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Abstract ; In order to understand the effects of foliar silicon fertilizer on cadmium ( Cd) reduction in brown rice as well as on Cd migra-
tion, transformation in different parts of rice and grain yield, a field experiment was carried out in a typical Cd — contaminated farm-
land in Xinyu City, including three treatments, two kinds of foliar silicon fertilizer (F1 and F2) and water as a control ( CK),
sprayed at jointing and blooming stages. The results showed that compared with CK, the rice yields of F1 and F2 treatments increased
by 4.70% ~6.26% , the Cd in brown rice significantly decreased by 33.3% ~56.0% (P <0.05) . Silicon (Si) in leaves and husks
increased by 25.2% ~134% (P <0.05) at harvest. The antagonistic coefficient in stem and husk of foliar silicon fertilizer treatment
was significantly higher than that of CK (P <0.05) . The Cd content in brown rice was positively correlated with the Cd contents in
husk, but negatively correlated with the Si content in husk and stem. The off — site verification test showed that foliar silicon fertilizer
effectively reduced the Cd in brown rice in low Cd polluted areas (0.31 mg-kg '), which was below the standard value
(0.20 mg-kg™") .
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1.1 #xRiER

RIS XA YL PG4 B i K BRI T A (27°47713"N, 114°59°21"E) , J& W HHF IR 1 28 XU
fB, AEHRIR 7.7 °C, AR 1595 mm, REE X LMK L, bR EE, REERT0 ~20 em £
JE A HUR 424, 95 g-kg ™', pH {1 5.36, 144 Cd &k 0.85 mg-kg ™', JRTHAE5 YL,

1.2 58igit

AL 3 AN bR, CK (KRR, FLO(RFIAEIE 1), F2 (FHEAEAE 2), BEALIXZH HEF,
3REL  WE/NXEFY 30 m?, NXZ A LA IERGHE, I A, 5 /NXOR A, g
W, HEeEHS KHA S H—5,

MEEREAL 1 W T AR, KSR, B R Si=85 g-L 7', pH5.0~7.0, Na<10 g-L™" | KAWEY)
<10 g-L™'; MFHiAEAL 2 W HBIHEEIL, B, HEZEEE N Si=20% . K,0=15.0% , KAEY <3% .
Na<3.0% ., KHIX% T 2020 4% 7 7 30 HFEKFELE, AN v B#. €9 H 15 H OKRER )
PSS — R RS, T 9 A 20 HIBCGE —RAEHRFEM; 7210 A7 H OKFEHAEN) WEE S — ot ik
AE, F10 712 HICGE QA pAEsy, T 11 3 12 B CBGRIA)  SF47 BUREFI ™ o e e i b Ol 3 B 22
Cor A il B #RFFE BT v & KRS AN o PFIETREAE 1 AN EIREAR 2 4331 56 KB 500 51 Fi mimit, F
JKABH T WA A AmEG , it AR 1 500 ml-hm ™ (2% 7= AR AL ) .

it B UE I T A X K RERE K A B Cd R, 43501 1 2020 AEZE BT A i K BRI R A (h
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Fi, £HE4 Cd H N 0.85 mg kg™ ), AWM KKE LS LA (KBE, 52 s5Eh
0.31 mg-kg™') . FATM/KXERMHFE FA (R, 34 Cd &EN0.55 mg-kg™') . FIATHKKX
TR P A (RS, 1HE4 Cd &8N 0.42 mg-kg ™) HEFT HIAHAL .
1.3 HRNE

KH S SRR R AE K RERE IR, 85T HNO; — H, O, JH i — A BRI & 55 B FIAROB I U e KRR . 25,
M. A58, BRI Cd M SIS . AR HTITIES % B HER L2 PN SRR S 0 7 s
1.4 HIEHH

it RIEF (www. r - project. org, R 4.2.0) GEit s g #E47 75 25 9B FAH o B, R A
R IEF T4 ggplo2 174K, SRA] Tukey HSD yAXTEHG AT 25 5 B35 (P <0.05) , Fhis REHKH
R MR ST Cd TR SR Cd TR IERR ;. PR BH KRR, skt siotksS
FEXT R B Cd T2 R .

2 HBREGHH

2.1 KBEEHAULCIESIEE
AKFESRCT A, B ALK AR R b Cd & i (F=0.17, P=0.85, [&1a), 22FFrh Si it (F =
0.59, P=0.58, K 1d) FitFriSi&& (F=0.34, P=0.73, K le) ¥ILHEXER, 5 CK AL, Fl
FF2 ZEFFrh Si N 7 23.7% ~37.3% , WA S E RIS T 3.9% ~9.7% . it F1 FlF2 ghREZE
i Cd B ZELT CK (F=6.20, P=0.03, K 1b), /3K T 53.8% F162.2% (P <0.05); MF

th Cd HRMEEMT CK (F=5.92, P=0.02, E lc), »HIFEMKT 47.9% F143.8% (P <0.05),
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Note: Different lowercase and capital letters indicate Cd or Si content have significant differences between treatments at jointing stage and blooming
stage, respectively (P <0.05) . The same is as below.
1 EEREXKFER T G IEHA AR EEALH Cd 1 Si & EH T

Fig. 1  Effects of foliar silicon fertilizer on Cd and Si contents in different parts of rice at jointing and blooming stages

KEEHAAW, M KRR R Cd &5 (F=0.03, P=0.97, Kl la), ZEFFH Si & (F =
3.70, P=0.08, E1d). BFHHSi &8 (F=0.56, P=0.60, & le) ¥R EZS. 5 CK AL, FI
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F2 25679 Si ST 95.8% ~97.9% , M Si ST 8.48% ~31.5% , JiJH F1 1 F2 4b3g
26 Cd FREEEMTF CK (F=5.22, P=0.048, & 1b), 43K T 50.5% F158.6% (P <0.05);
R Cd A LT CK (F=5.15, P=0.049, K lc), BT 69.7% f165.9% (P <0.05),

KWW, 5 CK AL, F1L A F2 A B Ay K A5 Z2AF h Cd % 4 43 00 e 35 I T 33.3% Fl 56. 3%
(P<0.05, Kl 2a), CK. F1 H1F2 kbBRRE KT Cd & 5485020 0,75, 0.52, 0.33 mg-kg ™', 5 CK ML,
F1 1 F2 4B KRRk b Cd 223 i) B 3 FRAK T 33.3% H156. 0% (P <0.05, [&2d); Jifi FH ik e 4k B
b E (F=0.45, P=0.66, E2b) FIA# (F=2.14, P=0.19, K 2c) | Cd &5 CK ML Z R
AW, 5 CKAHL, B F2 b3 fdirt hfn4s 7o iy Si & o0l & 38 m 1 31. 9% F1 134% 4, Hopab 3
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Fig. 2  Effects of foliar silicon fertilizer on Cd and Si contents in different parts of rice at harvest

2.2 KiECdHEERYRENRY
MF T RIS Cd iz RBASHUR BT A, SR L, 5 CKAHE, Wt AL s PR T 7K ARS
2R ML AsehESE Cd OCREREK T Cd ORIV R 8, H2ERIRINEEEKF; F1, F2 4
BRZEFE A e AU RS LR B 5 S T CK (P <0.05)
R ORI C BERB RN RS

Table 1  Cd transport coefficient and antagonistic coefficient of rice at harvest

TF AFgcq
Hb : ’
T K Bk P B -
Treatment A5% Husk 2L Stem I H Leaf
Stem — Brown rice Leaf — Brown rice Husk — Brown rice

CK 0.11 a 0.57 a 0.53 a 1.94 b 0.06 b 1.11 a
F1 0.10 a 0.49 a 0.49 a 3.65 a 0.17 a 1.57 a
F2 0.10 a 0.40 a 0.32 a 5.71 a 0.37 a 2.12 a

TE: TP AURIEEREG AP ARETIRE. ARG FRAURE IR 252 22 (P <0.05),
Note: TF indicates transport coefficient; AF indicates antagonistic coefficient. Different small letters indicate significant differences between treat-

ments at P <0. 05.
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2.3 WEHEM EEERE XK FE AL BRI SN0

&3 FTLAA H, KARERL™ iR 7 955 ~9 505 kg-hm ~*, K[ F /K REFPRL™ 1 2B F2 > F1 >
CK, 5 CK AL, Wit F1 AL R K RkER ™= RN 1 4. 70% , Wt F2 Ak BER A K R kERL™ 4 n 1
6.26% , AHIZGETTo3 B2 WO - T Ak AE A K R R PR ™ B 5 0 RIS B R 22 5
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Fig. 3 Effects of foliar silicon fertilizer on rice grain yield

2.4 WIRHEAKFEREBAL Cd 70 Si S 2RI XS
NERVPKAESEAL Cd 5 St & RRASCE, #E—2 7Bt it T RSk Cd BymeiLs], A3
Prorkek ., 2587, mHR . oo Cd S R ZERF . MR A5erh St S s AAHSC . 2 TGRS R B
N, KK Cd S5 A7ET G FREREIEMICKR (P<0.05), MSH5h, EMf S St RE
TAHRKR (P <0.05), [Fmf, #&7e Cd & 52EF Cd SR ERFIEMRKR (P<0.05),
R2 WIRHAKES Cd, Si S EEMEX R

Table 2 Correlation coefficients between Cd and Si contents in rice at harvest

Cd Si
7% Husk ZEFT Stem I F Leaf 5% Husk ZEFT Stem I F Leaf
Cd K&K Brown rice 0.62" 0.51 0.50 -0.73" -0.60" -0.45
Cd #+5¢ Husk — 0.72* 0.15 -0.49 -0.28 -0.33
Cd ZEfF Stem 0.72" — 0.32 -0.38 -0.50 -0.46
Cd M Leaf 0.15 0.32 — -0.11 -0.31 -0.51

T * FORMIEIRRAMEERE (P <0.05),

Note: * indicates significant difference between two coefficients at P <0. 05.

2.5 WM EAEEXKEREKS Cd B F IR R

Kl 4a i1 CK, F1 fil F2 A BRAGRER 0 Cd & 551508 0.96, 0.88, 0.77 mg-kg™', 5 CK AL, F1 I
F2 AhEER RS K Cd At FRAIR T 8.3% ~19.8% , {H2ER A3 ; Kl 4b f CK, F1 I F2 ZbBEAYHE K Cd
MBI 0.22, 0.13, 0.13 mg-kg ™', FI Fl F2 AbBEMG ARG K Cd 5 5 CK A H 3 MK T 40. 9% ~
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45.5% (P <0.05); [ 4c i CK, F1 F1 F2 AhFRAEREK S Cd &8558 0.49 . 0.43, 0.46 mg-kg™', &5
CK fHIL, F1 Al F2 b3 RLARREK Cd SRl T 6. 12% ~12.2% , HERARZE; K 4d v CK, F1 fil F2
AhERRREK R Cd SR 401k 0.33 . 0,18, 0.28 mg-kg ™', 5 CK AHLL, F1 Al F2 AbB ARt K Cd & BF
KT 15.2% ~45.5% , ZRWAEE; Kl 4e  CK, F1 Fl F2 LhHEFREK T Cd & &5 5120 0.39, 0.30,

0.26 mg-kg ™', 5 CKAHEL, F1 A1 F2 AbBErPAEAE K Cd SR FRMCT 23.1% ~33.3% , (HZERIFRBH B
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Fig. 4 Effects of foliar silicon fertilizer on Cd in brown rice in different locations
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I CATER, TR TR ARG B 2= d L B

e 220 s e N T WM Ak S B AR T /K A 1708 Cd &, EXTIR B Cd & 8% BB,
L P T DA — A KRR Cd ROR, ARt R IS CK AL, /KRS 317 309 4% 46 1w
W FRERE S, SRR TOKREZERF AN Cd it (43.8% ~69.7% ), HUGHR RSk Cd itk B
AR T 33.3% ~56.0% , KH XKW, WG ik IS 1T LA SRR K SRSk R 48 Cd & i
(18.9% ~57.14% ) * 2!

R REAL AL LA ZEFFAIAT S PR AL (AFgq) BIREET CK, MR Cd St E
At Cd iR R ER, MR REF D Si A 2 A0 R, BLUI W 00 5 14
T KRN SiCE, HHBKRERESE Cd . B BF9 R i TR/ Y L i U
MR T4 EROTER , BAME L AR AR, IR ER R AR & i sh, Cd TR
Si TLRAEFUMAIERUTTEEM ™, FNESHd T, Si ot SEFIMAEE A KRHE, BHlT Cd &
JEAMARIIZ T, TR Cd ZEK AR A B2 2 R rp s A BT RPI TOREAE, &A K IR T R LR
PR, R, B, BT B BEL M. HSERYR, KM EBOERLS, GHE. SBR. AIRS
Cd FUFSHIR, (48 Cd /K REHL_ b A S 2 B, WA T Cd ke kb s A,

ABFFE BRI F1 AT F2 QBRI BA KRR K Cd S K E] 0.2 mg-kg IR, TTAER N Jik
B 1 Cd SRR SR SHIEIR R R W], WG T AEALIS , MRS XDRE K Cd SOR B TR,
T RE S PR AR I T K222, WA T o T A G 0, , T R R T K e, ) - T S 3265 T L2038
KA, ARHEKFE NS RETT R W [ B S 6 UE S FE Y, G M T R PR S R K T Cd i AR T
6.1% ~45.5% , fEHAULAEREE Cd {53 (0.31 mg-kg™') AR MR Cd & BAK TARME(E 0.2 mg kg™
AT, MifEHEE Cdi5H ( >0.42 mg-kg™") BESRA, MmNEHESS A KR, TRk, &
Fhifve . KM BRAREAR Y AR B I0E Wi - T REAR S LRI . KA L (R 2K
AR TP Cd 5 e HUK Rk KR Cd A

4 2 @

(1) Wit b v e N ] LAAT SRR AR ZEAT L A A SE MIREK TP Y Cd i, R mURAS &R A2 P Si
S AURRRPR B, ZEOR Al LUgZD AR Cd 155 KUK o

(2) AHSCHERMRE KT Cd & 5/ MZEFFh St 2 B ERMICCR, Si5 Cd MFEHIRUN T L)
PRz K AERE R Cd BB

(3) SR IE SR W], B2 Cd i5 Ye i JH v mak AT AT LAAT RIS K Cd & & ELAIR T b i
0.2 mg-kg 'LAF, Wit E AL Cd 554 HE S 5 R MR Gl Ak . R 2008 45 B R AR IR B8 it o 45 4 it
B o
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