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Q1 YEPERA R 2 E L BHE SRR, A 330045)
(2 YLF4 BB YR 5 AR A T A0, I 330045)

W OE LAE IR MR LR X, BT T 2015—2016 AR RAE M 699 4NERJZ (0 ~ 20
em) HIEFE SR, JE G AT MR T BRI B SV, RGBT T IR IR A
)73 SRR AE S L R 2R, DU Al iR 7R 5 A A D RE SR LA MBS % . A IRR Y
F T IS BAE 0.13~0.69 mg-kg” 2 8], SFIME N 0.33 mgkg ™, A 4s [E 3B T HK T 541 (0.29 mgkg ™)
1114 £, 25 RECN 27.27%, PSR, S0 ZRBT, HIEMAATEA 12.86 km, Z[HH
MG K BN A 44.30%, F W H I 23 (A48 57 B2 SE M MR e . FE 2SR o0 A b, #l
X CEHRSE) FEAAIERBEVEH . EXEARMEME. MEEh . FYEE . M sGaeE.
T A R A S S T R . B, B R SEULER. ARG, pH. b RETURI R 3 A ]
SR W (P<0.05), HEMFEEEA—. Hrb, I RRe I, N 29%, MFEMiiREL
el s S SR R B E A
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U 5 R G 42 G vt I 2R 25 ) R R b el ™ B R [ R 2, T2% A B (T
I AR EEGAN, SRAGA 0 218 22 4, RN X G B g & &, RN
ST X B XY, PRI, R R A A A A E A, DTS R T XA U
WA BRI EE, TER, KT LR EE. A RHE s R =S AR TEC) 2
TR, E i AR AR BR T T AR S 1 25 W) A AR 2, ok A S ) 2 ) SR 2
FHIERE AL B 2, T T A T 30A0 7 23 8] R SRR L, 6 B Al s il = A R Je B
FEEPSLH SR . HeA, BTSRRI 10 0 E 2 (8] 43 A R i R R AR 2 15 R AR A o5
Pk 3 AL g i [ Y A R OV A B Sy M i, T 2 R S R HE A LA B E
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e HIERERIN 35557778, dia R TT 300 BRI 1 B BRI HUB R T SIEE R

B 3 pH REALST, 0 =37 380 4 8] 3 SR (i B e mi R R AT AT 7T, DA
SN R SN KT O AR A s DR Y TN L A A 1 R R R A ) L ER L
PARIE AR S R, 2 e s G b A R SR B PR

I MBS THA

1.1 B XS

AL RBIX, B XA TYLPG 4 i 8 T, #PH A mg vy, bl
AR T 115°25'~116°27'E 27°42'~28°27'N 2 [fi], FAIEIAH 2 845 km®. 2017 4EAK, 4T A
FLAECN 129.8 TN FE3kHbF g mdbg, B vE g i ARIGZW R . FE R X, 205 8
TR 17%; TR AISHESE, A IR, 20 5B TmR ) 24%; PHAbR R EgHb e iR,
NEREHLX, 295 AT 59%, &SRR 7 FERE X . Fath b AT i SR X, S
BIEAN, PUZEsre, MERIN, AL, BB, EKIK, &4 EFER a4 =i,
FHBEREEEW R 2018 4, AT 5ERA 7 B EL E] 382.22 {476, WEBUAINIE
3 70.47 12.7¢ .

FW A EM L EEEE, THRIFRR DR, AT E (B2, ZH0KH
TERE, LEEmAR. BHAR, & ABRZ0ANR, TRRAF. SRR BRI
BRI, BNLAo R A E SRR R (E1b).

1.2 BRI 5 € 77

WFFLIX 2 (0 ~ 20 em) T IEAE 27 (3£ 699 4~ T 20152016 4K H P2 (1kmx 1Tkm)
FEREREREE (B 10). FIMT BB RAR T 28 ik RIS A A . F3k TR
FKARE T 2015 45 1:10 000 iR FH AR 5 25 2048 e o 3380 it 2 225007 Tl (Se) i As)
K (Hg) 4 (Cud. 7 (Cd). EALAT (K,0). EAk4E (CaO). pH. AHLE (Soil Organic
Matter, SOM) 5L IEMR. Se KA F2MIEME; KO\ CaO FR A X S Jehil
ENE; pH RHBEEHMIENE; Asy Hg KRR FRENE; Cd KA TR
ME; Cu KA X RKIGEME; SOM K BRI AL E . Fra s Ribi e
(DD2005-3) (A=A BRI PEANFE S T H AR SR Y Il 8 23 Bt 77 92 1A R %6 58 RN v P 22
K, FrE R AR R 85%, Kl RrfE.

1.3 HELBEE S5

B IR B A, A SR FH R S HE U 3R AT S o B AN SR A R 5 B S0 F 38 A
R66T o FETHFFLIX 30 m7y #1457 = FE 48! (Digital Elevation Model, DEM) ##5 (&
le), itAre GIS 10.5 FASEEUH SRR JAE. Sm), e, HRRREZESEERE T, A
A A X SCER[19]. i BIIBM SPSS Statistic 24.0 #pExf +384E 2 8 SHAT Rk M e 1 2>
PrAAR G MR 0 AT, FRTE MO ER PRI 28 B AT DR 7R DU RN 28 ELARM 43 Bt o 38 2 T 22 R A0 AT
GS" 7.03KPFAT 2 (B G5 K0 3 BT o M3 o B AR AR 2 18] A DS RN 3 S 2 T I 7E Are. GIS
10.5 B4 P& BT,

B T R R 2% A N 1) AR B SR O S A, T BN I A AR B A . AR
ZE AT N AT 020 S IR, K3 B 4 B <50, 5°~10°. 10°~15°. 15°~20° 20°~25°, 25°~30°,
30°~35°. >35°K4 82 M Lh4s® NIaIRE K 82 . HAhiE SR wid it [ AR AR
8%, DAIRIERIFE A 73 E 44T, SRBEA M.
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VE: SEBURRR AR W TR A A IR BRIRERFE AL Ve UE A, AR STt AT
EF T BRPESS A 2R Note: Loamy river alluvial, Sandy river alluvial, Weatherings of quartzite, Weatherings of carbonate,
Weatherings of argillaceous rock, Weatherings of red sandstone, Quaternary red clay, Weatherings of acidic crystalline rock
B BFTIX R SRR R RS . DEM LA S 38R A 00 A
Fig.1 Types of land use, Types of soil parent material, DEM and distribution of the soil sampling sites in the

study area
2 iR 5L

2.1 IR M Gt
W90 X 0 5 R R MR SRR a2 1, R30I S RPN 0.33 mekg
R4 E I TR SR (029 mgkg!) B 1.14 4%, AIEAT 0.13 ~0.69 mgkg'; AR
REON 2727%, ZEHEREEAD M. BRI M EmMAS, @ARNECREE, T
RN IERS A, FFE ST 2E M i ER
%1 LIS RRR G R

Table 1 Descriptive statistics of soil selenium content

FEA%L HR/AME SZONE FHMHE PRk 22 AR5 R i 5 G AR
Samples Minimum Maximum Mean SD (6\%
Skewness Distribution type
/(mg'kg™") /(mg'kg™") /(mg'kg™) /(mg'kg™) 1%
667 0.13 0.69 0.33 0.09 27.27 0.74 X HIEA Lognormal

AR R X 70 3 2 A B R 232, N2, 98.20% M) L el KA s & v T
0.125 mg-kg", AAEAEBBAE B R . BARKE, T el & B m s T 5K
AN E R E .

2K 2 P A AN R 20 AR E A

Table 2 Ratio of different levels of soil selenium content in area in Fengcheng

d g i tCiLiEl R AR LA
Soil category Se content/ (mg-kg™) Effect Percentage of research area/%
Al Deficient <0.125 filiik = Se deficient 0
1% Marginal 0.125~0.175 TBFE ST Potentially Se deficient 1.80
H1%E Moderate 0.175~0.40 JEAT Se sufficient 80.21
=1l High 0.40~3.0 Bl Se-rich 17.99
I Excess =3.0 fifirF £ Se poisoning 0

2.2 FITH IR = B G5 AHHIE
25 22 B BURT R 5 LS9 2 1) 4 A1 ) (K BEATL PR S R PR A I 22 R &
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CERTTLAR Y (R3), I (A A I B DU RN BRI AL, s RBR®A 0.953, Bk
RSSN8.316x107, #4iE T-0, 2 A FLANA S BE R, AENS HCT Hh S il - 32 RTE ) 2 7] 45 KR ALE
Tl (P HR 4 RS 9 44.30%, J& T &2 (a8 Sk, RO AA BRSO, B2 L5
PERI R . 3G ARFE A 12.86 km, 156 WA () 4% 1) E AH <8 Bl K

23 H I 7 75 B RO S A 28

Table 3 Semi-variogram function model for soil selenium and its corresponding parameters

LAY Hia REEH b 3n; R WA R E W%

Model Nugget Partial sill Nugget/Sill /% Range/km Fitting coefficient Residual
FRR ALY 0.0372 0.0840 4430 12.86 0.953 8.316x10°
Cbg i 0.0173 0.0843 20.52 3.75 0.953 8.437x10°
e 0.0420 0.0841 49.94 5.94 0.951 9.242x107°
e i 0.0655 0.0906 72.30 36.97 0.471 9.299x10™*

(DSpherical model, @Exponential model, @Gaussian model, @Linear model
2.3 I B8 5 FAFHIE

R ELMR S B SR 1 7 (R 3 A RHAE , 5 T7 25 BRSNS B, OE R AT
T8 v B AR, A9 AR IR T A A 2 S (R AT . P 2 WA, SR R AR A
B, B DR A R 0.40 mgrkg! CEARHIERIMERD, 3B R PR A A T R L
. IEAMEPE RS M AR R M AR SRR A AN R

AHIE T N — 5 R - S E B AN A 5 XA 7 (B SR AR AS S M OGRRE , SRH & m &t
& Moran’s | 500 LIS & 0 A 34T 4 R S B AR s R AT R AR
(Getis-OrdGi ) HEATRHBAS 1A EAHSC M. o brat R m], B 70X 398 B A 35 45 A
FHEME, H Moran’s | #850{H N 032, P <0.05, Zgoe N 12.01>1.96, B G2, RY
W90 X - 4380 B A 2 2 2 B E ARG, X5 5 R R (R 3) —8. fEXIEA
X SR HE AT H AT, R IL GI'(P)IE<0.05 LA FIEA 81 MTER (1 4), Firh#hs
X CEAEREE) NN A M A4S 57 MTER,  ELflik 10.84% (3
526 MTERD, SHFFT X AT 12.63%, “FHIE 5 A 0.49 mgkg s ¥ A X (R4
HEBRETIEN . AL 2 E&EMSE 24 MTEUY, HEIE 4.56%, ST S 5.61%,
P BN 0.21 mgkg

SN LA S B S IX. - S B A RS X IR IR, 224 T Gil(P)fiE<0.05 73[R
A (B 3). HIEMTES A R B R, AR R M. K
REAERs Mg DY RE R TG S T R S AR R LA A5 T L
A BOR AR RS X A3, A RIXATEN FZE MBS 2 . AL 2 Ml R
JeiEs. B 2 .

4 LIRS T
Table 4 Analysis of soil selenium hot spots (Gi"(P)<0.05)

AT ATER AN b TR A
Administrative village Ratio of administrative village/% Area ratio/% Mean/(mg-kg™)
57 #5 [X 35 Hot spot area 10.84 12.63 0.49
24 ¥4 X35, Cold spot area 4.56 5.61 0.21

http://pedologica.issas.ac.cn



+ 3 R
Acta Pedologica Sinica

B 2 B JE X A9 5 B ) oA B 3 B FE X ¥ F i X 43 A1

Fig.2 Spatial distribution of soil selenium in the study area Fig.3 Distribution of cold-/hot-spots in the study area
2.4 R332 (A1 AR R BV B M R IR

ARG NS 220 5 m b, RECE R 750 BB IR F . pE R
TR SRR AR T b 5 PR 300 S A AT 71X S0 1) 2 () 3 St O 0 5 0 ik
241 ORI XA TEIX 667 ANRZE LA S BTG (R 5) TR A
[7 -3t 1) 7 2 S P 24 B K MO s MRl (0.34 mgkg™!) =FElHh (0.34 mgkg!) >
4 (0.33 mgkg!) >/KH (0.32 mgkg!). TIE LR HURT [ G S B A, KRS
B, REERFOUMH S i A= 35 R G2 BTN TR, KIBHERKHEAE+
AT R B FE, A LG G A RN AE T35 b BT AL AR S AR N, S B0 S B AR XY

B AR LR 73T S8 R 026 57 0 3505 DU e 4 R A — B9,

& 5 ANEILF R AN LR M 5 HFIE

Table 5 Descriptive statistics characteristics of soil selenium relative to land use type

AT PR R/ME 2N} FEE bz A5 AR
Land use type Number Minimum/(mgkg™) Maximum/(mg-kg™") Mean/(mg-kg™) SD/(mgkg™) CV/%
7K H Paddy field 311 0.13 0.65 0.32 0.08 25.00
4 Dry land 42 0.17 0.61 0.33 0.08 24.24
[ie|th Garden 30 0.17 0.51 0.34 0.09 26.47
#tth Woodland 284 0.14 0.69 0.34 0.10 29.41
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242 BENT AW HERFE SRR . R (AR, B, RAHER
AT B SR B =N J5 T HEAT Pearson AHICME T . 3B S AR B RS IE S BB 2 IEAH R
KFH (P<0.05), r >~ 0.090. RN F 5 bl A AN B 1) R B R4 v, AU T Js ke
N % B I ) A B B E RS o SR 5 VATV B R S R B T TG 3 A O
KA, UL X 3R 2 3 1) A6 5 /K I 3l A SBR[ R RA K

243 REFHR KRR LR IS R R ERUENY, R AW T )\ R R B R 2
Bt (3R 6), W SF RECKE , WL IX AN [ B B 2 284 1) T30 A2 57 RAUAE 6.25%~32.14%
20, KT IR b BT . WS ERE, TERANY (037 mgke') >
JUERIAY) (036 mgkg!) SPFUAEENEY (0.34 mgkg') >HIiL i+ (033
mgkg!) SRR RN (0.32 mgkg™) ST (0.30 mgkg™) >0 T A
Y1 (029 mgkg') >ERPESE AR KAL) (0.28 mgkg ), A A BRI A 4305 B 5
U R 22 5, Horp 20 5 R AL B i BRE 45 o S AL A 5 25 AH 22 0.09 mgrkg ™
IR B PR A S B B R N &, XS R RO, T4 F
XULZLHEfE £, H B R FUa B . b a2k k!, iz k&5
(1 S B 2 B T IR B2 Y, BRI T R A v B BV AN R

3 6 TR BB + Al AR 1 G 4

Table 6 Descriptive statistics characteristics of soil selenium relative to soil-forming parent materials

_ Til§ Se
BB A B A 42 —< —
SR LiE LRI AF BRFRH
Parent material Number
Mean/(mg-kg™) SD/(mgkg™) Amplitude/(mg-kg™) CV/%
S e g 229 0.33 0.08 0.13~0.65 24.24
ARISE % 40 0.37 0.09 0.23~0.61 24.32
AR RANE 236 0.34 0.09 0.14~0.69 26.47
=T MR Y/ 74 0.30 0.06 0.17~0.51 20.00
YRR TRUTE ALY/ 11 0.29 0.09 0.17~0.45 31.03
fEF R 33 0.36 0.10 0.14~0.68 27.78
R 45 o R 42 0.28 0.09 0.16~0.49 32.14
WL KLY 2 0.32 0.02 0.30~0.33 6.25

(DQuaternary red clay, @Weatherings of red sandstone, @& Weatherings of argillaceous rock weathering, @Loamy river alluvial, ®
Sandy river alluvial, ®Weatherings of quartzite, ()Weatherings of acidic crystalline rock, ©Weatherings of carbonate

244 IR T MR SRR SRR KGR BB 3857 7 2 B HOR ) O )
R, Hof H & B 2 M0, Pearson MISEE S Hr4E KW, BFITIX 380 5 &
FEREEZE MM (P<0.05), 128 0.065, X5 RSkl B s sl M —80, R
e Ak o R R AR B B IR A R e SRR OF TR R B Ak 22 o e A L
WX, 2905 SRR 76%, MBS R AR, AR SR A A S I ER
TR E e 5 4R @QFE R IR, AYUR SRR, FITAISES
RV AR, AN 5 e ks AR R s 24 (ELZE P 3 v SR B G 5 T AR B 11 7 A G A
X, WEEMANEK, FHEEN 020 mgke'. JFETAERE: Oi%HX At B E 3 5L
FRVEL, S A R N A, TR R 3800 & B AR RS, SASCHE sl R —36 @iztthh
T AFH, e T IR R E &AL, HITTRGE R 2%, MR ARk 57 3 )
SN B 5 R A AR RIS
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245 HIEEAVER IS RS B R B YIS 2N, BETIX A S 4
BEBPHME, HfE5EEARENEMEM (P<0.01), r 72514 0.404 F1 0.212. WFEEY
US303U i 5, AR RIR. B4 BRI IR 24T h, AR R R,
LTt i EL A W B P o Tao 452 V4E I S S0 45 SF 77 4 S8 A08 73 A1 1042 ) R 50, % B 4
TR & TU A E AR 23 () AT, YONARE T3 i i 5k B e R VIM G, IRdE
AR, 4. R B E B VIR R AR 57K . 2 [MEA B35 1 IEF %
P, IXTTHE ST X HER IR B R RAE AR L.

T3 5 K0 CaO- pH I H B 2 A 96 58 &R (P<0.05), 1 29-0.344.-0.089 F1-0.179.
SHTRE AT, KoOy CaO BINBIMEAMY), 557K R A BB eV iR, XA T AAE
Bl pH #H1% WINEREE (Se03™) MIFAEZEE (Se0F™) ZIa 4k, it S B0 T /it 7t
X ARG PE 3N, T3 pH ¥{E N 5.1, ZRI5EME, HualnkSe0Z  [MSe03™ M1k, ¥k
J5 1Se0%™ 2 i E A AN G LA ) SEWB, A Sy AR, AT 51 R T R I E AR .
X 5 Neal 1 Sposito™ W ik — 2, HAANSe0d™ T EAEAE T J9M M — P MG IR T, 5
W IR ZI Y, T Se02 A Mk SFW BH ANV o DRI, - 338 (et 4 2 498 SR G e 2% 1 AT T
SEC AR RS SRR R IR R I <= e - SR A R, A A R A

T S AR EIEE EAFEER (P<0.0D), A 0.141. BIEHFFEm 5, Al

JRAEJE oA I AR P eT (2 AT AL, A8 AR e 8 5 TR R 45 S N AL SRS &,
SXof A (R B 5 ] e A ) T A o (BB — PRI, A LT 1) A A AN B A
P, AR E T ROFRBIE AR, 02 I S R B D R, A A AR i,
BRI AE A A Pt FE v, A BRI AE, C5C A AR 3B 0 3% P 5 T 2 2 1 42 U A 2
PeRp Ol T RFSE R R EEF B2 —.
2.4.6 HUE TR e T & R0 R 2 - S 2 1) A% 5 (1 A ST AR AR R ) AL
HAERARGL, AHE TR H BRI 285 LR 7 L BEES R R SRR R+
HEEELE (As. Cd. Cu. Hg). WIEEMLY (K0, CaO). pH. AHUFBEAT R F IR A1 AZ
AN BHR TN (R 7D w750, . M. K. S48, AAbS. pH. - FER
T RS A 25 1R AR SRR ) B2 (P<0.05), (HUMFEEA—, EATAREH,
e stof - G 110 2 () AR S ST SRR RE T80, N 29%; B RIR O AR AR BE 0 0 N 1%
6%. BHIEEA T, FAHRIHOLRERE I 14%, AR, N 8%. mife. pH AL
A RS A G 2 () AR S (BT AR R RE IR, 5N 8% 7% 6%

MAEEIRMEER (R 7) AIEH, 500 F TP 9 28 BAE R 12 KT & B0 R - 0 - g8 A
Ssgm, EARRFT 2 BEREEAAR. 2o, s pH 1952 EAEH W 508,
N 44%; SERENZEAERIRZ, N 43%. BEAh, 0] K R IE n # R 76 4 3 4
) AR S (O RAERE 7 o X AE — ERERE L R B S IR 0 0 A B B el 4 I
EEITREREZEEN. X589 IR, RIE T ol 2 A BRI .

R 7 BEE TR LR E FRNAZ TR SR

Table 7 Factor detection and interaction detection of soil selenium relative to affecting factor

ACHARD o 16
BE 70 g fE

it A Interactive detection q value
Factor detection P

Element type Factor =y

q value As Cu Hg K;O0  CaO pH
Elevation

TIEESGR As 0.29 <0.01 — — — — — — —
Soil heavy metal Cu 0.11 <0.01 0.32 — — — — — —
Hg 0.06 <0.05 0.35 0.20 — — — — —
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AL K,0 0.14 <0.01 037 025 023 — — — —
Basic oxide Ca0 0.08 <005 038 026 020 025 — — —
HERE T %72 Elevation 0.08 <005 043 028 021 029 025 — —
pH 0.07 <001 044 026 019 028 0.19 0.19 —
A B 0.06 <005 035 020 016 020 0.18 0.15 022

(DTerrain factor, @Parent material
3 QIZI jZ«

FIh T IR TS BN 0.33 mgkg !, R4 E A IEM TR T SE (0.29 mgkg™) (1 1.14
, ANFEAEGRAR AN LR o A 23 8] A b ST O 2 R SR AL, A XA A
FEIRHEEAVO . SESCHEAR S M AT, VU B VARG LR IR T P
MR ER LA 5 AT AR DU 38, 5 MU AR 12.63%, P& 8N 049 mgke', J& T 813 5%
X, LA Rz DOR i L R, T3 s Al A e, DUA RS M i 2 5
KIE. mf HL ok, EACER. EAGES. pH. R BEBUNIm R X o 9l 5 () AR S P 5 e A
BRE (P<0.05). Hrb, SREISIARRERE 5 RIRENR) oA B KB oG, X
) AR S IR R E AR .
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Spatial Differentiation of Soil Selenium in Hilly Regions of
South China and Its Influencing Factors:

A Case Study in Fengcheng City
ZHU Qing"? GUO Xi'*' HANYi"? JIANG Yefeng"? YU Huimin"?>  FU Congying"

2

(1 College of Land Resource and Environment, Jiangxi Agricultural University, Nanchang 330045, China)

(2 Key Laboratory of Poyang Lake Watershed Agricultural Resources and Ecology of Jiangxi Province, Nanchang
330045, China)

Abstract In Jiangxi Province, Fengcheng City is a typical area rich in soil selenium. Based on the data of
the 699 soil samples collected from the surface layer (0 ~ 20 cm) of farmlands in Fengcheng City in 2015—2016,
geostatistical analysis, correlation analysis and geographic detectors were applied to systematically analyze spatial
differentiation of soil selenium in distribution and its influencing factors. The research was done in an attempt to
provide certain valuable reference for conservation of soil selenium and the production function of the
selenium-rich land. Results show that soil selenium contents of Fengcheng City ranged from 0.13 to 0.69 mg-kg™
with coefficient of variation being 27.27% or moderate in level and averaged 0.33 mg-kg™, about 1.14 times as
high as the soil selenium background value (0.29 mg-kg™) of the country. Semi-variogram function analysis shows
that the range of soil selenium was 12.86 km and quite large for spatial autocorrelation, and that its nugget effect
value was 44.30%, which indicates that spatial variation of soil selenium was mainly affected by structural factors.
In the spatial distribution, hot spot areas (area where high values concentrate) were distributed mainly in the west
of Quangang Town, the southeast of Dongjia Town, the center of the Shangzhuang Neighborhood, the southwest of
Shangtang Town, the northwest of Qujiang Town, the center and south of Luoshi Town and the southwest of
Xiushi Town. Arsenic, copper, mercury, potassium oxide, calcium oxide, pH, soil parent material and elevation are
factors affecting spatial variability of the soil selenium but vary in extent (P<0.05). Arsenic is the highest in the
effect, explaining 29% of the variability, and plays an important role in the enrichment and migration of selenium
in the topsoil of Fengcheng City.

Key words Soil selenium; Clustering characteristics; Spatial variation; Influencing factor; Fengcheng City
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