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1.1 AREXEHER
H 7 52 AR5 TR T 2018 4F, e hk7Eubi Bg 44 Ak
P AR O B m YN BTN B IRV 4 (27°317 N,
113°10" B, 4Kk 50 m) o BRI 17 8 W7 $ s 22 XU
TS, DUZRsrBE, RN, AL, K&
F2PIL, HEZIEM M, LR 286 d UL L,
AR 16 C & 18 °C, WEHZRRIED K,
AT B A8 A 44 AR v DXORIT R K T ) 1 ot R
Hio WIGFEH 0 ~ 15 cm HHZ ) LI EAB AL PE 5T a0
T AHUR. AR . SRS 404,
248, 0.54 f1 152 g kg, BRARE . TSR 5 4
SR WA 2500 3.27 Al 122 mg kg, 14 pH 5.40,
FHE 720 # (CEC) 14.5 cmol kg, #2445 0.687
mgkg', 5450999 mgkg'.
1.2 REigit
REK G —FE- N e, BE .

s R TR SRR 17 5, BRAEITE 4 AVIBR, 7 A
WeFk, ¥RATEE R 13 em x 20 cm, ARG R &
175.5 kg hm? (80.73 kg N hm?) , i ##&4 562.5
kg hm? (67.5 kg P,Os hm?) , & ALH 112.5 kg hm™

(67.5kg K,O0 hm?) , R JGiEMEKE 117 kg hm?

(53.82kg Nhm?) , S 112.5kghm? (67.5 kg
K,0 hm?) . WefgfFich C Wik 87, #4ETE 7 H
AR, 10 A FRGE, MATEE RN 17 em x 20 cm,
& % 1 Mt ) PR % 214.5 kg hm? (98.67 kg N hm?) ,
I W R 5 687 kg hm2 (82.44 kg P,O, hm?) , &1k
B 138 kg hm™ (82.8 kg K,O hm?) , iR 7 & iljiti J}

2 142.5 kg hm? (65.55 kg N hm?) , S fL%F 138
kg hm? (82.8 kg K,O hm?) . {40 &% . it
A it A= 0 At P RERE 4 /S Ab B, R4 A
PIEAT 3K, 12 DX, BN 33 m?,
AN FIZK e SRR T, 88 30 em, &/ X 73l
IKHERE . 25 A IT S A7 SEBRtes12), - AN[m] b 2
T KRB R A 2P LR 1o (A 2K ] e
PRI A= 7= (AR R R AT K, CaO it > 95%; itk /E
VI IEM B FETE, 1E 500 ~ 600 °C 1 il R A 24
HBe i, pH 2924 95 AEiCHENE A ¥ e b o o = )
B BRA F A= RS, Sio, #r & > 20%, CaO +
MgO & > 20%. 5 R AL RN FH = KA A T
SRR ) ol W R B DR 5 /51 2 /AN e
P AR MK R AR R i H R A, oK
538 R LT 7 6 45 4 2 bl B R 7 20T
PRI N X S A3

x1 TAEMBABSTAEHNYURTERE
Table 1 Application scheme of soil amendments per season

under different treatments

95 PG it FH
Number Treatment Application rate
T, pagii -

T, HIK 1500 kg hm2
T, MR 3000 kg hm?
T, HEAE 1500 kg hm

1.3 HmXEE

2020 FEAERL . MRRE RG], SR “S” B £ AT
FEVE, RATEPRFE o FEREAE S TEAR B 5 0 R
MR ZERFRIREOK =355, T 105 °C AR/, 60 C
BT, A KA ST B2 s, iz
IKFEBGRIIRAE 0 ~ 15 cm 2 HIERES . TI3ERE R
TE 2B RIE A 55T AR AT, % .
1.4 WEMDHFE

13 pH [T pH 3+ (ST 2100, 58 52 B 28 55 M
HIRAFD W, KLk 2.5 1. HETFZHE
i ] BaCl,-MgSO, £ w3, 4 A4 % ] SR 1% —
TR — 2R — s = IR A% (GB/T 17141—1997)
WE o WPEA P SR K-S RIEMEN. PR
HER R (GB 5009.268—2016) & . 14
WK ] DTPA 242 (GB/T 23739—2009) Jl5E .

KHIEH REONE 4R R B Wi AE 3 — /KR
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TFy_g, = Cro/Cs 100%
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TFgo-r. = C1./Cg,100%
TF,,_ri = Cri/CL.100%
BCF = Cy;/C,100%
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W&, KRR, KREEn—RK T
FH, BCF AELRE, Cov Cppn Cp M Cp 204K
T KRN AR 25 KRG R K v ) 4 1
(mg kg™ -
1.5 HiREAE
A B AT R A BEAT H s 20, AN A 4b
B2 0] (1) 2 2 e M A dd ek B IR 5 2 A B e R
(one-way ANOVA) , )5 % H LK i# 1T Duncan
RS, AHOCHE ATl Pearson VA5, FTH %
K338 L R BAFFT Origin 2020 58 .

8 -
@ a
T T . y /-/
o i vl
® ;_: 4 A i
H @ A F
2k // /,/‘ /
i /
0 . o T,
T, T, T,
40 ¢
(©) a
10 ab /I b
~ F T oA
B oy LS 547 } 7
=L o /
2 = 20 7 il
= o ; // #4 e
et A TS IS a7
10 | o G
0 ) s s
T] T% T4
12 ¢
(O]
a a
~o09r ¢ -I- 77
BE o o
‘UJ\E/06 j‘//" 7
8 , 7 '/
£ 03 7
e /
i v/ o
0 7 il K
T, T, T, T,
Qb3
Treatment

2 RS5O

2.1 AREAIERT T BB RBOR I

2020 “EMERSCER i, AN ) Ah RT3 AL
YRR 1 (a, b, ¢ d, e Fiam. AP
(i) 138 pH A7 4F % v, L T2 &b 2R 3 pH 5 i,
H96.92 £0.05, B m T EAR, T1. T3 M T4
ALFRR) -3 pH 23910 5.54+£0.18. 5.47+0.10 F15.69+
0.11. T3 A3 T-3E3G AN 31.90 + 1.93 gkg ',
WEET T4 (26.63+£3.42gkg!, P<0.05) . X T
NG, T2 AFEH 0.41 £0.09 mg kg, B EAE
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Fig.1 Physical and chemical properties of soils under different treatments
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6162 + 123 kg hm2 F1 7186 + 441 kg hm?, ifij T,
AT, PEAKFE 55 T, TEFHZER. ARG ERK
Wl 2 (b Fros, SRR & A 2T
WK K Ty>T,>T,>T,, o T, b PR L FERE K 55
RN 0.54+0.07 mg kg'o T, AbFH FLRGRE KA S B
4 0.16 +0.00 mg kg ', fI&T 0.20 mg kg [F[EH K&
LAKRAE . T A BRI FERE KR 2 A ey B AR K
M T3> T, > T, > T, o T, B RERE KA & &0
0.11+0.04mgkg"', &1 T, (0.06+0.01 mgkg™)

T, &bFE (0.03+£0.01 mgkg!) -
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Rice season
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Fig.2 Rice yield and cadmium contents in brown rice under

different treatments

e LI — KB RGN KRB E 5 R4
W& 3 Fios. T, AeFH/KAS Ty 4 0.90 +£0.49, H3%
i H A, o T, 43K 2.67 £0.30. T, 4B
JKAE TFe (025 + 0.10) B F & T T, (0.08 +
0.05) , HE T, AT, LREFE LS. KB TF,,,
YW % . BCF 7, #&4bBE 2 (A1 0 3 7
gt (P<0.05) , MREPNENF 7308 T, (0.13 +
0.03) >T, (0.08+0.02) >T, (007 +0.02) >
T, (0.03+0.01) .
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66.38% F1 11.35%., T EH M (DPTA-CA) HiF
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Fig.3 Transport and enrichment coefficients of cadmium in rice
under different treatments

(BCF) \ W LIE— P ITH RE (TFe,) Y
13 DPTA-Cd 5 2 IEAHICK R, 15 pH B HAHK
KE. ETICRSITIG R, AHE LR T,
X RiCd FEERPERIARIE, ERIRA REAL, 45 R W
K 5 fis. ARFsH, RiCd 5 13 DPTA-Cd 3%
IEAM %, &R A RiCd mg kg!' = —0.0822 +
0.297 DPTA-Cd mg kg™ (R,,?=0.503, P<0.05)

T-Cd, :
o
|
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e 03 'ppTA-Cd |
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2 “H\ gk W S :¥1
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Fig.4 Redundancy analysis (RDA) between cadmium content

and transport characteristics of rice and soil

environmental factors

24 A[ETEZE L pH MFRHEN
T4 — A it FH o R RS 35 pH R RO IR S
wiE 6 P, BRI, 3 pH AT R0 A R 1
Ak, T, BN, 138 pH 2 gh LT,
2018 A FLFFIT 1 pH y 5.10 £0.02, ZE55IRME,
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0.15
010l y=-0.0822 + 0.297x,
?; ’ Radj? = 0.530, P<0.05
EE -
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&
[
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M
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B 5 fRESEMHEERRZBREENE
Fig.5 Linear fitting between cadmium content in brown rice and

available cadmium in soil

2020 4 Fg i 407 13 pH - TF3] 6.92 + 0.05, S h
PEo HAdALFE 43 pH BARBIA K. Frfy b B,
[ AR R IS 0 5 pHL W v TR AR ARG IS, IRAE
FEIT 0+ pH N %o 17 3 S 5w, A 2018
SRR 2020 SR, A AL EA S, [FRIAERE
FE ST 3] 1 3 A 0 R AR T (R A ARG I Y, R AE LA
B3] - AT 30 D) T o
SRAREI ]

Sampling time
2018 52018 #2019 52019 12020 F 2020 M

soil pH

| W N ~ o] o
1% pH

Il

W

S o o o =

AR i (mg kg )
Soil DPTA-Cd contents
o NV B o o o

2018 2018 #2019 F 2019 2020 52020 K
SRAERT ]
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B 6 2018~2020 £EARFEAIET 1 pH FABERIRMETHL
Fig.6 Changes in soil pH and available cadmium under
different treatments from 2018 to 2020
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B PR, A IR R AR AT L Ca?
w ET, 5 CaR IBMTER LR, BRK T KRR Cd2
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Bl RS A A S H R s, TS E
SIBTE RIS AY), feilid$2m 135 pH R FEKE
& JBA R, I PR R A A RIS IR S
TR, WE Mg H TR RS EG Y R, 5
AR Vit H Re % 38 IR AE W A, T B
FCHE PN SRR R P AR R B N 0220 X9 A 55 1230 i
FOR AW IR RE M A7 20 BRI T 8 R AR K B8 &
o PR KRR FER S YL B g bt SRR T
REFERH A AR, 45 TR I ] A R ARK
FEREAKNT B8 W i . BT, AT FAL BE,
AR AL BRI IN T - S R R A LR A AR
&, BRSO R SR T Il AR B,
IR RE A DN A B ST A )k I it B (3000
kghm?) , HEHREAIREK (34E) , MR
SERRW], AWRAEERIE RN (14 EEH N+
B pH fH, MIMAE— N FIRES A, HAEY
Bkt 13 pH IR SGE 2 N TR BRI, BEAE I TR,
A v G R s, AR BF ST B, R
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VRTS8 A N VA R h B R B, 1T RE
SRR K IAEE AT DL, AR B0 G AR, o
FCT ARIK & BLAAE T LD b /K TR AR R 5%
Wi, R IR SR HEMR A A T AR R 03 R T RS K
A, (AETRAE KT, AR B s 4
T RER AR T o . X Se g R, AR
&L 4T R I BOR SRR R #AL
FURIAR 25 253 IR OC,  [R] I AR 4 1 6 FRD v il
AR FE R 2 e HAE R . % I& B AE DR b
FHXFE B, AESEBRE R AL = I T 225 [R A T A

RERIE RO BAERKR KB L HF R TEL—, 1
DA E ARBTG5 IR R AL, 386 IR oK 7 1 L
LT8R AR KR A (R AL 2030, B 2 )
N 2 R A A 2 R T TR A BT T A S 2%
AR AR TR el BENLEE, — Oy T I A 2+ 0
AL, fE S R AWM UTEER, BRI
BRIEE s Iy — U7 A GBI S K FE LA R ARG
TEPERIE BR B BB RE Ty, AR 1) O R AR K
FER N IIZ i, R feE 55 65 0 KRG A ) AT 26 F
DX RRAE FH o 0 25030k B IE 55 Ak IES it o 10 34 Jm 7K
ZEAPRMR AR R T R, S SR ) KRR R R
Rz, PRARKRLR AR & . FIRmesses fh s
W 5 ek ALt P 1 398 1 38 v A A 1) R R
ik, MjirERE (Na,SiO,) & 800 mg kg Itf, 3
RS S R RIS 10.57% o AHASHIFST FPi e b 21
. 48 pHL IR A DL R OK RS e i RRE K
I E X R AL G 2 22 S, X 0] AE e A ST AR
& /N (1500 kg hm2) , £ 2 EL 4> Si0, i B
20% FiAi, T EMERIG pH N 5.4, METHE R
NEALBEANGE 2 3 P 13 pH, SRR B 35
SRR ) B B T AR 2GS 05 A F R 80R
32 BEFEEKRIEER

AN IR 25 1) 7R R R K 3 i S e 1 LA
RS AREFTT, 2020 4F 55 B+ b A
SRS TR, MNHER PR 175 R
K& B w T AR (C Pt 87) , IXWfE
S DRI Ry it i 2 S DA R B L R A K B B P A0 4 1
ANTE] o 0 FE A T T AR 1 G R S, T
MR AL K I AR A 250K, 3 30 AEI R 2R
(7~10 1) MRERRRES (4~7 1) &3 C,
TMFERY /> 178 mmP, R w500 I
SEY PN R K 39 pH 5 B O R, A
W SECEEP L 7 (K. Na*t. Ca>*. Mg2*)

BEK ) R etk g, A ISR IR RS N, 2%
MR IR, 3 pH RAKEY, 1 g 7 HLX TR
oK CO, MR SR 2 S BE M g9 tE, Uk
TG G 5 nidi 38 pH FRARET . AW, PRUHHL
X T REABCGRE (7 7)) SRR KRS & T
Wefs (10 H) , AE1F R RN 118 pH (% T [F)
TEMRRE, SPEURREE AR TR,
13 RRREOR & & T ARG . 5 A4 )
ANTR], S R S50 A T e VA OIS R B, A
A AR e e Rs (Gt ) SR ETPREES &
W TR (R 35) o B55A500 e i i BH 3t X R
T BH H X KRG i P L 39 L6 I ARG R ISR IR R b 4 2
B T R ZE 118.93% ~ 429.11%. JRZ52505) %y
DLW FE 43 A EL DX R K B 1 A o e T R
(48.1%) , X HE T ELZ KRG S FPAS A R 1) 45
225, ANRIKAR SRR IS R M e A —

4 it

(1) AKX ZERE - a 50 R Te8 # %
s, (H-13E pH W THm, ARGRE EIEIC, KAEHE
(1) 6 4 REONE TR BIAR I s RERAC, L. g
TR o R . A KEA— A R R A,
S = AN 2N T B T YA A S A A
BRI,

(2) AW, T HEEHAA TG 20
TR, R MR R, (RS S R
TR REAEACEEN, TIEEALME . KRG
HEMPRE K P 7 5 by U T AL BR8] TG 2 2 2
AT RS, AW R A T AL B R ek
JE AR L e G B A s B, sk brie B Ak
pr, B AW R IR AR A% T2 A
FH 7] A )

(3) Bk SR (RICD) 5 HEAMESE
(DPTA-Cd) XA N: RiCdmgkg' =—0.0822 +
0.297 DPTA-Cd mg kg' (R, = 0.503, P < 0.05)
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Remediation of Cadmium-contaminated Rice Fields by Three
Consecutive Years of Amendment Application

LONG Ze-dong', FENG Qiu-Fen', HE Hao?, LUO Zun-chang',
TANG Hai-ming', SUN Mei'", SUN Geng' "
(1. Hunan Soil and Fertilizer Research Institute, Changsha 410125, China; 2. Hunan Agricultural University, Changsha 410128, China)

Abstract: [Objective] The aims were to investigate the remediation effect of lime, biochar and silicon fertilizer on moderate Cd-
contaminated rice fields after three consecutive years of application. [Method] The soil and rice system of typical double-cropping rice
area in Hunan Province was selected as the research object. Four treatments, control (T1), application of lime (T2), biochar (T3) and
silicon fertilizer (T4), were used in conducted in a randomized group design to analyze the physicochemical properties of paddy soil and
the cadmium content of rice with different amendments. The effects of soil factors on cadmium transport in soil-rice system were
investigated by redundancy analysis and regression analysis. [Results] The results showed that T, increased soil pH to 6.92 £ 0.05, soil
available Cd decreased to 0.41 £+ 0.09 mg kg™' compared with T, There were no significant differences in soil pH, available Cd and
dissolved organic matter in T; and T, treatments compared with T, treatments. Cd content in brown rice in T treatment were the highest
in the early and late season at 0.54 = 0.07 and 0.11 + 0.04 mg kg™'. The T, treatment had the lowest at 0.16 £ 0.00 and 0.03 + 0.01 mg
kg™'. The redundancy analysis showed that Cd content in brown rice was negatively correlated with soil pH and positively correlated with
soil available Cd (DPTA-Cd). The relationship between brown rice cadmium content (RiCd) and soil available Cd was as follows: RiCd
mg kg™'=-0.0822 + 0.297 DPTA-Cd mg kg™' (R,;7-0.503, P < 0.05). [Conclusion] Continuous application of lime for 3-year effectively
remediated paddy fields under moderately cadmium pollution due to soil pH increase and soil available cadmium reduction, could cut
down the Cd content in brown rice.

Key words: Cadmium; Lime; Biochar; Silicon; Double Cropping Rice
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