B35 1M e
2016 4 1 H

S S PN

Journal of Huazhong Agricultural University

Vol.35 No.1
Jan. 2016,60~68

BETERS SR NERE RRHEERE
xf 1 525 & &= 1Y = (8] 43 10 Ll

¥ R KER B A

AR A

LAR R R 5 R 5 3R 5 B, KX 4300705 2. KR F R 5 R F 1T

FEME FHE

JE B S

LA 4300725

3.8k B M A LA, KR 430074

BmE

DAL 48 PR 1T 2146 2 SR A A7 7 IX S 481 e T 08 o 4 U A & i R RS X 48 LT Pearson 4]

RABOEEBES W & 8 BA R A H 3 I+ (42 K. 4 Cr.CEC. 4 Al 4 N(P<C0.05) 1k Ry il Bl
AR BE I 3 Ao 4 M (PCAD il Bl A8 B o 47 96 2k SR s A5 3 b B L 5 0 ) 0 B G 47 {1 A 45 A #0 B 4
23 [B) B 20 (COKpen ) » IR B4 32 - B4 55 b 14 0538 5 HL AR 7 (i B8 280 COKO T A 4 K O i B0 725 3 4 7 ) ) 5 B A
FRAE AT (COK ) o X AS 7] 4 25 o] 455 0 B0 45 15 S00KG S8 9 3 LU 0 23 A =22 i 5 113 5 0 2% ) A 780 7 9k L ik — 4 0 #r &
B AR T IT X AR A5 (] A A AR AR . 5 SRR L 8 T B AR M (OKD LB R 38 AR 4 (1 (COKw) M5 32 Al
I3 A EE A B P 1R 5T BLAR 3 (5 (COKpea ) 3 R ALY RMSE 43 51125 7.044.6.907 F1 6.309,R* 4354 0.716.,0.743
H10.852, 7% {5 B MEI CATC) 3 %1 101.591,96.908 il 87.203, £ A H 8, COKpen B A 4 1Y AE 4017 (B 45

Xgw EWRA M Ve v BAR I ; Pearson M R E; 4 ;
NEHRS

FESES S151.9 ©5  XHKARIEEE A
Bl TR AR 23 ) R FE B BR 1Y & 2
K, M AT B AR A T B A5 AU B R A Dy S )
AT TR BTz T A g, A e it
Ml GIS (geographic information system, GIS) 7l
P H AR AR S & 19 5 AR 3R 4 5[] 43 A7 1 0 AR S
MANEHmRAR T RZ—" . T EELSEICRE
25 (8] 3 A b LA A 09 25 [] S JB 1 AR M L Dy it
A G A 119 2 () AE A 2 A 5%+ 08 o 4 J =5 (] 40 A 4
TR AT A 1 T BE RS Al 2% A2 34 3 58 FEL A Al
H 728 B % 08 T 13 8 Ve =5 1) S J5T 1k AR
P H e D T U 5 P 7 R R 9% A LR 00 e A5 3] 85
GF BRI, DRI 5 5 v R A (B O VR R R R A
SUSAT RNz R Y AESEBR N T, e
TR Z (AR 4 3 Ja Mk 5 PR 85 5 e X Z R AE A —
SE [RH DG o R — 2 B8 oRE = 5 O HLAA A 18 19 i 13
HEX PR M IR A EENE
SCH 3t 3E v HAR A 1 R Al HE AT 1 )R
P B 2 18] F FIA AU, JF AN Re A 22 748 = L5 i

Wi H . 2014-12-22

TciE T6 2 5 23 ) 23 A 5 A
1000-2421(2016)01-0060-09

BIp 17 v FELAR A B 7 3 00 AT DL BE AT 22 A8 B RO AG (R A
AN P A ik 1 45 () i 2 [ I 3w DA S A 2
Bl AHOCC 28 . BIF 58 3 I L ) 3 [ e LA 7 3k i
A6 /INAEL DR 22 V0 R /N4 T ARR 22 L 3 i S A S
RO AR A 005 BT o PRI, SRR A B0 A () 6
[v) o FRLA 5 3% B 235 SRS 2 W S vy T T e LA A
PRI R RTPI IR] B RS 1 R AT 4 (10 OGS AE T P
B A5 8 A a0 B, AR A9F 58 T 36 A 3 B P I3 728 o i 2.
— e F AR AR A G PR A AR B, A BE T
i W B AR R AR B TR R B R BR
Bl 19 TR PR IE 24 L 52 O 8 ) s 15 B
FEREHT A A AT L G o il B B ) v LA A 1 5 vk
R RIVERRURIIE 5 S oW R WD I E N
i 1) R ARER 227 i B e LA 2R 1R AR L TR AR BN
A5 | PR O B 22 b oA A 8 00 £ S DU TR R Y
_iﬁﬁ%[lljo

TR R AR A K R AT RO B FRIUR
FEVE I Az B P b B B 204 L 3 o 9 4

HEWH.: BEARPIFIESTH (41371227,41101192) 5w Je i K AR 55 9% 4 W ¥ 42 39 H (2013]C016)
OBV AR T PR B RS S E %R, E-mail: 841481270@qg.com
WEMES . W L R . 3SEAR R HH . £S5 KRR T S B E £ E-mail.

zht@ mail. hzau.edu.cn



1M £

TG T R AT B R S FELAR A (I AR 2R X SR 5 k) s 8] 43 A 61

REfE EEDMIER AR MA T, MR LEESREDN
25 () 3 AR REAE  IF DT 52 ) 5 4[] A A A AE 1 32 22
5 PR 3R T A T e XU P A 0 A S A B o i
PRy R EEE XY, B TR E
BLOPL T KT SR . Hb A R & 1117057 ~
111°36", 4645 30°05' ~30°36" , & X 1 X 2 357 km?,
LA 2240 B A A AR D7 s SRy iF 5 X3, 38 et 3
AR I L PR IR s AR A S R A
%) DI ] 5 FEL S A 1 3 0% 48 o 4 S ) e AT A 1E
3T $ B AL A D7 D /N ROBE T A
Y &S | o A R AR RS

1 MREFE

1.1 HREEHER

BLTAEERL 1 10 000 HIE [&] 55 52 H 0 25 AR 45

B A BZ AL X B 2 YK A M A A G BER), BRI —
A S AT 2R P R A R 2 S L IR
AU AT X8R (B 1, i WF o K S F e e &
B B ER ., BT 4,25 km?, P SR BE AR 3,02
km® . SR JHROIR 1 5 A s B2 B 22 40 X4 BkoE
MR G (DGPS) #EATSEHbFE 5 25 18] 78 7, >R A 8] B
200 mX200 m, HRE FHEHEA 329 4, HiF
J 5 Al X SR SR RE AR 129 A, [ BE e b HOR - 3H
HiL X R AERE S 200 A4S, Bt b R DX SR S5 AR PR b A
X334 o RZ R RFEVREE 43 5 0~20.0~30
cm, M + 3 4 Cu, SOM, pH. CEC, 5% i & .
&N 2 K. 2 Cr. 2 AL# PR K DL kL P
E R (L
1.2 HiEWE

HEAT 58 TS A B A . 1 e % 1 3 s v R 1T

1t
Hubei .
T XI5
Study area
N
0 75 150 225
| I I — km
e
Honghuatao
® [ ]
® 0
(o) o
N 0 320 640 960 . =9 oo
A . DEM [ 173~77 [ 90~95 | 108~113
O@ﬁi.nnpo,m [ Jeo~66 [ 78~83 [ 96~101 [ 114~120
0 § 16 %, O sion o 67-72 [ 84~50 [ 102-107
Bl MREREESSHEE
Fig.1 Map of sample sites in the study area marked with sampling cites
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Table 1 Basic description of soil physical and chemical indicators and normal inspection
A N W/ME O BORIE M FrifE2E  IEA W KRR A4 J5 5 TG WRE ERRE/N
Variable Min Max Mean  Standard W-test Transformation W-test of Coefficient
deviation  of normality method normality after of variation
transformation
TCu/(mg/kg) 329 10.54 77.45 27.89 10.53 0.13 J& No 37.76
SOM/ (g/kg) 329 6.07 29.18 16.97 4.22 0.77 J& No 24.87
pH 329 4.02 7.90 5.32 0.67 0.00 E1% Reciprocal 0.77 12.61
CEC/(cmol/kg) 329 7.11 18.21 12.25 1.86 0.09 J& No 15.16
AN/(mg/kg) 329 7.42 202.22 83.99 23.59 0.10 J& No 28.09
AP/(mg/kg) 329 0.59 153.45 19.60 24.02 0.00 In 0.19 122.54
AK/(mg/kg) 329 5.57 473.16 72.49 67.93 0.00 In 0.19 93.71
TN/ (g/kg) 329 0.32 1.72 0.75 0.22 0.00 SF-J5 MR Squareroot 0.16 29.81
TP/ (g/kg) 329 0.33 1.32 0.71 0.16 0.00 In 0.43 22.71
TK/(g/kg) 329 1.51 8.37 4.18 1.25 0.00 I Squareroot 0.96 29.92
TCr/(mg/kg) 329 16.91 77.07 39.33 11.32 0.00 FE MR Squareroot 0.08 28.79
TPb/(mg/kg) 329 2.09 40.97 15.83 5.27 0.15 J& No 33.29

7 Note: SOM: A HLF Organic matter; AN B fi# Z Available nitrogen; AP:# % # Available phosphorus; AK: B4l Available
potassium; TN:4 % Total nitrogen; TP:4:# Total phosphorus; TK: 48 Total potassium; TCu: 4 Total Cu; TCr: 4>
i Total Cr; TPb: 44} Total Pb. F[d] The same as below.
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15.83 mg/kg; Hil & & K 10.54~77.45 mg/kg, ¥ 15
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Table 2 Correlation of

soil attributes and Cu

Wi H Item SOM pH CEC AN AP AK TN TP TK TCr TPb
MK Pearson correlation ~ —0.006  0.096 0.181** —0.018 —0.051 0.058 —0.124* 0.044 0.309** 0.255"* 0.147**
5% Significant 0.916 0.083 0.001 0.750 0.356 0.294 0.025 0.422 0.000 0.000 0.008

i Note: * % ,P<C0.01; * ,P<C0.05.
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32.658 %0, HIVHIT 3 A F Ao & 22X 5 AN A I 95 5
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0.653 .3 4 Fn 1 )& M/ 15 4 2 B0 I b 3 —
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Table 3 Total variance explained

W AEAE{E Initial eigenvalue

PEHOFJ7 fl38 A Extraction of square and load

%y

Component 43t Tou KR BB S Tow KR % R
Variance Cumulation Variance Cumulation
1 1.633 32.658 32.658 1.633 32.658 32.658
2 1.197 23.942 56.599 1.197 23.942 56.599
3 0.844 16.889 73.489 0.844 16.889 73.489
4 0.672 13.442 86.931
) 0.653 13.069 100.000
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Table 4 Component score coefficient matrix
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Table 5 Geo-statistical parameters of Cu elements
ECIDIReS i e 5 18 (BeaE/ BEaME /% KRE
T 1K R 4 (H AR/ /
Interpolation b AR /m X,EE S i Partial LR /m Nugget/ Residuals
Model Lag Variable Nugget . Range -
method sill Sill error
-
OK 1 jﬁﬁ;u@i 111.41 Cu 0.001 0 2.037 0 1782.37 0.05 0.994
ndex function
= 3 pR %
COKxk . ’_J_Eﬁ ES . 96.67 Cov(Cu, W) 0 0.245 6 1 753.26 0 0.981
Gaussian function
K 5 %
COKpca ket Iﬂ 72.05 Cov(Cu, Wy) 0 0.154 4 1117.22 0 0.994
Index function
;%;f@ 2.04 gOoodg f*;fg 2.04 . f*;fg 1.73
o] N & N
nﬁ;.; 1.53 mté 1.53 =60 go-oa mté 1.30
BE 10210 BE 1020 4 85 0.87
ME 051 e 051 W o4
IR 3 a2 =8
19 0.00 : : ' *% .00 s - | 3% 0.00 - - |
0.00 558.43 1116.861675.29 0.00 558.43 1116.86 1675.20 0.00 558.43 1116.86 1675.29

TEE/m Separation distance BB /m Separation distance BB /m Separation distance

A:OK; B:COKgk; C:COKpca.
B2 ARZEFEEETLE CUMNFAERHE

Fig.2 Semi-variograms of Cu in soil based on different spatial interpolations
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Distribution of Cu in soil based on different spatial interpolations
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Table 6 Interpolation accuracy indexes of validation data
b paig =1
Wﬁiﬁ& X.E R* Tr2 /% AIC Tac/ % RMSE Trvse/ %
Interpolation method Variable
OK Cu 0.716 0.00 101.591 0.00 7.044 0.00
COKxk Cov(Cu,Wy) 0.743 3.77 96.908 4.61 6.907 1.94
COKpca Cov(Cu,Wy) 0.852 18.99 87.203 14.16 6.309 10.43
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Fig.4 Spatial distribution of soil grade by OK,COKk and COKpca models respectively
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Spatial distribution of soil heavy metal Cu content using Cokriging
interpolation model combined with principal component analysis
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Abstract Insufficient or excess heavy metals in soils seriously affect the healthy growth of citrus.It
is necessary to establish an accurate space model which can effectively reflect the spatial distribution of
heavy metals content.This paper took the citrus production areas in Honghuatao county, Yidu City, Hu-
bei Province were used to study heavy metal Cu in soil.Soil factors including total K,total Cr,CEC, total
Pb and total N (P<C0.05) closely correlated with Cu were chosen as the spare variables through Pear-
son’ s correlation coefficient method. Total scores were calculated by principle components analysis
(PCA) method and used as auxiliary variables to reduce the dimension and redundancy of original varia-
bles. Three spatial interpolation models including ordinary Kriging ( OK) model, ordinary Cokriging
(COK) models which took total scores (COKpep) and total K (COKg) as auxiliary variable were con-
structed. The optimal space model was proposed by comparing the prediction accuracy of the models
(OK,COKg ,COKpea ). The most suitable model was used to predict spatial distribution of Cu in the area
studied. The results showed that RMSE of OK,COKg and COKpcy models were 7.044,6.907 and 6.309,
with R* of 0.716,0.743 and 0.852,and AIC of 101.591,96.908 and 87.203, respectively.Interpolation re-
sults were comprehensively compared. COKpcya was found to be the best simulating model, followed by
COKg but OK was poor.It will provide reference for accurately simulating soil heavy metals Cu in the
small-scale area and a scientific basis for modern agricultural production and fine management of agricul-
ture.

Keywords principal component analysis; Cokriging; Pearson’s correlation coefficient; heavy metal
Cu; microelement; spatial distribution; estimation
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