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Spatial prediction of soil organic matter and total nitrogen in the hilly red soil
region, China
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Abstract; There has been a great concern about how to accurately predict soil properties using the limited soil samples. At
present, the approaches of Kriging interpolation coupled with auxiliary variables has been widely used. However, little
information on improving prediction accuracy of soil organic matter (SOM) and total nitrogen (STN) with the aid of land
use patterns as auxiliary variables is available. In this study, 254 soil samples were collected in Yujiang County of the hilly
red soil region, China, two approaches; ordinary kriging (OK) and kriging combined with land use patterns information
(KLU) were used to predict SOM and STN spatial distribution pattern, and 102 samples were validated to compare the
prediction accuracy of these two approaches. The results showed that the correlation coefficients between measured and
predicted SOM and STN values using KLU approach (rg,, =0.786, re,y =0.803) were both great larger than those using
OK approach (7g,,' =0.224, ry,' =0.307). As for 102 validated samples, the root mean square error (RMSE) of SOM
and STN using OK approach were 12.48 g-kg ™' and 0.64 g-kg ™", while those using KLU approach were 6.86 g-kg ™' and
0.37 g-kg™', which were 55% and 58% of the former only. In terms of KLU approach, RMSE of drylands has the widest
lowering range, and that of forestlands has the smallest lowering range. It is indicated that KLU approach is an efficient and

practical prediction approach in the hilly red soil region, China.

Key Words: soil organic matter; total nitrogen; land use pattern; Kriging interpolation; hilly red soil region
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Fig. 1 Location of study area and distribution of sampling points
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F1 FLFAAK SOM 71 STN S EH R ML T
Table 1 Descriptive statistics of SOM and STN content in various land use patterns
HORME BRI RSB RME RO s PR RARC s
. . . .. . Standard Coefficient
Soil properties Land use Sample size Minimum Maximum Mean .. .. Skewness
deviation of variation
SOM/(g-kg™!) 7K H 128 8.62 58.96 32.08a 9.43 29.40 0.35
i 78 4.71 36.76 15.36¢ 7.29 47.43 0.72
FhHs 48 5.36 62.76 27.39b 17.05 62.27 0.72
it 254 4.71 62.76 26.06 12.99 49.85 0.51
STN/(g-kg™") 7K H 128 0.49 3.75 1.83a 0.56 30.69 0.45
i 78 0.29 2.07 0.91c 0.42 45.98 0.77
FhHs 48 0.30 2.85 1.41b 0.76 53.86 0.41
it 254 0.29 3.75 1.47 0.69 47.24 0.37
*2 AELi#FAFXE SOM 1 STN SEHFTEHHT
Table 2 Analysis of variance table for the SOM and STN between different land use pattern
T P2 3/ HHE e J5 ¥yJ5 F
Soil property Source of variance df Sum of squares Mean square
SOM 2 [|] 2 13652.39 6826.20 58.96 **
HN 251 29058. 41 115.77
Jsvil] 253 42710. 81
STN 24 [&] 2 41.12 20.56 63.86**
HN 251 80.81 0.32
JEvil 253 121.93
* %, P<0.01
%3 SOM #n STN %% = HIEHAR S 1T
Table 3 Descriptive statistics of SOM and STN residuals
W% R R/ME RRME By bz TSR R
Residual Samples size Minimum Maximum Mean Standard Skewness
oM 254 -23.46 35.37 0.00 10.71 0.71
TN 254 -1.34 1.92 0.00 0.56 0.49

2.2 G K e AR A

SOM Al STN JFUs %5 K 25 B - A I 75 sIMEG Bk 22 T7 22 B A S HULER 3. RAE AL SOM
I STN J g Bt~ 77 22 BB e L P00 i BB AR R B D 46 B Y , T SOM. Al STN 5% 22 75 22 IR B I e A U 15

RERIB BRI, A EAMRE FE SEEMHEZH(C/C, + C) A LIEE M 0. 514—0. 680, 7 Jy
sEsm s A GARE o B 2 ok r E R A R . SR IABEAR L, SOM FI STN 525 & MBI & 1

FEAR, BB (BT R, BASREEBSE/)N , 3X FE S i T4l 5 bR A SR BU A5 , i A [R] ) FH 28 205 Al
SR TT ZE AR, T JR R BE AL IR 3R AR WA X S B 2. BERA 1 3 IS AU ] SOM 1 STN 5 8 22 5 X

HAR S eRECA BR800 T 25 RV B0 A9 AN A, T e A 25 B ke b ) PR 2R B, T AR b AN s

e, AT B2 s TG B2

*3 SOM#STN FEERHEREMNEFEZRBERNSH
Table 3 Semivariance and the parameters of original values and the residuals of SOM and STN

Rt Wk hkw mwEo el EAER o A D A
Properties Approach Distribution Model Gy Cy+C 0 Range R?
SOM OK Normal Exponential 0.253 0.800 0.680 4780 0.667
KLU Normal Sperical 0.342 0.732 0.533 4020 0.726
STN OK Normal Exponential 0.264 0. 804 0.672 5100 0.647
KLU Normal Sperical 0.323 0. 664 0.514 4650 0.692
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Fig. 2 Smivariograms for original data ( solid line) and the residuals ( dotted line) of SOM and STN contents
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Fig. 3 Scatter plots of predicted and observed values of SOM and STN (a, b, ¢, and d are SOM( OK) , SOM(KLU), STN(OK) , and STN

(KLU) respectively)

B A R B r A2 FRIAERE 5 RMSE { B S Bl 2 Tl 75 vk i B (ARG BE | S itk — 202 W 7 4 SOM
1 STN F0 iR 22 4 AR AF O , ABF 5 % 7K H 52 FUbk b, 3 o1 A 7 =X A 5000 RMSE 647X b 73 (1B 4) 6
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RMSE 7 5.77.5.95 g-kg ' F 11.61 g-kg ™' , 43 B NHTE Y 51.28% 45.62% F177.71% . [FEF, OK %7K H .
3 AR FOMARE 2 STN 2 B3 A RMSE 43514 0.57.0.68 g-kg ™' #10.77 g-kg ™', 1fi KLU Hiillf¥) RMSE
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http ://www. ecologica. cn



19 3 KBRS ORX TR U SR A A 2 By 5343

KLU % AN [R] £ 30 F 752K SOM Al STN Fili A% BE (9 08 iR A7 7E 22 52 - X T2 3 SOM. A1 STN fr) Tl 4 JBE 48 e i BE
B, FLUCRK L T X AR O 00 PO B v W BE /D o i PR 2 72 4t AR 7K FEL 7 AR ) BB o B P )
T, LIRBYEE T — 20, 2 R, SET R T 2 SOM Al STN 2[RI Bl i AN Bl E ko bk P AT
AR A 5 50 T MU G5 AR S (), 3 2L AR o B B R R i R AP FE R 22 57 , B0 SOM. Al STN
BE5R AL S, 1 O Lz R FON  AB R PEBOR . BFFERI, B AIK H 43908 i KBRS RIS E T SOM
I STN 2 [ T A0 A B R 1k R AR AR TP b 3 8 77 ¥ AT 78— RE 2 B2 B 32 5 SOM. 1 STN Fi g B2 , {HL 3
25 [ B AR AR FEAE B R AR ™

OKJj% [ KLUJ¥%
18 - 09 -

SOM STN
5 N 5 N\ -
2 12 N 2 %°r N\
RN g \
=4 o~
® ool 5
= K oosf
S B
R, —‘ =
2 °f T “
3 0
SRBIE A K H il R SRBIE A K H il R
All validation Paddy field Dryland  Forest land All validation Paddy field Dryland  Forest land
points points

B4 2EHEIERRETHF AFREIE SR SOM #1 STN Fiifll RMSE xf Lk &
Fig. 4 Comparison of RMSEs of SOM and STN for all validation points and the points of various land use patterns
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Fig. 5 Spatial distributions maps of SOM and STN from OK and KLU
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2] SOM 71 STN & B )2 P RIERRAR >, HoA fH 25 SR RE (AT SOM 1 STN 437 ity REBUE 5+, (H A BE =
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