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Abstract

A field experiment was conducted in a cadmium (Cd)-contaminated paddy field in Heshan District,
Yiyang City, to investigate the effects of flooding irrigation combined with foliar inhibitors on the
availability of Cd in soil, soil pH and Cd uptake and translocation in various rice plant organs (roots,
stems, leaves, husks and brown rice). The results indicated that: the remediation technology inte-
grating flooding irrigation combined with foliar inhibitors effectively reduce the bioavailability of
Cd in soil and decrease Cd uptake by rice plants. Under this combined treatment, soil pH increased
significantly (P < 0.05) by 0.5 units compared with the control, and the soil available Cd content
decreased significantly (P < 0.05) by 26.2%. The Cd contents in roots, stems, leaves, husks and
brown rice were all significantly decreased (P < 0.05) by 14.7%, 37.0%, 45.4%, 54.5% and 47.8%,
respectively; while no significant changes were observed in rice yield compared with the control.
Furthermore, the combined treatment significantly inhibited Cd translocation to different parts of
rice. The translocation factors of root-stem, stem-leaf and leaf-husk decreased significantly (P <
0.05) by 25.7%, 39.5% and 58.4%, respectively. Therefore, the technical measures of flooding irri-
gation combined with foliar inhibitors can effectively reduce the absorption and translocation of Cd
by rice without affecting rice yield, and significantly reduce the absorption of Cd by brown rice.
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1. 5|8

Cd fF N E A H -3k FE N E e /is i —[1], BARKENE. Azt EWE EEmAE]
BEMEIESERF A [2]0 Cd AE TSRS B RS BOR H RS ThRE, ISR E KK T3], KI5
PRy B o B — AR, A B AR R B 5 WO AR SR E 3 R 1 Cd, I REE I R R R g AR fE A\ A
B, R AL I IR S PR T (4]0 BT ERE RIE N, A VKB Cd 5 4K A T I (]
BERMAFATAR LM A, FIEE Cd 543, TR Cd 15 4R H2 2R Tk 2 R EE,

IR R B Cd ¥ AR H 22 4 A Y B B I W R O BEAR A R R[5 A5 BRBEIIE 6]
WA [ 7 AN AR R [(8)5% T2 B I 1 8 pH DL Cd K AESE ST P 286 RS R
)& Cd SN, T KERT Cd B, (EAESEEh AL, B EHIIE I BCR AR E, &
SRR L AREER, SERRAE A v, IR 2 IE B RS (9]0 KM BRAE gAML AR 7 o ) A B
fiilit, BERZREMA 13D Cd MM RUME[10]. BFFURET, AHECHAh /K A8 B, /K AL PN B
Ak Cd S EAELREMRCR11]. KEEBETE. @mA. TRI5%, HREBAETRY]
KHIRFELA K 2 S BUK R B[ 12].
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T PSR B SR A« BRAIR AN 2ond 387 A4 5 Y845 v, THZ NI Cd 15 5 A8
ZAA M FAT, B L N e B R O S (ST AR R R KRR KL R TR,
Mt £ ek P T BEL A 70 AN AN T AR HE /KRS A R 13 ], 3 i /KRG P B R T, 8 B 428 A 5% 55 1 A MR WS R
s, 28] Cd /KRR N BT, i Cd Wi B A KTEROIR . 2514 [15], FHAEILAREKELIE . B
ZRAE[ 161 R RIS AL, TGS /K AT 1 7 R, (HEOHREK Cd & B PR 19%, W&
R KD E BRI G BORTE M. PIt, S i P57 B REAE AR KRS ™ B A1 DL R BEARRE K Cd
T, EIHX Cd WBHAERCRANERE , 52 M- BHA% 70 A I R 3875 Qe Re LM K [17], I ELF% Cd 2%
R 2

et B3RO, K BN T BT BOR S MY BEAE — @ FEIE L PR P I Cd & &, BB /KA
Cd bR AR, (H B — R Z 8 VA RN R Cd FIKFE ™ &, DR A 0 B0 S0 K 55 3 B AT
T PR 77 A AL BORFE Tt K AL /KA Cd MRS B 38 AR . AR IE I A2 R vh B2 Cd 5 Yk B
DX SRR FH V7 JRE R 5 W it T 5 R T PEL 70 B AL 5 RS It 0 i L0 358 Cd AW Rk S KR
AUKTERER A2 B (IR 220 L B 5efREK) Cd Wil R FIE e, DI R A Cd 75 48R I 1 42 4
R RL AR S EORSC R o

2. R 55*%
2.1. RIE M T FNAF

R ARG Hb p A7 951 7 4 2 BH T AR LU X ZE 48110 £ (N28.557618, E112.513135) 3 Cd 154 fgH, Atk
FEH 3 pHAE N 5.47, AR S BN 31.2 gkg ™ TR RS 28 239 mg kg™, A 24 & 28 15.5 mg-kg ™!,
WA BN 152 mgkg™!, THIERE Cd &S EHN 0.66 mgkg. REHLIX 2024 4 H PSR 16.9°C, EF
K 1432.8 mmo ZKFE RPN TR 45 45, Sy A B BRI A H TR L DX D PR R

T PELA% 75 R DUR 52 AR TR A BR A mlH2 4, SRRl R A 5 AERLE iCIE, BdiES AR AL
(2018)#ET- 10584 55 Pl AFR: SREAKEIEE: FEadeads: AGH; BidBoRIER: Si> 150 gL\
K;0>200g L' Na<10gL'; iEEVEH: KfE. HmpaERF cd & =ET 0.1 mgkg's

2.2. AT

RIGILBEE 4 NEHEAL, B T1. T2, T3 AL CK, FHorb T1 RS i e e - Pz 5, T2
(O AR T A /K REE , T3 AR AT it Dy e /K R 5 ot e T PR 70 O A A B i, CKC ot HELZHL R
AR FATAT ARG Jti o T1 A1 T3 A3 e} 0T BEL428 70 5 it Ak HR AT S0 iR 25 SR B, Wity 6 L-hm 2,
G3 MIALE KRG () 7 BE RS I BRI RE S AT B & Wit — IR, RRHIRWEE & 3 L-hm2, Wit 75 v 9 i T BEL 4 771)
JEIREIE K FRRE 500 55 KR AN Z AW T2 A1 T3 Ab3E b (1 A K HEE U5 30 S V4% B e 4
PNV AN TR AT (iR Gefes 22 4R FH FEDK A0 8 B R FURE ) AT T1 A0 CK ¥ H ) 7K 3 8 3 07 20
5522 A P R R P — 8 0 XA AL B R AR D 300 m?, FEAMAGERE 3 ANPAT, B ALBERR
IR EARRE A F S, oAl R RAE e BRE BRI FE. KFET 2024 4F 6 A N AT
Rk, ARG/ N X B L B ARG, HRE IR X PO 51 B 3 4T KREAE R IRY 4T 2024 4F 10 A /KFERL
A, HEATRESCRE SR

2.3. HEMREMSH

FETRRE AT, (RIS SREE KRB RS S AN L SBRE o AERR KRR ISR DA, LA AL AT 2R 4R 9 #k
IKFERERR, RN REEA SRR AR AR 8. KA BRI E TR R AR 1 AN J7 K AR (4 A KA
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BEATIORE, WYTFAREE, SRJSTHE & KRR EN BE, e HBA/KE & BT, e Bk
TAT, AFREN105C, AERBEFEFE 70°C, S TEEE, KBEKLTE, KBS N
MR 2L L BFEAREK 5 AL, Zr Rl BT R, RS ORE S BB AR R & . 2T R ) %,
SR BN REAT . AR R G A AT ES, 43 Alid 10 HAT 100 H @ R0, i i o Re & A B 48 0%
&M

33 pH 190 E R R FETH(PHS-3C, &), ToKELEIN 1:2.5; 1338 Cd % &% H HCI-HNOs-HF-
HCIO4 JHR(GB/T 17141-1997), WA Cd & 8K A S0 5 1 IR e 6 B (R TR 7 e 6 B
1T PE9OOT)I5E; L3 Cd MAEME A EE KM 0.01 mol- L' ) DTPA ¥ (GB/T 23739-2009)#2H¢, &
W H) Cd & EKH ICP(PE Optima8300)#ll 7€ ; /KAFM K H Cd & & SR FH 0 V8 578 iR (GB
5009.268-2016), HMFAH I Cd &R BB B TR VA (ICP-MS) I 72 « - B A B A 2 A1 il s ik
F235 F B bR HEY) 5t (L3 [GBWO07979(GSS-37) )1 KKk TE AL 43 b5 #EY) 5L [GBW(E) 100915]) 4= F2 AT
s, FERSFRE AR, Cd WECE S AN 94%~109%F1 85%~97% .

24. BURSH

K #iz 2 8(Translocation Factor, TF)RHF 5T Cd £E/KAE & #B AL s BE H[18], tHHEARWF:

TF = Clatter

C

former

T, Clatter KT — 32 Cd & B (mg kg ™)s Cromer AZKFBHEET —FBA2H I Cd & 8 (mg-kg™)-
K FH Microsoft Office 2016, IBM SPSS Statistics 22.0 #:47 %85 #1481, KA Origin 2021 Pro 3k

frT e E, SCR SR 3 ANEERARRFME + adERZE®n = 3). RAHBEE T % 5 H1(One-way

ANOVA)FI Duncan % 5 LCEGHEAT A FR[A] ) 22 R 04T, P < 0.05 RN A AL BE 2 [ A4 AE 2 3 72

3. ZERES
N

3.1. AEIAEX IR pH. BHLRAIRNR
Al E En
CK T1 T2 T3 Ti T2

ENCLEE PNELS:
RIFING SR R R AR AT 2% % 58, P<0.05. FId.

Figure 1. Effects of different treatments on the pH and contents in soil

Bl 1. AEIRIEX 7K FERPRTIR pH EFRBHRES EHEN

8

W
o
1

(a) (b

~
O
T

& pHH
&

N

+HHR (g-kg™t)

IKFERE
IR

IKFEIRE

DOI: 10.12677/hjas.2025.158120 976 gk Btz


https://doi.org/10.12677/hjas.2025.158120

4,

RGN 55

RT3k KRR B - 498 pHL (R LR & B WL 1 ) 1)l 1, 55 CK ARBEARLL, T2 A0
T3 4bFE R+ pH .2 RERTHP < 0.05), M 55T T 0.38 1 0.50 AFAL, 1fif T1 AFEF -5 pH
B, W 1), 5 CK CHALL, T1~T3 &30 F -8 BRI H RIARE RT3
HT2 REEAEA LR R (P < 0.0 T 19.0%, T3 AbHE A HUR &% (P < 0.05148% T 13.8%, {H
T1 ARHE A LB A B 4 B 5 6 HEAR L 8 580

3.2. FEEN ] Cd EPEXBHERIF I

AN LIEE A Cd SERAEWILE 2. BE A, T2, T3 ABE SRR CK ALk, L3
F Cd AV B RS EELEE P <0.05)FK, FIESHIN 16.7% 26.2%, T T1 A /KFERFR 15 Cd 1Y
R RS S R I R, XU I T KR I s AR A it AT DA R g Cd R AR ok .

a a
' b
I |
CK T1 T2 T3

AN Ak

Figure 2. Effects of different treatments on the exchangeable Cd contents in soil

2. NEIRLIEXT 1% DTPA-Cd & 2/EH

S = o

— — \]

o o)) (=}
T 1

+DTPAIRIACIE & (mgkg)
(e}
[e)
W

N

IKAEHRP

3.3. FEIEXKFEEIBAL Cd FERIRMW

ANFEIRE XS K ARG AL Cd B sz WL 3. Rt AL CK AHEL, T1 AR N HAKFESEH Cd
TEEEP<0.05)FMK, FIEA 20.5%; KBEHEHARKS Cd &8 —ERERIK, HEFAREEK
S, MREBFIZER Cd 8N LB, £ T2 4T, BRABZER S Cd &8I EERILI, .
ML AR ) Cd S 2B EZEP < 0.05) TR, FEIE 7N 16.1%. 38.9%. 31.8%7H128.3%. T3 it
B, JKFE&MAL Cd S EHEFP<0.05) FFE, KBIIMRE. 225, i Bk r cd &2 T
WEEES> 9 14.7%. 37.0%. 45.4%. 54.5%H1 47.8%.

3.4. FRISLIEXKFE Cd 2 R HHIR N

KM 25 i B SRARERN Cd FIFE iz e T LLR 3518 REGROR, AR EL KRG &30 Cd ¥
2 2B L 4.5 CK AL, T1AREE R, TF = o TF w3 7 523 (P < 0.05)FEAIK T 36.8%F1 38.9%:
T2 AbFRH TF = wH1 TF - nnfi — EFEE K, (ERHRAEREA B2; T3 PR TF -2+ TF = wF1 TF - sx
B2 TP <0.05), FEIES N 25.7% 39.5%F1 58.4%; SACELH TF s - iU 5T H 2251k
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Figure 3. Effects of different treatments on the Cd content in different rice tissues
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Figure 4. Effects of different treatments on the translocation factor of Cd in different rice tissues
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3.5. FEISLERKFEF~=ERRMm

AN AL KA R AR UL 5. 5 CK ARHEAHLE, T1 AT T3 4B R /KARE ™ B B E N 1 5.9%M
2.7%, 3K Vi B - AR KRR AT — S IS ROR s T2 ARER R KRS ™ B B B T 2.7%, 1 B A
KA it 2 (A KA — R RE L R ™ o

12 -
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CK Tl T2 T3

AN RIS EE

Figure 5. Effects of different treatments on the rice yields

5. NEIALEERT K FE =8 1200

KFGFE (thaD)

4. i1ig

B R, WK EEES R Cd AR E . pH (A S ALIE IR B AL (Bh) K8 5 7K
FE ) Cd ARE[19]. ARIG KDL, T2 M T3 F F/KREMPR L3 pH AV S EE T CK A3 (K
1), DTPA $2HZ Cd & &L T CK ALFE(E 2); 1 T1 4FE K -3 pH. A HLF A DTPA LS Cd S &L
B . I U BV K E R R s L 43 b pH A HURAE UGS Cd &5 . WK RIS L AR 12k
oG LI pH Ak, SRR Y -8 pH $&TH 2 R M, 1 pH (A5 13 Cd 1A 2 AR R
[20] [21]o AREEHR, T2 Al T3 AbBEF PR H S Cd 85 CK MLEZEFRIE 1), K2Ryt
pH A BB R AR T LA Ca> MR HE A, B 28 OH-. POI™ . COZ &8%F CA* IUTIEEH,
MITBEAIC Cd G 2801 [22]. R, FEKSAE T LA NURBA — Mg, FZRMK)E L5 O
Wb, BEAS T AL s =, ATBUEA AL RAR[23]. BrEL, T2 A T3 AbBE R HIA PR & & 2
fe TR CKC A BRI o it T A% 7R A0 BE o 398G ML AR A AE — @ FR B PR T 3% Cd AR A 2
. AYURE &SR TATRE, RN TIEp Ca2 RO S 5 2 KAV ER, @A
LA SR NARME LI IR ERS Cd AN GRRAL[24], dhfifli L Cd A RPERR. Bk, 7
IKEMR I A o T PR R (L RIS F K EIRECE BRI 33 b Cd 1 RO D T R R T R E A

7K HE R I A5 I TR FELA% AU ARG M R, KRB Cd i &AL Cd FHZRE1(R B 72 7M1
EREAR(E 3 A 4), AHECILARALEE, HE/KADER B2 FRK T /KRR Cd &, FERFNTER/KA
N4 pH ACE N IIRT, i Cd BIEDA RE RS BRAG, HEmk> T OKFERR BT Cd iR, X5 R
FAHF25] Wan [26125HIRF 745 85 Bt - PH 2 700 A K HE BRI & T B FUALEE R, /KFER TF = o
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FTF o - e S 25 FRAC, 0 BH 10 428 577 32 B30 FHA% Cd KRG 2530 1 38 1358 1) 4 58 1) 38 R PR K
FERN Cd & & . MK T, /KR4 1E KRB B A . AR50 A48 A - 1 BELA 77
B ETCER (ST > 150 /L), - it 25 ek it [ BELA% ) AR 2550 I G B SR R Y C A2 A T T
TE, MR T Cd [ FEEZE[27] [28]0 R SRAR[291 550 T AR R I, 75 /KRG I T W e A ReE S5 M 5 T Cd
TEZE 0 [ e A B, fa He ) BIERE, 92> Cd MOKFEZEH Rt A s i A o e . PRtk R SR HE R
156G 1 BELAZ 77065 /KRG Cd O BEAZAE F b V7K A PRI 338 Cd AR R DL st /K B AR 6T Cd
IS b A A DS BEE ,  TT r BELAS SR G SRR T Cd MK AB 255 Ay 3. 38 ) 2 52 () s

ZE Ay HT, B it - T PE A% 7 BRSE AT MK HE YY) REAE — E YO N PR IRK AR A N ) Cd & &, i
VT A58 7145 it BB AN 23 RE MR KRB IR 7 i, (ERBELERE K TR i) Cd 5 ik ) 38 PR AR, s B kAT e /K E Wk
I, KFEARES. M. A KT Cd & & B R EEIC, (HaSEUKREA — @R 5); MK
FEWRIDCG o T BELA2 70 1 28 A 15 6 3 PR AR T R Cd AR AR RK RS Cd Wi, BN 252 /KRG 11
PR ARWFFLE AT, T2 M T)HRAMRK R Cd &5 T B3 dh 22 bR RUE BRI 4 (<0.2
mg-kg ), {HHEKEMLIE A T FHA% A AL G FE iR K Cd S &M 0.46 mg-kg ! &K Z 0.24 mg-kg ™!,
FEMEIAE] 47.8%, BE(RREK Cd & ERURIE B E Z /K (P < 0.01) (K] 3). A5G o 48 FH i - i BE #2751
KEAC, BEERERITANE ZRA, HERERE R, MKEBRIEEET IR, RPBEZEEE.
AL, 7R3 R Cd ¥ e A H rhon] D22 R B S 7K VR BRI it T PR 75 AR B R 8 it idE A7 B, A B SIS
GAEH 2 AR A . A5G SR TN A, — 7 T AT DA K P T BEL 4 79 14 s it 2 i kK, S — D7 TR T
K B U5 AST B T 10 1 [X -, R 2 A 5 A 2 E R v SR B ) i Wk 7 =X

5. &t

(1) VEZKREWEIPE A I THD P42 15 it ] B A% L3 o Cd B A= 078 350 o 75 /K RE R IBG & 1 T PHLA% AR EE R
T8 pH £ 1 0.5 MRAL, AHLURIER 1 13.8%, ARG Cd HEFIK T 26.2%.

(2) /K VEEME I A5 - T BEL 923 )i A8 it mT AR K ARG X Cd iR 55 532 . 18 HE 7K FE IR IR 45 P T FEL 4% 771
IR, KFREEIBAL Cd & BB R E P <0.05) NFE, KEKHH Cd & BB KT 47.8%; M- 2, 2
- WA - BRI E BB R E TIE T 25.7%. 39.5%F1 58.4%.

(3) TAE K RE MR IR A v T BELA2 ) A Tt T ZE AN R e /KRG = B L T, A RPRES Cd TE/K R A Py I
Bitia, W3 RRKREREKR Cd PRI
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