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WOE: R R IEWTER S W A S R 2R, CREE TR EL 275 S IR, BT 25400 L ARG T . HbsT
GIPT. GIS ZS [T H AR R BRI 2855 071, RGHT T 70 A H M A BN & & . & E - FAERGE MR R . TITasR
R, VU B A A R AAT R A T3 S B4 R 0.49 mg/kg AT 0.056 mglkg, H H3ERETE AL 12.17%., 3Ll AT Skl A 2s
B 431 L HA B AR OCE , Pt D R B A M 7 B AR AR . MBI ER AT s, BREE AL | Mk R B DL S DL & s 1T
Bz ()72 5 A W0 . R IR] R 5% 3 AR R RO Y 28 R AR R i, TR AR BRI, T ALmIGR T X 420 54
RO ZS (AR S A5 o R LT, PURE R MR R, (R B f A (E] A 2 B MR AR Z R R R AR, AETE
WA X B I R XAk, PSR SR S T A B TR R R AR 7 L T X B R AR AR A R AR

KB 0 WA WEAES; EWEE; M

FESES: S1 XEkFRERD: A

Spatial Differentiation and Influencing Factors of Soil Se in Ximeng County

LIU Zhizong™2, WANG Sheng®?, LIU Qi*?, CHEN Wen'?, ZHAO Xuanyue'?, LI Runhe?, LIU Yucheng®?, BAO Li'?,

ZHANG Naiming®?*

(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

OF4WH . EHEARPAIES =S 34T H (U2002210)F1 2 7 4 B 5 £ 75 (20200202 AE32005) % Y
* J@INAE# (zhangnaiming@sina.com)
EZRIA: R&ESR995—), H, TTHEHA, W-EiFsd, FENF LS LA, E-mail: lzzynau@163.com

http://soils.issas.ac.cn



1112 +

4 5 56 &

R NIRRT TR Z —, HAYUE. &
B RE TP EACSEVE R, R AR B & JCik A Bl
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MNEBAM TR F Bz —, MHEAEY RS
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ShAS TR A SR , A7 RO R R P X — B A R Y
AR R, FRIEJEEIE B T E W E R, hE
B [ A i A e 5 D AR A SUHEFE (1 (0.100 mg/kg)
ArefE B (0.125 mg/kg) T, 40l A 21.10% A
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fiE | s N7 R HSE R, 61 & AR il
IR AT Ty EEWE XL,

fiFF 5 2 W - R 5 i B A AR R
FHZEAY | RRUEE (pH) . AWML & & . HIBEER KW
R 100 {E AT DXk B) B TR SRR TR,
M) - AT 0 2 ) B R AR . S et e A 1Y
F 5% R 30 SRR 08 | AT AL 5 5N 48 Y A T
SR S ) R BN ER; E SR ARUAE e 1L B
DX - P0G 15 ik 32 A7 M T Y e | AR LT S
I A 5ENR ; 2% BAR E TSI\ Ry 1 5 48 SR 7 B A 1
Fr A B TN BT 2RI B AR R
MRS VS - ST 5% 3R B IR0 . AL A i
- 98 TR e R - 48 P A 4 i X RS T R
M 5 o T XA T 26 2 i PR R A9 H A 32 2R
D550 . MMM . RrERIEHIA L GIS 25
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K FHAR S AT L 5 22 50 A ANsge 26 1l U3 O A 46 D %o
PANIER =i o5 i wez AT o A L P e RS R 5 2 3
JIHEAT T 43075 285 M A RTILL A B T X5,
FIFHAHEHE AT . BUASHT. r 22081 &% GIS 23]
A3 WA ST Ty vkt - Sl () B B o A B AR RIE A
Wi LA T T R G WM SR IR ARG 4B ik
A 4 45 18] 43 S S PR R 2 2 o] (1 K R %
B 2R 1 A 11 J B 3 0 22 W, Ll R T
HL—PIR A, = 22 2 AR 5 5
SAEG Ay MM H BRI 2 8L R 2% 7] 43
Sk, DSBS R H TS 5 R B B (1 — Rl i g
B, WO MR, R AR B IR R
A i 5 DR 0 G 4 [ S S A S g, AR
TR GERI ST Jr vk RE S B SR | B R A
SR

MEA SCERTE R R, FRIE MR Z PR A —
¥ S 2 L T A 1 R R RN K i R ER QT
BRI 28 2 A A b X 09200 {ELARFF 9 A BA 1 TR
BT 2 B A A R R G 4 Y R AR R
Hi X, U A A T R S i P4 5 0.46 mg/kg,
FRZE T 2 B 18 ARG (14 [ S0 A i SR, ARG
VEPE 2 A4 P R R P AR H IR BAE MR, T
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SRR AR 170G BAREE, 8 PYdeE S 4n
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L IHLYES VY B DR SRS e, Ja S HH I TR 2R R
fiit, HiTHXE 251 869.9 m, TR,
Rk 45 o P W B B AR AR A AR 5 R
W2, FENEEAOHZATE. FHEAYEE). eI
AL (EVE) . P YEREH (HVE) . WA A-21F
HOEPG) . VAR Jol i AR R ALK
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Fig. 1 Parent rock types (A), land use types (B), DEM and soil sampling sites (C) in study area

2007 € L4 pH e ) 22, AP E SR (4
b odr) @, RS ENE SR NY/T 1104—
2006 - sgerh R I ) B A A AL 5 5
FEZ IR NYIT 3420—2019 {347 Sl i & ) 1281,
1.3 HIEAESSiIToHR

R OB B HERR I | A9 SR PR A IR M D)
ISR AR RIEE, BIBRIS LHERFE R 264 4~ Kid
fifi ] SPSS statistic 26.0 FX{F AT ARG 1150 B Fi
FHICHEA T 8P 22 R ETE GS*7.0 il 7 48
[ 45K 434 3 1 ArcGI1S 10.7 B4R BRI 9% IX e
I RE RN i), I XoF A A AN AT TG 1 A 3 e LA
AAE R4 JRy 23 8] AR G234 5 A FH b A0 25 144 7 PR
TFHRIN AN 5 FAEARI S AT o ARt R 25 X6 i A 11
F AR B R , 2 Ao 282 RS 0 A UK Y
X BE R 40K . <52 5°~10°, 10°~ 15°, 15°~ 20°,
20°~25°, 25°~30°, 30°~35° >35<t 8, I
PL45° hpalbgkl s, FAbdE bR DL 3 SR A Bk oy
Jg 8%,

2 HR5ITE

2.1 TEMTERFEEAMSIT

PG W L A4 P24 0.49 mo/kg , A8 A
T 0.09 ~ 1.42 mg/kg, “E 5 RECH 37.42%; +IEA RN
XA 0.056 mg/kg, AEfEALT 0.006 ~ 0.145 mg/kg,
A RN 37.61%. 18 L2 ORI 3% [ o (L ol A
IRHR PR EE B FR A5 L, K] o 0 TR Il o0 R AR S S LY
SUBRAE : WA 2 (<0.125 mg/kg) . WEAERR A M (0.125 ~
0.175 mg/kg) . JEH(0.175 ~ 0.40 mg/kg) . (0.4 ~
3.0 mg/kg) . i #EE(>3.0 mg/kg). H1FE 1A%, PEEA
S S0 BR34BT M R R
., e R 66.67%.

T 1 X A 4 A o) e R LR R A A
DA A 3 4 5 1 o A 290, (R BT R AR K AR
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R MR R AR B2, R BRI N LR RS
B W SR B A A R R B31 O T R
T 5z Wkt S A 9 0 DA B e 8 PR A AT M
ARICHIA TR bR - L e T 1L R =LA 3L

filf & /4l B x 100%., 25 R R BT SE X+
SN 1% AL AR ON 4.09% ~ 20.77%, FXE{H K
12.17%, MFE 2 pHAMPF XM, KT
B B

*1 ARETZELWMESFEHRAKSEE
Table 1  Abundance and deficiency of soil total Se content and its proportion in Ximeng County
R e R B il 55 2 1 E. (mg/kg) BN T AR LA (%)
{73l <0.125 Wiz 1.14
UL 0.125~0.175 W TEBRAR 0.76
rhg 0.175 ~ 0.40 SR 31.44
[ 0.40~3.0 Tl 66.67
UR Y =30 Tl rhag 0
* 2 MRAXEHMMXTIRWES S RELERLR

Table 2 Comparison of topsoil Se content and activation rates between study area and other areas

Hu X 4= 1li(mg/kg) A 3 (mglkg) T 1% 16 % (%) SCHRA A
sHMAPIEE 0.46 0.056 12.17 A3
A6 B 0.80 0.130 16.25 [34]
LA T E T 0.65 0.023 3.54 [35]
R AT 0.57 0.023 4.04 [36]
KEETI#] M X 0.37 0.021 5.68 [37]

qRT 0.22 0.009 4.15 [38]
A KB 1.95 0.180 9.23 [39]

22 TEMTEEHRNTRFE

Xof PG S B A R A ORI 1 2 T 22 R
G, RHEARZS [A] 530 1 B TR R BRI, A3
il 2% [1] A ) e AR Y Ay e ST Y, 4005 R AU 30y
0.980 F1 0.959, 5% 243124 3.149>10-° i1 8.848x10-°,
B T 0, RUIPIEMBLG KRGS, T LR LS 1
S W P L - M A R KT ) 25 () S5 R AT o
SR SO B SR ER RN 539 15.63%  FiT 29.73%,
F W] - B A RN A RO B A i A T A e, EEA2
SR R 2R B S o 18 ARG TG 11 A8 AR 4
46.030 km 71 34.918 km , Ui B2 114 25 8] F AH DG
LGN

T2 07 24 BRBE A O FRERT |, X 398 i A 4
73 51| A 30 v AR AR (AL (] 2) 74 W B 0
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S AL s VG R ELA RO o A R S AR,
FR M4 RS T & Moran’s | 8506 + 606 & = 0 A
AT RS, IR 3 4545 (Getis-Ord
Gi"iFAT Rl 2s ] H A /M. el SRR, 79
B A e BLAT 3 23 (] F AR DG, el Rn AT 2
fif§ (") Moran’s | #5443 %1 0.66 1 0.60,P<0.01, Zscore
Sy 15.37 Fil 14.01, ¥RT 1.96, A&

SC, FRRERIE T RFSEIX L TR B R Y2 A
RN

R T WL B e 9 L A S e B M A TR AR 23 A1
AR T XA s a7 B, DAPE B 37 TR D 2
AL, fHH] ArcGIS BRI T WS XV FA KL B
FI(E 3). 74 B - S AR A 50T 2 B 3 i s
A SRARHHAE , ELPIE A BUHAR L . 2l B X s =
FEo AT TE VT R B BRI A PR, ¥ i DX
ZO AV B SESEA  SEE A L B R NPT
TR 5 A7 200 ) DX B T 3 A 7 P S B AR R
FECBERERTRIELALRS , ¥ i X 32 2 A e P B L
P B8 R AL AR 85 A
23 BARBTEMTETERHZMER

ARSI 2T | b SRR R AN A P
B0 AIVEE e W 5| A P R S O B 1 B e ok = e N TN £

A 2 [ A AT TP R
231 BEERRMEW MR R LA

JE i 29 LT AR A Y I RO RS IR M
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o NRREERRE O MR AR
2l (mg/kg) A% (mg/kg)
B 030~039 I 0.034 ~ 0.046
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1 0.54~0.60 1 0.059 ~ 0.066
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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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Fig.4 Soil total and available Se contents with different parent rock types
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TR 5 ANHERR S0 AT IX ) 19 AN Bl H bR E T
R 7 A 130 AMERFAREAS , 25 5AE B A2
B R AT A i ST AIE 1K — A
S b A0 i T
2.3.2 3 pH A1 LT B 52 IR T BT XA
A 52 1) = A T XA % W B 5 e AR o — T
T, AT SR T X T e R Y 1 B
Wt nm , 498 S A A AR X AR A - SR
& (pH) B R 25 ) Al S i R R 2 —. -
5 pH 1Y R/INEI 2936 - S R A0 I BN AN A, Ak
P il T M R g A R i L X - ST T
DA™ R, L ERIAE IR 8P EAS A (R
BT, WOTER 5 20 55 55 W BN A ot 72 52 3] —
S 43,

WF 5% DX A A RN A O i S A PR
TR R B IE M6 (P<0.01, £ 3). XSHTA

F 5% 4 SR — BT 441 it 52 SF USHIE S HLT 5 1
P RS 5 AN | 5 HLES A A0 55 P 1k A5 A0 A2 1
FIEASC. Bk, A3 oAy HLTT B e A ) IX 3 4
ST TN S o 1 o WFSY X R4 pH X A
T E M, X 51T A R 464 gy L F2 B
JE R AT e R TP AT X R TR 3, pH A%
W5 (4.18 ~ 6.81)%/IN, PRI Xt A 18 4 A A1 AT At 11
AP N

2.3.3 L HFI Y =AY R + AN
NIRRT, Lsgerh A WEE | fherds
fead B B 25 5, o A T e ki OROR) A AR
PRENRE WA R 22 5, HARIR IR T R 1Y i 2k
FiE HE 18491 5 i A 5T IX AN ] = b R FH 20
A | AT RO S HEA TG AT, AN TR 2 A )
AR O o A R AR ), ELAR R Iy B>
FRMRSTE A H>HEHL (R 4).

® 3 DR, BYESES pH. BRBEXMESH

Table 3 Correlation analysis of soil total and available Se contents with pH and organic matte

pH AL ] A 3
pH 1
A BT -0.266™
L -0.032 0.305™ 1
FER il -0.033 0.234™ 0.838" 1
H > MMIFRTE P<0.05 Hil P<0.01 KW ) B A .
*x 4 TAREILMFIBAR T HIEMER MG T
Table 4 Descriptive statistics of soil Se contents under different land use types
s LE i iEaN FEHEL 72 i (ma/kg) F- 4 {E (mglkg) 75 5 R A(%)
] R 65 0.22 ~1.08 0.55+0.18 b 32.29
B 149 0.12~1.42 0.49+0.16 b 32.21
A 43 0.29 ~ 1.09 0.55+0.15b 28.20
i 7 0.39 ~0.98 0.73%021a 29.15
A5G FRAR 65 0.023 ~0.121 0.063 +0.017 b 27.62
B 149 0.008 ~ 0.145 0.058 £0.020 b 33.56
HEA S 43 0.019 ~0.113 0.060 £0.014 b 23.28
FiHh 7 0.054 ~0.103 0.079 +0.020 a 2474

T R R/ ING 5= BEAN ) 2 7R A8 5] E ) 7 ) 98 4 A Ay 200 55 ek 22 57 1 3% (P<0.05)..

2.3.4  HuIE H T 5200 A T K BH 4 5 A
REK I 25 18] R4 L, A1 LG b R AF AR 1 AR G 7
Jry R AR BT B /NS AT, R e A ST ) S [ 22
5o HUBARIERE 24 Acat, R . Sm . B
FEAE, AR ) | 3 B Kk e B BAT AN TR K A
BEAS AR ST SRR R A, b3 22 S X H 38R 7
TG M43 AT B 4 5 i 150521

Pearson MHOCH:HT4s LR, HFRX L4

G 0 A R 5 7 PR S B B (P<0.01)IEAHSG, r 9
A2k 0.308 A1 0.233, X HHil AMFFE L AR — 127 53,
(H R HT A SR W7 o (6] BT e v 3k 0 oy 8 25 ), 14
STl S 7R IEIR 1558 m 2 F L I R TS
W b T , E E S, Al b TR
b T R AR, A SO K S A ) Y B A
(K1 5A). W34k 1558 m Z iy, - 3JEA & i bl v 45 T
fe, AN AT RE A PR Ay i Y A 3 e IR RE AR, T
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Fig.5 Relationship between soil total and available Se contents with altitude and slope aspect
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11 (10%) . HE11(8%) . 115 pH(4%)FNHEEE (2%); it
G DX A AT R0 114 25 [R) A% S A 52 4 DR AR O (3R
6): 4fili & (83%) . bR EA(18%) . VK (15%).
F AL & (7%) 3% 17 (5%) . 33 pH(3%) . J B (2%) .
HRAE 28 B AR A 25 5L , 520 K 9 P 38 BAE FH R T
B IR] - XoF A M A G RN A R 2 R) A S s, L
JEAEAR AR (3 ) Al Y 38 BAE B, N
41%; A=A 1438 pH X - 35847 850 9 28 B F et
Jy 89%.

x5 %WH?Ni%%E?H%ﬁ%ﬂﬁﬁﬁwﬁﬁ

Table 5 Results of factor detection and interaction detection
analysis of soil total Se by each influencing factor

WY TR S Q {1
WO ™"on ™ wpum Wk Wur

pH 0.04
AHPUE 0.0 0.26

Tk 0.16 0.34 0.37

YepE 0.02 0.21 0.28 0.37

Y 0.08 0.33 0.33 0.38 0.24
B4 019 0.37 0.37 0.41 0.25 0.41

= 6 S0 (E] F X 1 138 5 S0RE Y B 4RI 38 ELERI 43
IERE S
Table 6 Results of factor detection and interactive detection
analysis of soil available Se by each influencing factor

WF 5 A Q 14
WQME 4m pH AHUE Wik BUE b
i} 0.83
pH 0.03 0.89
AP 007 087 024

W 015 086 033 033

YoE 002 087 023 029 038

Yeml 005 087 033 030 034 019

f% 018 088 038 038 043 025 040

3 #it

1) 7Y B B A S A A R 5 A S 2 4
k1 0.46 mg/kg 1 0.056 mg/kg, FHorb a8 540
TR 66.67%, F Uiz X HA 5 s, H
TS AL A 12.17%.

2) AR SO AR 2 ] 43 A | 2 ]
PIRIERHE, B TP L R X3

3) Hu IR ES KT b T BEA 2SR 1
S et 4 0 XoF M A G AR A SR 17 28 ] AR S LA
R RERE T .

4) SR A1 2Z 1) B4 52 ELAE TR L A A 25
il 8 25 ) A S A 2 R, R W R O
22 Z RN R AR R, HEEEHIE.

i b, VOB AT e i e TR, HH
HA— & W23 [AAFIE, 252 B R SR S R
AURZIR o JE T X SEARAE, AIAKFE S p B PR L, B
R B AR LA TR R LR, B A R SR X
SR A, DR Al B AT R R | AR B
AR T A T4

SEZ k-

[1] Razaghi A, Poorebrahim M, Sarhan D, et al. Selenium
stimulates the antitumour immunity: Insights to future
research[J]. European Journal of Cancer (Oxford, England),
2021, 155: 256-267.

[2] Huang Z, Rose A H, Hoffmann P R. The role of selenium
in inflammation and immunity: From molecular
mechanisms to therapeutic opportunities[J]. Antioxidants &
Redox Signaling, 2012, 16(7): 705-743.

[3] Schrauzer G N. Selenium and selenium-antagonistic
elements in nutritional cancer prevention[J]. Critical
Reviews in Biotechnology, 2009, 29(1): 10-17.

[4] E8L, H4ER, RIIW, & REEY RGBS A
IfEERE[I]. ACAL S {EERE, 2020, 47(1): 5-10, 69.

[6] EZFR, WIEH, XDUR, 5. CHOTR 54 aEmR: b
FE B BTG 2[]]. M2 HTZ%, 2021, 28(3): 412-423.

[6] XUk, &h, tRHE, 45, )T PaER L B ALK I sk Ak
FEE SR R [J]. PR, 2021, 42(10): 4897-4907.

(71 &R, RIS, ik, F SHHRRXRE T E
il 23 [ SR iE b HOE R [0]. BR324k, 2022,
42(8): 415-424.

[8] BRAT, sk&MS, A€, 4. Al XM T 4 e
EE MR A R N R SE]. FREEREE 4, 2021,
41(7): 2838-2848.

[91 %], PRBL, BEfEAR, . A PEERLMXE
G - 3 R R B e R R W5 (9], BB 5T, 2020, 34(3):
609-617.

[10] =i, fHMh, MEZAR, 5. 7 EE X RE 50
RO AR 52 m R R ARG —— DA B oG 3], 44
4R, 2020, 57(5): 1299-1310.

[11] Z&ebfe, EREMF, T, 5. STHAE T BT e ik
43 A B ey [ & [J]. 4%, 2022, 54(6): 1108-1116.

[12] E2E4E. Wi vg S AL A SR 1L JR K Bk b - 3t BR T2
FRIE B R Z [J]. B ML, 2022, 36(3): 941-952.

[13] Z=pede, WuikiF, M5, T 70V AR Bl LI sk ik
SARHE[Y]. PR IRZESFIH, 2022, 40(6): 69-72.

[14] 3&WMH, A%, Wik, & SWRE TS, B
B B E R ], HARAOL KR 2#4], 2015, 37(2):
177-184, 190.

[15] XUvKAX, VoG, #HH, 5. VU8 EL I S X 4 e
HhBR A R IE R KRR AR 2R W0 AE A AP 52 el R 3R ).
AR, 2021, 40(5): 740-750.

http://soils.issas.ac.cn



$ 5

XGRS U AT 3R S 18] 7 SRR A B e P 2

1119

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

A, M, ROCR, SF. R I AR S
FRALHER (9 56 B ——RATT VS E WO BI[I]. AL R Rl
247, 2018, 37(6): 1177-1183.

T Mg, B, RDUME, 45, HHEM R 42 (R 4 A RRAE
KR ZEMF[I]. Aok TR 2R, 2019, 35(10): 83-90
T RN, TRAR. BRI G FHELE R[] M
2, 2017, 72(1): 116-134.

INEHT, 2, 2R, 4F. 3R E ARG S
R[] A AR, 2017, 7(5): 387-394

MRd s, Tfr, AEE, S5 =B I R BB BRI X 3R
BRI ARG 4% EIFEE[3]. BURTIRE K24, 2009, 36(18):
3557-3559

Sk, 3KTIM, KR, . 2R PRt A A A )
A3 B R R ZE 5 [J]. +3E, 2021, 53(3): 578-584.
e N R ATE R R, R pH I NY/T
1377—2007[S]. dbat: HF EARAEH ARAL. 2007.

it H. B AR TIM]. 3R, dbET: AR A,

2000.

A N RAEFE AR . T IEh 2 E: NYIT
1104—2006[S]. dbtxt: rEbRIE L ARk

rhAe N RALAIE O R AT, AR R NY/T
3420—2019[S]. dtxut: A EAREL Rt
EXK, L, RESCHE . BT H R R R Y 0 RN ]
WATESFR X LR e B AR [J]. A=k, 2018,
73(9): 1674-1686

T, ORER, ehik, AF. 5 ke X A G A A] o) S A
i B Hgm R —— LAl gl [0]. 324k, 2020
57(4): 834-843.

WLz, AR RN [ 5 5 FRE IR AR M), b st
B2 AL, 1989.
ARSI v E b B S A A A A R AR W R A E 4
] MRS, 2022, 68(6): 2409-2411.
Yuan L X, Yin X B, Zhu Y Y, et al. Selenium in plants and
soils, and selenosis in Enshi, China: Implications for
selenium biofortification[M]//Springer Briefs in Molecular
Science. Dordrecht: Springer Netherlands, 2012: 7-31.
E&, B, EFEG. BT RO A
AR RZ R R R [J]. PREER2E, 2023, 44(1): 395-404
REF, AN, B, F. BT E I
FREERTFE]. Pl R 22441, 2018, 36(6): 778-784.
Wang D, Xue M Y, Wang Y K, et al. Effects of straw
amendment on selenium aging in soils: Mechanism and
influential factors[J]. Science of the Total Environment,
2019, 657: 871-881.
IR, MRk, O, A5 RN N B M 30 T
PCRHIE K 3753 43 A A2 AL L [J]. 4, 2018, 50(6): 1134—
1138.
SRR, GRAE, e, AR B T E T R AN
BRILSAARIE R R [J]. 14, 2021, 53(3): 585-593
R, BRTE, B, 5. WEa s T B4R 1 E
IR B0 B HAT RLE D], 2241, 2018, 59(3): 131-134.
WL, PRAR, B, A RETITRTH X R A
Rk Ko AR [3]. #R54er, 2019, 38(10): 2306-2316.

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

(58]

[56]

TE, BRI, VRN, TEPCTTER S M b g i M
Ml (R R A3 HT[3]. e 23 4k, 2022, 38(19): 114-119.
g, BRER, SFH, & KM A5 et
T 5 1 SO R R A0 9], 282241, 2018, 59(3): 126-
130.

JEAR, HME, PR, F RPN & R I A A ik
AL EEARAE[I]. T H T, 2015, 42(6): 2008—-2018.

Long J, Zhang S X, Luo K L. Selenium in Chinese coal
gangue: Distribution, availability, and recommendations[J].
Resources, Conservation and Recycling, 2019, 149: 140—
150.

WA, R, BL0A. Wb ST R 4 4 X A RN
Er A K B RIT[I]. FREERRAE, 2013, 34(11): 4405-
4410

JRE, ROCR, @A, S AR B KA
PEAATLI]. ARk RS54 4], 2014, 31(6): 527-532.
ROCR, Ei, BREIL, 5. f@ e A i + e &
i N R R SR [I]. A5 0HRREE, 2020, 40(2): 173-
185.

Zits, BporE, BETH, AF. NSl B R T I I
DX AR AT A R AE A i (R R 3], R 5 R
2023, 47(2): 477-486

JalgEak, TIRER, BB pH AM=FE X Eetw
TG T2 5 W A - i W B s i [3]. 3 2% 4, 2015, 52(5):
10691077

AT, ATk, BOGR, % R S il 4 5 X 4 e
5 IR B R FSE 0], VO R R4, 2019, 32(8):
1852-1859, 1967

WG, B, oS, A5, w5 S8 RN A e 2 R %
FIEFTRE R[], AR, 2003, 23(12): 2599-2606
XIAENE, HOKE, PSR, )T VE AR R
BRAL SR AE R A3 Hr 0], A7 S BT, 2020, 34(2):
347-354

ARUT, BRftE, ZEE, % T R IERRVRR R T
ZHEE B0 LR M A A L), Rl TR 4R
2010, 26(12): 199-205, 432

JmEE, XUEE, ZEHE, . GIS ZTHFFAZEW I Rt
YA GIRBERLEE B[], K ARHRRIFSE, 2009, 16(2):
169-175

ZAN, B, xR, S MIERF S LS A 04
A AUAEDCPERIF SR [J]. /K AR IFRIFSE, 2008, 15(1): 46-49
52

R, B U, Robar, AE. PR EOR R A R
AU 4 38005 (Se) oA S A K [J]. FRaEFRLE, 2015, 36(1):
301-308

XIRE, TN, &AM YR 2 e S X
ey e R [J]. A AR 245, 2013, 32(2): 259-265
ZROCHR, AN, FELL, AF. E X RN g AR
S HHEFR S KB F8F5E 0] PERMOLRRE, 2022, 51(2):
145-154

X, P48 Ay, BRak, 5. 30104 & Ll 4 S
PEFNIAE P 5% 5 BRI 9 2 i [0 B2 A A= A8 4R, 2023,
34(11): 2993-3002

http://soils.issas.ac.cn



