean-Square Standardized , IDW ; /7 i 85 #¢ & % Inverse Distance Weighting, UK ;77 5 L A% ¥ Universal Krig-
ing, IMS: iz /&5 ¥k il T p% %07% Inverse multiquadric function, SK: i B 5% HL#% 3% Simple Kriging, SWT: 5K J1 #£ 4% i $3% Spline with tension, OK ; 3 i 7
H#% ¥ Ordinary Kriging
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SPATIAL INTERPOLATION OF SOIL ORGANIC MATTER IN FARMLANDS
IN AREAS COMPLEX IN LANDFORM

Long Jun'?  Zhang Liming'® Shen Jinquan’®  Zhou Biqing'® Mao Yanling'® Qiu Longxia'? Xing Shihe"*’
(1 College of Resource and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)
(2 Key Lab of Soil Ecosystem Health and Regulation, Fujiam Province University, Fuzhou 350002, China)
(3 Fujian Crop Land Construction and Soil and Fertilizer Station, Fuzhou 350003, China)

Abstract As a core index of soil fertility, soil organic matter has played an important role in global carbon recycling
and agricultural production. Field sampling, laboratory analysis and spatial interpolation are used as chief means of assessing
content of soil organic matter in farmlands. Due to differences in soil forming factors and human activity, spatial distribution
of soil organic matter contents and its driving force may vary from region to region under study, which in turn causes variation
of applicable interpolations with the region. Fujian is a province very complicated in landform, as affected by the jointly ac-
tions of tectonic movement and long-term exogenic agencies, so the farmlands there are very high in land-use intensity and in
spatial variability as well. Therefore, efficient site-specific point-plane expanding models will help expose laws of the spatial
distribution of soil organic matter in farmlands of the province and realize precision agricultural nutrient management.

In this study,nine counties, namely Minhou, Jian’ou, Yongding, Datian, Hanjiang, Fuding, Nan’an, Tong’an and
Zhangpu, representative of 9 different types of landforms in Fujian Province, China, were selected for case study. Based
on the data collected from the 29 320 sampling sites, scattered in these nine counties, of the soil testing-based fertilizer
recommendation project sponsored by the Ministry of Agriculture of China, statistical characteristics for soil organic matter
contents in farmlands were analyzed using the statistical software SPSS and GS + and a semi-variance model established.
In line with the principle of “for mean errors ( ME), the closer to zero, the better and for root mean square errors
(RSME) , the smaller the better, and RSME should be given the first priority” impacts of different interpolation methods
on accuracy of the reckoning of soil organic matter contents were evaluated and eventually a point-plane expanding model
with the higher accuracy in predicting soil organic matter contents in the farmlands of Fujian Province was defined.

Results show that the mean soil organic matter content of farmlands in Fujian Province was 27.83 g kg ™', and its co-
efficient of variation was 37.87% , displaying a strong spatial autocorrelation and for semi-variance function the exponen-
tial model fitted the best. For prediction of organic matter contents in farmlands of Minhou County, Jian’ou City, Yongding
County, Hanjiang District and Fuding City, the optimal geo-statistical interpolation method was the pan-kriging method,
while the optimal deterministic interpolation method was the inverse distance weighting method, however, the former was
higher than the latter in prediction precision. For Datian County, the optimal geo-statistical interpolation method was the
simple kriging method, while the optimal deterministic interpolation method was the inverse high-order surface function
method, however, the former was still higher than the latter. For Nan’an City, Tong’an District and Zhangpu County, the
optimal geo-statistical interpolation method was the ordinary kriging method, while the optimal deterministic interpolation
method was the tension spline function method, nevertheless, the former was higher, too, except for Zhangpu County. On
the whole, in regions, like Minhou, Jian’ou, Yongding, Hanjiang and Fuding, that have similar distribution areas of plain
or basin, hills and mountains, the use of the pan-kriging method in spatial interpolation of soil organic matter contents is
relatively high in prediction precision, while in regions, like Datian, that are dominated with mountains the use of the
simple kriging method is more advisable and in regions, like Nan’an, Tong’an and Zhangpu, that are dominated with
plains or table lands, the use of the ordinary kriging method or the tension spline function method is.
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