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WE: [ARBM] M(Se) BARDSTMMEITCREZ —, &l -LHA SR W KRBT £ MRS R EH
BSOS, (AR -3 Se 7 X LA M S by BURF HEAT A0 - BRI R (BRI E] A SCUAM R A L
EVGIEFAEBFGT IX, 2T 1 50000 b5 5 b3k Ah 2% 8 2 5 A 4 [ - MR A BR BURER T T /KRS Se AWE
SERBAE AR, IR IS T KFERESE Se &t 2202 M 101 VA T AR A | 25 Ak b o FNBRBE B b 1 T A
TR RN ERR . [ARER] (DX L5 Se 54 0.19~0.84 mg/kg, FII{H 0.48 mg/kg, 7KFEHT 3L Se &
4 0.02~0.23 mg/kg, “FHIME 0.10 mg/kg, KFEFFLBMIR R 83%. (2)/KFEFSE Se AW EEFF S L Cd. S Al
TC ER BEAM IR, I RETM-0.617, —0.452 F1-0.574, (3) X RIZ5H B, BFFEIK LA/ & o il v s e
BEHCh 3, TR G L 78%, T3 b Bk AN TT A FAR T B AR AR XTI, AR A3 13% 1 4%; &4 H
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Abstract: This paper is the result of soil geochemical survey engineering.

[Objective] Selenium (Se) is one of the essential trace elements for human body. The development and utilization of Se—rich land
and Se—rich agricultural products have become a pivotal practice in rural revitalization. Nonetheless, it is challenging to accurately
guide the local government to develop Se—rich land resources in accordance with nothing more than the content of Se in soil.
[Methods] The northwestern part of Longshan County, Hunan Province were selected as the explored area in this paper. The
influencing factors of Se bioconcentration factors of rice were systematically and comprehensively explored on the basis of
1 : 50000 land quality geochemical survey data and national land survey results data. Accordingly, the prediction model of Se
bioconcentration factors of rice was established. Aside from that, the Se—rich land quality evaluation system was put forth by
integrating with land fertility and ecological environment. [Results] (1) The soil Se content was 0.19—0.84 mg/kg, with an average
value of 0.48 mg/kg. The Se content of rice seeds was 0.02—0.23 mg/kg, with an average value of 0.10 mg/kg, and the Se—rich rate of
rice seeds was 82%. (2) The Se bioconcentration factors of rice seeds displayed negative association with soil Cd, S, and TC, among
which the correlation coefficients were —0.617, —0.452, and —0.574, separately. (3) As suggested by the zoning results, the
pollution—free medium—high yield cultivated land with Se enrichment in the explored area accounts for 78%; The pollution—free
medium—high yield cultivated land, the pollution—free low yield cultivated land, the cultivated land of safe utilization, the cultivated
land of prudent utilization account for 13%, 4%, 4% and 1%, respectively. [Conclusions] On the basis of scientific prediction of crop
seeds Se content, a block scale Se—rich land quality evaluation system was innovatively constructed based on Se content of crops,
land fertility and ecological environment in this paper. On this basis, this research is expected to offer paramount reference and

demonstration significance for local governments to develop Se—rich land resources.

Key words: selenium; Se—rich rice; predictive model; Se—rich land; zoning method; soil geochemical survey engineering; Longshan
County; Hunan Province

Highlights: A prediction model of Se content in crop seeds was constructed based upon the close relationship between soil physical
and chemical properties and the Se bioconcentration factor. A block scale Se—rich land quality evaluation system was constructed in
line with Se content of crops, land fertility and ecological environment.
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o TR AEY WL + 4 Se 2 1+ &

G e, AU+ HE Se S RHEFTEF Se MUK RIfE7E—

Se J& AR 75 B I B o0 K 2 — (K VKRS 5%,
2019), AEXT Se FHE AN I 234 TS i J w7 ik
FERAS, I8 R ZMpam . #ail, HE AR Se
AN 13.3 pg/d(JE [E4E, 2020), KT H EE 37
22550 AR N 60~400 pg/d HHEEE . H
A, A EYREARN TN Se TTHEIE— KL EH
BB AR o ORI Hh B dE ) B B 22— (VKA
4, 2021), MAK Se & it i A 5 CEIAME A 0.032
mg/kg) (B, 2017), FEAR KRR BE L BR il T A 14k
X Se A, LA & Se - M A4 KSR H
Se 7= i HA EEE X,

ERRBR M (B ZREE, 2022) . I, 5 FEFIH
TIEFFE IR S Se AV E R B EVIIKR, 1
BT ARAEYIAF I Se M TR, $205 T &
Se = M W UE I A BRI AR HE R P (Gu et al., 2019) .
AR Se L Hu PP 2241 XT 1138 Se 7 & A fi il
RAEY) Se & m >k I, Bk = 1 HbHb T3 PP RIS
FE PR, SO DL 4 T E A M As St B A T
& Se T HIIF A (B AEAE, 2022) . R, 7ERL2= i
MARAEYIFF L Se JCE &t iy el b, £2 i —FhRE
I RNEWFF 52 Se /KT, SUAHEI A bbb g 2544
AR R O & Se L HIITN R, K448 S
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b 7 R HEAT & 0 ML R B T T R A A
R )

A SC LA A8 e 1 B IR S iR X, A
1 : 50000 - by J5t 55 b 3K A 2 38 Ay A 1) - 33 /K A
EE A2 [ bR A OR B, AERF Y KA R
S Se 43 AR MLHERIK RS Se B W 4 R BOE i [N R
B SEAt [, N7 KR RFSE Se B TR AL F00 H3
IKAEHFSE Se F b, P45 A Hh BB 1 b ) 45 9 A
BRI T I RO A & Se #kdh X Rl BF5E
R XT H5 BOR AT & Se bR TT & A HHAT
HFESERIBE L,
2 BRI
21 MRREREFMFEE

WFGE DA T8 e 48 e L EL PG AL 4 26 Al b
T 109°24'E~109°29'E, 29°27'N~29°34'N, [X_ P b
H PG m AR E B, R R B e R
JT Ve R AR 5 S5 Bl Y A48 i o b J2 DA B 36 P KT
B 2 A PR 55 O R RN B R (1 1) o P
DX AA RN, U3, A 2R KRR A, +-
R FHZE I DL AE i oA A R 32

Fiz A M A M BR AL 2 PR AN VS ) (DZ/T
0295—2016) A ¢ #L 2 , FERF X N 2R 4E 1 -
50000 F2)2 LIERE S 174 18, KFERES: 35 4. SREE
- BERE LIS, FESRAE 2 Rl 100 m o5 A FE P ]
M ALTE AT i 3 s T2 A s A5 i R AR 3~5 N THE,
G A A — R . RAEWIRE S TR &
BAIYISR AR, [ A SR A R AV E IR & 1, HOR
HEIRE 0~20 cm,

+ RS 20 H AL S IR S FRE, B
TRAT (DU AR XIRE S AT it o X T ek sl )
FE, 17 R E 2 EF AR ER b 20 R i
7E ) (GB 5009.268—2016) B4 Z R EATRE 5 T, Xt
TP AR K AR 5, O848, 20 R Uk
MU IR 5], CRAERI
2.2 #Hmp ik

ARYR AT e TG 2 3 S 6 3 s (H
SRR T DUH™ 77 0 R B ARG o0y ) 5 G, LA
AT EE AR R AN % 1 s . SRR B A At
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1-Township location; 2—County government station; 3—Sampling sites of topsoil, 4—Sampling sites of rice; 5—River; 6—Quaternary; 7—Upper
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Fig.1 Location and sampling map of the study area

Cretaceous Lanlong Formation; 8—Lower Cretaceous Dongjing Formation
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Table 1 Analysis methods and detect limits of samples
FEG 2 P IWIREA M 5E 6 R B r FNTEAG H PR S35 A H R
. Sio 0.1 0.05
2 7 e e 1 2
XL R AL (XRF) ALO, 0.05 0.03
. . S 30 15
b B R LL AN % (HFIR)D TC o1 0.02
B & 5 3 TR EE (ICP-MS) cd 0.03 0.02
BB (SE) pH 0.1 0.01
JiF b (AFS) Se 0.01 0.01
IKFE JRF bR (AFS) Se 0.005

WE: Si0,. ALO,. TCK:HFR AL N%, S. Cd. Sefs i FR¥AN me/ke, pHEEN.

Jo 00 5 A5 s o A0 o 1 2 ) ) AR R 358 22 281
T 10%, M {8 /Y ofE 0 B2 FAS 4% 2 G A% R 1 o
100%. 5 Bl AL 0 EBURE 5 BB 5% g A 23 i A 3t
TTEE MR, THE A A 45 SR 5 58 PR A e K
i 22 [) R O X2, Az o 0 S B o o, I
R DA R RT 98%, 8 B R,
ZE b, Ao AT T IR R H BRI RIORS 9% 1Y
5 b b o 2 Bk AL 22 A BLYE ) (DZ/T 0295—
2016) 2K, 3 b o e T 5

3 4PRETHE

3.1 REX 11 Se S=431E

H5EIX R)Z 115 Se HuFh 0.19~0.84 mg/kg,
P41 0.48 mg/kg, = T E R JE L4 Se 15 S (H
(0.26 mg/kg) Ml g 44 )2 L 18 Se 75 5t {H (0.45
mg/kg) (£ 45, 2020), &4 £ )2 + T 5
) 2.24 fi5 . MBIFSE X 32)2 1 HE Se 5125 [A] 43 AR 45
TECHE 2) K7, #F7E X )2 55 Se 7 & R R3] &
K EIRARB -V E R . AN, PR XN ERE
3 Se RV T RE CV H 26%, il THEX
WRZ L HE Se AN 4), TR ER AL
AR .

Fiz B8 A Hb o BR Ak 22 1T M B ) (DZ/T
0295—2016) I PEMARIUE, A SO IX 14 Se J0
Eo5mit T adh, W 2 PR, 4 K022 1
FE&h Se & B VL FEIFE 0.4~3.0 mg/kg, B2 1046 KK
Oy B )E L HERE S Se B R R, BT LBk
72%. AR XTSI Se TR, HAT
IR B TT & S, ANAFTERf = 4
32 KFEBHELRIRELH Se 2

HR A B S o Car R 43 ) (GB/T 22499—2008)

N
+ ¢
Z
N
o
7 é
N
Z
=3
g Sefr it /(mg/kg)
= 0.74
a 073
| 0.69
0.63
0.61
I ®/ 0.58
AR 0.57
0.52
azo A 0.46
N 0.40
= 0.38
B 033
0.29
0 1 2 3 km 0.25
I Ea— 0.19
109°24'E 109°26'E 109°28'E

Bl 2 RZ T Se w2
Fig.2 Spatial distribution characteristics of Se contents in

surface soil

[E] 73 ARk

&2 RELTE Se SEN RIFER ST

Table 2 Classification standard and statistics of Se content

in top soil
Wi =JEHE(mgkg) WEEESS FEREUIE BT EEE1%
<0.125 = 0 0
0.125~<<0.175 B%% 0 0
0.175~<<0.4 iy 49 28
0.4~<3.0 [ 125 72
=30 et 0 0

FLAE , B K FEAFSE Se 71 0.04~0.30 mg/kg 1E M &
Se KFESHH ., WHITIXKFEFFSE AR AR £ Se it
(% 3) /R, IFR T Se FEIEFIN 0.25~0.75 mg/kg,
SEHE A 0.45 mg/kg; /K FEAF 52 Se & &5 Fl A
0.02~0.23 mg/kg, “F-¥ 7 0.10 mg/kg, HF5E XK
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x3 KBIHELEREL Se &= (mg/kg)

Table 3 Se content (mg/kg) of rice seeds and rhizospere soil

2k FE A & K1H f/ME “FHE Frife 2 GLLES
K FF K 35 0.23 0.02 0.10 0.06 83%
W&RL 35 0.75 0.25 0.45 0.20

T ESeF= (H SRR/ EBHALD x100%.

FEAFSEE Se %K 83%, (A 3 /KM A Se & i
T 0.04 mg/kg, UEEIBF SR X AKFTAFSLH Se i+
DEE, AIEE Se FKE KA.
3.3 KIBIF LR Se HMMEHE
TLERAEYEE R R TT R EYIRN T
TESIZITRAERE (U8 P E B HE,
VU TR A SRR RAE YT 1 R bR, Fe
T HE-RAIEY R G TR TR NS R (B
FRAE, 20135 T35 545, 2013; S243585F, 2021), 2—
ANTE BB (5 1R, 2003) o A a4 R B0 T
N
CAEYIRF S
CHMRAR T
A H, BCF,(Bioconcentration factor) /& TG i I
VBB REG AR S RAE YR Eh i TR
T CMALEMRA LD i TR E &,
M=), ATASMFSE IX K FE Se A9 & 4 R %K
T4 0.05~0.67, FH{E Y 0.22., WA Ak
e Se IR MR R B 2%, BESRIEDF
L RO TS B A OC, 5 I R TR R
AR DA Ko A 38 P Ak 1 o %% VDR oG (BR =5 T 46
2012; ZHIEESE, 2017)
i 18 3 AT LU, KA HF L FIAR &+ rh Se &

03r

BCF;= (1)

R*=0.1012, n=35

02 °

0.1 °®

HfSESe s = /(mg/kg)
[ ]
[ ]

IKFE
°
°
$
°
°

0.2 0.4 0.6 0.8
IR % LS it (mg/ke)

&l 3 IKFEFFSE Se 514 Se S HUS E

Fig.3 Scatter plot of Se content in rice and rhizospere soil

A O — M, XU KRR SE P Se B & KFIF
AT B e T Se R, R 7 #) - H A 4]
Oy SRR . AFTE R, KRR 14 Se 2L
Z - ERRARYE R A RZ I, WA AL AL B 1 i
pH 45 (12, 2018; BRFKAE5E, 2019; 2 HIVESE, 2019;
e AR, 2019; JESCIRAE, 2022) .

FIH SPSS # 4% K FF AT 5L Se AW 5 4R R EL
5 AR bR IEAT AR OC AT, S5 R SR 4 PR,
IKFEAFSE Se AW E RN S - S, Cd AN
TC & 0.01 /KPR ZF R IC, Se ZHAIF) LG IT
R, TR R R AE SR Ak v, B8 A7 7E
Se Al S MIAHEAEH . AHOCHFFR R B, X Se 1Y
W SR M S BRI ELFEIZ, S X Se A= WAa Rk i 5
S ) (E TS 4E,2014) o 24 3 S & 8K
i, AR R S A R S R BN P RIME T M e S &
TR, R R S5 A Rk W e BN RS B AE L,
FE R R Y 4 S Al Se & B, SO T
SeO,” St AKEYA A, 25107 30 I AH ) X SeO,> 1Y
WZSe, Y 3 S A Se F R AUIRAT, SO, 5 SeO,”
] B E A AR W R I, 2 3R B W) D ( Girling,
1984) . IKFFFFSE Se EMEERB S LECA R R
HHOME, AR R, LS A B AR —
FIFEPLIC R, Al AR /=0 5 f BRI il A W %) B 4 i i
W, AR B 4 )8 10 % (Wan et al., 2016; 41 2,
2019), 7E R PR T, R4S 51 42 J@ B W e o
ET R CRIPKALAE, 2021) o KFEHFSE Se B HE R
5 TC 2 W E MM, FEIFEHEATEERE TC v LUK
Se Wi Mtk 55 Se & A Bl Ar 52 i T WL ES B4, wof 4 43¢
T Se HAT [ E AR, A dil R EPIXT Se 1
it (Wang et al., 2016) ,

3.4 KTEFFE Se BEE RYUFNER pH &

IR 5E IX AR R S A AR 2R 4 A e, 44
UK FEFFSE Se & 5 R AT B AL, B8 WS K R fF
S Se AR RBCR E M LN S, Cd, TC E K 1
AR, S0 AR RE N R RS2 R L T
Bt 40 952 T, R PP BSOS . B AILIE IR 25 227K
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R4 Se WEMBEERYE THEBEUIEREXRY

Table 4 Association coefficients of BCF, with soil physicochemical properties

Cd SiO, ALO, S TC pH BCF
Cd 1
Sio, —0.510%* 1
ALO; 0.290 —0.830%** 1
S 0.408* —-0.094 —0.049 1
TC 0.220* -0.079 0.068 0.423* 1
pH 0.601** —0.507** 0.273 0.065 0.178 1
BCF —0.617** 0.337* -0.337* —0.452%* —0.574%* -0.263 1
e *RP<0.05, **+9P<0.01.
FEOFF 52 R T I AR 3R A iR 4T 22 0 4k Tl 0 04r 09222400270
L, P FHTIA Y 10 ZRE S0 T BRI TI0IE, 15 R=0.712. n=10
- — 2 — SIS &
FIIKAEAFSE Se B AR R IC BNy 1gBCF, = W 031
—0.2771gS—1.1411gCd—1.1931gTC—1.95., -
F A6l ot A AL KR 7 22 W B 2 75 ool
AW FEVERE R, FAEHS 5 E B EKF b F AR i
. “ = . o . SN <
FEAA, 15 B AL 15 22 /)N, Ak B AR R A ) e (53 =
K, 2019; TH%, 2020) . RFBEHES F K, -
F=11.149>F, , 5,,=4.718, YtBA A5 FEil 3 T 0.01 0o . . .
HKOE T B AR . TR A AH OC R R 0.0 0.1 0.2 0.3

0.763, VLA T P A R4, IH—fbFiR2:(NME)
AFATT AT L0 Y S0 5 ST i =z (] £~ 350 i 2
(3 2), AT LA EOREAY B oo 25 0 — 1k iR 2
(NRMSE) 0 A RIS H A T 0 -5 S0 22 18] frY
T 25 AR (X 3), W DU BIA A (4G 1 J32 (Vrries et
al., 2011),

e—o

NME =—— (2)
o0

1.,
Ezizl(ei_oi)z
NRMSE = — (3)

K, eflo /MK REFFSL Se & A REAY
DA -2 5 S E - 241E; e, Fl o, 23 5IRER T 45
i FRE K REFESE Se & 4 22 500 TUNAE 55 SE A5
n AR FFE B . NME 48 5% il NRMSE {H 8],
ULRH /K REATSL Se & AEBIRMERG & | RS2 ey o

IKFEATSE Se & 4 TN TR () 5 — b F- 31 22
9 0.0743, A —1L¥ AR 258 0.302, Ui BHZK RS2
Se % BRI 1) Y B FIORS B0 B B HL A o A
T B A X AR A R AT A 5, 25 SR (18] 4) B KA
Se 114 T I 5 S0 (EAH PR R4, AHOCREL R
0.712, HJ7 TR R 1, F2 W Fr g i 1 ) e g
L M TR K REATSE Se o

T K G Se £ 4 R AL

Bl 4 KFE Se & & TIMAE AN ISMEAH K R B
Fig.4 Correlation diagram between of predictive values and
measured values of Se contents in rice

FIHREMFRZHHE S, Cd. TC & =EdE,
i GeolPAS # {4 4= b Fi it i BR AL “F PR A A, 32
FAREOINACE AT MO HAH A, SRUEMFSE X B — 1
PN 2 /DA > S0 A SRS, PR A
+HE S, Cd. TC & E A A B 857 14 7K A AT 58
Se & HEMH, 15 BFGY IX K REAFSE Se & REL, H
454 118 Se & &t THA MY IX M HOK AT A
Se &g,
3.5 iR EHEMHRET

hEAERIEAT & Se L HBIX R, 18 T H 5 BUF
HATE Se Kk = K], AT PEH T —Fp T
RAEYE Se /K-, kb 7 55 20 R 185 o Bt
H R R s Se LML E TP 758 4% UK FHT
5% Se SRR KT 0.04 mg/kg HE KRIFESL A
& Se, Hrthh ) S AP A BT T SRR R T
A4 (2022) $2 H BE L ST REIPMV A R A THIE .
Se, IRPEBEb AT b A . AR AR . R
1 b A5 S K S X g — SRRl P XE g ) A
TPEEE 1R, ARG AR (b o i s BR AL 2 DF- A B
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1) (DZ/T 0295—2016) i & 1 e A BE HL48 b5 70 K
P, DA 408 R0 B b fi 2 SR A PR BE 25
B, AW R HEAEE FR bR £ $E Cd. Hg. As,
Pb., Cr fiFp £ 2+ & )8 (MR SCHF5E, 2020), i
J VR RO A /K FEAT S Se & VB ARNEY &
WK PEA 6, & Se Bk ML PFA 48 A K X Ry
PR WZE 5. WHE—HRARIEYE Se /K. Bkt
b 7 S RN A T e AT & NPT, e B A

& Se /K FIRAEE & & 325, Bk ) 5590
YR RN, B2 DX AR i k) 20k TGN i R
FEREHL A FE R, A EME R &
LRI Se Bk b AT TEARUR] B F R, 2] 545
HEWLZ 6,

F 58 X b e ]XBE 4 & Se #F HiL IR & DF- 1 45 51
(F5) R, FELTAES Se hm = #ih (1 %)
R, TR 11.23 km?, (5 L 78%, £ % R4 i,
& Se PR B R TAEFE=HHL(2 %) F1TC
ONEAR AR (3 45) B X/, 2051 5 13% Al
4%; WETE AT JF A8 Se Bk (4 25) FNETE A HI#F He
(5 2 AR 0 4% F1 1%, 2R SR 6. ot

TTONFER Se T = #E s 07 Jin i - 398 5 2 i - g
FARAEY)E Se W, B 1k i 4TS Yedi A, Ik
175 Se LHUAIE Se A& T & (B84 45, 2020) .
XTI P PR ARG A F AR R, B BCR
B Sy BT, v R . 3T eR R E
Se Bt AEARR F B, — 7 i By A7 SR el
VAR, BRI E A B TG TE (L 8I4E, 2022), 55—
T e T AF A VR ) 7 4 S AR AR SR A, F i B A1
Cd SRR (BR/NESE, 2019)

4 4 ik

(DAFFEIX 1% Se & 54 0.19~0.84 mg/kg, 1
BIE K 0.48 mg/kg, je 4 HH£ 2 HHER 2.24 f5, K
FE KF 52 Se & & 4 0.02~0.23 mg/kg, F & >
0.10 mg/kg, & Se N 83%, K HIHFFY X /K AF k-5
t Se S EAHX A, BT RS Se KRR TI .

(2)FHICATHT R, AKAEFFSE Se B E R
5434 Cd. S, I TC 2 B EF ML R, HXR
B3 -0.617, —0.452 F1—0.574, FIFHZ ekt

R 5 E Se Hitt REITMERRINE
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