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1 E. PR R RS TS YRR R F R RN R XORTEIRE, S IR FTH 8 L e B 1SS B /KAE A (CARER N

IR S R ERBEF 30 Cd Wi B AR . S5 REM . SXIAHE, 1.5 ~ 4.5 vhm® H AT AY 1SS JHERFG KRS = B0 B 3%
PR, (R E AR Cd & 35.4% ~ 54.3%, HF% Cd AURKES 1SS TR Bt FH S A3 nni s ; 1SS JMBERIEi 1 475, A

K Cd TRAIBERK 32.2% ~ 44.2%, BROK Cd SRS b —FELEFEZER; MEHAREEET, 1SS WG AYEK Cd

RS EARGEE BT B E S, B Uii 1SS HERIRDREE Cd SURM KA Se s, HIUKREAET SR ER R, K

REBEK Cd Al 0.19 mg/kg, KT 0.2 mg/kg MBRIEARME(GB 2762—2022); KRERIFED S 3 AT 43 -SRI 11,1 g/hm?

H199.5 g/hm” B Cd, FEFFESHIE) Cd BERE M AR 15 Cd MERY 1.00% Tl 8.96%. /KAFAET e RASVER—Fhis e 135 Cd W
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Immobilization and Reduction Remediation of Moderate and Light Cadmium Polluted Acidic

Paddy Soils

ZHOU Xin"? YU Xian’an?, ZHANG Jinfu®>, ZHOU Tong*", YANG Hongfei'*, WU Longhua®

(1 School of Ecology and Environment, Anhui Normal University, Wuhu, Anhui 241002, China; 2 State Key Laboratory of Soil
and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 3 Nanjing City
Gaochun Arable Land Quality Protection Station, Nanjing 211300, China)

Abstract: In the moderate and light cadmium (Cd) polluted acidic paddy soils in the suburbs of Nanjing, two field experiments were
conducted to study the reduction effects of soil conditioner ISS on rice Cd accumulation and the rice-Sedum plumbizincicola rotation
on soil Cd content, respectively. Compared with the control treatment, 1.5-4.5 t/hm® of ISS applications had no significant effect on
rice yield, but significantly reduced Cd concentration in brown rice by 35.4%—54.3%, and the reduction of Cd concentration in brown
rice increased with the increase of ISS application rate. One year after the application of ISS was stopped, Cd concentration in brown
rice was still significantly reduced by 32.2%-44.2%, and Cd concentration in brown rice was insignificantly different from that of the
previous year. There was also insignificant difference in Cd concentrations in brown rice between ISS and quicklime treatments
under the same application rate, which further demonstrated the long-term effect and stability of ISS conditioner on the reduction of
rice Cd accumulation. In the rotation system of rice and hyperaccumulator Sedum plumbizincicola, Cd concentration in brown rice
was 0.19 mg/kg which was lower than the limit standard of 0.2 mg/kg (GB 2762—2022). The total uptakes of Cd in the shoots of
rice and Sedum plumbizincicola were 11.1 g/hm? and 99.5 g/hm?, which accounted for 1.00% and 8.96% of the total Cd of soil,
respectively. Thus, the rotation of rice-Sedum plumbizincicola is a “phytoremediation coupled with agro-production” technology with
great potential for the reduction remediation of Cd polluted soil.

Key words: Cadmium; Paddy soil; Immobilization remediation; Phytoextraction; Safe utilization
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0.01 mol/L CaClL, #AT#2HL, +¥IkAy1:10; +IE
pH ARG, HKHA 1 2.5, RIERAYIH
TR A S - R BOR P Cd i R B S S T
PR 3% {1 (ICP-MS, Optima 8000, Perkin Elmer,
Waltham, MA)E . HEH F ok A E K br e
Z: BT (SRR ) A T o AT e s ), e
JIT R A L Rt
1.5 HiEAES%it o

K H Excel 2021 47 5cdsab 2 561 R A
SPSS 22.0 AT I 22 0 BT M2 HEEL(LSD %),
MK TE R P<0.05, #F IR IR R AR IEA i,
W HEAT O B e Jm AR SE 0 A

2 ZER591M

21 HUEEXNKEEEMERFESENTT
2021 4, AN [wl it FH 2 (8 A A BORIAB A2 b ) 1SS
XK FEF e E R (R 1), 2021 4EAT 2022 48,
Xof FRAL K FRRE K Cd 5543008 0.14 ~ 0.23 mg/kg Fi
0.14 ~ 0.21 mg/kg, “FHMEIIHN 0.18 mg/kg, FA(H
=T GB 2762—2022 ( B ZeEEERME s
JuRE ) AR7E0.2 me/kg)!', SXTIEAHLL, 1.5,
3.0 Al 4.5 thm® A KA B FKREREK Cd & ife
2021 4F L E R 44.0%. 68.6% F172.4%, 1E 2022 4F
2 T H% 40.1% ., 41.9% F158.3%; 1.5, 3.0 F1 4.5 t/hm”
ISS A AL BN K FFREK Cd B 7 2021 AR T
M 35.4%. 44.6% FI 54.3%, 7E 2022 4ERE FFE
32.2%. 40.9% I 44.2%. Bl 398 B 0
BN, REK Cd SRS TGS, HIEsL ks
KoCd SRR B RS R R B b B R K
Cd # A RRERAE 2022 4F48 2021 4EREIE, 1H 2022
AFEF 2021 ARAREK Cd ARG BB M5 5 (% 3.0 t/hm?
A AR B, BB RS 1 AR S REAE Cd
15 YA EARHFR R Ae o WA I 2O S FEAR A Y
fit AT, 1SS JHBELFIANBEAREK Cd R4
A KA BB TC R 25 5, 1E— 25 A 1SS JH B

F1 FREFEFERHEXKE~EFKEK Cd
EERFIY
Table 1  Effects of conditioner application rates on rice yield and
cadmium concentration

LB e 7 (Yhm?)
(thm®) 2021 4F
papilst 0
AR LS
30  8.10+083a 0.057+0.014 Be 0.107 +0.022 Abc

BiK Cd &5 (mg/kg)
2021 4F 2022 4F
843+0.65a 0.181+0.050Aa 0.184+0.029 Aa

8.73+1.49a 0.101 £0.027 Ab 0.110+0.031 Abc

45 839+152a 0.050+0.018 Ac 0.077+0.037 Ac
ISS 1.5 8.54+2.02a 0.117+0.012Ab 0.125+0.030 Ab
30  7.77+1.66a 0.100+0.012Ab 0.109 +0.012 Abc
45  8.17+139a 0.083+0.015 Abc 0.103 = 0.002 Abc
TE: FFARFNG 5 B R AN ) A 3] 22 5 .2 (P<0.05),
[T AR IRKR S R R Rk Cd &7 2021 451 2022 4 1] ¢ 156
25 B #(P<0.05); FH,

ARG KRR Cd SR BN R AE .
2.2 &k iEET LI pH MERNSESEN M

X REALBRELES, 1.5, 3.0 Al 4.5 t/hm” 2E 7 Kt
P8R = T 43 pH, o 2021 4F 4R S T 0.83
1.05 F1 1.25 N8y, 2022 4EBEARE T 070, 0.61
1 1.04 DEAAL(FE 2), 2021 4F 135 pH B FHE 35K
R TAKE Cd &, M 2022 454X 4.5 t/hm® 447K
Ab PR G RN T A RS Cd &, 1SS EIAL
HIXE -8 pH 5Zm/N, 1L 2021 4F 4.5 vhm® (1) ISS
b3 A3 pH BO6 IR E R T 0.75 Ay (H A
S Cd Er B IR i NI, 2022 4F, (L 4.5 thm’
() 1SS JRIFHFIAL I -3 A RS Cd HR R E M.
[ P 25 0F T, A A AR BRI 438 pH 8 35 5 T 1SS
JHHEIRI AL H A 3R pH, A Cd FHEER
AN 52021 4EAHEL, 2022 4F 1.5 t/hm® F1 3.0 t/hm?
PR R B A ROS Cd R BE LI, (L
4.5 t/hm® RhERAY HEA RS Cd SR 2R
23 KBy ERRIETEDERKMFBREL

A1)

wE 1R, K- SRR ERG R A
IKFEREAT = 20914 6.24 t/hm? Fil 6.93 t/hm?, /KRS T
HPA R B TR 5K 1.40 thm? (758, MR /K
Rl “REKE 467 Ik 81.5% AOHEARET $14445
FZKRE S BRE K = B 5.09 thm?. K FEpkE K Al
FEFF Cd &394 0.19 mg/kg A1 1.46 mg/kg, Hi
ek Cd & 8L T GB 2762—2022 (&4 FE Kbk
e B i rPIs YRR ) PRIE0.2 me/kg). KR
Mo EB Cd Fa AL, AR SR ERRRY Cd AR
JIH#(70.8 mg/kg). MR ES Cd FEEdE, 5
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Table 2  Effects of conditioner application on soil pH and available cadmium concentration

Qb3 Jife FH 1 + 3% pH AA Cd & (mgkg)
(t/hm’) 2021 4F 2022 4F 2021 4F 2022 4E
X} Hit 0 5.64+0.17 Ac 5.55+0.30 Ac 0.079 + 0.022 Aa 0.094 + 0.026 Aa
HAK 1.5 6.47 +0.33 Ab 6.25+0.33 Aab 0.018 £ 0.008 Bb 0.071 £ 0.020 Aabc
3.0 6.69 + 0.24 Aab 6.16 + 0.33 Aab 0.014 + 0.007 Bb 0.070 + 0.005 Aabc
45 6.89+0.11 Aa 6.60 +0.14 Ba 0.014 + 0.008 Ab 0.051 + 0.038 Abc
ISS 1.5 5.76 £ 0.22 Ac 5.65+0.26 Ac 0.030 + 0.020 Bb 0.090 + 0.029 Aab
3.0 5.87+0.14 Ac 5.84+0.18 Abc 0.020 + 0.012 Bb 0.082 + 0.017 Aabe
45 6.39+0.20 Ab 5.93 +0.25 Abc 0.022 +0.021 Ab 0.045 + 0.027 Ac
10r 120 .
90 |
a
8l 60‘- % —
= =
T 2 / =
= 6F 7% / ~
s % E 2 / =
1] H / g
© oIt / 3
2F /
C /
0 w7 )

4 0 xA
R 5K Bk

' KRSREFF
B

KREREFE AEDHER
bl

dl

(F R TR NG FhE 3 /R AL BR8] 774 Bk 3 25 5% (P<0.05))
E1 RIERZPKEMEY SR EEEK Cd Rig

Fig. 1 Uptakes of cadmium in shoots of rice and Sedum plumbizicicola under rotation system
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FEMBE, BA A SRR BifkiBE RO
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i Cd Wl ik Ae AR, 38 pH JHYIE A2 1SS
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Fig. 2 Changes in soil total cadmium concentrations(A)and cadmium phytoextraction efficiency(B)under rotation of rice and Sedum
plumbizicicola
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HT R CdsYeR I A =g E” AR
2, (LS 198 R0 I A 288 3113 o DA 22 4 1
FEA SRS, R RS R B A .

4 £
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