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Effects of flooding irrigation combined with passivators on Cd uptake and accumulation in rice

LI Chang', ZENG Peng">’, YANG Wen*, FENG Yikang', ZHANG Yue', WANG Dezheng', GU Jiaofeng"*?, LIAO Bohan"**, ZHOU
Hang">*

(1. College of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China;
2. Hunan Provincial Key Laboratory of Wetland and Soil Ecological Remediation, Changsha 410004, China; 3. Hunan Provincial
Engineering Laboratory of Rice Quality and Safety Control, Changsha 410004, China; 4. Zhongfang Agriculture and Rural Bureau, Huaihua
418005, China)

Abstract: A field experiment was conducted in a strictly controlled area of a soil cadmium (Cd) —contaminated paddy field to investigate
the effects of flooding irrigation combined with lime and soil passivators on the availability of Cd in soil, Cd uptake, and accumulation in
rice. The results showed that flooding irrigation combined with passivators could effectively reduce Cd availability in the soil and Cd uptake
and accumulation in rice. The soil pH under the treatment of flooding irrigation combined with lime and soil passivators was increased by
0.97 units relative to the control, while the soil available Cd content, as well as the Cd content in roots, stems and leaves of rice were
decreased by 36.4%, 63.0%, 80.3%, and 42.4%, respectively. The treatment of flooding irrigation combined with lime and soil passivators
reduced the content of Cd in brown rice to 0.15 mg-kg™'. Furthermore, the Cd accumulation in brown rice was significantly inhibited by the
flooding irrigation combined with the lime and soil passivator treatment. Compared to the control, the Cd bioconcentration factor and total
Cd accumulation in brown rice decreased by 67.8% and 62.8%, respectively. Therefore, flooding irrigation combined with passivators was
an effective measure to achieve rice safety production in the Cd—contaminated rice fields.

Keywords : soil Cd contamination; rice; safe utilization; flooding irrigation; passivation
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Table 1 Chang of plant height, tiller number and biomass of rice under flooding irrigation combined with passivators

Mo EERAAE R (g )

REK AP/ (g 1) P

Treatment Plant height/cm Tiller number Root biomass/(g+plant™) Aboveground biomass/(g-plant™) Brown rice biomass/(g-plant™)  Yield/(kg+hm™)

b B SrBERL AR/ (g BR )
CK 81.0+1.0c 22+5a 9.1+1.4a
Tl 83.0+1.0¢ 254 7.2+1.5a
T2 96.0+1.0a 26+2a 7.6+1.3a
T3 93.5+4.0a 24x1a 7.7+1.4a
T4 89.3:2.1b 25+2a 8.4+0.8a

163.5+36.1ab 54.5+19.3ab 20 437.3+7 246.6ab
156.3+25.0ab 45.4+2.3b 17 006.1+868.9b

201.2+32.1ab 69.7+12.7a 26 125.5+4 762.7a
145.6+37.1b 51.7+3.6ab 19 379.3+1 364.6ab
207.4£15.7a 71.6+8.8a 26 832.6+3 294.7a

T AR/NG FRER AR AR B AT B35 25 5%, P<0.05. Tl

Note: Different lowercase letters indicate significant differences between different treatments at P<0.05. The same below.
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Figure 1 Changes of soil pH value and CEC under flooding irrigation

04r

— i
—_—

HHo

02r

——i

soil/(mg-kg™)

[ 32 DTPA $25UE Cd 7 i

DTPA-Cd content in rice rhizosphere

KA

CK T1 T2 T3 T4
Kb Treatment

2 BKERNEEULEET LIRS CIAENETL
Figure 2 Changes of soil available Cd content under flooding

irrigation and passivation restoration
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Figure 3 Changes of Cd content in different parts of rice under

flooding irrigation and passivation restoration
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Figure 4 Changes of BCF in different parts of rice under flooding

irrigation and passivation rest
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Figure 5 Changes of Cd accumulation in different parts of rice

under flooding irrigation and passivation rest
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5), HL#E 7K Ab 36T B AR RS KA Cd 55 22 P RICR
AT S AT o R B R A B (6 2) , M K
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HEWETERRARK RS Cd BRI PR E EEMEH. 6
WF 58 2 WA, R 20 /K Ak B S 25 R 9 K R AR 3 OsV-
ramp1 F1 OsLCD 3 I G 235 2, JE TR /K 5 Cd
B AR K K T R T 0 KR AR PR AR 1] 4R
125 (ROL) B B B A, DA i 14 7K e AR 2 42k I i) T
S, T 9 K FE T Cd (R W RS 1S 7K T A it T
AR AR 28 IR B S5 PR AU B 1 T BE B, R BOE 21
Cd P2 B8 AE R 4 B RE ) DT 3036 Cd DAAR 1) 2538 iy 3
5™, Zeng SF0ONE 1 % 25 WA 2 i K VE TR A A5 ™
M A 11X Cd 75 YL H b Cd e K RS 25 2 M i B is &
B A 28.1%~51.1%, +3EA] &2 e 75 Cd & i
FRAR 46.2%~55.2% , KK Cd 7 et B E FRAK . A
R B 14 e P A, B 8 e IR R AR B Cd i %
O PRI E SR E SR CR (A Ca” )
Al Y5 Cd™ 5 4 BH 25 1 WOSC 181, 28 1 R A /K R AR vk
i Cd LR . Wei S5 & B, [R] st FH A 7 Al
& Si Y 3R R AT 2 R -4 pH A, HL Sit ] o Y
T C.d 7 290 0 R R A28 v 7 R SR R SRk 3
) R AMAFN AL FUA R 2 5T . Yang S5E Cd T3 YA H
Jits FH LS (A IR+ ) F K LT 98 3R B, LS i &2
SHE R T A RS Cd S IR T K
Cd SRR , HAE =22 220t 4 500 kg hm™ LSHT,
3R AT PO Cd 7% & B PR T 81.7% , K R ks
K CAdEHR/NT 02 mg-kg' o Li Z5EP7E W 7K 98 0 45 18
N R A, RIS CA RS K Cd i Ay
AR T 17.6%~44.1% F1 16.7%~55.6% , ¥ K Cd %
HW/NF 0.2 mg-kg' o L5 EAMHT AT, KU B )
B ARG 5 b X FRARS K e Cd W 5 55 12 (BRI T
B — S K T AL PR B — B ARAE ST A WKV TR

R2 EKERDREELEEREN FEK CdRERREILR
SRR R
Table 2 Comparison of the theoretical and practical effects of
flood irrigation and passivation restoration measures on the

reduction of Cd content in brown rice

R Cd & BRI 20 L

Percentage reduction of Cd

HARZER Jb

Technological type Treatment content in brown rice/%
AL T1 25
Single technology ™ 141

processing
T3 514
HAE AL T4 AR 59.3
Combined technology Theoretical effect in T4

processing T4 52 A 67.8

Actual effect in T4

P 1%) WHARTY

DI R Al 5205 it = S 30 ek 9 K I i £ 1 1 38
BRAS Cd 1 FRAK , K AF R AR X Cd B I s 2L, 3
W — 38 1 it P A R B R 2 s b pH L Btk
3 Cd, FRAR K FERE AR X Cd (1532, DT 3k 3]
WA EROR .

AIRIGZE TR 7E Cd V5 YL A% P X R 18
K HEWE PN R EE A& 5 (A K+ VR 359 + /K VEE I ) mT A
LR 3 Cd 9 A A A5 RK RS Cd Wi, 76 1%
T, KRB RE K Cd F AR 4l bR
(GB 2762—2022) , Hizf i A7 — & i3 - s i . 38
1 AR Cd & =B E B febn R P RE &
b it P AR RS >k Cd 5 B B E AOR 5 S PR ASCRA Hed
(F2), Al A T4 b B ORE K Cd % T 1Y SEPRAICR
(67.8% ) 1T BB HOR (59.3%) . [] I} B — 5 R 40 HE
o3 X RE K Cd 7% SRR 3 51.4%, B 2 = T4l ik
FIALFR , 2 B AL A A K IR AL R T AR K
Cd 7 5 sk i TR AR B . AR5 i £
R A5 L A 38 R B A5k B A, RS B AR AR Oy
4 500~6 000 JG , BEAE MBS MAER] . X T B &, 78
Cd V75 Y 398 v R R AR I SR B4 26 A WS /K DLARIE
L= FH e 4 (HAE KOG 5 e )l ] 25 R B
(] BV R 1 X o A DG g R B ZE et
B e 3R K KR AS BB SR AR
+ e Cd A ACHE TR R At K oy A LA
it LA B 4 it P A K B S 1 A g B
FI AT RE 2> FEC- 48 pH BT L3 Cd & AL FnfE Y
TR, R, ZERRYE Cd V5 Y ™ i & ¥ X R 1, 8
KHE R B IR B AR 2 it 2 — oA s8I S A (R AT
IKAE CAFRLER I i o FE S5 WIRIWESE v, e /K HE TR P
) B Ak 18 2 SO B KA B R 5 F R K 3 e
W% -

4 g

(1) ¥ 7K V8 Tk D3 ) i A8 52 ] — s R AR /K e
B A AR AE 77 o 2 S K T T BB I ot o A0 2 AN el £ 741
Ak B KR R R T 6 Ry 1 4 i 10.4% F
31.3%.

(2) ¥ 7K VTR Wb I 4 A A8 S 41 it v AR A1 - 3 o
Cd [ WA 5k, DL ROK RN Cd BRI . 7 8 7K
TBE P ) it fon A0 B FR R BRI AL PR, R RS Cd
HEFREK Cd % 8O0 BRI T 36.4% F167.8% ,
HREK Cd & AR T2 A 2 4 AR

(3) 75 7KV TE B ) A A8 B2 2 AR R AIG T K R X
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