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Cadmium Reduction and Remediation Technology in Soil Based on a High-Cd-
Accumulating Rice Cultivar

TANG Zhixian, DONG Ge, TANG Zhong, ZHAO Fangjie, WANG PengT
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: [ Objective ] Cadmium (Cd) is the major pollutant in China’s agricultural soils, threatening soil environmental quality
and the safety of agricultural products. Thus, reducing Cd contamination in polluted soils is crucial for improving soil
environmental quality. Given that different rice varieties show a 10 to 32-fold difference in their ability to accumulate Cd and rice
plants generally have a high biomass (16.3—22.7 t-hm™2), their potential to reduce soil Cd levels is unparalleled. [ Method ] In this

study, multi-year and multi-location field trials were conducted using a high Cd-accumulating rice variety, W4, and field
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management measures were applied, such as draining paddy fields from the booting stage to maturity, to enhance soil Cd
availability. The removal efficiency and stability of W4 in removing soil Cd were evaluated. [ Result] In a three-year
consecutive field trial conducted in Changshu (soil Cd: 0.35 mgkg™", pH: 5.61), results showed that the straw biomass of W4 was
13.6 to 16.1 thm™ and 1.4 to 1.6 times higher than that of local conventional rice varieties. Its straw Cd concentration was 6.85 to
7.44 mg-kg™, 3.3 to 4.5 times higher than conventional varieties, and its grain Cd concentration was 2.38 to 3.38 mg-kg™', 6.3 to
9.4 times higher. The amount of Cd removed from the topsoil per season was 101.9 to 132.2 g-hm™, with a removal efficiency of
11.8% to 16.5%, 4.7 to 8.9 times higher than that of conventional rice. In a field trial in Xiangtan, Hunan Province (soil Cd:
0.89 mg~kg’1, pH: 5.50), the straw and grain yields of W4 were 13.8 thm™ and 6.5 thm™, with Cd concentrations of
10.22 mg'kg ' and 6.05 mg-kg’l, respectively. The Cd removal amount in the aboveground part was 180.6 g~hm’2, with a removal
efficiency of 7.4%. Model calculations suggest that the use of this high Cd-accumulating rice variety could reduce soil Cd from
1.0 mg-kg ™ (safe use threshold for farmland) to 0.3 mg-kg™' (risk screening value) within nine planting seasons. [ Conclusion ]

Given the low technical and cost barriers of rice cultivation, the use of high Cd-accumulating rice presents a simple, green, and

efficient technology for reducing soil Cd levels in China.

Key words: High Cd-accumulating rice variety; Cadmium; Phytoremediation; Removal efficiency
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Fig. 1 Biomass (a) and cadmium concentrations (b ) of straw and grain of different rice varieties in the field trial in Changshu, Jiangsu
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Fig.2 Cd accumulation ( a) and removal efficiency (b) by straw and grain of different rice varieties in the field trial in Changshu, Jiangsu
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Fig.3 Soil cadmium removal efficiency of different rice varieties in the field trial in Xiangtan, Hunan (‘a. Cd concentration, b. Biomass, c¢. Cd

accumulation, d. Removal efficiency )
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R R, BB KRR R SRR 2 3 2 15 .
TIPS AL . SRR AR R 4 S
PP R IR ST, L3R e AR S v A
TR SP/HS, HE FA AR, i
FRAR T 30 A &t s miAEHE KRy, 365 i
HBALNL” R RS RN, A R Ak R ) AT
iR, ff RHEARCSRE RKE BT 2P R
I BRI R H RS R, SR T AR
FE A R IR FHHEK AR5, PR %) 8 BURE RS H35 A
C12 FAFEXTHHER HIEMFERICERN 1.9%~2.5%
(Il 2b, & 3d), RAEER A 50T KR+
B BRBURIY 8 f5 ~ 11 A5 AR LA F i it
Al B R ALK RE T, ARSI B SRR
IKFE R A SR T8 B SR 1 P20 AR ST o
e = AR AL BOK R AL AD Wa KRG E 4R s R
i (OsHMA3 ) Tk o8 4 1 2k 0 = 5 B 8K i
P71, 24 OsSHMA3 THRETE R, 4R JoTE7E AR A0 i 1Y
WO R A7, TR M s, #5255
T 2 2t W4 B3R 5 Takahashi
ST ISR A e B A B OK R A AR I RS BRI 2
UEAl, W4 1 i L 5B 1yt e o R BB A o
(Bl 1a, K 3b), diGemmmm 24, Hib &
A e s ID U
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32 BAREAREE

AT LS T N A BOK R R Wa B
B - e A U E R . R R s
R, i —Se kR S R A R R R . &
A SR, A5 AR K B, At K
AR A4 B - S0, K /KR B RS FE RIS 43 25 H
Ab R, BESSIBLZ A IR A R H bR . VTR
R I AR IR 2 SR R, AR A RS
T ELA 5 T 35 8 BRI 3 (PR BERE N e T, R —
Fofr i SRR AS 1) B3 i R . 2 ARE T
RIS YR, fERRYE I (pH<6.5) SCHtiAK
Wl AE; XF 4 pH B P bEoarE £, 8 Mt
TNBATTRRAD | A TR A A b 2 A SRR P AT L - 4
pH W% 5~6, M HEmnart:, s
JE T i A A SRR S R R R BUB R0 . I
Ab, AR S KAE AR TR R, R
AR TELZSEMN,; ffrdwaick, &
M FEFFCHE | AEME S FBofELIE A, Bk, %
KA B S AR KRB RS FERRE A3 1 R B S R, 45
A EHBERM, MFEFFRERA . AR A
FIRHEA, SCIRSFERS BRI 0 AL Ab 21
33 EA¥ETEAH

4R B R 5 R —Fw Y
BEEME . BIR W4 B RACRIR T 8 48w R
WYL 5K, (HEXt T E 48 5 Y+ 5 A #
BUEE W sk . Blnge | e &0 T (55 .
0.6 mgkg', pH 5.0), fEH K& EN 514~
94.9 mgkg ', FHH 72.9 mgkg "M, RE W4 i
SN 6.9~7.4 mgkg!' (K 1b), K TLEE 5
K, HHAEYR (13.6~16.1 thm?) 2HET 5K
(3.5 thm?) A9 3 f5 20 B B AGBhAE A W4 HL 35
BB 114.5 g¢hm > (|8 2a), FWIED &
KBt PN 241 ghm™?) VOB 48%. TifE
WIEE R W4 M IR R 180.6 g-hm?
(& 3c), BT S RBERIEN 75%. R0 5K
Xt 0~ 15 em - R AR BRACRIE 13.8%~34.7%"",
BB AHHZE (0~20 cm) +3E, HBEHCRFHE
Ho15.4%, WS TR AR R W4 I BR AR
(11.8%~16.5% ), =W R A W4 1 R
(7.4%) {9 2526410, Zhou ZEPSMIFGY 1, 22
TR /A R b 3 R 2 B b R R R
[ 92%, Luo ZFPF5E KM, bk ARG 35

A 2R RN 63%~87%. XEKE, Mt
BRI MENT, SRR 22 a5
HSCE I PRI, JO i KRS 58 4 LA kR
A1 A 2 A, LIRS R AR AR X T
SWPEHRTE 1.2 5~ 1.8 15,
34 EENAEE

o7 FH i i B 2R KR it o ) A 0 18 R AR e A
FRE AR, AR RH. FREKFE
P BRI o0 3, TCT AN A IRXKAEFH
M ARIER AE, AT EKE IS AR SR
A UM R L mEEN, KB EEAR
(ST R BOR IR EE . (R, MXTF&5 E
K RERIAE, 5 AN AR BRI 288 BAS (ISR I e
BAREE SIS ) KI5 e E R R A, L
WA, MK RN 2.78 yuankg ' T
FEEN 9.8 thm?, FFAWAMER P12 27 105 yuan
R A] 7 55 Al 288 AR R 4 o 15 B R 3
AALIEREFFFT 2% F 750~1500 yuan-hm 2, FT4RFE
FF 935 2% 1500~4500 yuan-hm™> ( 5 FF 78 15~
22.5 thm 2, &% %% 100~200 yuan-t '), Kk, N
FHE R SRR A Z) R 30 000 yuan-hm 2. 1£75
PR R IX, AR KRS S5 AR ) S A i) 4
DAEWACAE, ST T AT e 7ET5 Y EH A X
AR KRS s 2w ierEr =, Rags
M

AT ETHE, MWk we BH 5 T
B8 PRSI Y PR BE A5 N e ) S, R — Pk
TR AR A - e p i e R ) R 25 R T
FE NAMEIE ZH R BIS N2, IR E AR H 1555
1YL B IR SR T B k.

4 & ik

AR fF 5 3 A AE VL H AR R I Y T ) 3
¥, SEAALAK MR, S8 TN AR AR Bk
i Fh Wa BBk B A I THE B R RCRRR e
INBEIE W AR )R AR, 455K, R RK
FEdh Al Wa BAZSHHEZ L B RR AR R T
7.4%~16.5% (V34 11.9% ). AERCHLH S22 15 Y
B b IR BE i A 2 Ml e e, I A BRAE IR
BAKAR . B TR BT R A hr S .
R UK SR Wa RO T Y R B E
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