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Fig.1 Schematic diagram of soil pore water sampler
1.3 HmRESAE

TSR TAAE BT E TR pH BRI 3
ML (FKHCA 1 25) Wi, &R RHYLIKE
BAEWE, AHBTRH BEERRASMINIENE , HERL
iR AR BRIE I E , AR ] SRR AR—E
W5E, PHES 22 iRk H S RREENE . DTPA $2HX
SR DTPA (=T Rk, £EF
R, A SR RO 5E

X B I S 6 2 ) KRR L A% 0.45 pm JEIR S B

FEF RO EEACH Skl e K Cd. OoR)E
FoKFEHEAL (R Z2FF A o nl2E s e
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AR R T Z 087, K H Sigmaplot 14.0 /£

2 ERE5H

21 BIRENWTRBAHI T

AR KRG L7 KU HOMIE R 3%, Eh
SRR, P 2 AT, ¥I45 Eh BAR, XEHTH
AATIIR AR FE A HE K AL B AT DASE K RE A 200 B, -+
Bod JF g, ZEHH CK (KRR 1) Eh
AE T BN A E WIRARME, 9 59.57 mV; FER T 1
J (BeUE 20 d), B T1 AREE (REIEAKOD S HRAL
H ) Eh B in BA TR E, AR TEK
7y BE e A BT RO BEXS R T1 AL BEAM H A Ab
S HATIH AL, IRV ERE 9

250
200 | = B—R—B—A A, . A—R p DA
“ A NG - = R el
150 | o FA © . ® N S
B TS R & T
fe o5V \v 5.444": DNp—B
E 100 r 4/ A N oo A o 2%
= & A % Q )
% 50 | A (\‘\‘ 5 o A ',I.A\\s: X O—¢o '
A R - R O—<
% 0 PLE & o &7 ‘\_ S 4 oC~e__ O
5 A A S A =
=2 g5 L —4—CK —o—T1 R Ja [V
W g A & %)
100 ——T2 T3 v Q A 1%
—&—T4 —o—T5 o
N L S
150 16 o
-200 ! ! ! ! ! ! ! ! ! ! ! ! J
15 20 25 30 35 40 45 50 55 60 65 70 75 80
Fe ki a)/d

B2 REARIKSEELIEANLFREAL
Fig.2 Effects of water management at different growth stages on soil redox potential
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Sk EE, WKAFRR Eh B SEAR TR I RE AL
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F-76.47 mV; FASBRE Eh S48 %6 N T UAH K G
M FPE, T3 AHEEZRIY (AR5 46 d) i Eh P
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Fig.4 Cadmium concentration and yield of brown rice
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Fig.3 The change of the concentration of water-soluble Cd
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Fig.5 Distribution of cadmium mass in rice organs
5 CK ML, T6 AbHUKFEZEM R E ST
B 11.006, 1X i W7 st BT 7K D /KR 25 AR AR 2R
55 T6 AbBEAALL, T5 AL FHAMR 2340 & o5 LR % 9.0%,
XA VESR FL AT /K PT DARRARAR SRR . Ak
EF, T2, T3, T4 F1 T5 KB /KFE S AR LR L 20
W 72, IR AR MK GRS 3SR LAY, K
N AT K R M R AR AR 0 R 22 5%, 1 T4 4b
HUKABIR R4 R 6 46.5%, =T T2, T3 A TS
AEER, R AR T 4645 S 7K T DA B8 K
FEH N &R 2> KR B #eRs s 5 T2 AREALLE,
T1 AbBEKARE AR R AR5 B 27.9%, X 15t W] 7 B
JAORFFHE K AT DLRRARK AR AR AR 2R

%1 RRKSEERXTRBETIEEENACIE

Table 1 Cd concentration in different organs of rice under different water management modes mg/kg

AbEE HiEK B i EXSE H

CK 0.1340.023 a 0.1940.025a 1.4340.046 a 0.8320.079 a 0.1440.015a
T1 0.0320.001 b 0.020.004 b 0.5740.156 b 0.1240.001 b 0.0520.004 ¢
T2 0.0320.002 b 0.0520.011 b 0.7840.053 b 0.2240.008 b 0.080.005 bc
T3 0.0340.005 b 0.0420.006 b 0.6340.037 b 0.2340.014 b 0.0920.005 b
T4 0.0320.003 b 0.0420.017 b 0.7140.025 b 0.1920.015 b 0.0720.005 bc
T5 0.0320.003 b 0.0320.005 b 0.6320.068 b 0.2120.021 b 0.1020.009 b
T6 0.0420.003 b 0.0420.010 b 0.880.186 ab 0.2146.020 b 0.0820.008 bc

E o OAFNG FRERRFE— AR AT A 257 B2 (p<0.05), FH.
33 8
3.1 SWIEERA Eh 5H1ERRKAM Cd XA
AHFGE A, WEAK G L I3 ) A S LT B A,
A 7K s ) R K P Ak B A A S L7 ARG, 3 i
e, X5 Wang 25U 51 48 AR — B, IXTTREE
PR E 33K A AT B AT KR I, Bk B A S AR S5

AR R E R T, B3 Eh BETFREP, K
WIF 78 Fp A /K A B BB B 2 920 AR Bk - BV R K IR
P Cd, XAREAE T IR N TR
EFERA, SO HHE oy S22, cd®* 5 S*TK AL CdS
UUUE, BCE WK E IFRR R . o CK 7K
Cd 7E 7RI f5 KM B%, X 7] g 5 10 1] CK & ik
JREAL T FEA G, ZIAH 433 Pearson #HKC &
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BT g6 — 32, Bl R A B W 4k
B SRBUK IR E Cd ARk, Honma 207t [F]
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I, FEREWEE IR P, RIKYEME Cd ARk B
2 AR KA DL S

32 K EEEKERRBFKESEN KR

AW T, ASFAE B IR A KR A [F 28 B AR
R AN o B K 32 BRI K R 250 [ gk
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T I AMALEE, FHIER MK FEHL T 562 b 3R 7,
I 5 5 ' e S VIR 5 o LA AR A7 A ) 4 B K P s
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B R KNSR 8. T2 /KRR B8R
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33 5 00 B e S OV 5 e B K R A 4 B BTG L 30
WK B E L Cd 45 e HILL.
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I B 2 UK TR R R B R, KRR
MR K3 R P RCRA DA B K R T R0y B 22 ),
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FELE SR AR E PG, X5 AW R BUm e
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A B TR RO A, iR et ek B
PR E I DA K AR AL BEAR L, % F K B K 2 18
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KRG BRI, KK SBUKRE LR 6, B
YRR A R B A i L 5B

4 45 i

1) KRG E A 5 AT 5 AR B - 3 i KT
P Cd FiE NS BN EE B, 3Rk s E it
JJERSER VAT N T N 5 ) @ [/ 7w 28717
HHK Y TE Cd it o B th i g, T3 ANH /K 5 B
% FBF 75.0%.
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TRAKFEZEATIARAR 2, FIHIER MK TG [ 25 4038 7
() 7% R AR TR B AR R
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Improving Water Management to Reduce Cd Accumulation in
Rice in Lightly Cd-Polluted Paddy Soils

GE Ying"?, MA Jinchuan?, ZOU Ping?, PAN Jianging®, CHEN Lifen?, SHI Qiwei®, MA Junwei?"

(1. School of Environmental and Resource Sciences, Zhejiang A & F University, Hangzhou 311300, China; 2. Institute of Environment,
Resource, Soil and Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 3. Agriculture and Rural Affairs
Bureau of Changxing County, Changxing 313100, China; 4. Agriculture and Rural Affairs Bureau, Liandu District, Lishui City,
Lishui 323000, China; 5. Agricultural Technology Extension Center of Kegiao District, Shaoxing City, Shaoxing 312030, China)

Abstract: [Background] Soil pollution by cadmium has become an increasing concern not only because of its
toxicity after entering the food chain but also due to its detrimental impact on soil quality and developing sustainable
agriculture. As all biogeochemical processes controlling Cd bioavailability in soil are modulated by soil moisture, we
conjecture that improving water management should be able to immobilize Cd and reduce its root uptake and
translocation in crop. [ Objective] The purpose of this paper is to experimentally explore the appropriate water
management to reduce Cd uptake and translocation in rice grown in lightly Cd-polluted paddy soils. [ Method] The
experiment was conducted in pots and consisted of seven treatments: Keeping the soil moist at a predefined level
during the whole growth season (CK); keeping the pot flooded during the whole growth season (T1), flooding from
the stem elongation stage onwards (T2), flooding from the panicle initiation to booting stage onwards (T3), flooding
from the heading and flowering stage onwards (T4), flooding from milk grain stage onwards (T5), and flooding from
dough grain stage onwards (T6). All treatments were drained one week before harvest. In each treatment, we
measured Cd accumulation in different plant tissues, as well as the changes in redox potential and soluble Cd in the
rhizosphere. [ Result] Both redox potential and soluble Cd in soil were positively correlated at significant level
(p<0.01). Both redox potential and soluble Cd in soil dropped steadily after flooding, making the soil more reductive.
The longer the flooding lasted, the lower the redox potential was. The redox potential in T1 could drop as low as
-159.78 mV, and T3 reduced the soluble Cd in the rhizosphere by 75.0%. The cadmium content in the rice grains did
not exceed the criterion set in the national food safety standard (GB2762—2017) regardless of the treatments.
Compared with CK, T1 reduced Cd content in the rice by 76.9% while in the meantime increasing rice yield by
19.2%. T6 impeded Cd translocation from the roots to the shoots, by increasing the Cd fraction in the roots by 15.2%
and reducing the Cd accumulation in the stems by 13.0%. On average, flooding impeded Cd translocation from
leaves to grains. Compared with CK, T5 increased the fraction of Cd in leaves by 5.0% while T3 reduced the fraction
of Cd in grains by 4.3%. [ Conclusion] Considering the balance of yield, Cd content in grain and ease of
implementation, the best water management for the lightly Cd-contaminated paddy soils was to flood the fields from
the heading and flowering stage until one week prior to the harvest.

Key words: water management; rice growth stage; cadmium; redox potential; rhizosphere; soluble Cd
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