LA 3R (Jiangsu J.of Agr.Sci.) ,2026,42(1) :152-161

152 http: //jsnyxb.jaasaccn

N AR PRENE AR OB S P A L R SRR AR [ ) ] LSRR A, 2026 ,42(1) 1 152-161.
doi ;:10.3969/j.issn. 1000-4440.2026.01.016

iy Xof ZR AR SE 3R 2 = MR Al = SR Y 52 I

E oA, B %, HREE, ¥ %, Fmk, I F
(TR A7 b B 5 PR R 22 e/ 5 P 48 W ST R L b A S P R A o S S 3 kb, 5 BEPH 550025)

FE. N THEWHEIMNE R (CA) H T 5T il FH G (Se ) XMl Cd B2 R A I8 5 K & S HLH, ABFEE i
IKIGIRS KB4 B % 88 T 10 pmol/L Cd /Y 1/2 ¥R JE Hoagland & F7W T, 43 B IV & R 0.5 pmol/L.5.0
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Effects of selenium on cadmium reduction and selenium enrichment in
pepper fruits
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Abstract: The study was conducted to investigate the regulatory effects of selenium (Se) application on cadmium
(Cd) accumulation and selenium enrichment mechanisms in pepper fruits under high cadmium geological background of
Guizhou. In a hydroponic experiment, pepper seedlings were exposed to a half-strength Hoagland nutrient solution contai-
ning 10 wmol/L Cd, with additional Se treatments at concentrations of 0. 5 pmol/L, 5.0 wmol/L, and 25. 0 pmol/L. Af-
ter 14 days, the Cd content in the roots and shoots of the pepper seedlings was analyzed. Subsequently, a pot experiment

spanning the entire growth period of pepper plants was

TS B 89 :2025-04-28 conducted. Under a treatment of 1 mg/kg Cd, selenium at

ESTE . HE R4 T H (42367002) ; 65 E S0 % a concentration of 0. 5 mg/kg was applied during the flow-
T (2022YFD1901505) 5 58 M 48 B4 57 #H% 3 F [ 1% ering stage. At maturity, the contents of Cd and Se in the

A 3045 (2025) — i 087 ] roots, stems, leaves, and fruits of the pepper plants were
EERAN 2 A(1999-) 5B SR, B 8F 58 4 #F5E 05 18 analyzed. The hydroponic experiment results showed that,
KHHIEFEEIRBE , (E-mail ) 232100090378@ gznu.cn compared with the Cd-only treatment, the addition of 5.0

BIEE % 4, (E-mail) yanghual02106@ 126.com pmol/L Se significantly increased the biomass of pepper
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roots and shoots by 55. 5% and 95. 0% , respectively. The application of 25. 0 pmol/L Se significantly reduced the Cd con-

tent in roots and shoots by 48.3% and 45. 0%, respectively. Furthermore, this treatment (25.0 pwmol/L Se) also led to

significant decreases in Cd content in the root cell sap, root cell wall, and xylem sap by 53.2%, 55. 7%, and 45. 5%, re-

spectively. The soil pot experiment results demonstrated that, compared with the Cd-only treatment, the addition of 0.5

mg/kg Se significantly reduced Cd content in the stems, leaves, and fruits by 54. 0%, 49. 5%, and 21. 2%, respectively,

and significantly increased Se content in the roots, stems, and fruits by 85. 8%, 59.2%, and 55. 0%, respectively. Fur-

thermore, this Se treatment also markedly enhanced the Ca and Fe content in the fruits by 96. 1% and 65. 9%, respective-

ly. The addition of Se under Cd treatment reduced the translocation factors of Cd from roots to stems, stems to leaves, and

stems to fruits in pepper plants. Furthermore, it decreased both the carcinogenic and non-carcinogenic risks associated with

Cd in pepper fruits for adults and children. These findings indicate that Se application alleviates the physiological toxicity of

Cd to pepper plants. Concurrently, it reduces Cd content and increases Se content in the fruits, thereby effectively enhan-

cing fruit quality.
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Table 1 Health risk assessment exposure parameters
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Fig.1 Effects of different selenium (Se) concentrations on biomass of pepper under cadmium treatment
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Fig.2 Effects of different selenium concentrations on cadmium accumulation in pepper under cadmium treatment
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Fig.3 Effects of selenium treatment duration on cadmium content in various parts of pepper
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Fig.4 Effects of selenium on cadmium content in the root cell wall, root cell sap, and xylem sap of pepper plants under cadmium treatment
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Fig.5 Effects of selenium treatment on cadmium and selenium contents in pepper under cadmium treatment

F 2 SME Se 3HHEM Cd 315 REHIR MG

Table 2 Effects of exogenous selenium on cadmium translocation factors in pepper

A3 BCFy TFyg s TFop oy TFy oy
Cd 13.78+0.81 0.43+0.11 1.34+0.52 0.41+£0.06
Cd+Se 13.45+1.51 0.20+0.15 0.67+0.27 0.32+0.07

Cd Cd+Se AEFEWLIE 5 V. BCF g % Cd FEIRHURL I B JE B TF gy e B0 Cd WKL) 25 B REI2 TR TF 5y 0 Cd DR I IOFE 12 7
BT gy 3% Cd ZER SRS R E KK, 220D BCHE P (b 2

*F 3 HME Se 3R Se FiE R EHIR MM

Table 3 Effects of exogenous selenium on selenium translocation factors in pepper

A3 BCFy TFyg TFo oy TFy oy
Cd 0.58+0.08 0.18+0.04 1.71+£0.49 1.31+£0.32
Cd+Se 1.09+0.09 0.29+0.06 1.75+0.41 2.11+0.63

Cd ,Cd+Se ZLFRULIE 5 7 BCFyy TFy s TFos . TF o gy W2 W, P BIE A FE bR ifE2E

2.6 CdAET Se WMEHKMBH ST RITES  mg/kg Se AIUMHHHUR S Ca Fe &5 B8N

ERRMm 96. 1% 1 65. 9%, 1ii Mg Fl Zn 7 5B AL A L3 5 1
M 4TI, 58— cd b FRAH L, BN 0.5 A Mg & B &N 32. 8%, Fe Zn &5 B
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ET W 46.2% 1 49. 1% ; 22 Ca & &8 B &1
37. 4% ,Fe Mg Zn 7tk B3 IR 16 31 40 25 K s AR

R4 Cd T Se MEMIBH B AALIS . 2. K S ERNM

i Ca S BEWAT 15.2%,

Table 4 Effects of selenium on the contents of calcium, zinc, iron and magnesium in different parts of pepper plants under cadmium treat-

ment

Y L H Ca 7 & (mg/kg) Fe & (mg/kg) Mg 7 & (mg/kg) Zn F & (mg/kg)

Ui Cd 5 432.68+362.45 4 471.66+399.32 365.66+31.00 65.91£3.69
Cd+Se 4 604.53+314.96 * 4 616.06+304.64 323.97+38.86 81.66+18.36

E Cd 6 164.45+318.53 60.00+13.45 312.78+40.24 5.4621.16
Cd+Se 8 467.33+455.47* 76.77+13.88 346.98+50.15 6.47+0.78

nf Cd 5 073.30+264.88 186.40+33.66 232.98+27.67 27.57+4.36
Cd+Se 6 195.02+974.73 100.37+36.30 " 309.52+9.39 * 14.03+4.83 *

o Cd 62.24+14.07 5.08+1.25 110.10£2.03 9.27+1.08
Cd+Se 122.03+10.76 ** 8.43+0.49 " 107.47+11.13 10.45+0.90

Cd Cd+Se AbFRVLIEN 5 13, R AR R P EMELARIEZ . * FOR[E—ZHZ Cd+Se ALBLE Cd AL W) 22 57 18 2 (P<0.05) ;™ Fox A — 44 Cd+

Se AbHIE Cd AbHIZ 1) 22 45 8 3% (P<0.01)

27 Se MBHMIELH Cd BENBEITM RN

0.5 mg/kg Se RBHABIR S H Cd H AN
TR AN 5 s, 3R 5 AT, TCig 2wl
i Se Ab 3 B AFLIE B — 428 Cd AR BUE XS
(HQ)EY/NT 1 RAARB R h & 10 # B iR
Cd F g NS 2 iAo KU | 9K 1 B — 4
J& Cd B KU (CR) EAL T 1x107° ~ 1x 107 X ],
AR BOE AR, HLZEAZ 210/ XU & T LA, 3=
WL LL AR Cd A BURYE T 5, AT IR — Cd
AEFE AN Se AbFRS 43Sl L FL 2 A 2 AR
g KRS FEAIG , 22 W] Se REA AN ZE M Cd 51 S 1Y ikt B
Bt

£S5 HHRLH Cd BEANRE

Table 5 Cadmium intake risk from pepper fruits

HO CR
LN JLE WA JLE

Jb B

Cd 0.017 8 0.123 4.47x107° 6.44x107°

Cd+Se  0.016 8 0.097 3.52x1073 5.07x1073

Cd.Cd+Se AbBEULIE 5 3, HQ F/n B4R Cd EBUE KK ; CR R
H4JE Cd BUBKK:

3 17 i

3.1 Sexf Cd 4B THMA KRN

Cd SEAEY A K AR IC R, TR IR BLR
R — 2 T, & S 20 Ak R R A
KIRGE BT FaFE AR RER, 55

FE(CK) ML, BA— Cd kb G 2 FRAR T b 1350
FH 76 Cd A FE RN 5. 0 wmol/L Se 1] A5 5 2% fift
Cd XA K A HIVEF , iX 5 Zembala 25 78/
% Jin ZUOE R EMFR SIS, A, mik
J¥ Se 24 VG i gh i AR KT IR/ Y
Wit SAREL T Se XA AR K Y < ARAE B
FIRRN, ALK, Se AT 52 MY 1A N
it ) 5 T R SRR R R 2 R, AR 9 TP
Cd AbFE TN Se X BOMUA: £ i P2 AR T, 7T g2
A 3 VAR AR AR PN TR 3 P N BT AR A 7R 4L R, 494
PRSP A ALRE TT , NITTZE A Cd XA R
3.2 SeXf Cd AETHM Cd EERIFNT
KEFRIG 58— Cd AbFRA e, TR IN 25.0
pmol/ L Se fHBAAN AR Cd & & B35 N, i
5.0 pmol/L Se F125.0 wmol/L Se fdi35fibl 4 i b |-
#h Cd & 3 R, Bl Ak B () % ZE K AR
fZE b Cd SR E A ESE, 58— Cd it
AR, 50 Se AFES ARFES .7 d BREEAR A5 5B
B Cd F i 4 B[R R EE REAR, DGR M rf Cd &
BRI, IS I Se Ab 38 5 25 B AR T 3R
ORI 241 60 B | AR 200 M 3 S AR i Cd & &
FEARIA I A5 R R FER W SN Se f 3 FEAR T AR
25k SRS Cd g B, PEURAR 2 X Cd BT
W, ITTREAIS Cd [ 135532, PR IEBRAUR 52 Cd
1) SRR A B AT, 3 55 i AN BRI 45 2R — 3, 191
W, Wang 27 R PI7E Cd 2252 48 h 5, 58— Cd
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SEPRAH L, G5 Se fdi /N 22 FUK AR F8 S b 3 Cd
FrE R Xu 2P RSE A B, 7 Cd R, AN
Jith Se T b 2 B0 A K FE LN P XA A TR S s | AR
FRFR AL 3B Cd & i ; RRAHIR 5 SR A 5
eI Cd V5 Y 55040 T D AR SMIE Se Ab X 8
IS, 45 5 A B0, I RIS it Se P dob 5186 i S AR
Wik AR EOTA A BRIR Cd &k, AW asn
Se AT LAJSEE Cd 7EBRAR Y SR, X B il 4 F T fig
TR F Se FEAR T BRABNS 40 it BE A 40 0 P Cd 75
T, MG FT S SRR, Cd EEAEAE T 4 BE Fngn
JL v r LA ) 200 L R 2 o ot L
(-OH) J&H(-COOH) FFiEHEHREH , 5 Cd* B L
FUEEL A, T B E FRAIK Cd Ao seE
BEAR, Se 38 33 SO0 WL X B AL, B0 Cd B B5 i iz
i, IR Cd FEAE AR S 5 . Cd REY
RS 1) 4| 5B A 5 32 32 BRI A I Az i 72
AT LI, 7E Cd AR IR Se ATt 2 R AR B
ARFHR Cd B i, UL Se 38 38 2 52 i A 5738 X
Cd Bz fir , T REAR B 38X Cd IFLR, 75
Hh U Se iR 4 = T UL FR AL X Ca, Mg Fe Zn
AEE SRR AR T Cd 1 W RN 54 2 Al T H:
4 )& 2 il E , FERE S Cd MY Ca Mg, Fe,
Zn .Cu Mn &)@ 8 FiizaliE, Cd SX 8 ERER
TE A R 1 ok R s O T Al A A 41
Cd FEFEAK, Se b gl L WFEAMEY) Cd Wl fn i
BIEH R R mAEY Cd &=,
Se A FE ] R H KRS OsNRAMP1™®  OsLCT1™ | Os-
Nramp5Mm hEin LR FRIE BT LME PR &R
HLECAT (CS) T8 B, 4 il RGBT i T AR, DA BHL A%
Cd W g iz R, ABFSE T 78 Cd 4b B
] Se H N T BRABCR S Se 1Y i, {2 TR
F X} Se WM MCAN ] SR AL B FEE L SRS7 AR YIS
SE LRI WA R AR AL B AR 2 B2 = T SR b 1 Se
i, Jiang 5T R B0 45 AR TE S, ) # R A
WSt Se W I 2 KGN B AE P 5 Se B 8
3.3 SMEFRIN Se BEEBHMELH Cd REXK
ARWFFE B D R EE Y Cd B i X R FRL
T N ARAEE AN 23 15 BIE B0 KU, H A7 78 350 A
W, HLEESZ 20 AU R TN, L2 300 XU B8 5
CINFRS BN VRV NG €7 NG sy N S BRI B 3§ O E
EEREELHERNEA X, 7 Cd 4 H it
0.5 mg/kg Se /N T fRERE XS 22 EE, WIPTRE Se

1 Cd BFEHLVE I3 Cd 7ZEBBUA SV Y S /R
A G, LA, AT ST N A5, Br AR i 45 3l g
2 BR TR MR BE A5 R (N7 EARFR KA HE O
FRANRL R AF ), U 2 48 6 T R, 2F— 20 1P Al
S5V B PR AR AN,
4 4

IKIGRGG S RAUE S, 5 — Cd AR, S
W50 pmol/L Se W] i & G2 Cd X B L) 1 A=
RN REN, (5 AR 350 R b 350 A e 40 31) . 2 44
55, 5% F1 95. 0% , B 12 Wk B ol G2 ft B Cd 55
F ARFEAE R IEE Se WEE L 25.0 pmol/L Se ZbFH
A I 2 I A B AR A R, 1 Cd B, B
I3 5135 48. 3% F1 45. 0% , HLHE[F] A [ AR HS 40 it BE |
FR A M S A R i Cd i AR R i —
BGHIE, 76 Cd A BT BT AL BRI 0.5 me/kg
Se, AT {H G ZE it 2R SE Cd & 850 5 e 2 T g
54.0% 49. 5% 21. 2% , [A| i JRE 52 Se £ i g 25 $2 T
55.0% , HARSH Ca Fe & W&, LB T Cd
P PR S W TR TR RN, Ak g Rk
B, 76 Cd AL BRI Se 7T R BRABUIR — 25 22—
M ZEIRSY Cd 5552 R0 ] Cd 1) s 13 &%
SRSLERS  BEE XUBS PPAE 45 R /R #E Cd b3 R
U 0.5 mg/kg Se It L A AL B i i £ AR
SRS Cd Ui KU R R 0 XU T B, A 2R
Cd Jif B 2 58 XU
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