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Analysis of Spatial Variability of Topsoil Nutrients of County Area of
the Lower Yellow River—A Case Study of Dong’ e County

LU Xiangyang ,ZHANG Jinping, WEI Fan,ZHANG Baohua "
(College of Environment and Planning, Liaocheng University, Liaocheng 252059 , China)

Abstract. The spatial variability of soil organic matter,total nitrogen, phosphorus and potassium in Dong’ e
county of Shandong province was studied by geostatistics and nutrition classification standard for the
second national soil survey in this paper. The results showed that soil organic matter contents were 9. 50—
29.80 g/kg,relatively stable,with most of the area being 15.00—20. 00 g/kg,belonged to level 4 ;0only in
northeastern Gaoji town, west Guguantun town, southwest Liuji town, midwestern Yushan town, and the
junction of Yushan,Liuji and Jianglou towns,the organic matter contents were lower;only in northwest of
Tongcheng subdistrict, southeast of Xincheng subdistrict, southwest corner of Chenji country, northwest of
Dagiao town and southwest of Niujiaodian town,the organic matter contents were higher. Total nitrogen
contents were 0. 64—1. 82 g/kg and the distribution was more uniform, with most of the area being
1.00—1. 50 g/kg, belonged to level 3; only in northern Liuji town, total nitrogen content was lower.

Available phosphorus contents were 2. 50—78. 20 mg/kg, and more dispersed distribution, with most of
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the area being 20. 00—40. 00 mg/kg, belonged to level 2; only in northern Gaoji town, southeastern

Niujiaodian town,south Yushan town,and south Liuji town,available phosphorus content belonged to level 3. In

space, available potassium content had the features of combination of island and strip, was overall

abundant, with most of the area being 150.00 mg/kg or more,belonged to level 1 or 2 ,the large areas of

central and southern Dong’ e county belonged to level 1;o0nly in a small amount of areas of the central

Gaoji town,central Yaozhai town,eastern Niujiaodian town,central and western Guguantun town, northern

and southern Yushan town,western and southern Jianglou town,available potassium contents were lower,

belonged to level 3, with very scarce area belonged to level 4.

Key words: GIS; soil nutrient; geostatistics; spatial correlation; ordinary Kriging

SRR A R B AR, TR R
BORBE 72 S 1 O8I = TE Ty e AT B S i A 1 ARl
HATES TR Bk, 5 + 5055 5 19 25 1]
ASRHMERA R EN L E L 24, kT R
oy s (B8 S MR ST B 22, 32 B A v 1 B O [ -
Ty A P A T 4 MR A AR LT J i R L
SRS 4 Ty T (R T i S R O JE L g
+ SR IR RO A e, X R
Ui R Ji EL AR BT LA AL L L A R e A
4 Bl SR 0y 1Y 25 8] A8 SRR AR 2R AT 0, B RN
M R ] R 2 R % b TR O R A BRAR fi PG
HeHs

1 AR A7 &

1.1 HREHER

PR B ELASE T L AR A O 3 T R S, B T
b PG LR (116°027 ~ 116°33'E36°07' ~ 36°33”
N) o BB B 2 Y R AL E A, R 52 km, R

E1

PU9E 24.5 km, M3/ P4 R 1) AR LR, WA T
28 ~40 m, KA R T, AL 4 0.03% , Sy #i 5
{16 - Ji L, 32 A IR R R 0 B M e M
GGV Mo 0T RV v M P 1 B R ML AE S R HLE .
2B B TR 729 km® B 3 7 X 48 000 hm®
TR ETLE o, @R 8 e
I SR I 2 P e o 5 W - D - R CIR G 2.7 3 B
IR EL A B I SRR ARG AL X, AR A A
INE EK CRE M.
1.2 THRXESHH

iz BE Al I TR 5 G T ) SR 7 AR T B
R BE AL 255 R0 22 5 R 4 B9 SR, T 2012 4R 7EBF5Y
X3 3 HROCR A A 166 A, BEASFE S S 12 ANt
RORIE IR A W — RS, AR AR R E R RE L BB E
RSB R, RASTERARENHNZ O ~
20 em 3 CRAEN BT TR RERITHOA B
F BT M IF ) GPS Ar i rhls s 4 26 B Ak bR, R
T A5 7 LI 1

RERMUE



% 8

BPEemE AT THLEBMELER SO TR T F oM

vl R R B ) 71

JEPI R A A RE B B 25 2% o, U, o W, x -
FRor AT A B o A HILI P E AR TR AT A AR
HEE , 2R &8 YU E ZUE LI A 280w & &
J1°0.5 mol /L NaHCO, $& ;N— B bt L 35 I %E ,
OB 1 mol/ L vp PR TS 1R B 41 B — J M e BE T

Wi
1.3 TERSHRRE
SR 4 [ 45 K T A R A A b u

TR S R AT G, BRI RARME IR 1,
#1 2EF-RTEEERH I RRE

59 HHLBT/ 2R/ AR/ AL/
(g/ke) (g/ke) (mg/kg) (mg/kg)

1 >40 >2 >40 >200
2 30 ~40 1.5-~2 20 ~40 150 ~ 200
3 20 ~30 1~1.5 10 ~20 100 ~ 150
4 10 ~20 0.75 ~1 5~10 50 ~100
5 6 ~10 0.5~0.75 3~5 30 ~50
6 <6 <0.5 <3 <30

1.4 TEFHZTETERSWHE

M5 T2 SR 0 B A S R 2 ] 43 A R AR S CH AR
SN E YT R S RE r(h) RG24
FRIEAZ L, 8 2 DX 3o A 7 3 Sy B B 3 B 1
DX I Ab AR B Y O 22, O PR AR

1 N(h)
2N(h) 21 :

KA, NCh) RFEARITEL, Z (x) J& RGEHJE M TE
2S[O E o Ab Y XS AL BE AL AR &, B R B AR
M5 b R AR AR 5 2 [E] (R B R S, Z (&, ) A Z (x, + h)
A3 E XA AR i Z () TEZS AL x, Fl 2, +h AR
S =1,2,... ,N(h) ",

SR E B IEE R (o) S H
(Co+C)FIEME(Cy) o BRERTERERNAE
(B E A SETE [, AR e e 5] e+ e B R A S
SRR AR . AR a<h B, KA Z(x) 1
23 [ AH S MR 2K o & (H 3R m H i B iR 25 A/ T i
ANIRURE RUBE 5 | S 1 B ML A8 5, A8 R 1) e 4 1 3% IR 4%
INRE ER IR AR S BN B2, FE & (F %

r(h) = Z(x;) —Z(x,+h)]2

TR RGN AR A S A S N B L A
ARG R G RN D R KR S A, R
Ao MM R M, S EMEAHZ
[Cy/(Cy+C) T, HIAS S ZR 80, 2 e bl 43 F o8 2825 ]
S TS S /N LU B A 5 U ol B AL AR 43 B R
F9 23 0] S5 550 P P B K 5 A 2, ) e 2 ) 1 A G 4%
5| R 1R 2 ) S S A R AR A 5 A SR B T 1, U 3 %
AF AR N A AR R, MG b P 2
() F SR, Co/ (C, + C) T 7% 22 4575 4k 19 23 1] A1
S PERREE 05 K T 25% |, 5 W A5 B L AT 9 A
(19 25 6] M 561k 5 7F 25% ~ T5% , 38 1 25 45 HLAT v 45
(9 25 ) KOG 1 5 #B 4 75% I, i3 W A5 ik 2 ) A 26 1
mEs

AT S Xt 4 98 37 0 KR HEAT TR PG i 4y
T, 0 B87 4% 352 40 K5OI 09 43 A 51, 8K U5 3k 47 3 43
BT L 555 SR JH 3 5 HL 4 1 MR A7 1 49 3% 43 14 25 [0) 4
{B. PEATIRAELIT 4 7 16 S50 B R 4% 0 S, 43 3
FE ==y bR BR THT B 550 8 550 o 50 26 260 £ A4
MR FRE 2 (ME) B 82305 T 0 3 4 o i 2%
(ASE) e B2 3 T 45 05 T 158 2% ( RMS) A i 34 )5
AT 5 22 (RMSS) f 300 T 1 = 3 50 s of 4 0
)7 % RBR I [y B RO B A1, 0 3 T s
R AR LG P & (4 %5 | SR, 00T 1R
G375 S R B RAE

2 HR G AT

2.1 RMETEFSEBHIFRES TS0

FH 28 2 AT, AT 3 AT D B R BT B -
EERIN s 8 € TS U DO G N o S 3 € e
PR R 420 Box — Cox A8t 22 J5 445 & 1IE & 43
Mo ZRBTE AP & =T 9.50 ~29.80 g/kg,
BT 3 ~5 9 P T 49, 2A 58N T0.64 ~
1.82 g/kg b 2 ~5 9, FH 4T 3 9 A 8w &
AT 2.50 ~78.20 mg/keg, 4T 1 ~6 %%, & 43 A
BT T 2 9 A & & A T 60. 00 ~
463.00 mg/kg, Ab T 1 ~4 2%, SEXAT 1 %%,

R2 FHELEFSBEORBESTS R

+ 85 o e KB e /ME TH{E 37 5 i 22 At U i

H LG/ (g/kg) 29.80 9.50 17.08 16.90 3.29 0.74 4.36
28/ (e/kg) 1.82 0.64 1.17 1.15 0.25 0.32 2.52
AR/ (mg/kg) 78.20 2.50 26.26 23.00 15.30 0.89 3.58
AL/ (mg/kg) 463.00 60. 00 201.89 183.00 83.75 0.74 3.34

22 AMBEIHEFSAENTHEBREREY
S

Xof 2R Bl B - e IR oy R AL AT O B ke
B, A HLB 2 AR AR 4 B SR AT
U, BB —E R B s NI, X4 LR
3 5 i AR TR AT 96 L IR S 4 U A RO BRI R
i I A B, A AL I A R KR T | 4 R B = A
PRI RSORSE R A IO OB 4% R AR TR T A0k A 5 B IR A

BYFEAT 23 (8] o3 A A B0, B R0 36 3 s . i 3%
3 AU AR BT R A AL 2R B E A S

AR/, W BEAL T 20 (14 23 [ S5 o 7 6 7 S
HXH BN s A7 2O e (L AN 2 B (E AR TR] , 3R 5 7
B RUEE B0 BAT fE G A A8 e 5 TS50 H B (R
B TEARA R, 26 WY BB AL &1 20 1) 25 ) e Joic 4 A 5%
SESFHME R, NERF, LIEAILR 2R HE
RCEAE 2 8] b S W A8 % i) S, e 1. 82 ~



72

T R A A

545 %

3.98 km .2.34 ~6.15 km 2.56 ~6.32 km Iif fF7E %5
() AR S, FE 5 i AT B0 1% 2 8] i A8 PEARAE . AT
RO AE 25 8] 1 R B 4% il [/ 4, 75 0 ~ 59. 65 km 77
P4 A e it 59. 65 km 23 M AHSC M & . +
AP ER AT R R R KT 75% ,
F WS (A AR SC PR B 5 , A% 70 o0 A 1 B0 3 2 i B

PLPEN R SR, dC & 2 7 R RO 48.27%
J T SRR A 2 (R AR OGP, HE o3 A i 0 32 2 o B
PLPED S IR NS B e AR A T 8,
AR S5 R R 3 A I | | S 7 25 3 [w] 4 ]
IR B IR AT 1) A G B R TR A A
PR E] B, T LAY 2 (e A

£33 FHNETEFRSTEARBREEESHEEKEIER

eiy 1 ﬁgﬁ#ﬂﬁ*ﬂ?
+HEF sy I (B A Co Co+C a/km Cy/(Cy +C) RIS TE RS e
H LR 5 55 R 5L 0.02 0.03 1.82~3.98 80.38 3.275 -0.001 1.026 3.260

R = RE 0.04 0.05 2.34 ~6.15 80.38 0.259 -0.009 1.052 0.247
R BR AT PR AL 3.53 3.53 59.65 100. 00 16.133 -0.031 1.032 16.143
AL R 17 R BL 1.98 3.74 2.56 ~6.32 48.27 80. 569 -0.045 1.002 79.723

2.3 AMELTEFRFSSENTEATRHFE 20.00 g/kg, J& T 4 oK 5 A = AL BB o

HiIE 2 AT LUE AR B = A BT
Or AR AR E (22 RN R I K T 15,00 ~

N
0 4 8 16 km

T T S M I |

FHURER /(gke)

4 9.50 ~ 15.00
e
- 15.00 ~ 20,00
: , I 20.00- 2950
. W

FHBE R /(mg/ke)
2.50 ~ 10.00

] 1000~2000
B 2000 4000
B -2

& 2

AR P X AR ARV R | A LB P e
X B R — AR A Bt XA HL B & AR, A T

LREE /(gke)
0.64~0.75

L 07s~100
B 0150
oo

K8t

i

HEHHER /(mgke)
60.00 ~ 100.00

10000~ 15000
B 150.00~ 20000
R 20000 - 46300

LB

FMELEZFSZEIHER



% 8

BPEemE AT THLEBMELER SO TR T F oM

vl R R B ) 73

9.50 ~15.00 g/ke, Jm T 4 ~ 5 Z; LA k17 18 I
A G AL B SR T8 0 A AR L BR AR S 0Y R A
A BV b3 LA K A #0508 R A AL A
4t 20.00 ~29.80 g/kg, J& T 3 MKV E
R R B R A B ) R XA T 1. 00 ~
1.50 g/kg, J@ T 3 Gk 5 XIHEBUL Rl IX 4 50 %
L, T 0.75 ~1.00 g/kg, J& T 4 HKF; 2R
BEAE 2 P S B X R o A o R
ABERMZEE LS, ST 2.50 ~78.20 mg/kg, A4
K34 T 20. 00 ~40.00 mg/kg, J&§ T 2 FKF 51X
o S BRI A A0 5 B AR T S L S R £
P R AR T 3 oK A 5 A A5 G X IR L B D
BR8] L B R IR AR A IR AN 4l G 60 0 A
AL, KRS b IXAE 150. 00 me/kg LA b J& F 2 9
DAL, & BB AR AR, b AR T e rp A g 7 R
Fr L DKAR T 1 oK - 5 A3 4 S O Ik AP
AP RELAR B TR o B P AT £ il SR L e
T 22 R LG A A g 0 /DX A R R AIC, J
T3 GKF 4 G BEE R D .

3 4

FEAS ) b, o) i P e B AR BT B Y 1 4
AL AR SO 3 R R R N A 1 R T
1.82 ~6.32 km Hf £7 £ 25 [ A O 5 A R0 By 45 1)
[, AT 59.65 km Z J5 43 M AHSCHETE R . L8R
01N N = I Sl @ S BTy S N e
48.27% ~100.00% . ZLH 3 B0 o S5 2 A AR
S, Hoas e AR Ak 2 45 0 v R R BE ML B &R G TR AR
FHEEE A HLIR | 4 BRI 0w 23 ) 28 S vk 59
F B AZ BEAILE B R 2R 52 o %8 58 v B A A
(B AR AT 14 45 B 55 43 119 253 1) 43 A3 T it A7 o0 A7 & B
7R B B 248 S A3 b X A LT AL T 4 GOKOF,
A HH 3 5 it FH AR R, A5 AL AE AN 7 65 ik 2 A e FH S A2
AR BT B2 A LR S R ARAL . B TR
KRS R, FOIRAR M FE A AR, R
By B4R A B AR 2B X AT 3 HOKF . B
JEAH X 5 it A7 B A0 v, DR 4 il DX A 0w R A
T2 YT, SR FE . RE A W+ 58 AL
BEEER, RELET 1.2 80KF, Liams,
A MU, /INZE B OK S5 A P F #1301, 4 ) SF i fic
it S B R A5 R v AR BT EL B2 - A BT N 4 R

SE

[1] Quine T A,Zhang Y. An investigation of spatial variation

in soil erosion, soil properties and crop production within

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

an agricultural field in Devon, UK[J].J Soil Water Con-
serv,2002,57 .50-60.

Liu G S,Chang D,Ye X F,et al Spatial variability charac-
teristics of soil nutrients in tobacco fields of gentle slope
based on GIS[J]. Acta Ecologica Sinica,2013,33(8) .
2586-2595.

Duffera M, Jeffrey G W, Weisz R. Spatial variability of South-
eastern U. S. Coastal Plain soil physical properties: Impli-
cations for site-specific management [ J ]. Geoderma, 2007,
137.327-339.

Lauzon J D,Halloran O I P,Fallow D J,et al. Spatial varia-
bility of soil test phosphorus,potassium,and pH of Ontario
soils[ J]. Agron J,2005,97.524-532.

Zhang C S, McGrath D. G eostatistical and GIS analyses
on soil organic carbon concentrations in grassland of
southeastern Ireland from two different periods[J]. Geo-
derma,2004,119(3/4) :261-275.
WA, GRS A R S B G DU SR )
ZS [A) A2 5 5 43 IO SRR B9 [T, L% 4, 2003,
40(1):79-88.

VAR, i AR, AN, A5 i 22 P AR L R
B 23 AR S R R 4 BT —— LAV 98 4 AR T A )
[T]. dv @ A Akl 2447 ,2008 ,16(3) :543-549.

A R IR, B, A B BT s X R SR A
Ip 25 A2 S SE [ T]. 38244z ,2005,42(1) :84-90.

[ S O S I B e O T I N 08 AT i) = n e
A BT AR A Y 2 ) A8 5[] 4 39853 i, 2009, 40
(2):258-261.

R, BB B, OB, S o TR 3 R A s )
A S AFEAESE[T]. L4z ,2012,43(3) :643-650.
Cambardella C A, Moorman T B, Novak J M. Field-scale
heterogeneity of soil properties in central low a soils[ J].
Soil Sci Soc Am J,1994,58.1501-1511.

M, 8 B AR, VR S S TP B X 09 R A3 I T
SR E R ——LDL L B E ORI [T]. + 5
% ,2009,40(5) :1057-1062.

T RECE KRR, . B X R LSRR E
() 2% S5 0 I AT 4 O0F 5 [0 ] AR B AR 2 4, 2008, 23 (3
]) :319-324.

Wk 7 48 v B WA T 4 AR
Wt geit A ,2014.

B B BRI M]3 AR b b E RO R
#t,2000:30-33,56-57,81-83.

ELIEEADAE O PE I EE A ARM]. b5
ARl H AL, 1992.

U % B . ArcGIS M JR 5 B 5% 4 45 18] 43 A7 55 3 40
LML 2 i JE 5T B4 HE ,2012:419-452.

Burgess T M, Webster R. Optimal interpolation and isa-

2014 M. 10 3% . Wi

rithmic mapping of soil properties 1. The semivariogram
and punctual Kriging[ J]. Soil Sci,1980,31:315-341.
SN AG SR S R I X R Ay A
[B] A8 S Je oy A Sy [T ). 3382442 ,2014,51(5) :944-952.



