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Research progress on bioavailability and influencing factors of selenium in soil-plant systems

YANG Zhonglan', ZHAI Fan', WEN Li', YAN Mengmeng', XIAO Ying', ZHANG Yonghao', YAO Fengxian', ZENG Xibai*"

(1. National Navel Orange Engineering Research Center/School of Life Sciences, Gannan Normal University, Ganzhou 341000, China;
2. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081,
China)

Abstract: Bioavailability of selenium is a key factor in determining the transport and accumulation of selenium in soil-plant system.
However, systematic summary data and discussion of research progress are scant. Based on the results of our previous investigation of
selenium-rich navel orange in Gannan, this study systematically summarizes and discusses the oxidation-reduction, absorption, and
transport processes of selenium in soil-plant system. Furthermore, this study discussed the effects of soil physical and chemical properties,
microorganisms, fertilization, agronomic management, and plant growth stages on the bioavailability and transport of selenium. Future hot
spots of selenium research are proposed and discussed. These include: the coupled relationship between soil microbial activity and
selenium in biogeochemical cycles; molecular mechanisms related to plant growth, fruit quality, and selenium metabolism; combined
isotope tracing technique and thin film diffusion gradient technique in situ to explore the attribution of selenium in biogeochemistry. This
study provides a theoretical reference for investigating the regulations of soil selenium bioavailability, effective accumulation of selenium in
plant systems, and agronomic bio—enrichment measures for selenium enrichment.

Keywords: selenium bioavailability; soil—-plant systems; selenium transport; Gannan navel orange; selenium morphology
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Figure 1 Sampling sites of Gannan navel orange, selenium content of navel orange pulp, correlation analysis of selenium with its quality

index and mineral elements in common and selenium-rich navel orange fruits'™
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Figure 2 Environmental behavior of selenium in soil
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Figure 3 Selenium transport metabolism in soil-plant system

— 468 —

[

http://www.aed.org.cn



BRE % T E-ENRGEPHENEYERMREZMEZHRER

2024438

kg™ )P AN [EII AR AR B 28 S OR, HAR IR
DA AR £ 1 5 - S PP i A W A OC R AE R
il i AR 2R BB ) SR BN A AE R > B 2 B> SR
P> 25 B AEY v B0 5 di e A9 2 KRR, R
AR PR A3 6 e BRI Ry A 552> 32>
S SASESYIE SR i SSITE =S

[ FAEL 400 1180 AN [] 305 5 o A P AR 2R s A7 A 2 5
TEA AR, oM L s A Al B 205 KA
A TSI B AR UR A AR > ZE > > AL CFPRL) 5 K5
5 BB AT VAT 5 FE AR R Ry 5 25> 28> > AP, BRSO AT
TR 75 it v TR AR i [RAAEY)
RIS [i] it X i P R S 5 AR R A A 2 5, TP AR 8
X G F4) WS VAT 2 A B g DR /NI g 3 8 A 3> 1 it 2
SESELM LR SER R R A A Bl 55 B0 23 A A LA G
BLAR , K 2 B P A B A HLAR DL SeMet JE UfE7E . T
WRRA KA B RE , FE AR A AR Y 5% b 3 78
70% LA |

L 4 5 DR B A AR 2R 0% 5 e H R A
Nelson P BIF 5845 H A [ /N 22 98 55 i ol ) 06 G 32
Jo iR 322 5, {H Pu SECA N A W] 56 IR BL 0 /N2 R A
TEB R RO A 8 22 5 0 X AT RE S T T AR A At
T ANl B PR AL 32 B AR PR T E TR E W)
PR AT 1 BE T L AH AR 5 R A 75— AR TY

4 WEMANERRIEERE

4.1 pHFIEh

158 pH . Eh J2 I8 45 - 3 v il i 2R WA 8O A
BN E . Y pE+pH>15 I, £ 5 71619 Se (V)
JEFREME, 124 T<pE+pH<15 B Se (V) J2 F Z 4
Ao TEMFEN pE T, pH 53 AR ) i 5 A 2,
pH 52 M) - 398 2 T v e, R O 224 pHL (B 38 ik, 4= 48
LU 0 Se (VD) F1 Se (V) & A= s HE R, M T
A% X G %) 5 o210 24 pHL AR ERE , Se (IV)) HE 258 5 %
W B 5 T e A A P, S BOH A A s R
IO A3 pH AN AR Wi R B 2 A A 5 e B 7 - 4
AL Y BORUTTE . Y 8 pH (AR FEHE AR
pK. I BIG7E 1 3R T 1 28 6 DTVE ALY il #R b
A pH B INTnss , DA T B AVCATG ) 26 A v

G 4 A6 A SOPE B 2 Eh B AR T B A . 724801k
2544 (Eh 500 mV) T, Se( VI )& B Al 45 s e P B
W JF 55 (0<ER<200 mV) T, Se(IV ) J& EEM A 7F
FRIRJFEZE TN (Eh<—200 mV) Al 5 1) Se (0) F1 43 &
AL I A AFAER 3 pH A Eh 19 255 16 T LU

http://'www.aed.org.cn

AL AR AL, U B A= A R
42 AHR

T HEA LS (OM) FE I 300 ¥y iE A8 A AE A7
b A EEAEN . AU F R A 4
TR AL AW, HAb 2= (B Be 1AL L5k PE)
PR AN RS ) Rtk 2544 B9 AN [R] 52 350 OM 7E R FE il 71
AR Dy T A REEY, — 5T, AR A L
Y HAT BRI LR AR R SR 2 A R T, RAIK Tl
OREER 7/ I S By 111 (35 e sl 223 2 SIS i
DLV fif 3 b 25 5 25 000, 32w AR R AR,
18 OM W] LA 2 77 A= 71 3% 18T R a7 3 5 0 B9 25 - 1) HE
JrME, AT B Sl A R 28 [T OM g 5 A= B
i L AL T A HL-TCHLAE & PR AA 38 fin
SRR [ L 3R TR TG, DA [ Vi 2 A Y
B, FFAETE 2 5 TR R - i b, 1S
AT F AR, b, 70% L B RR 2R 40 i 4 i /K
PEAPLY) , X2 1 A S Al i R A R B
AR R A s e - SRR Ak R AR U
OM 114 % £ FN A B , 328 1 9 455 OM 45 & 250 1] TG HLARG
FEAY TR FEA E ST, Se (IV) FT Se (V) AT AE
SR AR A W W e R R ) R R A2 AR, DRI i R
OM 2 [a] (¥ A1 B AR FARBAE — A 1t : DFfi 5 OM (1)
W B A5 25 6 s QR 5 OM -4 & I [R] 42 4% 5 s DRt 72
OM P4 W GLAE Py ik I
43 HEUW

BRAEAL Y BA BRI R T R i RE 7, PRt
AT AR P00 ) A 08 R0 o L A Y Se (IV ) i
Se (VD) 1 Sl i 1o # Ho, A T W2 b 2k 280 A ) 6 T B g
Al (Fe—OH ) 318 4 M 25 & 9 (H B % 0 TE 2k 4
A6 1w i o 2k AR AR ) O B AL RRUE B N BB 4% S R
W N Li AU 3R [ 18 Bl - e TR 5% & BE G E
B8k Se (V) HUTHE , AT R 1= 58 A il (9 A= 0 A 3
Pk o AHRHE e Bk A 26 10 51 I i 125 A 4
TS 4340 i1 TG 2 i AR T BV R b, LA A A
PEim .
44 FirEW

B0 YRR AT AR 55 1) 5 R0 T, SR R AVRAR AE A
BRI RS Bl 1) S SR PR 2 (] S X 76 ) W i i 0
5 pH AR, Bl 48 pH R, 8 2 0 Can
FRAVRE AL ) T R A 2D, X AG f  A H a
(RS, PG 0, By I H ey ) e 0 N TR BR 20 1) i
B, o Se (IV) 55 5 5 A 456 T8 A Bl i N el 2%
B AN, B ORI SRS /INTE I £ W 5 A [
— 469 —



KA FREGMEFR-F 415528

HHEFEAEH . BARKT 1 mm B 435 ORI 34
[ 5 VR T/ T 0.025 mm 4 285 -1 G 74 W% (64 fig
AR, R AR T A A A e
4.5 &Y

G (1) A= Py L BR AL A A PR 2 R 2R W, 136l
A ITE T AR rh R A EE SR T R I R 22 5 M o i
TS AL A e RGO
AP LIRS AR H RS 5 Se (V) |
Se (V) Fi1 Se (0) &5 A [m] 4 25 1) 480 A4 30 5t s 1™ 5
Q- i A= Py W e A AT DR - A I
A TS5 W A 7 A 0 RO I A W TR s 1 3
B HILIE AR S5 0 il S R RSAE ) W ) A HIL T
P55 OM—Se 2143 tit T ARG (1 32 RS B 017 Tt
A WA T I A i R A A R R SR AR A A
i B R
4.6 HEAE

A HURE A1 ICATLAE e FH 25 5% i) = 38— R P 1R R
HRRR Y B8 RN AR A R (HZ A R A7 IR 2R R
FHE A A2, Hod NP A S S TCHLIE AT
i3k AT B S ma e i) A= A 2 - O JCHLIE 5
A L B 37 515 @)Se 5 S I P 35 A 5 3z 3 1 M T
R A X G P RS s D T MR I A - B T,
- 358 pH R AT 2 155 - I8 XA 1 (151 52 177 AR AP AT 40 1 Wi
W R HUIEFRRS F v AR S A HLRR PT LAGE
1 45 B AR A PR R A W P BRI i H R
FHEA LR 2 S0 2 A= IO M B PG ) A et it
Ab B A AL A ATy R - 3 kb s . AL
TCATLRE B4y i FF X 40 W AL R ST A AR R i, R ke
FEIB SR S LA R AR T R I R, 2% TR E T
MG 1) e £ RS SR R Z [A) A9~
47 REZER

- 38 i 1 A WA R A2 B AR A R i ) 5
e, ABEAE =X R AR A M AR RS . ARG
VESMUE - R A i, R IR AR A % -
pH . .OM & it GUEWI TR Z 1 (BE PEFVE AR 3R
S3 AP A AT LR 2 R R )2 L IR BR AR
BRAFHRER 138 il 5 5 19 22 5, AT G VR 0t 1 48
HR T ) W SRR

VWA it T2 538 2k DA BLR R 4 1 g vl i A
S8« COTE R K mT A Ry 0 i AU, 386 T 4 9005 1) %
i QUEME SR IR A SR R, BT KR
AT s VR AT ol AR - e o R - B U
Wi T T S I B0 P AR A AT S5 (ORE R K
— 470 —

TR SIS 0 A A T A R A A vk
AR AR M, A A ) 3 I T = 2 X il ) A
REF= A 52 Al Suarez Z89 k BHL, WEE F 18 E AR
ST % G ) R A, D B B A R . AN -
HEARBIERG h EARRAEY) AR Rt s T
INAZZR | HLBIWVEIAR R S b R ) RSO A MY
BN A2, 2RI 3 v A S8l g 5 100,
4.8 EYEKHE

- S A B AR WA O E AT RS PR B S A A
PRI R %) WS AN SR AR A ) Y A [m] AR A B Bl 7
FE A T 1Y 53 A1 Ji BN [ RRAEM S G AT Se (VD) b 2
P28 VBT I T MAVNE =S A
Wi 2RI e (R 5 e BE A A T RREE T B (EAE
Se(IV ) Ab B, AE P AR FI 25 v (G 5 2 B A A= K T
TSN SN o R R T - ol N /v E T
TR 2 B2 v KR R G i ) DG BRI N AR R
X B A IR AT 0 A A B AT AE B L X
SR /N FZ W SRS (78 BRI A %o Gy MR M R e Ak
A 5 A K B BB VA G , l  TER ) 2 55 B E
R8¢ %7/)bigs a0 R POR L) T ey & o=

5 RE

ASBIFTE IS A7 B 1 L i R R TR A 5T Y
TG, DA% L= i B o e AT L AR ) R G
FR A A My Bk A i B o b 3 R R R AR A4 2
MRS PE 1 R XA (4 W HiCRE /7, ELWR S 52 + 0
PREE 05 eV D e AR A RO R IR o TR AR S
JRBIBTTE R, e B LR Ly I .

COH TRz 3R PR ST AE 13- ) R 58 B AR
B2 Az Sy A, LU A A Y 0 R A ) AR
i1, DU B S5E i fr) A ) 3t BR AL 2 AR B Y PELARE

()M RN 417 Fe e dlF M A el oy, ik
— A5 73 A 0 I B A 0 P A o A v Y O B e
LN A TE B, A T A S My A S B B
TEGr T R BUFRE S K- B AR BT, DATI 30 75
i S G P A A R B e A T R 23 A G
.

(3) 73 ke A S QO AR 5C B 5 TR 4 2 s
B si , PROTHI YR P R A A o B o SR G 114 5 i
R YT e AL AL

(4) I FH B A7 AR TF- B, Qv 97 1okt B2 (DGT)
TR RT3 p AN ] b JZ 0G0 50 Ais R Rk 22
5, AERR DA A RS 0 3 A AT A LAY, O K

http://www.aed.org.cn



BRE % T E-ENRGEPHENEYERMREZMEZHRER 202443 R

Al AR S
B3k

[11ZHOU X B, YANG J, KRONZUCKER H J, et al. Selenium biofortifica-
tion and interaction with other elements in plants:a review[J|. Frontiers
in Plant Science, 2020, 11:586421.

[2] DINH Q T, WANG M, TRAN T A T, et al. Bioavailability of selenium
in soil-plant system and a regulatory approach(J]. Critical Reviews in
Environmental Science and Technology, 2019, 49(6) :443-517.

[3] DINH Q T, CUI Z, HUANG J, et al. Selenium distribution in the Chi-
nese environment and its relationship with human health: a review[]].
Environment International, 2018, 112:294-309.

[4] WANG D, DINH Q T, THU T T A, et al. Effect of selenium—enriched
organic material amendment on selenium fraction transformation and
bioavailability in soil[J]. Chemosphere, 2018, 199:417-426.

[SIDINH Q T, LI Z, TRAN T A T, et al. Role of organic acids on the bio-
availability of selenium in soil: a review[J]. Chemosphere, 2017, 184:
618-635.

[6] KUSHWAHA A, GOSWAMI L, LEE J, et al. Selenium in soil-mi-
crobe—plant systems: sources, distribution, toxicity, tolerance, and de-
toxification[J]. Critical Reviews in Environmental Science and Technolo-
gy, 2021, 52(13) :2383-2420.

(7] o el B i1 e SRy . AR G s 4 3 5 S AR TR M. b B R A
#1, 2019.  China Geological Survey. Delineation and identification of
natural selenium-rich land[M]. Beijing: Geological Press, 2019.

[8] YAO F X, WEN L, CHEN R, et al. Enrichment characteristics and di-
etary evaluation of selenium in navel orange fruit from the largest navel
orange—producing area in ChinalJ]. Frontiers in Plant Science, 2022,
13:881098.

[9THE Y Z, XIANG Y J, ZHOU Y Y, et al. Selenium contamination, conse-
quences and remediation techniques in water and soils : a review[]]. En-
vironmental Research, 2018, 164:288-301.

[10] LI Z, LIANG D L, PENG Q, et al. Interaction between selenium and
soil organic matter and its impact on soil selenium bioavailability : a
review[J]. Geoderma, 2017, 295 :69-79.

[11] WANG S S, LIANG D L, WANG D, et al. Selenium fractionation and
speciation in agriculture soils and accumulation in corn (Zea mays
L.) under field conditions in Shaanxi Province, China[J]. Science of
the Total Environment, 2012, 427:159-164.

[12] ZHANG H, FENG X B, JIANG C X, et al. Understanding the paradox
of selenium contamination in mercury mining areas : high soil content
and low accumulation in rice[J]. Environmental Pollution, 2014, 188
(14):27-36.

[13] KUSHWAHA A, RANI R, PATRA J K. Adsorption kinetics and mo-
lecular interactions of lead[Ph( Il )] with natural clay and humic acid
[J]. International Journal of Environmental Science and Technology,
2020, 17(3) : 1325-1336.

[14] BRUGGEMAN C, MAES A, VANCLUYSEN J. The interaction of dis-
solved boom clay and Gorleben humic substances with selenium oxy-
anions (selenite and selenate)[J]. Applied Geochemistry, 2007, 22(7) :
1371-1379.

http://'www.aed.org.cn

[15] LI Z, MAN N, WANG S S, et al. Selenite adsorption and desorption in
main Chinese soils with their characteristics and physicochemical
properties[J]. Journal of Soils and Sediments, 2015, 15(5) : 1150-
1158.

[16] JUNG B, SAFAN A, BATCHELOR B, et al. Spectroscopic study of Se
(IV) removal from water by reductive precipitation using sulfide[J].
Chemosphere, 2016, 163:351-358.

[17] BOLAN N, KUNHIKRISHNAN A, THANGARAJAN R, et al. Reme-
diation of heavy metal (loid)s contaminated soils—to mobilize or to im-
mobilize?|J]. Journal of Hazardous Materials, 2014, 266:141-166.

[18] ESWAYAH A S, SMITH T J, GARDINER P H E. Microbial transfor-
mations of selenium species of relevance to bioremediation[J]. Applied
and Environmental Microbiology, 2016, 82(16) : 4848-4859.

[19] AKIHO H, YAMAMOTO T, TOCHIHARA Y, et al. Speciation and ox-
idation reaction analysis of selenium in aqueous solution using X-ray
absorption spectroscopy for management of trace element in FGD li-
quorlJ]. Fuel, 2012, 102:156-161.

[20] VRIENS B, BEHRA R, VOEGELIN A, et al. Selenium uptake and
methylation by the microalga Chlamydomonas reinhardtiiJ]. Environ-
mental Science and Technology, 2016, 50(2) : 711-720.

[21] TERRY N, ZAYED A M, DE SOUZA M P, et al. Slenium in higher
plants[J]. Annual Review of Plant Physiology and Plant Molecular Bi-
ology, 2000, 51:401-432.

[22] MALERBA M, CERANA R. Effect of selenium on the responses in-
duced by heat stress in plant cell cultures[]]. Plants, 2018, 7(3):64.

[23] HE K Q, YUAN C G, SHI M D, et al. Accelerated screening of arse-
nic and selenium fractions and bioavailability in fly ash by microwave
assistance[J]. Ecotoxicology and Environmental Safety, 2020, 187:
109820.

[24] LIDON F C, OLIVEIRA K, RIBEIRO M M, et al. Selenium biofortifi-
cation of rice grains and implications on macronutrients quality[J].
Journal of Cereal Science. 2018, 81:22-29.

[25]1JTA H F, SONG Z P, WU F Y, et al. Low selenium increases the auxin
concentration and enhances tolerance to low phosphorous stress in to-
baccoll]]. Environmental and Experimental Botany, 2018, 153: 127-
134.

[26] FENG R W, WANG L Z, YANG ] G, et al. Underlying mechanisms
responsible for restriction of uptake and translocation of heavy metals
(metalloids) by selenium via root application in plants[J]. Journal of
Hazardous Materials, 2020, 402:123570.

[27] PR £04E, NSO, 2RI, 45 R 2 S 0 B W SOrs 4 G Bt 7
K mi R 0] A IR SRR, 2021, 27(8) 1 1456-1467.
LEITH L, CONG W Y, CAI Z L, et al. Main process and factors affect-
ing selenium absorption by plant roots and leaves|J|. Journal of Plant
Nutrition and Fertilizers, 2021, 27(8) : 1456-1467.

(28] JHl i JG, Tk AR, T4, % APUALEAGR AL S, & SRR F
AR GE AR AE D] Al B 5 PR45 27 4z, 2021, 38(3) : 457-465.
ZHOU W X, ZHANG M D, WANG H, et al. Benefits of partially sub-
stituting mineral fertilizers with organic manure combined with foliar
selenium on the growth of Atractylodes macrocephala Koizd.[]]. Jour-

nal of Agricultural Resources and Environment, 2021, 38 (3) : 457-

— 471 —



KA FREGMEFR-F 415528

465.

[29] WHITE P J. Selenium accumulation by plants[J]. Annals of Botany,
2017, 117(2):217-235.

[30] S ERT, S AELR, E 2R, A5 JOHUAAE X 3 A RO ik Ml i
i BT A 5 W ()], A E R S I L2 I, 2019, 25(2) £ 274-283.
SHI'Y J, SHI'Y J, WANG Y R, et al. Effects of inorganic selenium fer-
tilizer on available nitrogen content in soil and spinach quality[J].
Journal of Plant Nutrition and Fertilizers, 2019, 25(2) :274-283.

[31] BODNAR M, KONIECZKA P, NAMIESNIK J. The properties, func-
tions, and use of selenium compounds in living organisms[J]. Journal
of Environmental Science & Health Part C: Environmental Carcinogen-
esis Reviews, 2012, 30(3) :225-252.

[32] KB, 1525, Be3ape, A% . AT I £h Xt i 52 4 A W i AR R B
AR BRAE bR RS [T, B AR S 2541, 2015, 26(7) :2050-2056.
LIU X W, WANG Q L, DUAN B H, et al. Effects of selenite addition
on selenium absorption, root morphology and physiological character-
istics of rape seedlings[J]. Chinese Journal of Applied Ecology, 2015,
26(7):2050-2056.

[33] 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|]|. Journal of Hazardous Materials, 2022, 422:126876.

[34] SOMER, SLHELE, £ R, & TSRS SN IECA HLA A IS HLEN Y 3l
AW N[T). FREERF 2R3, 2018, 38(3) : 1189-1196.  SHI'Y J, SHI
Y J, WANG Y R, et al. Dynamic responses of soil enzymes to exoge-
nous sodium selenite and selenomethionine[J]. Acta Scientiae Circum-
stantiae, 2018, 38(3):1189-1196.

[35] NELSON A G, QUIDEAU S A, FRICK B, et al. The soil microbial
community and grain micronutrient concentration of historical and
modern hard red spring wheat cultivars grown organically and conven-
tionally in the black soil zone of the Canadian prairies|J|. Sustainabili-
ty, 2011, 3(3) :500-517.

[36] PU Z E, YU M, HE Q Y, et al. Quantitative trait loci associated with
micronutrient concentrations in two recombinant inbred wheat lines
[J]. Journal of Integrative Agriculture, 2014, 13(11) :2322-2329.

[37] WANG Y N, ZENG X B, LU Y H, et al. Effect of aging on the bio-
availability and fractionation of arsenic in soils derived from five par-
ent materials in a red soil region of southern China[J]. Environmental
Pollution, 2015,207(15) : 79-87.

[38] NAKAMARU Y M, ALTANSUVD J. Speciation and bioavailability of
selenium and antimony in non—flooded and wetland soils: a review[J].
Chemosphere, 2014, 111:366-371.

[39] WANG D, PENG Q, YANG W X, et al. DOM derivations determine
the distribution and bioavailability of DOM~-Se in selenate applied
soil and mechanisms|J]. Environmental Pollution, 2020, 259 :113899.

[40] LIU Y L, TIAN X L, LIU R, et al. Key driving factors of selenium en—

riched soil in the low—Se geological belt: a case study in red beds of

— 472 —

Sichuan basin, China[J]. Catena, 2021, 196:104926.

[41] XU W, TANG W H, KUANG C L, et al. Analysis on content of Se in
soil of Hainan Province and its influencing factors[J]. Journal of An-
hui Agricultural Science, 2010, 38(6) : 3026-3027.

[42] WANG D, RENSING C, ZHENG S X. Microbial reduction and resis-
tance to selenium: mechanisms, applications and prospects[J]. Jour-
nal of Hazardous Materials, 2022, 421 :126684.

[43]1 LYU C H, QIN Y J, CHEN T, et al. Microbial induced carbonate pre-
cipitation contributes to the fates of Cd and Se in Cd-contaminated
seleniferous soils[J]. Journal of Hazardous Materials, 2021, 423:
126977.

[44] F 5, By, Jr ik, 55 . 7K 5388 B KA AR i AR 52 K AR B 1 e
AT TR T Z AR )], LA, 2021, 58(6) : 1574-1584.
WANG R X, YANG J, FANG Z, et al. Effects of water management on
selenium accumulation in rice grains and bacterial community diversi-
ty in rhizosphere soil[J]. Acta Pedologica Sinica, 2021, 58(6) : 1574-
1584.

[45] SUAREZ D L, GRIEVE C M, POSS J A. Irrigation method affects se-
lenium accumulation in forage Brassica species|]]. Journal of Plant
Nutrition, 2003, 26(1) :191-201.

[46] GUO Q X, YE ] H, ZENG ] M, et al. Selenium species transforming
along soil—plant continuum and their beneficial roles for horticultural
crops|J]. Horticulture Research, 2023, 10:uhac270.

[47] PENG Q, WANG D, WANG M, et al. Prediction of selenium uptake
by pak choi in several agricultural soils based on diffusive gradients
in thin—films technique and single extraction[]|. Environmental Pollu-
tion, 2020, 256:113414.

[48] 7RG X, X /NTS, A /N, 45 . S [ I 0T /N 22 A R RO FH LA
R BARJFRSE ). 4Ol FREERLA223R, 2017, 36(1) : 1-7. LI
M F, DENG X F, FU X L, et al. Effects of different selenium sources
on wheat growth, selenium uptake and utilization and the aftereffects
on maize[J]. Journal of Agro—Environment Science, 2017, 36(1) : 1-7.

[49] ZHANG D, DONG T Y, YE ], et al. Selenium accumulation in wheat
(Triticum aestivum 1..) as affected by coapplication of either selenite
or selenate with phosphorus[J]. Soil Science and Plant Nutrition,
2017, 63(1):37-44.

[501 ] 3% . 7Kg b il ) 5 i AR SRR A A S8 [D]. Aot - i I ol )27
B, 2019:24-32. HE Q. Research on the characteristics of translo-
cation and accumulation of selenium in rice[D]. Beijing: Chinese
Academy of Agricultural Sciences, 2019:24-32.

[51] A ftin s U0 /N2 B S e RO 28570413 ) 52 i) K AL TR [D].
Wi - PALAMPBHE ¥, 2021:20-25. WANG M. Effect of seleni-
um application methods on selenium uptake, transport and speciation
in wheat(Triticum aestivum L..) and its mechanism[D]. Yangling : North-

west A & F University, 2021:20-25.

http://www.aed.org.cn



