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B (1) -GS Ni &0 1.31 mg-kg!, 1384 Ni &80 40.95 mg-kg™', T4 Ni (IR N 3.38%, (2)HEEELRE Ni FES
B RARX KN AFRE A (36.20 mg kg )>AHLREE G A(2.80 mg-kg™ ) >BER AW EE B (1.31 mg-kg™)>H 2 75(0.54 mg-kg™)
AR 575(0.10 mg-kg™) , BRIES AR B & FHMILS, 5 88.16%, (3)pH [EEHNH A ZHE Ni S BNEFERE, AR EE
FAHFIAKT: ;4 Ni S HZFE I RIRER S &8 Ni & i SRS 678 Ni S RABRES Ni SRR FEEER, SR8 E EAEIK
AR SRR A PR S NI S REFER R, 2 B EAIIKE. (4)<0.01 mm Kk & B0 AT 38#8eA Ni S RE
BRE, AVBS REARREE S N S RNEZYRE R, pH HEMAIE S BEREVNEEEMYSE SR N SRVEERER,
<0.01 mm Kihr & pH [EEEE A VRS A Ni S ENEZEE, pH EEHEES Ni SRNEERE.

ES - JniPRR: T IZY S e 2Ll PN

hESES . X53 SCHRARRRED A X EHS :1672-2043(2010)10-1953-07

Factors Influencing Chemical Forms of Soil Ni in the Rapidly Developing Region of South Jiangsu Province

——A Case Study from Kunshan City
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Abstract: Taking Kunshan city of Jiangsu Province as study area, the chemical forms of Ni in the agricultural soils were identified and the
factors influencing content distribution of soil Ni forms were studied. The results showed that, average content of available Ni in the studied
soils was 1.31 mg-kg™, while average content of total Ni 40.95 mg-kg™, indicative of an available rate of 3.38%. The different forms of Ni fol-
lowed in order of their contents in soil ;residue Ni>that bound to organic matter> bound to iron and manganese oxides> exchangeable and
bound to carbonates. Amongst all sorts of the detected Ni forms, content of the residue Ni had a dominant percentage(88.16% ) of the total Ni
in studied soils. It was found that pH value had extremely significant negative correlation with the content of soil exchangeable Ni, demon—
strating its important influence on this Ni form, while the contents of Ni bound to carbonates, bound to oxides, and residue Ni were all posi—
tively tied to that of total soil Ni. As expected, a higher SOM content commonly leaded to a higher content of Ni bound to SOM. Besides pH
value, soil clay (< 0.01 mm) content also was one of important factors influencing the content of soil exchangeable Ni. And, SOM content not
only had the dominant influence on content of Ni bound to SOM, but also exert an influence on Ni bound to carbonates and to Fe—Mn oxides.
Besides exchangeable Ni, contents of Ni bound to SOM, to Fe—Mn oxides and soil residue Ni were affected by pH value to different degree.
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BN EPERENESEITR, REDK
PR BRI S AR LS, i
HE B A B IR BRSO T sl e
Ni EZORIE, Ni REZ S5 & A YLBLAEEATTHL
FCf FEAR G, PP 3 Ni TR P &l 24.9
mg-kg ' FEE TR A PR A &, Ni KEHEAZR
SRR LR R SR R R, RERRTRE
TP ORE e 3t X TH s P R ) B R PR3 [ L, 1 5%
] A A DG T B85 o R IR AR N SR AR AR 5 257 R
A E R B B NR 2T IR R PR R BRI 2
T RR X I LSRRI E M XY, B
LT 2 st ) P R IR X, e ) A ez
B ETLIRE RIS AER , W T 2P &
BXHESREROPITHANEZYY, L REESREN
AR —BERAMNTKERNAET, EE 10,
Il — L3R T A B 2 (F4F Ni 7R N ) FESRTH SRR
b TR T BEN, WA AR AL T FIER
VL= U b XA FH 398 4 2 [R) 4544 0 A 4 A ) 4
FFEW, JLRUERR 3 Ni (7 R 25 s BAa B
BRI, REET R H L3 Ni 92 [S5H R
PR B R T LA 2% ) S, AT P ST XA A 3
AT T XIS R R 2R A, I LR R i Y
YET RPN, R0, 25 A R X TR E SR
EBRMHNR LHERXRMAERE, ARSI REE
Driu kX 4 Ni & B 5 BEAE AT T 0
FE, 00T T 13 Ni B A RN R N T %
HIX 13 Ni 2 TEA S B S RERAEISIRE S X
#,

1 #REFZE

1.1 ARRHR

BT FILAE AR m i K T if. AES
WA KE RE RIIM ERAEE B X EE,
IR B, R, B A ER/N, T
B AR AU AR, AR AR ALK X, Rt
B LSRR R 3, B 2R AR LYz W A B, 7E I
R BB E RKILWERY R PR, Bt
BERT DI AAE BB 3 BRI X, 3R
= BB AT . RILARVE 9849 33 km,
ALK 2y 48 km, &I E R 921.3 km?, H A SR TE FH
643.2 km?, 7K IR A FH 278.1 km?, BEHLTE FH 410 km?, B2
HEEAMILRK S MEEA, AR E . SIER
FAE #ak RS X, IR AEIE , U248, 6

T, R, TS 4 D HROKRE L HE
T A, KRB KB A AR
T3 H B 93.8%, KRG+ X AT BIKFE 1 (FR
+)hE, A KRR 77.3% . BT RS R
R BRI =AM X B EEMNMA, FRE
A A AU
12 TEHESHRE

AT ST B - A R B AL TR IE R ETR Y
LU R R ATLIVE BT, 43 I FE % T A Rl b
FXERE . HREFEAK HUKFE L, S5 g s An
P 7K - O 4 O SR b, - 38, BURE B S b5 5 A
BT SRR X T IER 0 F A5 TE 2 SR
J& A IR A A SR A8 -8R 5 126 (31 249 A4~
R ), R FHBEALIFIE 255 B350 43 A5 A RN, EHL 43
MR FASCRIES S B E &I 30 7>, g
FZ 0~15 cm, AT, BB, Si TR
A
1.3 TEHESNUE

(1) - BERAME i -3 pH R AL, B HL
JR FH B AR BR A VA1, FH S 38 # & (CEC )R ] ED-
TA-ER P L, 5 1 R F 9% [ 2 /R S 3 FUR
SR EEASGHEATINE o

(2) 3 Ni &2 /0 E : R A = (HF-HNO;-
HCI10,) T4 A0k il 25 RF IR, ICP YA 2 o A k53 #
&, B SR A # AR ERE (GSS2.GSS5 F1 GSS8)
HEAT B R AR

(3)13E Ni ANFETEE MM RE : Tessier 4 S22 HL
PO Rk B R BT A AT BT O R TR e
THIRE

(4) T EEAES Ni SR E™. 5k DTPA £
Bt (DTPA-CaCl,-TEA {&Z ,6 mol-L* HCl #&45pH7.3),
WA 122,451 25 CHR , BARETE] R 2 h, 1t 3EHK
IE, P ERE G R R B S IA B ST B ICP-AES
B RE

A EANEREE 2 K, e SR FIEAM A
¥yt 100 B, e HEARSE EMN LA 20
H i o

2 GHRESH

2.1 AREX T Ni SESTSERERER

1 PR, BILT S 8ARES Ni &8 025~
238 mg-kg”, FHMEN 1.31 mg-kg”, TR REN
39.91%, T34 Ni & 8H 40.95 mg-kg”, 57 RECH
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£ 1 FRERELTE Ni EEHEF(ng-keg)
Table 1 Character of the content of soil Ni in Kunshan City(mg-kg™)

Fe-Mn ALY G

WIEH  RAE R IR UREE mmasas oo CIERE wppans ams
Eigenvalue Available Total Available rate/% exchangeable bound to carbonates . bound to organic matter residue
manganese oxides
SEH4{E Average 131 4095 3.38 0.54 0.10 1.31 2.80 36.20
a2 ST.D 0.52 8.73 1.68 0.61 0.30 1.63 1.02 8.03
SR Coelficient 3,5, 3 49.65 112.46 299.52 124.68 36.64 22.19
variance/%
R Max 238  74.28 9.19 2.03 1.62 9.42 5.03 62.17
#/ME Min 025 25.86 0.51 0.01 0.01 0.35 1.08 20.15

21.32%, +3E Ni IELZEN 0.51%~9.19% , F-H{E N
3.38%, 75 5 ZHCH 49.65% , 72 B+ Ni 15 L3k
BAK, B3 Ni VAR EREHE 35 5 Ni 1935
32 XU R X RS, BR YT = £ Y BT [ e b+ 38 Ni
AR 27.79 mg-kg ™, Ni (& & F2Z M AR
B, NFABFFTIX A Ni S &Y,

TEFELE Ni FIED B HEAN /N T
HREBSBIREES>BHEENMYEED>TIRL
WS A FRES T BV E S THAMEE,
i 88.16%, Frill&EELBTRMRELESEEES
A RS & BAERT /N, Ni [T S S S B R KT
IR A E ', X H5RMR XN Cu BRIRERZ;
EREEMKT Cu A SIS EIA HAX, 7
AR RCREE 86 M EAEREERE T AL ESE
TEARFHEM R 25 R R FRES>SA YRS &>
BRI B ASIRIRER S5 65> 7] 3P, AR
GRS EAR I

ABFFT R SPSS AR #EAT ZIu S it F 434,
DIAR TER MBS T B NEA R y(mg-kg™), TEHL
LN FE B ER S x 3K pH H 2, ARBAVRE
B (%) % F<0.01 mm Kk & & (%) v, 3R CEC
(cmol-kg™) xs RFELEELBLE (mg-kg), Mt
K Z B (Partial Correlation ) /RN FEHEBR FHA AR B 952
WifE, HAR R (x) 5 EAS & (y) Z B M AHCREEE , W
YEffi e H AR BT dn, Bl w6 R B K
ZIN ) ) R s A o PR AR B ELA B R BRI A o

WX N 0~15 cm -3 pH HFH00 6.42, AR5
RE158%; AHLREG RN 283%, ZBH R
22.5%3<0.01 mm ¥k &R 31.59%, R AL
13.7%;CEC 344 17.8 cmol -kg™, 28 2% 13.7%%,
22 TEASZHE N SEXWEZEEENHT

SEH SPSS 584T#E A% (Enter 3 )48 A% BT A
T F5 i) 35S Ni S R AR

B P3RS WS Ni 5 B9 (mg kg™ ) FE I
SESMEVEYy R

$=2.086-0.403x,-0.016 1x,+0.025 2x5+0.004 3x,+
0.003 16x;

B X Z B R=0.854, H) € Z B R*=0.730, &1
) R? Bl Adjusted R?=0.674, JH#:E F{E4 12.980,P
HRTF FIEMBE, 20 aREN, S EIE5#E
WAEANFE B AR, H B R E<0.001, 54
RRENE R B R 0 BRI, P [ I3 7 AR A 453X
S5ABAR HEI 120025200 x5 BRI R %K ¢
B P 4354 0.031,<0.001,0.913.,0.225.0.831.,0.744,
MARENE R B (¢ B)F , DL pH [H 5T SHA Ni L FR
BAEY] . R A RAE X R (Partial Correlation )&
21(—0.783)>x5(0.247 ) >x5(0.067 ) >x,(0.044 ) >x,(-0.023 ),
VLB pHME (%) XFRIZCHAS Ni S 2K, pH
B AN, BIBEE pH A AW/ (BRI A
1), AT RS Ni & B AW BT, <0.01 mm kL&
B () MK Z, 4 Ni & & (xs) .CEC (x,) F15 ML
O 52t () IR IR DB/ N

SRJG F SPSS % A5 1] 5 35: (Stepwise 325 )15 H 1 3%
A AR Ni B EEZ T,

PR E R P<0.05 —EHAFTR,P>0.1 —&
AHANTTREN, pHAE (%) F1<0.01 mm HkL 7 &
(w3)SBfa AR, W EE 2R

¥=2.051-0.397x,+0.030 4x;

AR R B R=0.853, H %€ R E R*=0.728, 41
&) R? B Adjusted R2=0.708, F {E} 36.170, J7#4)
Wres RR, H B E W MRE/NF 0.001, H4 5fk
BIEREIS R 0 BRI o F B 1 F s A DR [0 I R
B 89 P 4y3ikh 0.003.<0.001 F1 0.048, fmAH < &5
B 21(-0.826)>x;(0.370) , 7285 x,(pH ) il x3(<0.01 mm
KbL & B % )M 2 A NI S REMNEENE,
HHrEEREEAHR (r=0.828>r,,=0.463,n=30),
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Figure 1 Relationship between the content of soil
exchangeable Ni and soil pH
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5 SPSS s AT#E Atk (Enter) 25 &% T A
FXRIRER S A 75 Ni B BRI,

AT HIERER EL 45 A8 Ni & &7 (mg-kg™)
A I ESEEY ¥ o P

#=-0.521+0.001 15x,-0.130x,+0.011 4x5-0.017 34+
0.021 8x;5

B MK ZE R=0.845, H| & ZE R*=0.714, &
A R B Adjusted R?=0.655, H#E F{E K 11.999,P
RAKTF FAERBER, FZEAERER, KEIE5H
WEARR R B AZRER, H B M RE<0.001, 54
SRENEZREI R 0 BBaR, BRI 13 7 R A 43X
5ABAR HETUR x1.%2.%3%4.565 IR RN R EK 48
P 435124 0.265.0.972.0.089.0.272.0.095, <0.001, Mk
REH R (¢ (H)F, U4 Ni SRR EEE 7 Ni &
Z& Y] HRREMRAESE R $(Partial Correlation )xs
(0.678)>x,(0.340 ) >x,( ~0.334 ) >x5(0.224 ) >%,(0.007),
VEEH 2 Ni(xs) & BXIRIREZE A8 Ni & BRI ik
K, Ni FENERN, A HLEE & (v).CEC(x,)
F1<0.01 mm KEHL 5 () MR Z , pH A (1) 1952
Ml /1N

SRJ5 i SPSS %45 Bl 5 1k (Stepwise ¥ )15 H 1%
RIREE A NI RN FEZmRE T,

P E R P<0.05 —EHEA TR, P>0.1 —E
AHEAFTFRIEN], 4 Nilws) FIA P & & (x0) S G 3E

AR, EE SRR

$=—0.496-0.159x,+0.024 2x5

AR R E R=0.820, H & RE R*=0.673, &4
#£14 R2 B Adjusted R2=0.648, F {}y 44.037, J7 5%
s Rz, H B E MR <0.001, FE 4 Sk 1T
REEIHR 0 BB . BB o, F s i [EE 2R B ¢ B9
P 4> 5134 0.076.0.033 F1<0.001, A& ZE B s
(0.782)>x,(-0.456 ) , B BH 4> Ni(ws) FIA HLIE 5 & (22)
HRIREE S A NI IEEE M FE R, £ Ni(xs) &
HE KRS AS NI FRENREERE (K 2),
FE 2 B2 TE A (r=0.782>r00:=0.463 ,n=30) ,

oo 20T
i =0.026 6x-0.989
=14}
W S Lsp K061l *
;m 3
2 2 ol
5 = 1
g7
%‘; 5 05
g :
® z 0
£ 100 200 300 400 500 600 700 80.0
S_ost 4 Ni £ & content of total Ni/mg-kg™

B2 HERBELEASNSESE NI SENLR
Figure 2 Relationship between the content of soil Ni bound to

carbonates and the content of total Ni
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SEH SPSS i 47 #E A3 (Enter) 5 JEFr A A7 Xt
B A NMEEES NI SR,

B TX HIEHEAR AW S N5 EF (mg:
kg™ )M ZIT R TR «

7=—-2.189+0.455x,-0.844x,+0.019 5x;-0.070 9x,+
0.083 8x;

HMRFRLR=0.815, H5E R EL R*=0.663, £
&) R? B Adjusted R?=0.593, 5#2 F{&/ 9.461,P &
KT FAERBER, 20 Hras RaRy], L=
TR B AR B, H R A AR (E <0.001, FE 4 5
TRIENH R B 0 AfBas , Bk 13 5 R 1o 4
KTL\%L\,@EJX 5 /I\a E%o ﬁﬁIﬁﬁ X1\ X2 X3~ X 4 X5 E"J
PmIElH R E ¢ /9 P 43514 0.430.0.029.0.065.0.750
0.243.0.008, M [E1H 250« (H)F , A4 Ni 5844
WYILEEE NI S BRARAEY . TR A< R
(Partial Correlation )xs(0.512)>x,(0.428 )>x,(-0.367)>
x4(—0.237 )>x5(0.066 ) , YA LA 4 Ni(xs) & B XA &
PSS N SR MER, £ N SENEXK
N, pH AE (2) FIA HLBT & & () IR Z , CEC (x,)
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F1<0.01 mm KR 5 (s FE MR/ o

SR )5 F SPSS & 5 [H1 15 1k (Stepwise )15 H 1 84k
HEMYEEE N FTENFERHE T,

FRIBPTE R P<0.05 —&Ei#E AR, P>0.1 —5E
AHEATTFEIFEIN , 4 Ni(xs) . pH {H () FIB WL &5 &
(x) SESEHEA TR, BIE R R

$=-3.107+0.517%,-0.927x,+0.085 35

R R R B R=0.802, FI & R L R*=0.643, &1
1Y R* Bl Adjusted R2=0.602, F {7 15.632, 4
B SRR, H B 25 A 2R (8 <0.001 , FH 485 S A 11 15
RESN 0 B, HRRET EEERT . RO,
%122 A1 s F I BT V9 228 ¢ B9 P 43514 0.119.,0.005
0.038 F1 0.001, fRAH>% R B 25(0.583)>x,(0.513)>x,
(-0.394), i B4 Ni(ws) .pH B () FIAA HLTE 2 & (x2)
HEZMEEEMYEEE NI FERNEERE,
4= Ni(os) B MR AP AR NI S 'RRE
HREE(K 3), —H 2R EF EMHRK(r=0.629>r,=
0.463,n=30),

._.
I
=

y=0.117 8x-3.514
R?=0.396

®
=)
T

o
=)
T

manganese oxides/mg-kg™
o
=)

HEENPEEENFE
content bound to iron and

201
0 1 ‘ 1 1 ’ 1 1 1
10.0 20.0 "30.0 40.0 500 60.0 70.0 80.0
20" 4 Ni &4 content of total Ni/mg-kg™

3 IRREEAMESTS NI FES L RE N @BHX AR
Figure 3 Relationship between the content of soil Ni bound to iron

and manganese oxides and the content of total Ni
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5 SPSS 5847k Ak (Enter) 275 % AT A A
X HIEAVRSEES NI &R,

FHRFXEIELE SRS N F &7 (mg-kg™)#
eS| =Yy

¥ =0.526 +0.401x, +0.939x,—0.087 5x;+0.050 7x,—
0.017 1xs

R R R B R=0.758, #I & Z L R*=0.575, &1
L) R? B Adjusted R*=0.487, i #¢ F{E K 6.499,P K
KF FEME, FESIEREN, LRIELT R
AR AR, B EHHEER(E R 0.001, FH 4 5
TRENEZBE R 0 BB, PR 11 9 5 B 463X 5

DNEZE FEIM x % %5%a%s BB RS /9
P 435k 0.786.0.008.0.005.0.051.0.236.0.401,, M1
FIRAREEE, AR EESAIURGEEES N
KEARAEY . R RS (Partial Correla-
tion )x, (0.529 ) >x, (0.509 ) >x5 (-0.386 ) >x,(0.241) >x;
(-0.170) , Ui B LA ML (x2) .pH 1H (1) X A ML 45
A NS ENEMERER, AL S 2N IER, <0.01
mm KR ()R 2., CEC(x,) FI4 Ni(xs) & &2
AR5

SRJ5 A SPSS %A 8] 53k (Stepwise 15 )15 H 138
BYUREEE Ni RN FEEME T

FRREPT I E Y P<0.05 —E#E AR, P>0.1 —E
AHEA TN, <0.01 mm fhi & & (x;) . pH (E (%))
AN & () SBFHEATTR, B R

¥=1.266+0.311x1+1.034x,—0.093x;

B HXZRE R=0.731, H]E 2 R*=0.534, &1
) R? Bl Adjusted R*=0.480, F {5} 9.937 . 5 Z43HT
GERFH, H B E MR E 2 <0.001, F6.48 544 5] 15
REIIHR 0 BRI . B EOR x1x0 F s i 010 R %K ¢
i P 43514 0.501.0.019.0.002 F1 0.010, fRAH & 225
B %,(0.556)>x5(—0.479 )>x,(0.441) , Vi E IR S 2
(%2).<0.01 mm K575 & () A pH (H (%)) R WA
MRS AA N SEMEERE, P XUAIEE
) A EMAIRSESES N SEMNEFERER
(K 4), —EBRZFEMRIX (r=0437>r:=0.361,n=
30), XAFEF 42 Cu BAZMAIELSEEE Cu &
f BB R,

26 TIERBES N SEXRMEZEEENH

SeF SPSS i AT#E AL (Enter 35 ) 27085 A

7w ERE TS Ni & B A

2 60T

2 ¥=0.928 7x+0.506 7

= - *

K 501 R=0.191 %o

£~

8 g“ 40t *
L :

8 30
48 20} *®,
¢ Ve
ﬁﬁ( 2 1.0 I ‘
= .
0.5 1 15 2 2.5 3 35

A WL E & content of organic matter/%

B4 TEAVNREES N @ESTRANRSENXR
Figure 4 Relationship between the content of soil Ni bound to

organic matters and the content of organic matter
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B HFXRAES Ni & 27 (mg-kg™) M ZIT
EVEyy P

7=0.078-0.453x,+0.050 6x,+0.031 5x5+0.033 64+
0.909x5

B R ZE R=0.981, HIE ZE R*=0.962, &1
#1 R? Bl Adjusted R?=0.954, 58 F (K 122.486,P
HRTF FAERIMEER, T 250 ras R0, HEH 7 &
WEARRM AR, HEEHERE#<0.001,
2 SARENE R B R 0 BB, BRI 1A 5 R A 4
ii 5 /l\ ﬁ Eﬁ'o 'ﬁ?ﬁ:@i*ﬂ X1X2\X3-X4-X5 E"J{ﬁ IEIUEI%%I
¢ 1 P 435k 0.986.0.174.0.944.0.755.0.733.<0.001,
MARENTZRE({E)F, U4 Ni 558 Ni R RN
Y] FREEMRAES R E(Partial Correlation )x5(0.969 )>
%1(=0.275)>%,(0.070) >x5(0.064 ) >x,(0.014) , Ui B LA 4=
Ni(ws) X ERIE R Ni T EAZMREKR, & N F'ENIE
3, pH {H () F1 CEC (2 EE MK 2, <0.01 mm KhkL
B 8 (o) A AL 2 (o) SRR/ N

SRJ5 i SPSS %45 Bl 5 1k (Stepwise ¥ )15 H 1%
FRIEZ Ni B2 FEEME T

P E R P<0.05 —EHEA TR, P>0.1 —E
AHEATTFRIEN], 4 Niws) Fl pH B (x1) 5B /5 #EA T
2, EE R

$=1.960-0.544x,+0.919x5

R R R B R=0.981, HI & R L R*=0.962, &1
1Y R? Bl Adjusted R>=0.959, F{&} 603.377, 5243
B SRR, H B 25 A 2R (8 <0.001 , FH 485 S A 11 15
REIIHR 0 MBI . FBOT o T s B0 T 2R 50
HIP 435K 0.314.0.047 F1<0.001, fRAHFE REE s
(0.980)>x,(-0.372) , BB 4= Ni(xs) F1 pH 1B () # 2
FMRES NI SEMEERE, 54 Ni(xs) 21EH
X, 5 pH 2 MK, 4 Nilws) B MFRER Ni &
BEWRFERE(E S5),RES NI 52 Ni BRIk
52 A KT (r=0.9785706:=0.463 ,n=30) .

AR X B AI R BCR R E SR &
A, G REW NI FELUBRBEDFE, AFRESM NI
TTERZTHEEAMRNEMERRR, RES NS
B FEEZ FeO, M MnO, & & 2 Fp - 5838 i i
)=

3 gigSitie

(DBFFEX A 30 MEA L EARES NI &N
0.25~2.38 mg-kg™, FHME K 1.31 mg-kg!, R A

70.01
¥=0.899 3x-0.624

R*=0.956

o
g
=)

%3
g
=)

BRI Ni A&

residue content/mg-kg™
I
S
=)

10.0 1 1 1 1 1 1
200 300 400 500 600 700  80.0
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5 TERES NI GEEE NI SEBHXAR

Figure 5 Relationship between the content of soil residual Ni

and the content of total Ni
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