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Abstract: [Objective] Southeast Zhejiang is an important ecological barrier and an enrichment area of characteristic agricultural

resources along the southeast coast of China, possessing rich selenium (Se) resources. A detailed understanding of the spatial
heterogeneity of soil selenium and its controlling factors is fundamental for planning Se-enriched agriculture and managing land
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factors in this region remain insufficient. [Method] This study selected Wenzhou City, a representative area with complex geology
and diverse land use within southeastern Zhejiang, as the research focus. The primary objectives were to: 1) characterize the spatial
distribution of Se in surface soils; 2) evaluate the influences of various natural and anthropogenic factors on soil Se content; and 3)
identify the dominant factors controlling its spatial variability. Following the technical specifications for 1:50,000 land quality
geochemical surveys, a systematic sampling strategy was designed and implemented, collecting 25,753 topsoil samples (0-20 cm
depth). Field investigations of geology and geomorphology, laboratory analyses of soil nutrients, heavy metals, and selenium content,
as well as GIS-based spatial analysis, correlation analysis, and multiple regressions, were comprehensively integrated to
systematically explore the spatial distribution patterns of soil Se and its primary controlling factors in Wenzhou. [ Result] The results
revealed that the average Se content in the topsoil soils of Wenzhou City was 0.32 mg-kg™!, with a range of 0.03 to 2.54 mg-kg™'.The
coefficient of variation was 40%, indicating a moderate degree of variability. The Se-rich soil (selenium content > 0.4 mg-kg™)
accounted for 25.6% of the total area of the region.Also, the geostatistical analysis demonstrated a strong spatial autocorrelation for
soil Se, with an effective range of approximately 13.35 km based on the best-fitted exponential semivariogram model (R?=0.994). In
addition, the spatial distribution exhibited a clear regional pattern, characterized by significantly higher Se levels predominantly in
the central part of the city, encompassing low mountainous and hilly areas like Ouhai and Ruian, compared to the eastern and
western regions. Stratigraphic unit, soil parent material, geomorphic type, soil type, land use type, and soil texture all had significant
effects on soil Se variation, among which parent material played the most dominant role. Soil Se content was significantly negatively
correlated with soil pH, while showing significant positive correlations with organic matter, total nitrogen, and heavy metals.
Multiple regression analysis indicated that soil type, parent material, pH, and arsenic content were the primary factors controlling soil
Se spatial differentiation. [ Conclusion] The spatial differentiation of surface soil Se in Wenzhou City is the result of the combined
action of multiple factors such as geological background, soil physical and chemical properties, and human activities. These findings
provide a scientific basis for regional land quality evaluation and the rational development and utilization of Se-rich characteristic
agriculture.
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Fig. 1 Schematic map showing the geology, geomorphology, soil types, and distribution of sampling sites in the study are
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Table 1 Statistical characteristics of soil selenium distribution in Wenzhou city and its constituent districts

fTH(X Districts FEAH B/ME BNE FIE PR BREAK i & B4 ZmR Ee )
Number Minimum Maximum Average Standard Variable Area proportion of Se
/ ) [ (mgkgt) [ (mgkgt) /[ (mg-kgl) deviation coefficient - e " s
/ (mg-kgl) 1%
High Moderation Edge Absence
1% /% 1% /%
Vi¥X Ouhai 817 0.11 1.31 0.492 0.19 0.38 68.39 30.99 0.62 0.00
JEWIX Lucheng 536 0.03 1.17 0.42b 0.18 0.43 52.44 46.13 0.06 0.76
FEX Longwan 392 0.10 2.50 0.354 0.25 0.72 34.64 42.92 21.19 1.25
B2 Ruan 3657 0.08 2.54 0.39¢ 0.22 0.57 32.94 53.19 12.96 0.91
RIET Yueqing 2960 0.09 1.82 0.37¢ 0.19 0.49 24.73 72.39 2.86 0.02
Wk X Dongtou 254 0.09 0.88 0.33¢f 0.16 0.49 24.27 61.73 12.86 1.14
T Longgang 186 0.08 0.33 0.21 0.04 0.19 0 83.96 16.04 0.00
HEHEE Cangnan 3107 0.06 2.54 0.354 0.19 0.53 25.01 71.47 3.19 0.33
SERHE Pingyang 2811 0.04 1.90 0.34de 0.17 0.51 22.04 74.03 3.41 0.52
RIFE Taishun 3529 0.07 2.15 0.31# 0.17 0.55 19.07 63.23 15.51 2.19
XRE Wencheng 3461 0.05 1.73 0.32f 0.17 0.52 17.51 73.90 7.43 1.16
KEE Yongjia 3801 0.07 2.19 0.308 0.14 0.47 16.03 76.14 6.94 0.88
BT Wenzhou 25511 0.03 2.54 0.32 0.13 0.40 25.57 66.22 2.87 0.78

T NN FRERRARE (1. X)) B2 825 53 (P<0.05) . Note: Lowercase letters denote statistically significant differences (P <0.05) across
counties, county-level cities, and urban districts.
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Fig. 2 Geochemical evaluation map of selenium in surface soils in Wenzhou city
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Table 2 Fitted variogram model for soil selenium and the associated parameters

R sl HEEE b VA AfE W& R k7
Model Nugget variance (Cp) Sill (Co+C) Nugget/SillCo/ Range/m R? Residual (RSS)
(CU+C)
IRt 0.0039 0.0100 0.39 9751 0.975 1.173x10°
Gaussian model
BRRABY 0.0031 0.0101 0.31 12210 0.983 7.907x107
Spherical model
BAUSRY 0.0015 0.0104 0.14 13350 0.994 2.968x107
Exponential model
LR AR 0.0053 0.0114 0.46 18906 0.794 9.622x10
Linear model

2.3 HERBUERRN IR S =/

KZTIEM S BAEARFMSE . R MR EIFEREEZR (F3) . HERHIXREL
B o B B R (F=463, P<0.01), 2IUHIAN T : & B 5 (0.453 mg-kg') > 1% %2(0.346 mg-kg™)
> T2 (0.335 mg-kg!) > PU R (0.293 mg-kg!) o« BEAR L F AR B A BT 2 Al B i 22 5 2 3 (F=3396,
P<0.0D) , fEEMNEENRKIGE: PRI K LG A R (0457 mgkg!) « FERPER NS LKL
Y1 (0.448 mg-kg?)  WIEAVIRY (0357 mg-kg?) « BOBEE ALY (0322 mgkg!) . TAGA M
(H) % (0.297 mg-kg") FNEFEAHTIERY) (0.252 mg-kg') o HuSHZEMINT R Z 38 5 & oA R 50
M (F=717, P<0.01) , A[FIHZRERZ TS B MR AN: K (0.463 mg-kg!) > 11 (0.431 mg-kg™)
>fg (0391 mgkg!) >#HL (0.321 mgkg!) =& (0329 mg-kg!) >FJi (0.286 mg-kg!) -
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Fig. 3 Distribution characteristics of selenium content in the surface soil under different stratigraphic, parent materials and
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ARG FRER R SIS B2 (1] 25 7 5.3 (P<0.05) o R[A. Notes: Different lowercase letters indicate significant differences in Se content
among various types of soil at the 0.05 level. The same below
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Fig. 4 Distribution characteristics of selenium content in the surface soil under different soil types, land use types and soil textures
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Fig. 5 Correlation between surface soil selenium and quantitative soil index parameters
e Org: AHUGL “*1E 0.05 AP FAHRMERE, =7 0.01 KF FAHIERZE. Notes: Org: soil organic matter “*”Significant at the level of 0.05;
“**»Significant at the 0.01 level.
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Table 3 Multiple linear regression models predicting soil selenium content from quantitative and conceptual indicators

EEL At [l E 77 R HEMHF

Variable type Regression equation Importance ranking
e MR B+ R e Y Y=2.25-0.15TRMZ-0.17pH+0.01As-0.19TRLX 0391 TRLX>pH>TRMZ>As
Total selenium Conceptual type+ Quantitative type

HE R ¥=0.435-0.018pH+0.006As-0.032Cd+0.019Hg+0.01 ~ 0.295  pH>As>Cd>Hg>Pb

Quantitative type Pb

VETRMZ: - BEF 2 TRLX: 1328 . Notes: TRMZ: Parent material; TRLX: Soil type.

3 W

TN T2 2 I T3 & Bk $0.32 mg-kg !, BRI AR FoRE, 5K T BRI (0.32 mgkg ™)
0231 RL AR, o T rf B Il & &P /K F (0290 mgkg!) P4, KRR AT 55 70 e bnite, 901X HIE LA
W, EAEAR S E25.57%, B TVLIE RS0 18.0%25), g A [ 32 BB X & A AR (8.7%)
29150260, FA X FEAG T K5 S RIE S AR L X REE-T -1 75 1S g re i LA s — i (R
LAE2) , ST E LI AT WK, PRI SR . BT R NI T A SRR AR
SPPA B G SR R R SRAL T BRI, B IO T R R R

AHE TR I B 55 R BRI o A B BEEERER, B B RSP R IR R I BT
WS, MEERSENRMMSEMR (B3) , RIS BRI AR R4k R TE, I8 R 8 AY 45 ]
EIE SRS 8. BRI, LIRS E 20 PERRM KOS SRR > PR AR NS SR > 1A A
DR > SR Jg S R AL >R o (D AR > I AR TR o 3X 3 B RN R R P K Rl TR Ak /



KRN FIBOE BN RAT A AE - & 4, HARAR BRI P il 5 S S LTI TE R E 45 6 4, T4t
FRE R ACPI2T SRR i A R 32 BT 3 AL 3 S PO i, s PE AR, Pl i B
T ik i R 55 1 A 2 XA RS e A iR e L T S 4 A k28290 R, S AR RER Ayl A vk () AR
YA A TR IS R T R A K T ik, &0 TR E W BB, BT L SR A A
Jei e, R IR S B FR, AR IR S I E IR, X R A A R AR
— o), FEPETDLUN =S (1D BRI SR IR, R T AL S S
TRAEDY (2 ERf R X A A At A B 5 ) F/K R VR, B B E B XA FR BE IR T 0 SR, TR K
T E AR (3) WA TRRLE TR, SEUTEEHIX REEE.

AP 5 R I SRR E A [R) 3R R s AR g R b= > 2088 > KR - > S b= o >
et M2 RS, SIS AR S, S R R AR R R AR AP, AR
MM, FEIEIESRZUAMIE N UIERRI i B S BEALRIE T (1) 2: 1845 L P i F e 6 PR W Bt e s 2 5
(2) A R AR HE S A ANOH)S T A (1) 3 PRI X 33340 21858 il B 5T 9 35 DY R AT R J= R e K
F TR AR, SHEME, EHEABIRHE, BS5EE R ENRRE KIS S AR, (=
CUIEAN S AR T, RV T . (1) OEZ 047500 mbA FEILERE X, miE s N, $hatik
BE SRR, Fhimk, MBI e AR (20 SRR B A TIEHRS500 mPA - FRE
L b R R X, AR, R AR KORRS, MR AR RS e LR E NI R E, AU XA —
SE IR AT e A A B T3 LIl & 8 US) . AR RLIRA I (24.18 gkg) WL T g
(30.62 g-kg) WA AEAIEAEH . 1 E LA & R SUERAC, X2 i T 3 T i A A E
WA Z . b R R Bk, H3fpHA T7.5~8.5, fmblik, LIk /e e, sl
PR SR T AFAE, AR T B VR PR35 Hh 1 AT 18 SR T A5 B8 25 5 R A 3 R s AN A IR A 331

i R 2R S AR B N TG B0 LN AR B SR I A S B I L RS (E4) -
FeAMM (0.62 mg-kg!) ~ZxfE >HEAMM (0.53 mg-kg!) ~RRE~FH>/KH (0.29 mg-kg!) . FIFIZS
el BT 7E [X 358 2% AR 25 A R BRI, AL G TR ) LA Sl & 23, (R 3 HOAE 4 o] AR JZ B
3R BTG A T A A IO J R (R 3 2, 48 3ol T8 R AR R A LR P et R R A 361 it 7 FELERATE U9 T+ (1)
AR ACIRAS FTFEAKER, (EEM AR SR, FERHEAGT R (20 K HIBEAE I 1E 2 A 5 23 A 4 4 4 Wi
W R o ANHIF 70 R 498 23 28 SR AR T P A e M S, BAROR T IR T i R R (B
4) , (B DR HA S AN [FIRL R 2H 20 1 BRSO o %58 PEEHE )0 EIRIE T 36 ] B d i W P A FH s el 1)
A7, ik — B SRR T 07 M) o AR 91 75 45 6 S0 = (1 URL 20 e o A CAnWRER BB RSO
DA RE W AR AT BN AR & E SR . I Z MR E R ICR, AR 7 53 U6 AR 407 20 1A
L o

FHOR M 25 SRR B, 3T L0 5 - 49800 52 122 35 I AR OC, IX 5 S 55071 SR R A5 B8t 7 4518 — 3o
HEZF R LA PR LR IAR. AR5, @ TEA VR 5 LIRS & BRI &,
B EPRTH 2 gE . A (ND SRR IEA AT A NURA A ER (2= A
T, AN R, AR o WA RSN S R S BA LY, PR A . LIEpHE M S E R R
EHMK (E5) , REZEEHTHRXREZE T#pHA T3.59~9.61, FIMENS5.25, BARZERME, AKX
LT R SpHE UGG R, SO H L EpHEUN, WS BB RHE, SHT A REE T — B 0S40, H 3=
BRI RERTER AT, LAV (HoSeOs) JEASAFTE, SMBEAY) . &L vAA YL RES
W B sl o A I I 5 s PRI 261 T, AR ZE DU IR (HoSeOs) TEASAELE, Ky PEE s H Ay i sy,
5B AR ER R IR, SEURMMRED) B N, 2 5 R AT R IE ), ERERE S, RE
T A R S, S ES R R IEMHE, X SIS, RNTERG-E B A N T, &
DU R A5 B S R e R AATE I AE LR, EE B ICR 2 B AETE, 565 DA R R AE:
A, HARS6d. RN H A AR, BASRSER S, W55 ERE BT R AR EY, HA R
() LIk T IR A W R T R A AR O R4, A, A OCHI STR I HLBURN Zn %5 B 45 8 v] LB T e
HU)-BH & -1l = o e &R 77 i RN A B B, AT (it L3l i) e AR 23240,



g b, T ERAE RS A L R FEHUR AR R, RIRNKICT (CotC) J914%, HEos im0 43 6] H A A,
BIIE 7 2% () A8 5 E E A MV E R ZOE R. [RI, 20l RO 5 28 B AR 0 LU 45 R AT Jo e, -3
1025 8] 73 2 AR ER AL 2 R IR R M SR AR R A R o Bl 7 RE 4 Rt — D R W UKz - S 4 il
2 [A) AR A ) EE KB R AR g . SRR pH R REBANEITER (3R3) o BLEILFEIEHE 1 827
AN BT S A R PR 3 5 BEFUIR AR BEE T AT R WA R, TSRS CUniEpk ) 5 AL
PR (pH AHUED W A FEAE = 0RO b CSass il i A= 0 4260,

4 45k

T 73R 2 A 5 B M N0.32 mgkg!, S JbrdEab T EKF, ST 2EERE (029
mg'kg?) , HPEMLE (=204 mgkg?) ML GHH125.6%, FESMENMREE. . . T
SErP UK R X . BECR IR BT ORISR SRR L R A - SR A B B 2 i
BRI A (B AT, e R BER AR O R . B3 pHL AR & & K 4 e oo R A 5 AT A7
FERFEAMRNE . BP AR, HHERM . BB, pH Sl o 32 URahi N 17 30 5 B AR A O
B, RS Ak R e B 2 AR ILEE AR, Kb Gt AR R R T AR
AT TE ARG B T IR H 7 A 0 AR AL, O DX R BRI R AR A AR A R AR
SHERY S T HEMRSE, RS SRS DT, IRAIRFHIE B EALHLH .

SEak (References)
[1] Floor G H, Roman-Ross G. Selenium in volcanic environments: A review[J]. Applied Geochemistry, 2012, 27(3): 517-531.
[21 Qu L L, XulJY, Dai Z H, et al. Selenium in soil-plant system: Transport, detoxification and bioremediation[J]. Journal of

Hazardous Materials, 2023, 452: 131272.

[3] Wang Z, Huang W, Pang F. Selenium in soil-plant-microbe: A review[J]. Bulletin of Environmental Contamination and

Toxicology, 2022, 108(2): 167-181.

[4] Deng G G, Fan Z Q, Wang Z Y, et al. Dynamic role of selenium in soil-plant-microbe systems: Mechanisms, biofortification, and

environmental remediation[J]. Plant and Soil, 2025, 515(2): 1085-1105.

[5] Yang H, Yang X F, Ning Z P, et al. The beneficial and hazardous effects of selenium on the health of the soil-plant-human system:

An overview[J]. Journal of Hazardous Materials, 2022, 422: 126876.

[6] Liu Z Z, Wang S, Liu Q, et al. Spatial differentiation and influencing factors of soil Se in Ximeng County[J]. Soils, 2024, 56(5):

T11-1119. &SR, T, X, % 730 E IR C R 2S00 0 FAE Ko ma R 2R (0], 138, 2024, 56(5): 1111-1119.]
[7]1 Cai S Y, Tang Z X, Zhao LY, et al. Dietary selenium intake in Chinese adult[J]. Food and Nutrition in China, 2024, 30(10): 78-83.

[BRERHE, IR, Bz, % P E 18 ¥ KU ESR ARSI RG] FE Y58 3, 2024, 30(10): 78-83.]

[8] Xie TY, Shi Z M, Gao Y W, et al. Modeling analysis of the characteristics of selenium-rich soil in heavy metal high background

area and its impact on main crops[J]. Ecological Informatics, 2021, 66: 101420.

[9] Chi F Q, Xu Q, Kuang E J, et al. Distribution of selenium and its influencing factors in soils of Heilongjiang Province, China[J].

Acta Pedologica Sinica, 2016, 53(5): 1262-1274. [[BRE:, x5, ERR, &. BRI TR0 K H M E =T 7).

+ 223K, 2016, 53(5): 1262-1274.]

[10] Jones G D, Droz B, Greve P, et al. Selenium deficiency risk predicted to increase under future climate change[J]. P NAS, 2017,

114(11): 2848-2853.

[11] Xia F Q, Zhang X, Yang Y, et al. Geochemical characteristics and influencing factors of selenium in soils and agricultural

products in Ningguo City, Anhui Province[J]. Soils, 2021, 53(3): 585-593. [E i, 5k#f, M, 5. ZHE T E T LM

A7 ST ER AL =R AE Ao IR 2R (0], 3%, 2021, 53(3): 585-593.]

[12] Shang J M, Luo W, Wu G H, et al. Spatial distribution of Se in soils from different land use types and its influencing factors
within the Yanghe watershed, China[J]. Environmental Science, 2015, 36(1): 301-308. [Fs& &, B'4E, R4, 5. HERHE

AN [R] - His ) P 2K 2 ST (Se) 43 AT B S R 2R D). BRBERFE, 2015, 36(1): 301-308.]



[13] Liu X Y, Ma Q R, Song Z F, et al. Research on the spatial pattern distribution of soil selenium using machine learning methods
integrating geographic proximity in complex terrain[J]. Journal of Soils and Sediments, 2024, 24(7): 2776-2790.

[14] Qin Y L, Zhang L, Wang Q L, et al. Driving factors of soil selenium accumulation in regional enrichment area at
selenium-deficient soil belt of China: An enlightenment of Moran’s index and machine learning[J]. Journal of Geochemical
Exploration, 2025, 274: 107746.

[15] Wan H S, Zhang W C, Wu W, et al. The controlling factors of soil selenium content in a selenium-deficient area in southwest
Chinal[J]. Agronomy, 2023, 13(4): 1031.

[16] Ministry of Agriculture of the People's Republic of China. Determination of Total Selenium in Soils: NY/T 1104-2006[S].
Beijing: Standards Press of China, 2006. [FF4& A\ RILFNE AL F. 3 44l 190 %2 : NY/T 1104-2006[S]. db5T: FEFR
1 H R AL, 2006.]

[17] Chen Z W, Xu J, Yang S 'Y, et al. Spatio-temporal distribution and influencing factors of selenium in soil-crop system from the
plateau basin region, Northeastern Yunnan[J]. China Environmental Science, 2023, 43(2): 781-792. [Mr T J3, ¥, B =,
S5 ARG R A S R A R G N A A SR R ER (D). E PRSI RLE, 2023, 43(2): 781-792.]

[18] Bao S D. Soil and agricultural chemistry analysis[M]. 3rd ed. Beijing: China Agriculture Press, 2000. [fifid-H. 31k ¥7
IM]. 3 fR. dbat: s ER Lt Rk, 2000.]

[19] Tan J A, Zhu W Y, Wang W Y, et al. Selenium in soil and endemic diseases in China[J]. Science of the Total Environment, 2002,
284(1/2/3): 227-235.

[20] Tan J A. Environmental life elements and Keshan disease: An eco-chemical geography study[M]. Beijing: China Medical
Science Press, 1996. [ .22, A0 R 57 IR ——4 S4B 72 M), db: P EEZGR H A, 1996.]

[21] Yang J Z, Li K, Gao J W, et al. Integrated assessment and agricultural planning in selenium-rich hilly soils: A case study on land
use, heavy metal contamination, and nutrient element distribution[J]. Land, 2024, 13(11): 1798.

[22] Jiang Y F, Ye Y C, Guo X, et al. Spatial variability of ecological stoichiometry of soil nitrogen and phosphorus in farmlands of
Jiangxi Province and its influencing factors[J]. Acta Pedologica Sinica, 2017, 54(6): 1527-1539. [JLM-#, M-9LHE, ZEER, 2
YL PG48 b - 3 Ul A 254k 2 T 3 (A1 AR SRR fiE e s ma (R R (0], 48224k, 2017, 54(6): 1527-1539.]

[23] Tolu J, Bouchet S, Helfenstein J, et al. Understanding soil selenium accumulation and bioavailability through size resolved and
elemental characterization of soil extracts[J]. Nature Communications, 2022, 13: 6974.

[24] Dinh Q T, Cui Z W, Huang J, et al. Selenium distribution in the Chinese environment and its relationship with human health: A
review[J]. Environment International, 2018, 112: 294-309.

[25] Zhu Q, Guo X, Han Y, et al. Spatial differentiation of soil selenium in hilly regions of South China and its influencing factors: A
case study in Fengcheng City[J]. Acta Pedologica Sinica, 2020, 57(4): 834-843. [, FFEE, #HiR, 2. m 7 R X 356
25 (853 SR AIE S s i (Rl 3 —— DA T 0], 33 2E3R, 2020, 57(4): 834-843.]

[26] Zang H W, Zhang Z Z, Long Z D, et al. Some key scientific questions in utilization of selenium resources in China[J]. Current
Biotechnology, 2021, 11(4): 542-549. [JEAfh, Tk, WA, 5. A G SRR A S 2 T o R 22 ) S R 0], AR
MR ARHERE, 2021, 11(4): 542-549.]

[27] Gong J J, Gao J W, Fu Y G, et al. Vertical distribution and major influencing factors of soil selenium in tropical climate: A case
study of Chengmai County, Hainan Island[J]. Chemosphere, 2023, 312(Pt 1): 137207.

[28] Zhong S Q, Han Z, Du J, et al. Relationships between the lithology of purple rocks and the pedogenesis of purple soils in the
Sichuan Basin, China[J]. Scientific Reports, 2019, 9: 13272.

[29] Li C P, Li X, Wang X, et al. Effect of the acidification environment on exchangeable cations and acid buffering capacity of
weathering products of purple parent rock[J]. Acta Pedologica Sinica, 2024, 61(1): 258-271. [Z&FHH;, &5, HHEL 2. Rt
IREENT 5 B BE A AL =) A8 Bt SR AL 1 T R R G hP A B (W [J]. 3254, 2024, 61(1): 258-271.]

[30] Li X Z, Hou Q Y, Duan Y R, et al. Soil selenium enrichment in the Loess Plateau of China: Geogenic evidence, spatial
distribution, and it’s influence factors[J]. Chemosphere, 2023, 340: 139846.



[31] Liu W H, Wu Y Q, Zhong Y Z, et al. Concentrations, distribution and influencing factors of selenium (Se) in soil of arid and
semi-arid climate: A case from Zhangye-Yongchang region, north-western China[J]. Journal of Geochemical Exploration, 2023,
250: 107239.

[32] Hao L T, Zhang J D, Zhang S X, et al. Distribution characteristics and main influencing factors of selenium in surface soil of
natural selenium-rich area: A case study in Langao County, China[J]. Environmental Geochemistry and Health, 2021, 43(1):
333-346.

[33] Zhao L L, Hong H L, Fang Q, et al. Hydrologic regulation of clay-mineral transformations in a redoximorphic soil of subtropical
monsoonal China[J]. American Mineralogist, 2023, 108(10): 1881-1896.

[34] Ippolito J A, Scheckel K G, Barbarick K A. Selenium adsorption to aluminum-based water treatment residuals[J]. Journal of
Colloid and Interface Science, 2009, 338(1): 48-55.

[35] Liao Q, Xing Y, Li A M, et al. Enhancing selenium biofortification: Strategies for improving soil-to-plant transfer[J]. Chemical
and Biological Technologies in Agriculture, 2024, 11(1): 148.

[36] Pisarek P, Bueno M, Thiry Y, et al. Influence of tree species on selenium and iodine partitioning in an experimental forest
ecosystem[J]. Science of the Total Environment, 2022, 809: 151174.

[37] Han X, Zhou Y, Wu W L, et al. Selenium contents of farmland soils and their relationship with main soil properties in
Fengcheng, Jiangxi[J]. Journal of Agro-Environment Science, 2018, 37(6): 1177-1183. [Ff%, fit, R YK, &. FEiit 1%
Tl & 5 R R 1908 R—— DAL R FEIRCAFII]. LRAMIASERL 54K, 2018, 37(6): 1177-1183.]

[38] Huang C L, Wei Y C, Jian Z H, et al. Study on selenium contents and combined forms of typical selenium-rich soil in the central
part of Zhejiang Province[J]. Earth and Environment, 2013, 41(2): 155-159. [#4&, 0%, A4, & Wi sl X
IR & USR] HiEk 5 R, 2013, 41(2): 155-159.]

[39] Cui X D, Hua M, Huang S S, et al. Spatial distribution of surface soil selenium and its influential factors in a typical
selenium-enriched area in Jiangsu Province, China[J]. Journal of Agro-Environment Science, 2023, 42(11): 2472-2482. [#£%
FE,OREH, B, A TR SR R X R R SN A (R ) A S R R A (0], AR B4R, 2023, 42(11):
2472-2482.]

[40] Xiao K Q, Gong H, Dai L L, et al. Delineation and cause analysis of natural pollution-free selenium-rich land in Wulong
Mountain[J]. Geological Review, 2025, 71(2): 625-634. [ 9LF, Ui, aess, & WAL L RREAEFW 1L
A SR A R[], #UFEE, 2025, 71(2): 625-634.]

[41] Liu Y X, Chen J P, Pan L P, et al. Studies on causes and influential factors of selenium-rich soil in Xunyu Plain[J]. Soils, 2018,
50(6): 1139-1144. [XIK ', WRER-1, WE0SE, 5. 19807 J5Ua Al R A Je R AR BT 7L (0], 14, 2018, 50(6):
1139-1144.]

[42] Wu T L, Huang Y H, Qi H T, et al. Study of soil ecological safety threshold values of copper, zinc, lead and cadmium[J]. Acta
Pedologica Sinica, 2026, 63(1): 97-109. [R[F5%, #ZEfL, APBigdE, . BETASZENER. 2. 8. WRETR
[7]. B3R, 2026, 63(1): 97-109.]

[43] Lei W S, Lin X, Duan X X, et al. Source and migration of selenium in the soil[J]. Journal of Jilin University (Earth Science
Edition) 2024, 54(1): 264-278. [ Jits, #has, BER, & HIEPWic 2O RIFEATRE/E T R IUR[T]. SRS

(HUERBLZERR) 2024, 54(1): 264-278.]

[44] Di D L, Xiao J, Gai X, et al. Phytic acid-modified biochar reduces soil Cd release by regulating pH and aggregates
structure[J/OL]. Acta Pedologica Sinica, https://dx.doi.org/10.11766/trxb202507010321.[KE &M, ML, /B, 2. fEHERSE
AW R PRI pH RN B R AR5 # B 35 Cd BI/0OL). L3243, https:/dx.doi.org/10.11766/trxb202507010321.]

(FRfE4REE: 18HAD



