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Fig. 1 Sampling, Geological diagramlocations in Yuanzhou District, Guyuan City, Ningxia
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Fig. 2 Area-based soil and crop sampling maps in Yuanzhou District, Guyuan City, Ningxia
(a) MORUWETHERAEDRE; (b) WA RIERFEREM; (o) BRI (d) DERBRMESR

(a) area soil sampling process; (b)interview soil sampling sample; (c) maize sampling process; (d)potato sampling process
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PO BEAF RN S % AR iyt =R BOR
B T A i AR (] 2¢.2d) B R JS AR AE
PFSETRCE T R SR, B4R T B AL, BT IR |
CHES EE Ve e TRk SR TER A AT
AR TRIIN,  SRAEXS I AR 28 + o R 55 R Rk

FIMERAJE ( ALgC) TE 0.49% ~ 1.92% 2 []  AE %
TE 0.40% ~ 7.56% ZI0]; RAEYIAFSLHE 45 0 R
IYHT B HERR FETE 0.90% ~ 1.56% 22 [a] , A% % B A1E
3.39% ~ 8.54% ZIal, FTAHE o3 A ik i) vE i
I FFIOR %% Wl JE R SR A B i T &

WZJE , BER R 1R R A oRER
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0167—2006) ( Hr4e A R [E [F 4 ¢
JEHK 2006 ) F¢ I ER AL 224 i 3 B
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LN E E £ IR, 2016) Bk fk 2%
it A3 A 35 o R R T S I AR
KHEAT . FESL R g it F2 b, R
12 A B K — 9 bn W BT 3 6 A o
(GSS1-12) F#E & F¢ & o 47 e o B2
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Hrp ¢, APfERE S g as R, C.
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o A, R A, 5308 FEAR S BT R R
SRR I SR

SR B R A S A 1 38 1 R
IKF) 98% LA L, 45T it it 5 b 34 3k #] 5)
HEIT (£ H bR X el b BR AL 2 8 A B (
1:250000) Y ( DZ/T0258—2014) ( 1 1&
N RN [E A+ B ER, 2014 ) B9 23K,
RS2 RIEYIR R L L3 RIEYIFF
SERESOCER AR R BRI 1 %
2, RIZTIE RIEYRAR LK TR

100 (2)

1 TEEARTEMXARERELE REVRRLETESN

WX ERERBEE (B pg/g) (RER

,2021)

Table 1 Accuracy and precision of soil elemental analysis tests for

area-based topsoil and crop root system in Yuanzhou District,

Guyuan City, Ningxia ( pg/g) ( Wu Zhiliang et al. , 2021&)

- . RD | AlgC
(;“:f : Kl ik *f B)E il | st
(%) (%)

Si0, 0.06% | 3.84 | 1.56
AL 04 0.02% | 2.54 | 0.90
p X LTI ( XRF) 8 3.39 | 1.35
Mn 10 2.60 | 0.80
Ca0 0.03% | 2.84 | 0.87
Cr 5 2.74 | 0.69

S R E—ET AN IR 8 5.48 1.92

Se 0.01 | 7.56 | 1.04
As JRF201EE HG-AFS 0.06 | 3.8 | 0.97
Hg 0.0005 | 4.37 | 1.20
EERiIR TS ERTRE 48 VOL 0.05% | 3.54 1.23
pH HL7 7% ISE 0.1%* | 1.26 0.49
MgO 0.03% | 4.40 | 1.48
TFe, 04 CiVES e RN 0.04* | 1.26 | 1.21
Na, 0 RSPt ICP-OES 0.04* | 0.40 1.12
K,0 0.04% | 0.45 1.17
cd A B — R IR0 S (GF-AAS) 0.02 | 3.62 | 1.28
Pb FL B B A5 S AR BT T (ICP-MS) 2 2.53 | 0.92

HE: (D) = "R h%, ©

w ok TR (2) R R A LR

TF6203 \NaZO\KZO\SiOZ ‘A1203 i&ﬁ?ﬁ}ﬁ,E*ﬂ‘@%@%i%ﬂi@ﬂiﬁﬁﬁu ( 1)

* unit of measurement is %, * * is dimensionless; (2) only crop root soil elements

TFe, 05, Na,0, K,0, SiO,, Al,O; were analysed, area topsoil was not tested and

analysed.

2 TEERETERMNXRIEDIFLZTRS I HIR (LA pe/g)

Table 2 The detection limit of element contents in crop grains in

Yuanzhou District, Guyuan City, Ningxia

. RD
ol Foli 7% e e
($84%) (D) YIE
(%)

As 0.01 | 3.8 | 1.56
Hg JRF 20015 HG-AFS 0.0005 | 8.54 | 0.90
Se 0.005 | 7.56 | 1.04
cd 0.001 | 3.39 | 1.35
Pb HL R 5 55 S TR T ICP-MS 0.005 | 4.24 | 1.26
Cr 0.5 5.65 | 1.49
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FHOUE & 5 240 BCF ( Bioconcentration Factors)
RFRVEDFEMTPICR S SRR LP AN DOTR &
A ILER AT DU AR Y6 T3 T 2R 0 I s S e
JIFTCE AW R, BCF (88 S AR AE Y &
i€ /1854 ( Chopra and Pathak ,2015) , A=040F .

W ety

BCF = (3)
W e

RHlt BOF 47 M S R 0, I Se TEVED
P SR A, BRAN R Mg/g;Wing‘j Se LR FEM &
TR TR R, BN pe/g.

BP (Back Propagation ) il £ [ 45 55 75 J2 iy i A
J2 WS R0 a2 2H A A 28 I 4% S L 2008 )
PR - — 245 11 28 T0 38 3 % 328 R B IR R —
JRRAMATT A, MR M G on 2 A
WG i T SR A it 28 100 208 S o i -5 300 S 4
Z AR 22 B SR B 5 1], MR AR RTE JZ 251 UB IE 4%
AR TTZ 8] 1 AR

fdi 1] Rstudio " A RRZE 26 T HAR X 58 X 5
SR E KPS Se 16 4R REUE AT #2245
27 2T NG, A28 I 45 A B2 A 22T S B 1 5
TR S 2%, H A0 e 2 AR A P G 2 1 287
MECEBA SEHE TR T o PR U 22 0 2% P
WSSOI L, il 25 00 4% B )22 1) 2 e S s
FE AN JZ M I NE n+ 1, R H Levenberg—
Marquardt 5575 | B2 A H 2 Hh#h 2850 22 [8] 2R F
B PRECH sigmoid PRIEL( JH L ,2008) .

F(x) =

1+e™ 4)

B FORKFSL Se TR Se R B VIR
14 - e B O 0 5 KR 52 Se , B4 3 Se 2EW)
HAENT (BCF) B ARG FFOEFEIX N B REA KL
PR EEAEATRENL N ZHIFE | B 809% (485 4 Ry )il 5
Wi 209 WU AE 0 eSO B o 6 i A s
HEAT X EOAL B, $5t v o 22 P 2 A0 ) ME R P . DIl 2k
ST B AR UL 380 ) i 1 22 T 9 5% 2%, 3K

RZE (MRE) M 48 bR (5 2355, 2018 ; Mosaffaei
et al., 2020) , HHEIRITHEAXNT .

MAE:%i le, o, (5)

(6)
MRE:ii e o] x100% (7)
K ce, M @ PERAEDFRE S & 4 R 500

{EL, 0; A5R i A AR i o A RAECTISIE, n 52
DR B . MAE 3% 75 TN ABL RN S 0B 22 8] 26
XF R 22 - 28, RMSE 37 T30 H 55 52 A =[]
100 D 22 e, BEAR e M sz e 790 00 452 284 F) K )32, MRE
FORTMERE R . X = DSH00N, R
L EIESE S

f& B Word Processing System Fl IBM SPSS
Statistics 23 52, | #4511, Pearson AH &40
M2, F ArcGIS10. 2 B 43 31 56 i T A 2
il

2 EZERFTIS

2.1 FHEh Se EER S WIFME

F 2 4 Se & T BIE NI 3 fbrifE 2
IR Se SRS HEAA, MBRGITRAR B X R)ZE T
HE Se SIS S 0. 164 pg/g, WEAK T v [+ 43
Se ¥ EII{H (0.200 pe/g) , M5 H E# 1 Se & it
SEIE (0. 160 wg/g) — 2 (#HLEE,2013) , & A7
FEIERIA K, A F 0.157 ~0. 187 wg/g, HAL{H &
0.161 wg/g, T /INTF-BIME, ARifE 2 A 0. 037
ne/g, A8 S R EH 25.89% , @ T i A BT &
A9 X 32 )2 3 Se (W25 B /3 A IR AR 5], BFSE
X -4 pH BMEH 8.5, B iuHE R 7.5 ~10.1, )&
B 3

A S P R AR G A ) A3 o
(B 2013) , [HI3R EIAT I, 3SR 2R,
DA MR 45 A T 7R b IX X33 - A 5 R R B

LR TPl o0 22 0 25 %3 HETSH BARE  ne/e)
BRALHITERE Table 3 Classification stand :\ f uf/gl ium ( pg/g)

N e 1 i aple assiiication standara of soil seienium g

O g iy _ — — ‘ — — \
Tt FE SN B BRIV (74 h% & = e
VRS 2 VRS o 32, 1k FISE A AT S P b o < 0.125 0.125~0.175 | 0.175~0.40 0.40~3.0 >3.0
BTHLRE(R) . TR | VRBE) | MR | T2 ) I 4% (i)
OB o4 %R % <0.116 0.116~0.175 | 0.175~0.222 > 0.222

- JEH DX - S TAF(BRAN) | PUSE(IRAN) | SAFCRMN) | ZAE(EN) | —FGEHE)

(MAE) Y75 fiix 22 FHAEH < 0.125 0.125~0.175 | 0.175~0.222 | 0.222~0.300 >3.0

(RMSE) | ¥ ¥ 4 %]
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A - S ) A BR A BCAS AT
FELE G (b T Bk A
MHLIEY (DZ/T 0295—2016)
(e N R IR E A R R
#5,2016) F1¢ 77 2w Al 4 AR
7E) (DB64/T1220—2016) (T
IR A 36 X5 4R W
JRy,2017 ) H 45 H B A e 4y
bR, £ 3 M X 4 e 5
BRAFHBRUE (R 3) . HFFEIX
— &R (> 0.300 wg/g) T
Tk 23.85 km?, /5 A T AR AY
1.06% ; — 5% & fifi (0.222 ~
0.300 pg/g) WY AL 89. 57
km?”, (5 B E LAY 3.99%, =
SRR (0. 175 ~ 0.222 ng/g)
AT AN 594. 78 km® | (5 E
TR 26. 48% ., WHoRIX K2+
% Se Wy =3 8] 43 Aii I AN )
(E3), -4 Se Fraasial I
P VG 2 7R 22 0 A Y
B R, 158 Se &
S A X 32 A A5 AR W K
DU X, 7R bR B R R ——
B R R LLL, 7E
DT B T 2K VAT L Vi i X A
AEEXE R0, 15K 5 41
T W oA, Bk
M, WFIEIX Se & 3 b M
DL bR 3R 2 - HERT & L 2
30%, H HA % R o A6 1) R
MLOEAE—EMNFRE Se -
Hb B PR SRV T

B B 5T R 2 5
G AR R (X
e ik %5, 20175 HI ¥R, 2017 ),
e L e ES =R TN (i T o
Her e B 5 RS R DA
Ke( E LR, 1996) , BBt B {1
TUEH Se PR &l A H
ne/ g, 72 fea il 3 i 1 B 2
FAF (RS, 2018, 2R B
2000) , & &R, AR A
BUBT R TCRUES il o R4

36°30'

36°20'

36°10'

36°0'

35°50'

106°0'

106°15'

106°30'

36°30"

36°20'

36°10'

36°0'

35°50'

106°0 106°15' 106°30'
=Nty E 377 Se & &
Level Grade w (Se) (ng/g)
f CHHD
- Fifth (Deficient) <0.125
TG RTIP)
Fouth (Low) 0.125~0.175
=% (2D - =
Third (Sufficienty ~ 0175~0222 BB T EEETRME R
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RA4TEEEHMEMNRARMMETEH Se &=
Table 4 Se content in rocks and soil of different strata in Yuanzhou District, Guyuan City, Ningxia
" v | B/ME mAAE | FME | BiEE | ARR
S R Bk RSB | o ' =
(ng/g) | (re/g) | (p/g) | (neg/g) (%)
v s N il R WA s Je s KA 39 0.117 0.237 0.177 0.027 15.25
HER CYNITE:| PETUE PR E KA ST 343 0. 056 0. 381 0.159 0.047 29.56
NERTE:N WA s e E A R AE R 39 0.097 0.294 0. 157 0. 044 28.03
AR IMAEE] RS WA A 131 0. 085 0.244 0. 161 0.039 24.22
FER HAKEH A WH A 931 0.045 1. 506 0. 160 0.074 46.25
FOTH WikE iba Jedh 131 0. 066 0.527 0. 167 0. 069 41.32
EHUES KRJZ i 6377 0.073 0.594 0.157 0.038 24.2
R BUE WikA K+ 4884 0.06 1.886 0.183 0.074 40. 44

T, e A AR SR R R 4 TR A P o B
I (R SCAE 2012 R BH L4, 2013) , WlioeE A
A1 3 A IERS — O S WA A KA E A
XK, I — SRR DU RUR I A BT oK iz
WERUA & ( E84E, 2017 M R 55,2017 ) , ARHF5E
H Se 7t ey H X 2 5 55 DU R vp R ISR (T
AKIAT By 1AL | S AR KOS AL A A A
(Kb 8 3) , BOSEIX 13 Se WHE—HHZHET
A AR AR A, R R B AR LA T
FANA L REAKEH SF O MRS A TR A
AR Se 8 (R 4) 3 75— W, U M 1
Z K G ERE L, RIEA AR S A Y Se L
T A2 VR LA S A Ml 8 R, 3 B 1 27 DU 22 v it
BOFRR S, B, LR S a RS
AU, AR 3 Se 5 HLF R IE
KR (K 4),Se HEEYITCER, TFH
HADUT S RN, 75 £ 5 Se &&=l
FHIVE 38 () % % 4%, 2017 ; B 3 58 4§,
2020) , X I Se XA 4 & ik E
AR, I T 0 - S T 5 AR
2.2 RIEMFFE Se S EHFE

ST B R A 7 5 bR E (DB64/T
1221—2016) (T E 1% [ ¥4 X f s H oA
W IR, 2017 ) 22 e T A0 A G A A3
HHRfE ( DB6124. 01—2010) ( 22 BT i &t
FAR W R ,2017) F0vb [ £ 5 53 45 (4
ARK,2019) , WA DR R S8 EoK
PR T 2R & R OLHEAT T e e (3R
5), 8RB, ERAFEL Se HREIMHEN
0.050 pg/g, L Se S EHIMH N 0. 028
pe/g. BRI EHEA — 1w AR

10

Se (ng/g)

0.01

AR EHE ) BB 135, K Y E A Ak
119, &% hES S FORFFSE

MR 7 5w 4R 7 5 bR fE (DB64/T 1221—
2016) (T E MK AR X AR W), 2017) &
il T K AOAT S /4 0. 04 ~ 0.30 peg/g,38. 2% K &
KKFSATFG B ER PR, FORKFSE Se & 5
T0.04 ng/g HUFESTE S il 14 (Se = 0.222 ng/
) ik 69. 35% (86 1) (&1 5a) , fEAEA: & fifh L%
H1(Se < 0.222 pg/g) 5 17.46% (33 1) , [FRT,
8.95% (28 1) FE KK Se F HEAKRT 0. 04 pe/g 17
FET & it e,

iR = N IR T S R T = s ey 7 R 1
(DB6124.01—2010) (% i it & 4 R W& =,

y=0.0759x + 0.107
R=0.48, n=13042

2
WL (%)

Pl 4 S [ S vl B X - 3 Se 547 BLG AR OG5 2

Fig. 4 Correlation between Se and organic carbon in

soils in Yuanzhou District, Guyuan City, Ningxia
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0.20 — 0.10 ; —
'@ EKFFsk/in maize Se>0.04 pg/g ' e %% /in potato Se>0.01 pg/g
| @ EKFFE/inmaize Se<0.04 pg/g . © SEE /inpotato Se<0.01 ng/g
Lo ' W | °
2016 [ e ' @ - 0.08 |- 0. ©
= ' o !
3 1 ° maize and potato » o ® o o
= '8 og © - ®o° O
£zt ' 0%% 3 0.06 o 0!
: 0. | y=o2rssc-0038 | & RPE o ¥=0.0694x +0.0136
) = R=0.57, n=313 2 A R=0.22, n=165
= 3
= o
> &~
E 3 « a =il
X (@) (b)
A | @ @ m e e
- RO ° B H
1
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Fig. 5 The relationship between Se content in the root soil and maize grains, potato:

(a)Maize; (b)Potato in Yuanzhou District, Guyuan City, Ningxia

2017) A E A 2 (B H Rk, 2019) | & Al 4%
B 0.01 ~ 0. 10 wg/g,82. 32%IK) Th44 5
AR A AR, D Se ST 0. 01
we/g FESLTE Bl 3 (Se = 0.222 pg/g) ik 1t
90.91% (30 ) (1 5b) ,BEAE B fili -3 (Se <
0.222 pg/g) i b E5 ik 80.15% (105 #4) . [,
9.09% (3 1) B4 % Se T RHE T 0. 01 pe/g FFAET
= il

DL 2 R WY AL G0 I 3 T 38 Al i
A a1 5y | R T o s | R T )
DX st " A< (Bl 5a,5b) (Ma et al.,
2022) , EHAANED I AS— € Az 7= e & il 3, )i
Ik il gt S AF e B A AEY . B AR
ik Se i K SEATIAS BE v ff b ) T 2 75 BE A 7 1
B

TN ARYECE SR e E R AR &S T
PR ( GB2762—2017) (H K DA R A B 2 b5
2%,2017) RHF T X A 2 FOKRFFSEHY Ph . Cd,
Hg Ni Fll As JOE & i BARROLHE 7481, 25 R R W]
WFFE X 44 2 T K AP S2 LF JC 4 g oo & b i
ML 6) N Cr FE B RAEY P AR, B AR R,
IFHAFFE X T A LR 5 T 48 o & & MK
T SRR ST A ] S e XU A s b )
(GB15618—2018) (AEAIAEEHR, 2018 ) Hf XU i 12
H(36) , KIAWFIE X LMLk 5 5 ToT5 G, 78 &
gragel i EA B RS, Hi, R XA Ik

H Se AT hh B ELRIE 1, O T B MM AR
AR AR 7= 7, A R 0T 7 2, AR 5 X e 28
7B e T R TR S S S TR R o

xo6 TEEFEHRERMX LB ERFELMIHREHR
ESRBTERERESBIRE
Table 6 Limits and exceedances of limits for heavy metals in
soil, maize seeds and potatoes in Yuanzhou District,

Guyuan City, Ningxia

B3] TCE Pb | Cd | Hg | As | Cr
FrfE(peg/g) | 170 [ 0.8 | 3.4 | 25 | 250

14, n=13042 AREL oo |00 ]oO
He (% ) ool o0|o0]|oO

FrRE(ue/g) 0.2 ]0.11]0.02/0.5] 1

EK,n=313 EAREL olo|o] o] 3
He B (% ) 0| 0| 0| 0 (0.9

FrE(ug/g) 10.2]0.11]0.0110.5]0.5

LA =164 AR o0 ] 0] 0|10
He B (% ) 0| 0| 01| 0 [6.09

T BFFEIXEY pH 376 7.5 DL st FI ¢ PRI 0 e ok
FH b 3875 e XU B 45 b7 ) (GB15618-2018) Hi Y pH>
7.5 BRI B (E . The pH in the study area is above 7.
5, so the risk screening value for pH > 7. 5 in the Soil

environmental quality — Risk control standard for soil
contamination of agricultural land ( Trial) ( GB 15618-2018)
was used.

2.3 RIEMIFE Se BEBEENRFME R

N T FAERAEY) Se S EAN T LI Se A
AR A SCR S SR R BCF it Rk 52
W Se BETTY AR/, 2230 (3) FHA AT, B 8435 A
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K AF S Se 4 R B BCF (175 4k 30 Bl 43 531 Ky
0.014 ~ 0.0566 . 0.016 ~ 0.598, F 4 {& 4% 51 K
0.159.0. 147(3K 7)., 45 FMW AT R BRI 5%
AE b, BRI RE T Em , DA R, R EARAE
Yy Se AR R S R BRI B IR LA H (£ 5.8
7)  ARNED A LA 5 AR R — T T AR AE P X
il e IR MAC R B A G, — T T 5 48 Se 1 B B 8
Y& YA % (Dinh et al. ,2019) .

x 7 TEERERTEMXRIEY Se EEFRH BCF
Table 7 Crop Se enrichment factor BCF in

Yuanzhou District, Guyuan City, Ningxia

RAVEY | M8 | BCF fi/IMA | BCF T KAE | BCF 314
EPS 313 0.014 0. 566 0.159
s 164 0.016 0. 598 0. 147

H13¢ 8 W] UL, i FH K IR b AH G 3R BOR P AR 1
Y1 Se ) BCF 5 -4t Z RISC R, FRAFSE Se
EAEREG 11 Ca0 pH Al Si0, 2 B F A, 5
HHLBE ALO, TFe,0, Mn .S Il P EHAHE, D4
% Se HHEAKS T CaO pH RIEHE, 5 Na,0,
TFe,0, K,0 AP Mn S Fl Si0, 5 A,

Se A=W B2 R E 5 A HLAR 22 A G C R, R
- AT BB X T 4% 2R B K W Se 38 R T A B
AR A 3 55 R A A N9 R IR AT I 2 Se
SEMLE &R R SR S (R,
1998 ; A E 45 ,1997) , R NPT g 2 A WL 5 & Jm 4G
BTGB A A VAR AT L 48 B 174 A R B R A, DA
it - 498 T AN B R AL IR ARV E RIS Se 1Y
WS, Se F1S PFPIT R ML 2E M AL, P& 2
(i) A L AH B B R B D2 I R) 52 LA (A
45 02019) , i S SRR A F T
Se LR M E &, HAMFREM, M S
oL mat, Se M1 S &7 A —E

BT 1Y 138 Se 5 5y MBI, A FI T L3 Se 19
52 E AT BEA 25 TAEY Se WA ( X1 % 9% 25,
2017), 13 Mn X} Se S EAEHIEH EZZHF
3 Mn WAL Se HOMEEHE I E0E 5 Se
TEMMER T A T30 T 13 Se A0E 4 (R IE I 4%
2017) . FTLA,FE& Se HHITM S LA, Bk
BH B Se F K5 EHAA S S ER
R
2.4 1EYIFFE Se 2 EMNERE T SIIE

R T BIEGE DXCRE AR E AT T
B — FORF SN I — E % S M AR A T ) 1 48
Se 1 N Y B ERR T PR b, AR A A SRR AR
JOT, BEH B K FFSE I Eh 44 28 BCF _, B RZ M R, 44
FEE A 20 DO 24 TN ARE Y | XA 9 IX P T KR S G 4
W) BCF_g, #7100, MR 48 45 SRt HARIED =
Tl fre AP A

FRAFE M LR E ) BCF  fEERZ RN R
L E Ve A4S R A LA A & 2 AR AL T
WIS AR, 75 256 75 145 52 IR - [H) (Y 58 B
EH . i3 8 nl%n, FARME L BCF_, 51
AP AT AN ] (4 A DG R 80, RN W A AV E Y B
AR AT, FER TS BCF_, XM
A2 1 1) DR A Sy o 28 D) 8 S 80 ) g A TR, Tk 9
FR

FORAFIZ AN LB B BCF T ASE 1Y fl 245 %of
WREIMH MAE 43314 0. 1766 .0. 1279, T {5 5 52
MAE 2 8] 0 e 22 72 BE RMSE 43 %) R 0.2111,
0. 1499, B HURE BE MRE 4351 R 0.3763 0. 2656 ( 3
10) , 15 B 9 A 0 000 A5 AR %) o 52 FTORS 6 58 4 LL 4%
U, SRR BOKFFSE BCF ., B TIUINAE 5 S {E

* 8 TEEIRTRERMXKIEY Se EEFH BCF 5L EHRMEXREF
Table 8 Table of correlation coefficients between crop Se enrichment

factor BCF and soil properties in Yuanzhou District, Guyuan City,

HUE, AT RE S ECRVEYIXS Se WIS, Ningxia

DRI TE, 2020)  JRDERVEYINT Se &fE | NayO | ALO, | TFe,05 | MO Ca0 K,0

WS = A2 B PR R % i 1R s, >+ FK | -0.097 [-0.505"[-0.339° | -0.021 | 0.004 |-0.285°°

HES R Se flg vk Be i b, S0t — UL 0B 00 008 00 0
2 N N . n P 10,

300,  JRHE AP L 1490 314 Tk [-0.244" " [-0.5327 7 [-0.295" " | 0. 1147 [0.3537 " [ 0.1757 "

YEYIXT SeO,” UM, 24 +-4E S A1 Se D%% |-0.4887 " |-0.250" " | —-0.089 |-0.214""| 0.024 |-0.192""

W BERLAR I, S0, 55 Se0,™ [AlF#E A
YRR, A F T RAE X Se0,™ (191
i, (Girling, 1984; & 2 5% %, 2021) ,
WFFEIX B + S B 5 , 9F 5 3R W e

level ;

. UM P<0.01 AKCOF T BEME; T A P<0.05 AKE T BEARSE, BR pH b,
oA A S T A RS AT T X H e * " Significantly correlated at the P<0. 01
* significantly correlated at the P<0. 05 level. Except for pH, other data are

logarithmically transformed
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HEZ M RN EF
Table 9 Neural network model input factors for Se
enrichment coefficients of different crops in Yuanzhou

District, Guyuan City, Ningxia

E S et
Af i A7 Af i A
X1 EERiIR 3 X1 EERIR T3
X2 pH X2 Mn
X3 p X3 S
X4 Mn X4

1 Bk pH Sb, &R FR 400 T X . Except for pH,
other data are logarithmically transformed.
* 10 TEERTEMXRIEM-IREL Se
L2 W 25 B B A B TN S A
Table 10 Crop-root soil Se neural network model accuracy

evaluation index in Yuanzhou District, Guyuan City,

Ningxia
RMSE | MAE MRE
Yyl R
el " (%) | (%) | (%)
B 62 0.614 | 21.11 | 17.66 | 37.63
O 33 0.638 | 14.99 | 12.79 | 26.56

AR H 4, O R BB R = 0.614 (K]
6a) R = 0.638( Kl 6b) ,¥Ji5%] 0. 01 /K¥ FAY T
RO, 6 IH Py AR TR B 005 A Ay b TN 5 4% 2B RN |

KHFEIY) BCF g, .
1.2 .
R=0.614, n=62 y=
10 | i 0 ’
Q
Q0O
0.8 P, Fg o
1 2 @® OOG) %ﬁ,é o3 Q
= 08 o *
g Q 3 2
or | - O
% 0.6 P
S o4t P
X .
2 9 09 °
02 F oY% o
- % (a)
(@] Q
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WIHT 2.2 ik, 3 Se & /KF = IR A g
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BRAC AR A RS 0 AR R T R & i, il LA
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AW JRy, 2017 ) A b B B oA 3R (K,
2019) , 7 HIHE IR 44 2 Se KT 0.01 pg/g, &
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SR I R ORAE R E (7))
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B 1.71%, F B T g, = 8m LE
B R AIGR B A (] Th)

3 45

(1) TEE M X 43 Se I {ESE 0. 164
we/g, 25 AR A AR E 5 AR 5E X N 375 7K 0] S Ji 31X
RBLE AN IX HE R oA, BT K Se ML BE RN
P FE ST ST, WFSE X MR DC A 2t

1.4
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1.0 0
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0 0 9.
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Fig. 6 Scatter plot of predicted and measured values of BCF_j, for different crops ( normalized) :

(a)Maize; (b)Potato in Yuanzhou District, Guyuan City, Ningxia



1 H JEI SRS - 7 [ D s X 9 S ARV W i R A 2 B LR 5 3 11

106°0' 106°15' 106°30'
| =]
2 &
© (a) S
N >
> (Sl
N &
:,'.i. o)
3 =
— ey
:’D\ o)
| =]
= &
g (e8]
L f=)
=) )
et 0
2 { [32]
£ /V-\.
{: “““ :: % # 5t Township boundaries
B LRE |
o| [ | THFIX Workspace = . =
¥ Se-rich potato | g,
@ 7K &4k River system .
106°0' 106°15' 106°30'

106°0' 106°15' T06°30
: =1
z &
& (b) &

0 5 10
g =
5 o
% o
= o
o
: =
5 —
% %
? cn
o
S =
= o
= o
o
! N _
7 w
# (e2]
on

I ! 245 Township boundaries [ RER S
Se-rich mai _
= ‘: TAEX Workspace e-rich maize 3
: v
@ KR ZE River system ]
106°0' 106°15' r—

Pl 7 7 BTt S DX T h B 8 () R 0K (b)) A g A

Fig. 7 Suggested map of Se-rich potato(a) ,Se-rich maize(b) cultivation in Yuanzhou District, Guyuan City, Ningxia

BEBTRES, USRS JE A WAL TE iU L3 Se
R B T 2 B ] P X L e i o TS B2
AR R BET KRS Se &AL T ULIEHE ATTRL
P FEBEE A AL & 3G, 1 B DU R et AT
J5HY Se B E 4R

2) T RN X FORFFSL Se SF-H 88 0.
050 pe/g, BHIHR N 38. 02% ; LA Se V&
H10. 028 ng/g, BHNHEA 82.32% , RAEWIFFSL Se
i WA AR AR R £ Se S pH FIG ML &
HERIEYATSL Se M BB E

3) I FH R Y T 48 2R R ORAF S Se A5 1 TI
BRI 5 X 3R )2 - n R AR AR5, 45 P 5E X
& Se DB AL 1050. 11 km®, & Se E AKFh
TR 19. 19 km®, ZBFFE SR AT 9 0F 53 X Al 1

ARSI FRR A 7 i T R SR T 48 B SR K
2 £ X #kt / References

(The literature whose publishing year followed by a “&” is in Chinese

with English abstract; The literature whose publishing year followed by a

“#” is in Chinese without English abstract)

BT BT 1 AR M R, 2010, 22 FE T A A O A 40 28 A v
(DB6124. 01—2010) [ S]. &l ZREH A AR W& . 4~7.

BN, B SR H S MW, 2020, b5 By Ll e E A X il A 4
AP IE BOR IR, MBI 4, 39(2) :387~399.

AR, B/ M. 2020 HUFOSCAR AT () ST AT SRR R AR B 1 A
TSRS BRIE T AR BIKE AS 30 HR&AT, 66(3) :66030610.

AR RE TR, 2021, B 2D E EH AR B . MR iE
PF,67(5) ;67051296 ~67051356.

TRIRE  BRZE M, 4G SK, SEPAPH. 2014, &A% - AR Al R TR AE TR A AT
g, PEEYSESR,20(1) :31~33.

JE , A S, YT, BRI K, A, IR, 2020, H LT A g



12 Mo R

it

2023 4F

XA A s ER AL 2 A AR AR, HBJRIEPE,66(S1) 133 ~34.

EZTARTRATZE RS, BR AN SIS ). 2017. &
b A AR, B RS Y M BR i (GB2762—2017) [S]. b
P E A AL 4~ 7.

S, AR, ST, 25, 2018, HET BP MIZ M I/EY) Cd
TN B A XL IR RRE 40(12) 12414 ~2424.
BT, BUAORT , BRHRT, TG, SRR, AL, R 2013, LT
WL DR A -3 A ST, R SR, 37(5) 1889 ~894.
ZRREL. 2000, N AAHG B = 15 35 7 ) 2R A 27 B 58 5 AR B ).

AL T AT, 1~204.

Pl BERE RS, 4, B TS X FERR, B R4, 2020, Y
Jb bt DX BT A 25 TR G AT HIURR 25 B AR AR LS i (R 3R b R
BT, 66(S1) :39~40.

XN 2 BOIa AR, W R AR, 25T B8 E %, G2 % S
LR RIL 2020, S 1T H X R AT - R4 BOK U8 KR 4%
WA AT . S TE,66(3) : 786~794.

XUBE  BKAE, &S, B, 225 ). 2017, PU)II48 5 Ll B+ JJE TG
ERACFRAE B R 2. FRBEMHA%,36(10) 12246 ~2252.

EIREE  RVE DT BOTIR AT, B RS, 2012, RETTR
XA 70 2 43 A 14 VR 5 LTI 5 — LA 0 )1 4 ] 30 g XAy 3. 3355
1b2,31(7) :935~944.

TR A X TR R B R, 2017, 7 5 & Al 4 AR 1fE ( DB64/
T 1220—2016) [S]. T . FHEFE AR K FEREREER. 1
~2.

PRFEE BRAA24, 2814, 1997, ELLEHRE AN E + B
ATTEAS. PR, 16(3) :277 ~283.

PRAEEE , IRIA 24, 2B, 1998, i AS [ Hi X + 358 i /) 9 245 43 A
RIS, 4824k ,35(3) :398 ~403.

A ASIREEER  FIR B PR R, 2018, HIEFREE R A M
IS Y KU A bR o (34T ) (GB 15618—2018) [S]. dbIT:
R Y RRSE T . 2~4.

WETESE, & NH, B, BLRN bR, X BRI, X, s 4x. 2020. PO JI| 7R
T B SR b X - S RO S AT IR SRR,
44(5) ;1253 ~1260.

R, X, R, 2012, Widb 56 e sk Ab 2 A 5 A4
RN TR TR R ,19(3) :32~38.

R, JESRoe, #sp k¥R, 2013, 7 I 11 A 4 498 W VR A A
SHEFMSE. | ARHEITCER,20(2) :19~25.

NG BT 0 A DT M e e, BB BRIAVEL. 2010, LAY 4 EIREE
HRRTG TR e Ak i R BRI AT — LA O 1| 45 R 22 55 X A ). v
LT ,37(6) : 1760~ 1768.

FHXK. 2017, B EAG X 7 A — - A8 0 P ik ) IR A7 IR 7S B 3R B
AT, U0 BEAETE. RO H R A 2R e 3 1
~187.

TEER. 1996. T (IR 43 w55 G 5K A - 498 A B IR B4R, Wit TT A K
247 ,22(1) :89~93.

T8E, X80, I A ki S, RIS 42 TR 2R H. 2020, T RNA 5 A2
RS TG R A YA R IE. I, 51(5) :1049~1055.
FEL AW G IRE, 005, 2017, T E EEARMX A A 4
TREE SRR BoEm R . AW AR, 7(5) :359~366.
REZL, ZFE00 G 07, &%, T3, BB, BJUR. 2021
DU )1 45 487K B A 398 AR Wi R Ak A R AE B LA 9T 38 L. TR

b5, 35(6) :1752~1761.

T TG TR0 TR, WEIR. 2017 T R0 R A A 00 R
e MR RTE. AA--AA

B ARk, 2018, hEEY R, it LR RFESE 1~ 33.

GhoF B, HL i BHE Bk, AN M. 2022, S5 MR AR BR ST K
T b -3 A BT EARE A R . b TS, 68

(3):1~15.

R RIS, BB PR BEE%. 2018, JEU5E S 7Y BT A X A
HHASCR A A FHE LRI . 13 ,50(6) :1119~1125.
SKREEE, AE, W% B0 L, TR, ZEE. 1990, ARALKE TR
X F 2 A R RR I 5 TR S R IR, W A 24, 1

(4):333~337.

SRR B T . 2012, 77 B DI SO DX O A 5
LWCTTREAL. AR B RRAL 1~ 8.

TRHOEY HBARDS 2R IE 30, MR 4. 2002, - HE—AE W) B G5 TG 13T B
oAl B AR X R T IR Y. S ERIE 11(4) 1388 ~
391.

o BT AR 2005, AR A HER AL 2 PP AR B 2 AT BOR BER (K
1) (DD2005—03) [ S]. dbat. i EARMEH AL, 12 ~13.

e ARG BRI, 2006 XIS ER (b A B A LG (1.
200000) (DZ /T 0167—2006) [ S]. L5 . o EbRAE 1 ikt . 108
~ 113.

rhe A B B0 UR3. 2014, 22 H A Xt BR AL % 6 25 G
(1:250000) (DZ /T 0258—2014) [ S]. db5t. v E bR ifl i ikt .
7 ~10.

rpae RGN [ A B IR, 2016, XU ERIL SRR S 0Ty 2 56
23 ¥y EIE B @3k (DZ /T 0279—2016) [S]. JEit:
bR AL . 5~ 10.

A N RN E E - PE RS, 2016, 5T R M ER AL DA B
(DZ /T 0295—2016) [ S]. dbat: HFTih A 5 ~29.

JABL. 2008. BP R4 L4 K R BLAREE R, 1L i FH AR (2) :90
~92.

Adams A K,Wermuth E O, McBride P E. Antioxidant vitamins and the
prevention of coronary heart disease. American family physician.
1999,60(3) :895.

An Yonglong, Huang Yong, Zhang Yanling, Qu Xueyan. 2020&.
Bioavailability and source analyses of Se-enriched soil in the south of
Fangshan district, Beijing, Geological Bulletin of China,39(2) 387
~399.

Ankang City Bureau of Quality and Technical Supervision. 2010 #.
Ankang city selenium-rich food selenium content classification
standards( DB6124. 01—2010) [ S]. Ankang: Ankang City Bureau
of Quality and Technical Supervision:4.

China Geological Survey. 2005#. Technical requirements for analysis of
samples for ecological geochemical evaluation ( Trial ) ( DD2005—
03)[S]. Beijing;China Standards Press;12~13.

Chopra A K,Pathak Chakresh . 2015. Accumulation of heavy metals in
the vegetables grown in wastewater irrigated areas of Dehradun, India
with reference to human health risk. Environmental Monitoring &
Assessment. 187(7) :1~16.

Dinh T D,Wang M S,Tran A T,Zhou F S,Wang D S,Zhai H S,Peng Q
S,Xue M S, Du Z S, Banuelos G S. 2019. Bioavailability of
selenium in soil—plant system and a regulatory approach. Critical
Reviews in Environmental Science & Technology. 49 (6) 443 ~
517.

Gao Mengyao, Yin Xiaoyan. 2020&. The work related to “ Geological
culture village ( town )” assessment and licensing, * natural
selenium- rich land” identification and logo management launched
soon. Geological Review,66(3) :66030610.

Gao Mengyao,Zhang Lihua. 2021&. The first batch of natural selenium-
riched land identified by Geological Society of China. Geological
Review, 67(5) :67051296 ~67051356.

Gao Zhu, Cai Huimei, Peng Chuanyi, Dong Yangyang. 2014&.

Distribution Rule and Combined Forms of Selenium in Selenium-



1 H JEI SRS - 7 [ D s X 9 S ARV W i R A 2 B LR 5 3 13

enriched Tea. Food and Nutrition in China,20( 1) :31~33.

Girling C A. 1984. Selenium in agriculture and the environment.
Agriculture , Ecosystems and Environment. 11(1) :37~65.

Gu Tao,Zhao Xinwen, Jiang Tuo, Qiu Xiaofei, Yang Mei, Shuai Qin,2020
#. Geochemical characteristics of selenium distribution in the
pineapple producing area of Shenwan, Zhongshan City, Geological
review ,66(S01) :33~34.

Hou Yixuan,Zhao Huafu, Wu Kening, Li Kai. 2018&. Prediction of crop
Cd content and zoning of safety planting based on BP neural
network. Resources Science. 40(12) :2414~2424.

Huang Qi, Cheng Hangxin, Chen Chuxin, Wang Haibo, Guo Li, Zhao
Dongdong, Wang Pan. 2013&. The investigation and evaluation of
selenium-rich soil in fangshan district of beijing city. Geophysical
and Geochemical Exploration. 31(5) :889~894.

Li Jiaxi. 2000&. Geochemical environmental characteristics of human
selenium deficiency and excess and its prediction. Beijing:
Geological Publishing House,204.

Liang Nan,Duan Xingxing,Zhao Yu, Bai Jin, Yang Shengfei, Wang Peng,
Zhao Hansen, Zeng Xianhong, 2020#. Soil organic carbon density
characteristics of typical ecosystem in northwest China and its
influencing factors, Geological review,66(S01) :39 ~40.

Liu Junping, Li Jing, Duan Xiangdong, Cao Xiaomin, Hu Shaobin, Li
Kaibi, Wang lu, Guan Xueqing, Zeng Wentao, Liu Fagang, Zhang
Hu, Yu Saiying,2020&. Material sources of selenium-rich soil and
its natural selenium-rich wild bacteria in Yimen area, central
Yunnan, Geological review,66(3) :786~794.

Liu Xiaobo, Zhang Hua, Jin Lixin, Xu Zhou, Li Sudan. 2017&.
Geochemical characteristics and influencing factors of soil selenium
in pingshan of Sichuan Province. Environmental Chemistry. 36
(10) :2246~2252.

Lu Yaoyao, Yu Tao, Yang Zhongfang, Zhao Wanfu, Guo Wei, Huang
Boming, Li Peng. 2012&. The regulation mechanism of selenium
distribution in Kaschin—Beck disease area: a case study in Aba
area, Sichuan Province. Environmental Chemistry, 31 (07) ;935 ~
944.

Ma Xudong, Yang Zhongfang, Yu Tao, Guan Dongxing. 2022.
Probability of cultivating Se-rich maize in Se-poor farmland based on
intensive field sampling and artificial neural network modelling.
Chemosphere, 136690.

Mosaffaei Z, Jahani A, Chahouki M A Z, Goshtasb H, Etemad V,
Saffariha M. 2020. Soil texture and plant degradation predictive
model (STPDPM) in national parks using artificial neural network
(ANN). Modeling Earth Systems and Environment, 6(2):715~
729.

Ministry of Ecology and Environment, State Administration of Market

Supervision and Administration. 2018 #. Soil environmental

quality Risk control standard for soil contamination of
agricultural land ( Trial ) (GB 15618—2018) [ S]. Beijing: China
Environment Publishing Group,Inc. : 2~4.

Ministry of Land and Resources of the People’s Republic of China. 2016
#. Specification for Geochemical Evaluation of Land Quality ( DZ/T
0295—2016) [ S]. Beijing: Geological Publishing House :5 ~29.

Ministry of Land and Resources of the People’s Republic of China. 2014
#. Specification for multi-objective regional geochemical survey (1:
250000) ( DZ /T 0258—2014) [ S]. Beijing: China Standard
Press:7~10.

Ministry of Land and Resources of the People’s Republic of China. 2006
#. Regional Geochemical Survey Specification (1:200000) (DZ /T

0167—2006) [ S]. Department of Exploration Technology, Ministry
of Geology and Minerals; Beijing: China Standard Press;108~113.

Ministry of Land and Resources of the People’s Republic of China. 2016
#. Analytical Methods for Regional Geochemical Samples Part 23
Determination of Iodine Amount Ion Chromatography ( DZ /T
0279—2016) [ S]. Beijing: China Standard Publishing House: 5 ~
10.

National Health and Family Planning Commission, State Food and Drug
Administration. 2017#. National Food Safety Standard; Maximum
Limit of Contaminants in Food. ( GB2762—2017) [ S]. Beijing:
China Quality Inspection Press:4~7.

Ningxia Hui Autonomous Region Bureau of Quality and Technical
Supervision. 2017#. Ningxia selenium-rich soil standards( DB64/T
1220—2016) [ S]. Ningxia; Ningxia Hui Autonomous Region
Bureau of Quality and Technical Supervision of Ningxia Hui
Autonomous Region; 1~2.

Qin H, Zhu J, Liang L, Wang M, Su H. 2013. The bioavailability of
selenium and risk assessment for human selenium poisoning in
high—Se areas, China. Environment International ,52: 66~74.

Qu Jianguo, Xu Boxing, Gong Shuchun. 1997&. Sequential extraction
techniques for determination of selenium speciation in soils and
sediments. 16(03) ;277 ~283.

Qu Jianguo, Xu Boxing, Gong Shuchun. 1998&. Study on speciation
distribution and availability of selenium in different soils of
shanghai. Acta pedologica sinica,35(03) ;398 ~403.

Rayman M P. 2000. The importance of selenium to human health. The
Lancet ( British edition). 356(9225) ;233 ~241.

Shi Zhangliang, Jin Lixin, Liao Chao, Bao Yuhan, Liu Xiaobo, Deng
Huan, Xu Kequan. 2020&. Content characteristics and genesis of
soil selenium in important cultivated areas of Leibo County, Sichuan
Province. Geophysical and Geochemical Exploration,44 (05) :1253
~1260.

Song Mingyi, Liu Jianxin, Huang Chunlei. 2012&. Geochemistic
Charactristics and Biological Effects of Selenium—Rich Soil in
Northern Zhejiang. Guangdong Trace Elements Science, 19(3) ;32
~38.

Song Mingyi, Zhou Zongyao, Dong Xuefa, Huang Chunlei. 2013&.
Investigation of Se-rich Soil Resource in Ningbo and its Development
Use Research. Guangdong Trace Elements Science,20(2) :19~25.

Sun Chao, Hou Qingye, Yang Zhongfang, Yang Xiaoyan, Huang Yong,
Chen Enke. 2010&. Factors controlling the transport and
transformation of selenium in typical soil environments: a case study
of the Chengdu economic zone in Sichuan Province. China Geology,
37(06) : 1760~ 1768.

Tian Huan. 2017&. The Occurrence State and Speciation of Selenium
and its Environmental Behaviors in Rock—Soil—Plant from typical
high-Se areas. Tutor; Bao Zhengyu. Wuhan: China University of
Geosciences PhD dissertation: 1~187.

Vu D L,Saurav K ,Mylenko M ,Ranglova K ,Kuta J, Ewe D, Masojidek
J,Hrouzek P. 2019. In vitro bioaccessibility of selenoamino acids
from selenium ( se )—enriched chlorella vulgaris biomass in
comparison to selenized yeast; a Se-enriched food supplement; and
Se-rich foods. Food Chemistry,279(1) :12~19.

Wang Meizhu. 1996&. A discussion on the cause of high-Se and low-Se
soil formation. Journal of Zhejiang Agricultural University. 22(1):
89~93.

Wang Rui, Deng Hai, Yan Mingshu, Zhang Yongwen, Zhou Jiao, Yu Fei,
Li Yu. 2020&. Bioavailability of Selenium Based on Regression



14 Mo R

it I 2023 4F

Equation. Chinese Journal of Soil Science,51(05) ;1049 ~1055.
2017&.

Distribution Characteristics, Origin and Influencing Factors of Soil

Wang Rui, Yu Tao, Ceng Qingliang, Yang Zhongfang.

Selenium Concentration of Main Farming Areas in China. Current
Biotechnology ,7(5) :359 ~366.

Wilber C G. 1980. Toxicology of selenium:a review. Clinical toxicology,
17(2) :171~230.

Wu Zhiliang, Li Zhikun, Hou Qingye, Yang Zhongfang, Yu Tao, Wang
Jue, Wang Chen,Ma Xudong. 2021&. Geochemical Characteristics
of Selenium in Soils and Crops and Its Research Significance in
Linshui County, Sichuan Province. Geoscience. 35 (6): 1752 ~
1761.

Yang Yingchun, Ji Bingyan, Zhang Yafeng, Shen Xiao, Yao Zhen.
2017&. Geochemical investigation and technology demonstration of
selenium-rich soil on Qinghai—Tibet Plateau.

Yang Yuexin. 2018&. China Food Composition Table. Beijing: Peking
University Medical Press, 1~ 33.

Yi Fen,Deng Yan,Hong Tao, Xie Yungiu , Wu Song, Ke Jing. 2022&.

Effects of lithology and planting years on ecological stoichiometry

characteristics of soil carbon, nitrogen and phosphorus in Hylocereus
undulatus Britt land, Geological review,68(3) ;1~15.

Yu Tao, Yang Zhongfang, Wang Rui, Ceng Qingliang, Hou Wanling.
2018&. Characteristics and Sources of Soil Selenium and Other
Elements in Typical High Selenium Soil Area of Enshi. Soils. 50
(06) :1119~1125.

Zhang Lishan,Zhu Yan, Ke Fu, Ju Shanjian, Yu Dianchen, Jiang Ping.
1990&. Study on relations between Kaschin—Beck disease and
content of selenium bounded by humic acids in soil in northeast
china. Chinese journal of applied ecology,1(04) :333~337.

Zhang Shuhai, Wei Guning. 2012#. Soil fertilization and soil testing in
Yuanzhou District, Guyuan City, Ningxia. Yinchuan: Sunshine
Publishing,1~8.

Zhang Yanling, Pan Genxing, Li 2002&.

Translation of selenium in the system of soil—plant and it~ “s

Zhengwen, Chen Jin.

regulation in food-chain. Ecology and Environmental Sciences, 11
(04) :388~391.

Zhou Zheng. 2008&. Survey of Current Progress in BP Neural Network.
Shanxi Electronic Technology, (2) :90~92.

Geochemical characteristics of selenium in soils and crops and

its significance in Yuanzhou District, Guyuan, Ningxia

ZHOU Wenhui" , LI Xuezhen” , LI Yongchun' |

GAO Qi", YANG Zhongfang” , DUAN Yiren”

1) Hohhot General Survey of Natural Resources Center ,China Geological Survey, Hohhot, 010010;
2) School of Earth Sciences and Resources, China University of Geosciences( Beijing) , Beijing, 100083

Objectives:Selenium ( Se) is one of the essential trace elements for humans and animals. In order to

scientifically predict the Se content of crops and achieve rational exploitation of Se—rich land resources.

Methods: This study systematically collected and analyzed 13042 top soil samples, 313 sets of maize, 164

sets of potatoes and their corresponding root soil samples, studied the distribution characteristics and influencing
factors of soil Se content in the area. The BP neural network prediction model for Se content of potato and maize
was established, and the rational planning of Se rich cropping areas was carried out.

Results: The mean value of soil Se content was 0. 164 pg/g with uneven spatial distribution. The Se-rich
areas were found in the Qingshui River Plain in the study area and distributed in successive patches. The Se
content of soils in the study area was mainly controlled by soil parent material, weathering and denudation of rocks,
migration with river water, and agricutural irrigation, accopanied by an increase in organic matter content, resulting
in an enrichment of Se in Quaternay alluvial and diluvial plain. The Se enrichment rates of potato and maize grain
samples in the study area are 82.32% and 38. 02%, respectively, and the content of heavy metal in potato and
maize grains do not exceed the national food safety standard, which indicated that Se-rich crops planting could be
developed in the study area.

Conclusions; Se content of potato and maize grains are mainly related to the content Se, S, pH and organic
matter in the corresponding root soil. According to the prediction models, the planting area of Se—rich potato in the
study area is 1050. 11 km® and the planting area of Se—rich maize for crop grains 19. 19 km®. This study provides
a scientific basis for the planning of local planting areas and crop adjustment.

Keywords : top soil ; distribution characteristics ; selenium-rich crop; Se-rich crop; prediction model; Guyuan
Ningxia

Acknowledgements: We thank Prof. YU Tao and HOU Qingye from China University of Geosciences



1 H JEI SRS - 7 [ D s X 9 S ARV W i R A 2 B LR 5 3 15

(Beijing) for their precisely review of this manuscript. This work is supported by the Geochemical investigation of
land quality in the Wuyuan—Guyuan arable land area of the Loop Plain ( No. DD20191015)

First author: ZHOU Wenhui, male, born in 1980, senior engineer, is mainly engaged in land quality
geochemical investigation and research; Email: zhouwenhui8005@ 163. com

Corresponding author: LI Xuezhen, female, born in 1992, Ph. D. , is mainly engaged in Environmental
Geochemistry ; Email; xuezhenli615@ 163. com

Manuscript received on: 2022-07-10; Accepted on; 2023-01-17; Published online on: 2023-01-20

Doi: 10. 16509/]. georeview. 2023. 01. 105 Edited by: ZHANG Yuxu



i

5t

i

¥

2023 4F




