t 1 (Soils), 2024, 56(5): 1111-1119

DOI: 10.13758/j.cnki.tr.2024.05.023
XIS, TR, XIAF, 4. P9 B e o0 2 45 0 40 FARAE XY R 2. 13, 2024, 56(5): 1111-1119.

ARETERTERTESFFEREMER"

N 21,2 1,3 1,2 > 1,2 bk 1,2 o L2 - 1,2 ~1,2
NEZY, EORD, A FE, OBOL0, M FEAN e, &8 b
L

(1 =R R IR SRS A, B 6502015 2 ~Ea RSB E TR PO, B 6502015 3 Al KU

2BE, FBH 650201)

W OE: oA TR S A FARIE R R 2, SRAE TV 275 NGRS, B T2 ASeE T . gt
3T, GIS Z8 [E T B AR A BRI RS 455 36, RGEHT T V6 B 3 il A il i) & e | 25 (8] - SRR R B R £, PR 45R
R, PG E A A R - S 2 0 0.49 mg/kg F 0.056 mg/kg, HHHEMIEERN 12.17%, +IELMAAESOMTESS

Ryzs AR 5 B R, N [R] PRF0) R A A8 ) 25 [B] AR SR IR RS 1Y, MU AR EARRINY, ENT3ERING R T X465 A
A2 [ AR S (52 . 25 LR, DU R IR R, [RIA e e A (] 4 A0 32 B B SR A S R R R NGRS, FETE
B S8 A AT R e AR DXt R4 SR g v B B R A AR L T X B AN AR A B L AR

KGR A WAL, ASHZER; IER; IR

hESHES: SI NHERERS: A

Spatial Differentiation and Influencing Factors of Soil Se in Ximeng County

LIU Zhizong'?, WANG Sheng'*, LIU Qi'?, CHEN Wen'?, ZHAO Xuanyue', LI Runhe'?, LIU Yucheng'?, BAO Li'?,
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(1 College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2 Yunnan Soil Fertilization
and Pollution Remediation Engineering Research Center, Kunming 650201, China; 3 College of Plant Protection, Yunnan
Agricultural University, Kunming 650201, China)

Abstract: In this study, 275 soils were sampled from Ximeng County to conduct a systematic analysis of the contents, spatial
differentiation characteristics and influencing factors of soil total and available selenium (Se) contents with the methods of
variance analysis, correlation analysis, geostatistical analysis, GIS spatial analysis technology and geographical detector. The
results showed that the average contents of soil total and available Se were 0.49 mg/kg and 0.056 mg/kg, respectively, and the
activation rate of soil Se was 12.17%. There was a significant positive correlation between soil total and available Se in spatial
distribution, and the hot spots were mainly distributed in the eastern region of the county. Geodetector analysis showed that the
rock type, elevation, and organic matter content have significant impacts on the spatial variation of soil Se elements. The spatial
variations of total Se and available Se in the soil were not mutually exclusive for different factors. The interaction between factors
collectively increases the impact on the spatial variation of total Se and available Se. In conclution, the soil in Ximeng County is
rich in Se, and the spatial distribution of soil Se content is influenced by various factors such as geological conditions, resulting in
significant areas of Se resource enrichment. The research results provided scientific basis for regional selection and planting
management for the development of Se rich agricultural products in Ximeng County.

Key words: Selenium; Activation rate; Spatial variation; Influencing factors; Geographical detector

OREWH: FERARPFES ZBEHE R4 H(U2002210)F = 548 BHE K411 (20200202AE32005) % B
* 3l IE # (zhangnaiming@sina.com)
EE R XESR1995—), 5, @A, BLors, FENFLRES 0 R AT . E-mail: 1zzynau@163.com

http://soils.issas.ac.cn



1112 +

e 56 %

R NIRRT TR Z —, HAYUE . &5
B I FPTEACSEER], (HR AR A S TC A W,
WA A LUK B RS R g o St
NEEATCE W EE iz —, MLEAEY RS
SERREEE LA, TE LAY R AR R
b B R AN A A B, 3 Al i R —
ShASITRE A SER , A3 RO B R R P X — B A AR Y
SR F [ B A R R A E R,
BU00G [ A 1 BRI A 2 ZUHEERE(0.100 mg/kg)
AP EAEE(0.125 me/kg) 5, 430ld 21.10% Al
31.60%5), B, TP CR SR A
fiE | s R B HO R B, X I & RURI FH i
MR EA T EENE XL,

FF 5T 3 B A el & i R A2 i R, A
FHZERL | FRBs B (pH) . AL . HOBEEHEM
A (E B S 7 AP T Y [ EE e R 7 27 W N -
i) - 3R 0 2 1 2 B I R WA R e A
F 9% B0 - R AR | A5 LB 5 5N 4 Y AT &
B S BB R T IEARUIPE Wi 1L e g
DX A 00 5 det A2 M BT S | IR BT A
RR M5, 2B SE PR T P4 A7 B 4 e
FrR A R B AR T R 3R B AR IR
PR PEH A BT e I IR . A ML i
- S8 T B R - 4 PH S T S 4 i A RS R R
M5 K o ST oo 28 (4 5 i PR R A 9% H i 2 28R
D758 . MISEME M . ek IRIE T AR GIS 25
] A3 AT 55 i, A X KA S TR AR &P 43 W 45 5
TPV 4 5 EL T VR X A A A A AR AR
B A= A P A5 R (R B R AT T o Hr s A ARl
SR AR SR AT L 7 25 50 A R A 1A AR 55 vk %
VLG4 IR 3 & B4 A | Rg ) 7 S A e g
FIIEAT T 43T BESrMFAEN IR BT x4,
FIFHAHSCHE ST . 508 . 725007 & GIS %5 [H]
O BTHARAE kit £ 3R (4 5 A0 A | B SRR SO
W R Z AT T R AT SR IR RS A4y ik
AR 1 2 () SRR S IR I R Z M ) K R 5%
R 2H 1) A 114 Jo B 5 0 220, L8 R T
R ZE R, Sz 2 N A AR RS
SRS T TR, BRI e SR I 2 ]
S, DA R AR R HAS R R 8l B 1) — R I ge T2 O
P, W MR, kAR IR R R
A M A A% PR X - S 2 [ S o M s, AR
TR GER ST 7 VA RETE B PR | B A Ak A A TR
T TR

A SR REER , FREMNARIL R PR A —
SR W B, Hrh SRR T S B L
T Bhttigig 28 S 1 i X U200 (H AR5 A BA B TR &
T mEAME KB E G -1 R P R
Hu X, FORkHE SR TR o aoHIA E] 0.46 mg/kg,
HIRE T 2 P 398 ARG 11 g AN i, ARG
VEPE 25 1 8 TG R VS MR AR BAE AR X, F
2022 4ERAEFRIE(0 ~ 20 cm) 14, 7EIEL + HE 4 A
A B ) 73 (8] 5 SRR AR A 3t b, 38 FHAR DGR 3T
M GE 50T . GIS 28 8] 43 B B A R b BEER #4555 7
7, A A, IEE T B LI
B B AT HILJTE, R R M AR 9% X A 498 42 B 1A 2T
23 [8) 43 SEARFAE B E e B 2, DAY A P 8 LR &R
il - 4R R | & R B AR B 7 i B R B
Rk

1 MRS

1.1 HAREER

PR G BB T oA, T o
BTHRITR(99°18'E ~ 99°43'E, 22°25'N ~ 22°57'N), &L
R B/ DR R R B B+ AR 1 353.57 ki,
HIAR | G RS IR AT % A G B, M
SRR AR FE BAREE , 7Y PEdEE S 40
FI B IR LK AR, Bk K5 89.33 km, H5Z
o SIS Ve BRI SR R ), i S BRI PR R R
e, HTHIXS 220K 1 869.9 m, TSI &,
Rk w P LT B AR B AR &
W2, FEHRBRHZ 0. RS EE) . eIT
L (EVE), FEA-MIEREAGEDY) . RAH-215
LLGEPY) . PYREARECEPY) . JCh 22 BRI AR
KA I GE PR T 2 R TS S (E 1A). R IX
PSR LA B AL . FEMA N T, TR AL, F
YRR RIS E LR RV A TF
X IR WEIE XA A2 2 FF, A 21 R AR
ZEAK | 2 RUH SRR I ACRT T LR SRR AR, A
BEYLOKFE . 288, TR R E, FEZFEYAE A
mommeE . HEE . ORFEEE 1B).
1.2 HmEESHNAZE

HRAE VG 2 EL Y S X0 . AR ZE A . HE S |
- A D AR, SR BERL A R I IR A
BURE R AER)Z L IERES, 275 A~(F 10), BMNREA
FERE 1 kg HHERERTEN AN, S8k L5
(R R A A A I B e el 07, 26 A F B8
TR E SR AR . I pH E S B NY/T 1377—

http://soils.issas.ac.cn



955 N ESEAE: VU R A T 3R 25 [A) 23 SRR S D 3R 1113
99°15'0"E 99°30'0"E 99°45'0"E 99°15'0"E 99°30'0"E 99°45'0"E
A) (B) !
g z
54 4
- 28 4 %
o S
A S
z
2 &
o o
g 1%
N 'Y
= F “ Q
=il
[
1+
0 5 = @ 0 5 10
I_I_ITI_I_A_I_I_I | |_|_|_|I_|_|_|_|_|

N

A z

f=}

7

S

D | Z

SRR

« HHERFES | 9
DEM (m)
wr 12209
5 490

B 1 HRRTEHFEEB(A). LFIALE(B). DEM ELIEREFSHH(C)
Fig. 1 Parent rock types (A), land use types (B), DEM and soil sampling sites (C) in study area

2007 { -3 pH fiE ) P, HHEAPUTINESIE (£
Befedb ) P, RS ENE SR NY/T 1104—
2006 ( -3 A sz ) BY | A RO
SEZIR NY/T 3420—2019 { 347 8 2 ) 2,
1.3 HIELAESSZEIT S

R ORI A MERR I, A9 R R AR M I 1
TSRS, HIBRIE EHERFES N 264 4~ $idE
{#i i SPSS statistic 26.0 FA4-HEATHER TS 04 Fl
TGRS 8 FHE 7 25 R8I GS'7.0 itk A28
[E 45843 HT 5 (5 FH ArcGIS 10.7 F A2 BUF 5% IX e
W FE R 1], FEXT A 840l A 2500 A 73 v LA
T A4 5y 23 18] L AH JC 4307 5 f FH b BRI 25 57 7 [
TR RN FERRIN 5347 o AR 4R EPR 00 28 X iy A7)
FIAS B ER , S5 A58 002T R Sa i6 U R 52
X RER 4 F . <52, 5°~10°, 10°~15°, 15°~20°,
20° ~25°, 25°~30°, 30°~35°, >35°3 83, Hih
L 450 Sl bmRl sy, HAbEhR L A SR A By
o EES

2 SRS

2.1 TEWTERHA ST

P EL A S i 0.49 mg/kg , A TRAL
T 0.09 ~ 1.42 mg/kg, 55 RECH 37.42%; T HEA RN
SEHIE R 0.056 mg/kg, ZEHREALT 0.006 ~ 0.145 mg/kg,
AR RZBCR 37.61%. UL 2 PO 3 [ 5 1Ly A
TRAM PR 5L R BFFEAS L, 30003 s FRIE 0 R AR A S Y
FLBRAE . WA L (<0.125 mg/kg) . IEAEAMA E(0.125 ~
0.175 mg/kg) . JEAifi(0.175 ~ 0.400 mg/kg) . & Aii(0.400 ~
3.000 mg/kg) . i (=3.000 mg/kg). Hi1FE 1 ATl
G A B A A B U A T s KO, G
F&, HeEmBN 66.67%.

T [ % 5 G 48 A o) R IR R
DA 38 40 R O AR AR Y, (RO B R A KA £
e A ml A M X AE W IR A — e AT s
Bl A 7 i, AH B2 A A B et A B A A g v mT
PUAE K B Al e 7= i B0 X B Sz AR M Xl e 3R

http://soils.issas.ac.cn



1114 +

e %56 4

1 IR SR P S e A1 2T R SR TR Oy R 3 P 2 B bk
AL W S 0 A 00 2 i AN [ 20 SRy T O A
Mo S e - S AR T g LA R b M R B R, A
SCHIA TG AR AE bR A S 1h 38 =1 A 2

R/ AT B < 100%, SR A, R L
SEA 35 AL R AR N 4.09% ~ 20.77%, EXIHE N
12.17%, 3 2 d HALBEFE XA EL, AU Tk
A Bt

1 ABRBELELWESEFHRKARLL
Table 1 Abundance and deficiency of soil total Se content and its proportion in Ximeng County
A B kA B il £ 1 [ {f (mg/kg) e T AL LG Bl (%)
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Table 2 Comparison of topsoil Se content and activation rates between study area and other areas
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A K HH 1.95 0.180 9.23 [39]

2.2 TIEWMT EEMAFERHIE

Xof P S B A T R R 1 1 T2 T 2 R
G, BHERRNZS [R50 () F AR R BRI, £33
il 5[] A ) e AR Y Ay e ST AR, 005 R A0 0y
0.980 1 0.959, 5%2% 43 7|k 3.149x107° il 8.848%10°°,
B T 0, RUIPIEMBLEHE RS, AT LR AT Iy
J2 G B B - M AR A A 114 2 (B 25 A R . 13
AR SO A IR 30 R 15.63% 11 29.73%,
FE A 1A FIAT RO EL AT i 2 (R A e, £ 27
S RGP R 2R S M8 A AT ARG 1 AR AR i Sy
46.030 km F1 34.918 km, 1t FH P& (1923 [8] F AH &G [
L3N

TE 07 2 pREUU A IO FERE |, )+ e Rl AG 3L
53 531 64 730 v AR A (AL (8] 2). 74 B B A
IR A&, AT KRG M X S HROIR oA e v B B
BB A ALK 5 PG R B A o A IR S A AR A
H$ R4 F5e it Moran’s T 8506 + 3ehilt & &0 A6
AT R, IERHIR A3 148 45 (Getis-Ord
GIAT IR 2 8l A MM . il SRR, 76
B A S ELAT W Y 2s [] F AR DG, R A 5
il 1Y Moran’s T 585043510 0.66 F1 0.60, P<0.01, Zycore
39 1537 il 14.01, HKT 1.96, B GIH¥E

S, R GIE T RIS X 438 T 2 HAT 2 Y 23 ]
M

Shy BV Sz W G B - 9 4 R S AR A
B S DX R ZS (a7 B, DAPE B 37 AN TR A 3
AL, ] ArcGIS BAFZ: ] T ST X8 S Hr
FEI(E 3). VH R B A 3 Al A R 2 90 B s
[ SR AEHRAE , ELWIE A AL AR AL o Al X3
BEAM A TE VY B EL AR R A FNBERERT , ¥ a5 X I 32
BN VG BRI BEIERT | SRR L s A BT
Tt 5 A 3T P A a5, DX J 3 A A 1 B L 2R S O
L BERER R ELRLAT, A a5 DX B A 7 7 B L o
A BB RN G A 55 2 A
23 HAHBTEWRTETRHHIMEE

AHIFFE BEBURE A 20 | e AT HL . £
WA I R 755 9T X - e 4l A
ARV (%) 25 ] 2% SRR R A9 A I
230 BRI MR RS A kAL
SR R HOT R A E N E M AT X b
JERCHE, WidsRE, AR, WEE IR, TEARREE
TR 8 R R 28, SR 4B {5 4L (VY ) 1 15
SRIRNAS S e e (B 4). R LRI E RN

1 5202 S e T B Y R 2 — . Long 40

http://soils.issas.ac.cn



555 XESRAE VY AT 3R 25 18] 7 SRR A B e P

1115

>z
>z

O VG RRE HiAE O TR HIRE

421§ (mg/kg) AR (mg/kg)

B 030~039 I 0.034 ~ 0.046
B 0.40~0.46 I 0.047 ~ 0.052
[ 0.47~0.54 [ 0.053 ~ 0.058
1 0.55~0.60 [ 0.059 ~ 0.066
1 0.61~0.70 [ 0.067 ~0.075
1 0.71~0.81 [10.076 ~ 0.087
I 0.82~0.94 [ 0.088 ~0.102
B 095~ 1.12 B 0.103 ~0.124

E 2 ARXLIELW. GHEIEZELH

Fig. 2 Spatial distributions of soil total and available Se contents in study area
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Fig. 3 Spatial distribution of cold - hot spots of soil total and available Se in study area
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Table 3  Correlation analysis of soil total and available Se contents
with pH and organic matte

pH A ML A 1iff A B
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Table 4 Descriptive statistics of soil Se contents under different land use types
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Fig.5 Relationship between soil total and available Se contents with altitude and slope aspect
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Table 5 Results of factor detection and interaction detection
analysis of soil total Se by each influencing factor

CENTERT AR O fif
WO ™ oy wpm  mik  BE M

pH 0.04
EHLE  0.10 0.26

K 0.16 0.34 0.37

Rz 0.02 0.21 0.28 0.37

e 1) 0.08 0.33 0.33 0.38 0.24

BlE 0.19 0.37 0.37 0.41 0.25 0.41

F 6 SRMETF L IEF MR E FERMNAZ BN S
ek
Table 6 Results of factor detection and interactive detection
analysis of soil available Se by each influencing factor

MW HFH LHIFM O 18
WO 4  pn  HHUR WK HIE Bn
20l 0.83
pH 003 089
EHLE 007 087 024
WK 015 0.86 033 0.33
YegE 002 087 023 029 038
Yemm o 005 087 033 030 034 0.19
BEA 018 088 038 038 043 025  0.40

3 it

1) 74 23 B A 38 SR A 50 5 2 7 SE 53 )
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