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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
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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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Fig. 1 Types of land use, types of soil parent material, DEM and distribution of the soil sampling sites in the study area
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Table 1 Descriptive statistics of soil selenium content

HEARL /ME RRME A 22 5 R AL i VigiEsi
Minimum/ Maximum/ Mean/ Cv/
Samples Skewness Distribution type
(mgkg™!) (mgkeg!') (mgkg') (mgkg!) %
667 0.13 0.69 0.33 0.09 27.27 0.74 X ELIE A Lognormal
F2 FHHLIEMSSAERANERLLH
Table 2 Ratio of different levels of soil selenium content in area in Fengcheng
I W il 55 ik 1R ;i AR L 5]
Soil category Se content/ ( mg-kg™") Effect Percentage of research area/%
i Deficient <0.125 fififtt = Se deficient 0
1% Marginal 0.125~0.175 W AE BT Potentially Se deficient 1.80
14§ Moderate 0.175~0.40 JEAM Se sufficient 80.21
i High 0.40~3.0 & Se-rich 17.99
id i Excess =3.0 fifit & Se poisoning 0
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Table 3 Semi-variogram function model for soil selenium and its corresponding parameters

HEAR HebMH HEEH B 0n AR AR WA R 5k %
Model Nugget Partial sill Nugget/Sill /% Range/km Fitting coefficient Residual
BRRAE ALY 0.037 2 0.084 0 44.30 12.86 0.953 8.316x107°
RO 0.017 3 0.084 3 20.52 3.75 0.953 8.437x10°°
[ 0.042 0 0.084 1 49.94 5.94 0.951 9.242x10°°
LR 0.065 5 0.090 6 72.30 36.97 0.471 9.299x10™*

(DSpherical model, (2Exponential model, 3)Gaussian model, @Linear model

http://pedologica.issas.ac.cn



838 + S

S 57 %

2.3 FHH T IEW S A RSE

Ry LW Jz e A SRR ) 25 6] G AR RRAE, 7R T
2 RBURE T A B L mE L, X b R A7 3 5 5
BRI, A5 M 2 T R 0 s () 40 A TR
B 2 AP, ET R R S R,
b DX Al 5 B AT 0.40 mg-kg (B A 43R AME ),
F2 TS HOIR A0 A 6 7 T BB L WA R
L1 WU O DR ) s N7 73 i |
B B

AT G Ay P — A5 4N - BTG A 4% A B 5 Xk A
2 R AR G R, R H 2 RS it Moran’s
T F8 O T e 5 18 43 A AT 42 )R 23 6] B AR 5 4
Mrs RIS HTHE4R ( Getis-OrdGi™) #47 Riifas
[B) A AHSC AT o AT a2, IFSY X 4 e 2L
s E A e M, H Moran’s 7 F850{E  0.32, P
<0.05, Zyore N 12.01>1.96, BAHEG %5 L, £
5% X = HEmt HA 0 35 iy 2 i) A AR CHE, x50
ZERBATEE R (R 3) —B FEXTIFE X 4 e
PATHGE M, &3 GiT (P) {H<0.05 I3
81 AMTHUR (g 4), X (EERE) H
75 MR LR L i R MBS B AT AR 57 M TR
FEefilik 10.84% (A 526 NMTEA ), ST IX A
R 12.63%, P& 3R 0.49 mgkg s ¥
X(MRME R ) AT N . ALS EEH%
24 MTEN, HBIA 4.56%, 5 HF5E X AR
5.61%, Xl & &N 0.21 mgkg ',

A L5 7 A 5 X A SEAIG T AR 43 A1 ) A X
ZENLE, 2% T Git (P) {H<0.05 Ay%s 8] 43 #i &
(B 3), LMEMTE2S A0 A0 L 2B o 0 R AL
fiE, P e SR R E S . KA. MR
SRR 7 £ T SN A i [ N T e RS
VA B LA B 75 T B 7Y i S 340 A A R T R A R X
i, WA ERATEAN EESREERS . A1LS ™

PRI P AL . B & P L.

B

N
Huangcheng -~ A
uan%f er_\g X Enr
N TR Tongtian

Hutar 3
el "%M}%ﬁ o
Dongjia Meilin  Shangtang . *
S Dramien . S8
WL Quiang N <} Yuandu
Shangzhuang jfﬂyﬂ;ﬂy Xmoga“gﬁi“i’?
ST ianguang. Xi [EER
ey iﬂﬁi{fﬁd}%}lﬁgﬁlﬁ, 9008 " Bt
Hezhou J1annan
HARE >~ G g B
Tuochuan e~ Sundu Ehﬁ“‘ Zhangxiang
Rongtang
y T Hri
Qﬁf;‘f&:ﬁg Dushi Taosha
A 8
Lo it
{ Xiushi
Him g~
Hehu- N\

- $9e 25 fit (mgrke ) i) .

Soil selenium content

[ 10.175~0.40 /2L FiLZ,

Sersufficient Shijang 0 45 9 18km
>0 .40 Gl Jiaokeng
Se-rich x

K2 BFSEIX Al & 25 (8] S A

Fig. 2 Spatial distribution of soil selenium in the study area
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Table 4 Analysis of soil selenium hot spots (Gi" (P) <0.05)

TR BN A AR A
Administrative village Ratio of administrative village/% Area ratio/% Mean/ ( mgkg™)
57 #4 5 IX 35 Hot spot area 10.84 12.63 0.49
24 ¥& iS5 X35 Cold spot area 4.56 5.61 0.21
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Table 5 Descriptive statistics characteristics of soil selenium relative to land use type

T T = FE R H/ME PN T H P e 22 5 REL
Land use type Number Minimum/ ( mg-kg') Maximum/ ( mgkg”) Mean/ (mgkg') SD/ (mgkg') CV/%
JK H Paddy field 311 0.13 0.65 0.32 0.08 25.00
S Hb Dry land 42 0.17 0.61 0.33 0.08 24.24
[l Garden 30 0.17 0.51 0.34 0.09 26.47
Mt Woodland 284 0.14 0.69 0.34 0.10 29.41
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Table 6 Descriptive statistics characteristics of soil selenium relative to soil-forming parent materials
‘ ) fif§ Se
Ji e 33 FERE
SEH{H Mean/ RIS 75 g AR5 R

Parent material Number
(mgkg™") SD/ (mgkg') Amplitude/ (mgkg') CV/%
ikt 229 0.33 0.08 0.13~0.65 24.24
ARIZEE NI 40 0.37 0.09 0.23~0.61 2432
P AEZE R 236 0.34 0.09 0.14~0.69 26.47
B v A 74 0.30 0.06 0.17~0.51 20.00
5 N RG AL 7/ 11 0.29 0.09 0.17~0.45 31.03
FHHER ALY 33 0.36 0.10 0.14~0.68 27.78
MR TE4S a2 XAk 42 0.28 0.09 0.16~0.49 32.14
I ER R XAk 2 0.32 0.02 0.30~0.33 6.25

(DQuaternary red clay, @ Weatherings of red sandstone, (3)Weatherings of argillaceous rock weathering, @Loamy river alluvial,

(®Sandy river alluvial, (©Weatherings of quartzite, (7)Weatherings of acidic crystalline rock, (& Weatherings of carbonate
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FHM AT (F£7) 7l B 8. R, LB
AALES . pH . B R R A A s ) AR
HISE AL RE 1 B 2 (P<0.05), {HEWFLREA—.
FERTA R, 0 A ARG ) 243 () A% Sk 37 i
RESidmcrmr, T 29%; A FISR 19 ST i R E 1 40 3
H11%H 6%, B A ALY h, S AL Ak ST R

AEJI°h 14%, FE5IRZ, N 8%. mifdt. pH FI
A B X A SN 2 [B) AR S5 )k ST A R R D A
&, 23590 8%, 7%. 6%.

M HHMEER (£ 7) vF 1, 20 H -
LHAE ISR T45 B 70 AR S A5 (H
AR FZ B2 AR EA AR, Hf, s
pH W HEAERE W EGE, H 44%; SRR EHAE
HWRZ, M 43%. BEAh, fE i mT R ARH s H
Xof - BTG 4 () A5 57 (A A R 7 o 3K 7E — R PR L 3R
55 B 1) o A ELA S R OGR4
5B EMEZEEH. X5 2.4.5 =00 R A4H—
B, VSR T AT R AW R H

x7 BRWETFILIREEEF RN BRI DTSR

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

2 H RN g {85

‘ T4 g 1
LA ¥ Interactive detection g value
Factor detection P
Element type Factor R
q value As Cu Hg K,O CaO pH
Elevation
N As 0.29 <0.01 — — — — — —
TIEE SR
Cu 0.11 <0.01 0.32 — — — — — —
Soil heavy metal
Hg 0.06 <0.05 0.35 0.20 — — — — —
TR E ALY K,0 0.14 <001 037 025 023 — — — —
Basic oxide CaO 0.08 <0.05 0.38 0.26 0.20 0.25 — — —
HuJE 7O f= ## Elevation 0.08 <0.05 043 028 021 029 025 — —
pH 0.07 <0.01 0.44 0.26 0.19 0.28 0.19 0.19 —
[y i 0.06 <0.05 0.35 0.20 0.16 0.20 0.18 0.15 0.22

(DTerrain factor, @Parent material
i_: N
3 zm 1/13\

I AT & R 0.33 mgkg !, 4
TR R (0.29 mgkg™!) B 1.14 1%, IFF
TEBA AN LT g . HAE S W] 40 A B2 I
ENRERHE, X E AR I PT S, 3
FHIREER . MR P LRI R . M
BAPGACES . 3% T A P AR ARG R L B T T A P R
A B 12.63%, FHEREN 049 mgke', &
T E il R HERAE X, 0 LA R X K A & A
e, FT A A A, LA RS S A

ST AT WML kL AAET . EALES . pHL AL
e B BRI e AR e S 2 [ A S 4 5 ) R 4
(P<0.05). M, SRS RERE i, 51k
B PR oA B SR SR, X AN B A S T
P B H A

S %3 Wk ( References )

[ 1] ChenM,LiuG L. Selenium nutrition of higher plants and
its role in the food chain. [J] Chinese Journal of Soil
Science, 1996, 27 (4). 185—188. [(f%, XIHH. &
ERIPIANE 3 MAEE WP AEN (Z) 1], R8s
i, 1996, 27 (4): 185—188.]

Pérez-Sirvent C, Martinez-Sanchez M J, Garcia-Lorenzo

[2]

http://pedologica.issas.ac.cn



842

+

e 57 %

[ 10 ]

ML, etal. Selenium content in soils from Murcia region
(SE, Spain) [J]. Journal of Geochemical Exploration,
2010, 107 (2): 100—109.

Yin ZH, JuSJ, Ma XL, etal. Biogeochemistry and
ecological effect of selenium[J]. Chinese Journal of
Ecology, 1989, 8 (4): 45—50. [F'REIL, LW, T
e, 55, A Se )Y A= Wyt BR AL 2% KL AE IS RN [D]. A
ek, 1989, 8 (4): 45—50.]

Zheng D X, Li R B, Wang W Y. A preliminary exposition
on low-selenium zone in the world[J]. Acta Scientiae
Circumstantiae, 1982, 2 (3): 241—250. [¥Bik%t, %
HHE, ET—. PSR [0]. Rz,
1982, 2 (3): 241—250.]

Wang Z J. Some biogeochemical aspects of selenium in
Chinese low-selenium belt[J]. Environmental Chemistry,
1993, 12 (3): 237—243. [F T-fdt. rf EARAEH A 2S5
B Pl Y PRI AT O B ST AR [T, BRI ALAE, 1993, 12
(3): 237—243]]

Huang C L, Song M Y, Wei Y C. Study on selenium
contents of typical selenium-rich soil in the middle area
of Zhejiang and its influencing factors[J]. Environmental
Science, 2013, 34 (11): 4405—4410. [/ H, KM
SC,BRIMAR. W SR A 3P DX P 5 ) 5 ) LA
ZIRIIJ]. 8RS, 2013, 34 (11): 4405—4410.]
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.

[FIvG 8L, B4, 6L, 5. WRTEAS R b A
MY LSRN ( Se ) 20l KO R [J]. FREEREE, 2015,
36 (1): 301—308.]

Zhang H B, Luo Y M, WuL H, et al. Hong Kong soil
researches II .Distribution and content of selenium in
soils[J]. Acta Pedologica Sinica, 2005, 42( 3 ): 404—410.
[, $KW, Rilpte, % FHLIEOI. LR
R 3 A S H A 3R 0], R, 2005, 42
(3): 404—410.]

Dai HM, Gong C D, Dong B, et al. Distribution of soil
selenium in the Northeast China Plain and its influencing
factors[J]. Acta Pedologica Sinica, 2015, 52 (6 ):
1356—1364. [ S, BEAR, #i, % RILPEL
B Ay A RS AE SO A R[], £ HEAEHR, 2015, 52(6):
1356—1364.]

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. [IBREE, ok, EBR, % Bl
VLA S 43 A S o R WF SR 0], R,
2016, 53 (5): 1262—1274.]

Shao Y, Cai C F, Zhang H T, et al. Controlling factors of
soil selenium distribution in a watershed in Se-enriched

and longevity region of South China[J]. Environmental

[18 ]

[ 19 ]

Science & Pollution Research, 2018, 25 (20 ):
20048—20056.

Zhang J D, Wang L, Wang H D, et al. Distribution of soil
total selenium in Ziyang, Shanxi[J]. Chinese Journal of
Soil Science, 2017, 48 (6): 1404—1408. [k, T
B, EWAR, A SIS A A RS ] &
HEE R, 2017, 48 (6): 1404—1408.]

Zhang H, Ma X P, Li X Y, et al. Characteristics and
spatial distribution of selenium content in cultivated soils
of Tailai County[J].
University, 2018, 23 (9): 100—107. [3k £k, T2/,
ZEWT IR . ZEofk BB M SO 5 R AR A 2 1) 43 A [T].
gl R EIR, 2018, 23 (9): 100—107.]

Luo YJ, Han G H, Sun X P, et al. Distribution of soil
selenium in Three Gorges Reservoir region ( Chongqing
Section ) and its influential factors[J]. Soils, 2018, 50
(1): 131—138. [k, #EWE, ph-r, % =ik
FEIX (HPRE: ) 38 o3 A FRAE Mg R R (1], T3,
2018, 50 (1): 131—138.]

Zhang Y F, Miao G W, Ma Q, et al. Geochemical
characteristics of Se in soil of the Pingan district,
Haidong City , Earth and
Environment, 2019, 47 (1). 74—80. [5KW.0%, PE
3, ik, S HEAAWEARTPL X I Se fbIR{L
SARAE[)]. HiEK 5FREE, 2019, 47 (1): 74—80.]
Wang J F, Xu C D. Geodetector :
prospective[J]. Acta Geographica Sinica, 2017, 72 (1):
116—134. [E i, TREAR. BRSNS . 5 RE
[J]. #bBEE, 2017, 72 (1): 116—134.]

Ma X, Zong L G, Zhu X D, et al. Effectiveness and

influential factors of soil selenium in selenium valley,

Journal of China Agricultural

Qinghai Province[J].

Principle and

Fengcheng , Journal
Environment, 2017, 17 (4): 1588—1593. [Hifl, 5%

R, B, 5. VLPY R385 4 et Ak 2

Jiangxi[J]. of Safety and

HgmREED]. 5085554, 2017, 17 (4):
1588—1593.]

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. [
5, B, ROCR, A B A AR R
AR A OC BR——LATE TG F 3 o 1 (7). AL FREE R
24, 2018, 37 (6): 1177—1183.]

Zhang S M, Wang Z M, Zhang B, et al. Prediction of
spatial distribution of soil nutrients using terrain
attributes and remote sensing data[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2010, 26
(5): 188—194. [3kFEM, LW, M, 45 A
TE 8 SO T 1 M % 2 ) 3 A (], ARl TR
%, 2010, 26 (5): 188—194.]

Wang H, Gao J B, Hou W J. Quantitative attribution

analysis of soil erosion in different morphological types

http://pedologica.issas.ac.cn



4 3 A TFAF BT b X A S A [ o3 SRR S e PR R —— L AR BT S 451 843
of geomorphology in karst areas : Based on the Environment, 2014, 31 (6): 527—532. [Jii#&, =3¢
geographical detector method[J]. Acta Geographica K, @ LT, 5. B B LA R
Sinica, 2018, 73 (9): 1674—1686. [T3X, EiLik, A FIR SRR, 2014, 31 (6): 527—532.]

B SCHE . J5E T b PR 25 A W 30 AR AN [R] Ml S 2R 2 A [ 29 ] ZhongF1J, PanJY, XiaF, etal. A study of an integrated
X R e s [J]. HER2ER, 2018, 73 (9): anomaly model and an exploration model for uranium
1674—1686.] exploration in Yuhuashan area, Jiangxi Province[J].

[ 21 ] China National Environmental Monitoring Station. The Geology in China, 2017, 44 (6): 1234—1250. [$}#&
background value of soil elements in China[M]. Beijing: TR, B, & W BT i A& R
China Environmental Science Press, 1990: 370. [+ [H £ HO BRI, PEM R, 2017, 44 (6):
B R b R HOT R RAEM). LAt E R 1234—1250.]

Bl A, 1990: 370.] [ 30 ] FanHF, WenHJ, Ling HW, et al. Recent progress in

[ 22 ] TanJ A. Atlas of local diseases and environment of the research on selenium speciation in the supergene
People’s Republic[M]. Beijing: Science Press, 1989: environment[J]. Earth and Environment, 2006, 34 (2 ):
39. [EILZE. rrAe AR R [ b 75 05 5 2145 4R (M. 19—26. [BEigWE, WDLHE, WEIC, % REAT D
dent: BREliak, 1989: 39.] MR AT BOIR [J]. M ER 5 FREE, 2006, 34 (2):

[ 23 ] Jiang Y F, Rao L, Guo X, et al. Spatial variability of 19—26.]
farmland soil nitrogen of Jiangxi Province and its [ 31 ] Dong L K, Fang B. Analysis of spatial heterogeneity of
influencing factors[J]. Resources and Environment in the soil heavy metals in tea plantation: Case study of high
Yangtze Basin, 2018, 27 (1): 70—79. [TLIN, 555, quality tea garden in Jiangsu and Zhejiang[J].
FREL, S VPP 4 R S AR S RRAE S R Geographical Research, 2017, 36 (2): 391—404. [#
HED]. KILRBFEERSHE, 2018, 27(1): 70—79.] SETE, T A e G & SRS 2 ) S B 4y

[ 24 ] Cao R H. Study on selenium content of surface soils in M —— A YL W7 00 I 44 45 A ke el A 451) [0, b BE T 5%,
Longhai, Fujian and its influencing factors[J]. Rock and 2017, 36 (2): 391—404.]

Mineral Analysis, 2017, 36( 3 ): 282—288. [H & #:. 18 [32] Y Tao, Yang Z F, Lii Y Y, et al. The origin and
A T T 3R R A B W N R R[] A geochemical cycle of soil selenium in a Se-rich area of
ik, 2017, 36 (3): 282—288.] China[J]. Journal of Geochemical Exploration, 2014, 139

[ 25 ] Chen X Z, Li J H. Concentration, distribution, and (1): 97—108.
influencing factors on soil selenium in Guangzhou[J]. [33] Li Y H, Wang W Y. Process on the study soil
Fujian Journal of Agricultural Sciences, 2016, 31 (4): environmental chemistry of selenium[J]. Chinese Journal
401—407. [BFR 2, ZEstl. 1IN 5 &t i 40 A of Soil Science, 2002, 33 (3): 230—233. [Zik1E,
K R R T[], ol %4k, 2016, 31 (4): FH—. W IR AL R (D], R R,
401—407.] 2002, 33 (3): 230—233.]

[ 26 ] Wang M Z, Zhang M K. A discussion on the cause of [ 34 ] Neal Rosemary H, Sposito G. Selenate adsorption on
high-Se and low-Se soil formation[J]. Journal of Zhejiang alluvial soils[J]. Soil Science Society of American
Agricultural University, 1996, 22 (1): 89—93. [E3£ Journal, 1989, 53 (1): 70—74.

B, s, 3R E ) i G 0 R R R [I]. [ 35 ] Tang Y X, Wang H M, Liu Q L, et al. Study on the
VLA K224, 1996, 22 (1): 89—93.] content , speciation distribution and availability of

[ 27 ] Zhou M, Chen G G, Zhang M, et al. Geochemical selenium in wheat field soils of Hebei[J]. Acta
characteristics and influencing factors of selenium in Agriculturae Boreali-Sinica, 2010, 25 ( S1): 194—197.
soils of South Jiangxi Province: A typical area of EEE, T2, XI5, % Wdby 2 B e
Qingtang-Meijiao[J]. Geoscience , 2018, 32 ( 6 ): T A REA SRR Edugk a4, 2010, 25
1292—1301. [ 8, BREDG, KM, 5. BimihX L% (S1): 194—197]

i 7T 2 o BR AL 22 R AE M S i IR 25T . LA I —Afg [ 36 ] LiL J. Analysis of abundance and enrichment factors of
A X A FI]. BACHE T, 2018, 32(6): 1292—1301.] selenium in soil[J]. Marine Environmental Science, 1994,
[ 28 ] Zhou Y, Wu W L, Meng F Q, et al. Review on the 13 (3): 38—42. [Z=mitE. TP oE 35 M w45 R %

content, specification of selenium and its availability in

soils[J]. Journal of Agricultural Resources and

http://pedologica.issas

SAHTI). SRR, 1994, 13 (3): 38—42.]

(REHE: FHH)

.ac.cn



