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Abstract: [ Objectives ] Geostatistics combined with geographical information system (GIS) technique is
thought well for evaluation of the spatial structure of data and the impacting factors causing the variation. In this
paper, this method was used to analyze the spatial variability and main impacting factors of available soil Fe, Mn,
Cu and Zn in the permanently cultivated cropland in Tonglu County, in order to provide base for the efficient
application of micronutrient fertilizer. [ Methods ] Soil types, land-use types, organic matter, pH, available N,
available P, available K and altitude were chosen as impacting factors in the research. There were totall 386 soil
samples collected from paddy fields, dry lands, tea plantations, and orchard fields after crop harvest. Semi-
variance analysis and Kriging interpolation were performed by GS + 7.0 and ArcGIS 10.1. [ Results ] The
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variation coefficient of four elements was between 58.37%and 90.22%. The nugget effect value was between
10.9% and 12.5%. The spatial distribution of Fe, Mn, Cu and Zn contents was patchy and their space structure had
little similarity. The contents of Fe and Zn were significantly different among different soil types, and the
availabale Fe, Mn, Cu and Zn contents were significantly different among the land-use types. Fe content has
extremely significant and negative correlation with soil organic matter content and available K content, and had
extremely significant positive correlation with Cu content; Cu content had extremely significant positive
correlation with available P, and had significant negative correlation with available K and significant positive
correlation with Mn; Zn content had highly significant negative correlation with available N, highly significant
positive correlation with available P and K, had significant positive correlation with Mn and had significant
negative correlation with altitude. Stepwise regression analysis indicated that soil type, land-use types, organic
matter content, pH, available N, available P, available K and elevation together could explain 19.1%, 2.2%, 12.2%
and 12.1% of the variability of soil available Fe, Mn, Cu and Zn in the study area. The land-use types alone could
explain 3.1% - 13.5% of the variability. [ Conclusions ] The available Fe, Mn, Cu and Zn contents were
generally at the rich level, and belong to medium spatial variability in the studied area. Structural factors played a
dominating role and human activity factors played a secondary role. The contributions of soil type, land-use type,
organic matter content, pH, available N, available P, available K and altitude were significant but only accounted
for a small proportion of the variation. Among these factors land-use types play a major role, although not the
dominating factor.
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Fig. 1 Diagram of sampling sites in study area

ArcGIS 10.1 ¥4 245 F2 AL R 8L e P T AR b, A
FH GS + 7.0 #4745 J0FR 1 5 22 sRBUSI R 400 G AR 41
THE 2P 7 22 R B AR K S8, W AreGIS
10.1 g AL 1T Kriging J7 (B FI22 il 25 (8] 73
K, TSR R T Lok 200 KA i, it
A7 11U 43 B B R FH G A% 8 FEMRAEL, (iR o0 A
H K AIKFE, Fafhy K-1 ANBEAS R, AR B HAAR
(B 77325 DL SR

2 HERET

2.1 TEBYSHRETREAZITIFIE

B 1 AHL AR B2 R E TR A
% Fe. A% Mn., A% Cu AR Zn W1 & 74
B 126.65. 18.81, 1.88 Fl 2.64 mg/kg, 5 1987 4F
55 2 e AR AR L, BEZE - 5EA 3L Fe I3
Zn (RS AN T 3.35 1 1.48 mg/kg, AR
Mn FIERL Cu -3 5 50 BIREK T 20.99 F11.29
mg/kg. FMEITE ST REMWE R REIIBK, &

#z1 HREXLEHETEZSENHEES TP RESHHIRLE (n=2386)

Table 1 Descriptive statistics and K-S test of soil trace elements in the study area

MEILE  B/ME Min. HRfH Max.  FI{EH Mean v 5355 AR 1987 4EH{H (mg/kg)
Element (mg/kg) (mg/kg) (mg/kg) (%)  Skewness Kurtosis  Distribution type Mean in 1987

A Fe 2.10 286.8 12665 81100 6400 0076 —o1ss’ ormsonik 123.30
Auvail. Fe Johnson normal
ARE Mn 1.40 101.9 18.81 16970 9022 o015 —oge0 Ak 39.80
Avail. Mn Log normal
W'“ Cu 0.02 8.0 1.88 1.656  88.08 —0.523"  0.454" XRE 3.17
Avail. Cu Log normal
13 Zn ) L XHES

. 0.50 7.8 2.64 1.543 5837 0117 -0.310 1.16
Avail. Zn Log normal

H (Note) : *FrRGud A5 75 & L0 IS TTHE Means data showing normal distribution after transformation.
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Table 2 Theoretical model and parameters of semi-variograms of soil trace elements

(oIS piliizovizeli] Hel(C) #HAMHC,+C)  HEMPI(C/C,+0) T (A) 2 2%

Element Model Nugget Sill Nugget/Sill (%) Range (km) RSS

R F SRRl
ﬁ)ﬁ ¢ Bxﬂii_ 0.1170 1.0630 11.0 2.13 0.065 0.0174
Auvail. Fe Exponential

R M SRRl
ﬁ)ﬁ n hgﬂii_ 0.0159 0.1268 12.5 3.33 0.289 4.217E-4
Avail. Mn Exponential

A =G|
/ﬁ)ﬁ Cu Bﬂ*ﬁi_ 0.0210 0.1910 10.9 2.88 0.232 7.109E-4
Avail. Cu Exponential
ARG Zn TRBUE

. . 0.0066 0.0564 11.7 4.14 0.404 1.059E-4
Avail. Zn Exponential
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Fig. 2 Spatial distribution of soil trace elements contents in the study area
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Table 3 Analysis of the contents of soil trace elements in different soil types

HRASEE Avail. Fe

F 355 Avail. Mn F S5 Avail. Cu FRFEE Avail. Zn

GeitE
st . ~ i . = Sl e = £46 1 e _ o
Swisie g ke CCC o KRR D KRR C o kEE
value .. Purplish .. Purplish . . Purplish
Red earth Paddy soil i Red earth Paddy soil Red earth Paddy soil Red earth Paddy soils i
soi soils

E

/
Ei. It 2.4 2.1 4.8 2.2 1.4 2.7 0.1 0 0 0.6 0.7 0.5
Min.
E
BAE 284.7 286.8 272.0 101.9 97.4 85.0 8.0 7.7 5.6 7.8 7.8 7.7
Max.
SD 79.6 82.6 82.1 16.6 19.1 18.1 1.6 1.9 1.2 1.6 1.7 1.4
CV (%) 61.9 73.8 55.5 87.3 102.2 93.3 87.5 86.1 78.0 60.2 55.6 55.6
T
M 1287+108ab 1119+177b 148 +20.8a 19.1+23a 187+4.1a 194+4.6a 1.7+02a 22+04a1.6+03a 26+02b 3.0+04a24+03b

ean

# (Note) : HHREAFR/NE FEE R P<0.05 /KFE25 5.3 Different small letters following data represent significant difference at

P <0.05 level.

SR, AR Cu F R R/NIUT KK H > Fkld > 5
o> JEpE > kB, KH L R, SRR, A5
2SR AR Zn TR KNI R R > Rl
> K > 2Kk > Fbd ., P, FRES AR, FiEE
S,

243 835y pH KGR 4 MR ITE S £
BRI SO R A TAROC T, S5 R I 5. F

FX AP ES E T R AT R, A
BLBT & i 5480 Fe it Z A H] 0.01 A4 2 2 A
KIKF-o 4 PR & i 5 48 pH FHOCHER 2,
PR R B E A AT B . A RO R AL
BIXTH R Fe. AR Cu AIASL Zn MK . lfE A
A Zn BB FERFCKLR (P<0.01), A 5004
A% Cu, AR Zn B R F IEAHEIER (P <0.01),
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F4 FELHAASRAHBETESE (mgky)

Table 4 Contents of soil trace elements in different land-use types

A 2SR HAEL AR AR AR ARG

Land-use type Sample number Avail. Fe Avail. Mn Avail. Cu Avail. Zn
7K 1l Paddy field 126 169.28 £ 139 a 18.63+3.2b 247+03a 2.54+0.2 ab
4 Dry land 91 125.69 +16.7b 18.00+£3.6b 1.88+0.3b 3.06+04a
25 Tea plantation 77 80.38x13.4c¢ 2330+4a 1.22+02¢ 225+03b
2 Orchard 61 106.88 + 18.8 be 18.96 £4.5 ab 1.40 £ 0.3 be 3.02+04a
il Mulberry field 31 119.61 £31.1b 10.19+£24¢ 2.18+0.7 ab 2.15+04b

# (Note) : [FFNEIEG ARG FHERR P<0.05 KF25 B3 Values followed by different small letters in the same column are

significantly different at P < 0.05 level.

x5 TEMERTESTIEFRS. pH FIEIREY Pearson X 94T

Table S Pearson correlation between soil trace elements and soil nutrients, pH and altitude

7548 Variable BRI Avail. Fe

BT Avail. Mn

FHASH Avail. Cu FRAEE Avail. Zn

FHHLE OM —0.132%* -0.028
FHA Avail. N ~0.006 0.065
B Avail. P 0.051 0.068
AR Avail. K —0.283%* 0.051
F34)k Avail. Fe 1 0.064
F 504 Avail. Mn 1
A4 Avail. Cu

AHEEE Avail. Zn

pH ~0.068 —0.093
Mk Altitude —-0.014 0.071

0.051 0.094

0.036 —0.281**

0.142%* 0.229%*
—0.120* 0.255%*

0.211%* 0.088

0.106* 0.116*

1 0.001

1

0.044 0.021

—0.089 —0.119*

# (Note ) : *F1**/p | RN AR X B (P < 0.05)FIH .3 7K (P < 0.01) Mean significant correlation (P < 0.05) and extremely

significant correlation (P < 0.01).

WA 580 Fe 2B ERMIEKLR (P<0.01), 5
AR Cu 2 B FEAFLKR(P <0.05), 5H Zn 2
W B IEAH KRR (P <0.01), WEICE M BIME1E
ST R, AR Cu 5H AL Fe 2B EIEMHILELR
(P<0.01), H5A% Mn 28 FIEMHKER (P<0.05),
AR Zn 545 Mn 2 8 E IEAHCCR (P<0.05), 16
WEAR Zn B BEFHILKLR (P<0.05),

244 RFHZMRRRE AT s 75l
TLEF R WEE, IR R
Ko AP, pH. IR . ARBE . A FIEIR
MAE, LA RL Fe. A% Mn, Ak Cu FIf
R Zn A PRAR I IH AT, S AN A
TR T 2R 23 6] 728 S5 A 454 iR RE ) TR A
PEo 6 A&H TR 4 Mgz o R & =B mIH 55
Mrek

Ferp AR Ry iR g s [l JH R R AR A 3
i, R ABFIERGE R, ke IR A A8 &
X RIS AR S A R L), i 6 AT, 8 NP
A S AT RL Fe 23 (A28 Seipmm i 2, b A H
Jr UMK, RS i RS AR 5 1Y 13.5%, H
U TR AL, pH AT AL, 5 A T5
THEEE AR RE 19.1%; 8 ANHFHA 2 X% Mn 19
23 AR SE g i 2, R O S RS A R s ) AR
S 4%, THERRIRERE RS 0.2%; 8 MHFHA 3
AXFERL Cu W7 (A SR b 3, bR =0
WK, Refs ST kA A 19 10.7%, HUOR+
B RURER , 3 AN A IR RE 12.2%; 8 1>
HFHA S XA Zn (25 HAE R 3, b
FIH . A B AR RN S 5 A
THITRERE RS 12.1%,
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Table 6 Stepwise regression analysis of factors contributing to the variability of trace elements contents
PFEATTREAYFZ N R T Variables entered
TR e e e e e
Element = AR? = AR i AR? ¢ AR ~r AR? R,
Variable Variable Variable Variable Variable
Ak FIE 0.135 Rees &avii| 0.024 AHHLUE 0.034 pH 0.010 iRy 0.0110.191
Avail. Fe Use type Soil type OM Avail. N
FA Pl 0040 pHeXE  0.002 0.022
Avail. Mn Use type Soil type
AR FIFA 0.107 R Eatiil 0.022 WK Hr 0.013 0.122
Avail. Cu Use type Soil type
B FIFH L 0.031 Rees &aviil 0.018 Bl A 0.061 BRI 0.027 NEEa 0.009 0.121
Avail. Zn Use type Soil type Avail. N Avail. P Altitude

3 ghigHilie

PURR I T RSB BN T 25%, SR
1E 10%~100% Z[A], BEHIPURh i o R 2HA wmELT
M, a5 mgrEsE, FERmEE RN AR
R (=S| @AHKEERS ), s REET . HJE i
i AR RERA RS REGE IR
KNSR E, WA . R A 7 07 2O Tl
g, B3 R AP, pHL B
R AR, BRI E 8 AT AR i
Bz A2 1 2.2%~19.1%, IS mEsE X i
TLRA M RWHAFRREZ, BT Lk 8 AHHF
ZHBEAFEHERZH T, XEHRTF AT
80%, MR 4 Pl LRI LRV HIE 10.9%~
12.5%, Ui H g e K1 £ 2 4k A,
BT R R S H T, 8 N F Ay U
M fe A, REAE 0 ST RS [ AR S5 19 3.1%~13.5%,
TSN E R S5AH R Fe. AL Cu MIARL Zn B EHH
X, ULHARIMEY G IE X R SR B AR E
By, HAE R RHE T R ERTACh R H
T ETCR M RMNE T EEZ AONH R, W
it A5 | 1 = 18 75 40 1 B Rl 1 ARk . &R Ak
% B B 14 = b R 5 = AR AR RK B L K
R = A i R e AR 4, i LABE B LR JLFR R 7
WA FE, RGBT, RIS B A
Al ZMAEAE R R, AN R R %
EH, BTN R RE T . it fe . I . -4
WML . SR MROKA . REESEE THEACK
S R 1 A EERA T . BT R R T, PR
TR A REGK, WREEZE R SR X D
BRI O, BFST X L S A S TR e B S A

A3, BRI I & BV AR i 298.6 x 10° m?,
VUt el 2R /e 7 1] B8 A /KA YA i a 23.45 % 10° m?,
M e AR AR R, B A B RN G AR B AR AR R K 22
S, KHE L RRK, EEAHAL WEYAE
M, FHb-BELImaye. werye. miet v,
FEAAES A, IR 2%, KWV E,
A Jr B2 2 4 Bhic T R 197 )43 A ik R
SRS BEHOR AR 5, AR Fe 23 )28 552 5] + i F)
FaC. AL, AL pH IR A S R,
S+ FKH AL Fe Fhtm, FERME T2
[ A5 S ROBERA X /N, R 5 X - 44T LT 542 Fe
FRZAGAF] 0.01 IR E T K. X5 HADL
FH WG A e, HAth S F A 5 R WA AL
5HR Fe RREFIEMG, FHREREH THIRIXA
B Fe et Bw, MIRIKAR Fe WFH&GEET
WHEEKFE (35 mgkg ) , FRFEEKEEFEARS
3274, HEEAS BB 84.7%, > 100 mg/kg fIREA
2254, HFEAR S 58.3%, A HLFH R 1SR
PRSP OE B DG OC R o 1T LAt 2 2 B
FHIHL X AT Fe &b A aksh =, M5 ACF A
A AR HE TR R, R R TR A
KX F . HHLT SR Fe FIA A% Mn 57URH 56 1 J5
W 7] G 5 AN [R] e A5 G A BE B 45 6 1 O =X s B
g, MEEES. REGESMELS GBS AR
AR, BEEECTIR R, REASIEMHTE AL
BREFAISE, AR Mn 25 1848 5552 + R Oy SR
THERAE N A, 2 MR TFE T R BRI RS (R AR
S 2.2%, AR Mn (R4 R it — AT
Jt. WA Mn 2RI LA, F8RTE 5~15 mgkg
2 8] By 3 B A3 AR A B A VT R4 K T 55 5 ] 45 S R
X, > 15 mg/kg M EZ A LHLA B . A3L Cu
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ZHWAH A EHERRANGYGY B, 3 A
T AR iR RS AR S0 12.2%, 54300 24D
FIEMHXKER (P<0.01) . HREE Cu 5 Fe fAER
SRAGZS ARG (R=0211, P<0.01) , Z5[A]50 4
SERGQARL, PRIAT R Fe F1 Cu FE7EAR BRI 52 0 [
T ARG G E SR E B EWAC, CeladE T
SRV, HHEPKEMES <2 mg/kg X4, 3.8
mg/kg B2 RS EVE R o A S B R0 1
&, 1~1.8 mg/kg A 84 4, HHEARLHD
21.8%, > 1.8 mg/kg WF & A 148 1>, HFEA DAL
(1) 38.3% HEIL LG Al A 7= i S a2t 7% il A AE
BE, BRI b DB RPN, SE sk R R B R i
NET7=0. R THAALBT S 4 m EGE vh R RE,  REAIR
L X R A . AR Zn 32 MR R
TR TR A SRR S R B, 5
MHEF AR AR AR 12.1%, KL
Zn i, SHMAKEREE . A% Zn HE&E
()R P A R R DX A D B Tl 5 B e AR VLA L
B, T EFEREE S Zn W50 A — E R EE T
Yo, SREHONAE R 11.7%, EIHLEME N R
Zn ZEMp A ER, AT SRR A,

ZHRR G2 R B, BB T ARG E T R A AL
A& ibl pH FEEmFEAL, W BEADC, EIRR
B, B A RS R TR S AR
%, pH X738 ()28 S (Y i RERE 1855, B4 T 4
P e R & 5 1 pH AR 2E, AR E B
FAACE ISR . AR R A A BE A [ Y £
B, PRI TR W F B S AR RN ZE 7, R
MRS . SR AKASREEEN TR
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