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2. WHLAMKS:, 28 L3EE 5 ERTHE SIS, Wil Hii, 311300

TR G IR AR 15 s e 4R (0t AR TR P R, 76 4 SR s ek FH 2 8 2 1 xR e ARG P (20 kg / 667mP)
EEAEF & (40kg /667 m>). FEAEMEAIE (Skg/ 667 m®). FFHEEHE (10 kg/ 667 m*) 5 ANHIE/NX AR, BR
FERE. BRREX KRR 2R, PR, 8 (Cd) W2 K I m s .. 45 5RRM, #ERE. FriEsbReciEK
FEAEKIFRT TR, SHEEILEE 6.04%. &AL R RIOKTER. 2. M. Fk cd &8, 2HR>Z>0m>
FFRLA3 s AR AT IRE Cd FAR ) 22 5% 08, H S35 3 22 AT R R IE , SRR B4R o FH B REARAE RIS Cd Br
1K 26.89%, [RIN 42Tt L35 pH. GHURKREATR 5 = EE NSRS B0 S8 L ERA 5705 ZE6KE,
I EREE (40 kg/ 667 m®) T PRIFSEHUKREHE = KRR e R, R R PR TS YR 2 4 R PR 1) 000 320 it A 5
Jii o
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Effects of Fertilization Management on Cadmium Uptake and
Translocation in Rice

Qiying Huang', Jiujin Lu', Jianmiao Gao', Yanfei Sheng', Nan Ye', Liqing Fu"", Zhenggjian Ye’
1. Jinhua Agricultural Technology Extension and Seed Management Center, Jinhua, Zhejiang 321000,
China
2. Zhejiang A&F University, Provincial Key Laboratory of Soil Remediation and Quality Improvement,
Hangzhou, Zhejiang 311300, China

Abstract: To identify fertilization strategies for the safe utilization of acidic cadmium (Cd)-contaminated paddy fields, a field
experiment with five treatments was conducted in Jinhua: control (no amendment), low -rate silicon fertilizer (20 kg/ 667 m?),
high-rate silicon fertilizer (40 kg / 667 m?), low-rate zinc fertilizer (5 kg / 667 m?), and high-rate zinc fertilizer (10 kg / 667
m?). The effects of silicon and zinc fertilizers on rice agronomic traits, yield, Cd uptake and translocation, and soil
physicochemical properties were investigated. The results showed that both silicon and zinc fertilizers improved rice growth
and increased yield, with the high-rate silicon treatment achieving a yield increase of 6.04%. All fertilization treatments
significantly reduced Cd concentrations in rice roots, stems, leaves, and grains, following the order: root > stem > leaf > grain.
Fertilization promoted Cd translocation from roots to stems but significantly inhibited Cd translocation from stems to grains,
thereby reducing grain Cd concentration. The high-rate silicon treatment reduced soil available Cd by 26.89%, while

increasing soil pH, organic matter content, and available nutrients. The high-rate zinc treatment showed weaker effects and
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tended to induce soil acidification and nutrient antagonism. Overall, high-rate silicon fertilizer (40 kg / 667 m?) can
simultaneously enhance rice yield, reduce grain Cd accumulation, and improve soil quality, making it a preferred fertilization
strategy for the safe utilization of acidic Cd-contaminated paddy fields.

Keywords: Cadmium-contaminated paddy fields; Fertilization regulation; Rice; Cadmium translocation; Safe utilization

A A (C) 55 ORI R RS 24 5A SR R R Et . od BT,
AP RBVE S B, AR IR Y- R NNR, IR E IR R AR O L S (g
BRSP4 5 RS A AR Eon, FREBHL I Cd SATERR L 7.0%, HTERMEKTE
T pH K. AR S EZER K. HKEFEASFRE, Cd AEMEMER, KRR Cd BIsIR
B, R R 2R e A AR T R R S Y,

R RE Cd V5 PR I 2 2R, o0 RIEA SR LR AT, @l R 2. A
o SRPTEIE SRR, FRMEY Cd I BB, REEFFRLEARD O EIGERE (SD. 4 (Zn) 21
PR E & RIS e R R Al EIT 4R T 3% pH. 23 Cd Ui, SRR R EEE & . 1
5 Cd #ig A RIS, BIL Cd a3 SR e AL R E Rk, S
CA 54 H RIS 15 5 32 383, HH KRG R Cd RIS 5332, RN e fE A K S 1,

BT, FEAE. BEAEPHAEKAE Cd BRI R 2 b T — ekl — 2R, S0
FRME Cd ¥ e H I (R K XA Bt 7 e /b, HEERE IR K ARG Cd #5328 /0 Be . 3R 1 R K2 7745 Py
A S LT AR RS P ART R LA R HIX Cd JS ARG R R, TFIRREAE . B RS [F &
RS, RG ot HAbKREAEK, e, feE RN Cd ¥is L LI, Wi Le 2
HOSRIEHLH], N Cd 75 Y RE M 2 AR R AURHE MR 5 st BOR
1 MESFE
1.1 R HBER

PRI T- WL e s Cd y5 4efg H T R, T3S RN /K FE £, ZEREFERAL T : pH = 4.95,
HHLF 3.27%, AR 227.52 mg/kg, %00 11.37 mg/kg, AN 73.77 mg/kg, +iEE Cd &N
0.42mg/kg, JETHRE CdisRH, &R EFHBEARMI.

1.2 ARl

PERKRE: MHh AR FUKFE S P 1540, JERIEGE. FRr= PRy, Atialiekl: REAE. iiAnE
JE, Si>85g/L, pH=5.0-7.0, KAEYI<10 g/L, Na<10 g/L; Fefl: L/KRREREE, Zn>21%, KA
9, EETFA AR,

1.3 AR

KA/ ke, 3L 5 NMREE, JERHESMEAEIE — MR T1: FEXHE (CK: AN
FEARANGEAE, T2: REAMKAHE (20 kg/ 667 m®); T3: FEIEE MR (40 kg /667 m*); T4: HEIEALH]
B (5kg/667m°); T5: FfEEH®E (10kg/ 667 m>). M3 ANEE, HMXEHN30m’, X
[V S R 44T, B KBRS I Gi—#HE . EE. W R, MR AR A FE R AR R 5 2 7
HHUMEIE Y. EIEEAHE (20-10-15) 30kg/ 667 m*, BHEIRE 10kg/ 667 m’.

1.4 FEERESE

1.4.1 FHYIFE SRS
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IKFERCHIA, BN XBENLREE 5 BRACRIERR, R, 250w FPRL 3, RBFKBEE, 105 °C
A7 30min, 70 °CHETAMHE, e i .
1.4.2  F3EFENCRAE

[F25 K4 0-20 cm #HE 3, KT BB, i 2 mm 5 0.149 mm 7%, € pH. G HUFR . BRARE
R R B DTPA RIS H R Cd & &
1.4.3  WMETTE

T8 pH R HALVE OKAEE 2.5:1) W5E: AHUTCR A B TR AN 20 52 s BllAd 2R B
RS HOEDE ;A RUBER ) HCI-NH,F B 4e- 5086 Pt b 2l e s 1808k CH; COONH, 2 #2- K I
SRR EN Y, LI A Cd SRH 0.1 molVL DTPA V4R, HYIFE M2 HNOs-HCIO, MRS,
Y3 fe A SR B IR T 5 1 (GFAAS, PerkinElmer DI 5E o FT 45 23 Hr i FE 44948 FH 6 R b vEE R (GBW)
HEAT AR
1.5 HiEaE

IR (TFap) = #8F Beaan/ #9H Aca awo HHEKF WPS #H, SPSS 26.0 #HATHFF
77245581 (ANOVA), Duncan #i 2K ZEERR %25 BEM (p<0.05), Origin 2023 &,
2 SR55H
2.1 REEEREX KRR ZHER K= B

FERE. BEAEY B KRR 2RI = i . B A B AR I e K, ik 8.91%; HEAE
o FH BN A OB IR R, 18 5.21%:  BEARMR A SRR EOEIRIE 13.50%; HERC & =4 SRt 7t
2.38%, reEIIE 6.04%, AFTH LA . BEAC S =G S BUR TREAE A 2, RAREIRTERR
7= 5 T SR AR

£ 1 HIEEEWRKEESERKH A RRAKEF= B2

Table 1 Rice Yield Indicators under Fertilization Management

. 735 HRUFEEL ok ghEAIR PR
R b \

(em) (Jif8 /667 m?®) CRL/AD (%) (kg /667 m*)
1 2% [ %] HR 83.24+6.35a 12.65+0.51a 213.28+16.13a 82.19+0.45b 396.71+12.65a
2 HAE (RHED 84.33+8.14a 12.82+0.78a 220.56+22.67a 85.50+1.32a 412.93+9.88a
3 R (EHED 86.67+7.64a 13.31+0.56a 234.22+10.22a 85.76+1.06a 420.65+19.16a
4 BEAE (IRH&ED 90.67+3.21a 12.96+0.73a 242.00+£12.29a 82.33+0.88b 404.22+17.72a
5 AR (EHED 88.67+1.15a 12.86+1.02a 225.22420.12a 84.16+0.83a 409.09421.39a

E: FSEEE R ARNES TR EREE (p=0.05), T,
2.2 REFEXKFEARIAL Cd & BKIRN

FACHEIKAG Cd & B 2 IURSZE> AR 70 A, AP LR F RS 4E Cd 58, =
ERENLAER R Cd FElERCR %, T ENEALSRTT L pH, PG Cd WA RE, kR R
FPRL Cd Pt v 125, SRBARESE I AT A R PH I Cd [ T iR iz . 250 Cd WA ss, Ui
B A B R R

232



B2 R SEARER 2 W

3.0+ CORO=00

ab

;i i

=5
,_’_4

IALCdF & (mg/kg)
=

KB

b b b b
cd d b be

0.0

. A @ ) W &)
L ™ e A

B AR R OK B E SR R R K KRS Cd & BT

Fig. 1 Cd Content in Rice under Different Fertilization Treatments
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Fig. 2 Cd Translocation Factor in Rice
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2.4 REBEAEXKREAFEAL Cd & B KW

FRE PRI 535 PR A G Cd, e R AERCR eI, P 26.89% ; i TR R IE FEIEZ) 10%.
@R T pH, (23 Cd FERBRIR & S EATE, BRI ks IR L@ zn’" 5 Cd™
YRS T4, Ielo b SR B A7 s AR RN, DL AE ] B 22 R

0.18 7

0.15 o

HH
e E
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Fig. 3 Soil Available Cd Content under Fertilization Management

2.5 EEFEXNKREREHERE=ERZH
FENC 35 52T 3% pHL A WL, BB, AR, R, S EREIERCR R SRR
METE pH TR, JFRRBRA . RS E, AR Dl R S R RIE -5, =271

HEA) SR G e 0 22 BT RE, R v B e P A7 A R R AL XU
#® 2 RRERBMMFE ST

Table 2 Basic Soil Physicochemical Properties

e oH AL BRAR A Rk AR

(%) (mg/kg) (mg/kg) (mg/kg)
T1 4.96+0.11abc 3.29+0.17¢c 232.34+4.72b 10.68+0.83b 79.06 +5.60d
T2 5.03%0.11ab 3.7410.19ab 243.31+3.2ab 11.7410.84b 120.48 +7.65b
T3 5.124+0.14a 3.831+0.06a 24791+11.94a 16.51£0.29a 135.97+1.49a
T4 4.8340.05¢ 3.31£0.08¢c 236.83+8.88ab 11.55+1.16b 99.26+4.01c
TS 4.861+0.03bc 3.51%0.1bc 204.27+1.20¢ 8.40+0.70c 72.41+4.31d

3 Wik

e BEEWKAEA sl L B FRUR, EBCERA. 2 8E. et E R 5ottty e i
BB AR TR, AR AR AT MO SRS R KRR RO, XS A R AT B A
SEVE. SRTHHUBIR SHURAE ). AL Z G KD RE T F dr g PIAH e BRARAG A Rt Hh e
RO T R U, BIE R R E KRR AL s e B SRR, e R AR —
B, TRES B TSP, SRR B R B e g Y Ok, REARCE R T
BREE . B, Wl AR R VRS KT AR HE .

AR KRR AL Cd & BRI ZE> 4R, 5 O RS R — 80", B e iR At
WEFLSRE Cd F 8, A HNEMNBERAAEVEZER . RIL— a3 pH, i Cd
T b R B B A DT, PR 39 08 Cd, MR 206t Cd T as s> s 55—y i,
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FEFEAR A 22T R Bk B2 IR (it i e i e, S od X =4k, #Emifeidt cd diRm s,
M) Cd S FRPRIEE, R R, ZEERREE . FPRARAR B AR AR e
FARR Zn’" 5 Cd™ TERR RIS & %8 8 A B SE S PUE R, b kAR Cd B 5 ) 5%
B, EH 3 Cd BIILAE 1SS, EARRE Cd BURMRTREAEPY . Mt T, mEimimd s cd
TERERRAR P 0 20 BOAR RSBl 2 A I, B 326 e FE A T A 55 v A D TR 7 SR

FEARAEAHE 7T F BB “Plifb B R—o R IR —3RTHIE ) = E R — i, fE
JE SRR TF 3 pH, WOINRAR R A, SRALNT CATTRIMR I SUTTE, R I Cd A SRR
OFLEIRT S S5, REARME S LI NUR . B A BRI A R AR T, R T e
LIRS, (REFREMER SRS TR, WL ULRE ), 0K AT IR I B IRES
RS 5 RGN Y, MR T, B A A FE S AT I pH R 4, AR S A A S R
HFBFRNET, &8 zn>5 Ca® M S BIB FroE=B e, 0H H3maEmimt:, Wik
B L S AR, X — g5 R, EARTS QR R A AR, R AR R R, sk SR
FEACHE, LA S SRR AR 1 R R R XUGEY . i kG, RS R b, 1 Jeik B ok
EREMRIIT AR, BA AR 2 At S R AT .
4 ik

(1) REAESEE IR A8 BB R TR RRR 2R B = i, Jorbm B REAR (40 kg / 667 m™) H7 2%
Raefh, HRIE 6.04%.

(2) FEEEAE AT PR KRGS 48 T Cd &, HAMMARHE AR>S 22>k @il et cd
AR A ZE s $] Cd 2R mAFhisia, SEaHRFRL Cd i s R pe e .

(3) o PR AT 130 20 Cd A B FRIK 26.89%, RIS AT B0 RERPE 358 4R T L3 Ay
LRGSR RS Cd RS, HAFTE L3RRI 5 77 4 HE P KU

(4) LEEHRErs . RS TR AR, HERAERRYE Cd 15 %eRs P LLREAE 40 kg / 667 m’
VENRZ O REAEFE I B SRR (5 kg/ 667 m®) BLASRENCHEL M, LA G 5 A8
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