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Aceumulation of Cd and Pb in Doque -Cropping Rice

LI Lm"feng1 § B WANG Yanzhong'>** | 11 Yi-ghun'; 3 TANG Mlng deng'** LI Qi"*** Al Shao-ying'***"

(1. Inbtltute of Agnculﬁlral Resources and Environment, Guangdong Academy o,f Kgn( ultural Sciences, Guangzhou 510640, China; 2. Key Laboratory of Plant Nutrition and
Fertilizer inSouth Region, Ministry of Agriculture, Guangzhou 510640, China; 3. Guangdong Key Laboratory of Nutrient Cycling and Farmland Conservation, Guangzhou
510640, Cnina; 4. Guangdong Engineering Research Center for Monitoring and Prevention of Agricultural Non-point Source Pollution, Guangzhou 510640, China)

Abstract; The bioavailability of heavy metals in soil and the physiological activities of rice determine the accumulation of heavy metals in brown rice. In this study, a field
experiment was conducted in a rice paddy in which the total amount of Cd in the soil did not exceed the national standard, whereas the Cd in rice grains was at risk of
overreaching in the suburbs of Guangzhou city. The bioavailability of heavy metals in the soil and the physiological barrier of rice were taken as the starting point. The early
and late rice yield, brown rice heavy metal content, Cd and Pb enrichment coefficient, total soil heavy metals, soil physical and chemical properties, and soil Cd and Ph
species distribution were investigated under the Si-rich amendment (JD), Ca-Mg amendment (YY), Si-rich amendment + flooding irrigation (JD +YS), and Ca-Mg
amendment + flooding irrigation (YY +YS) treatments. The results showed that; (D) the total @( Cd) in the soil was only 0. 13 mg+kg ™" in the CK treatment. However, the

~!. The early rice varieties ( hybrid rice) had a more vital ability to accumulate Cd and total As in brown

average @( Cd) in the grain of early rice reached up to 0. 19 mg-kg
rice than that in late rice varieties ( conventional rice) but a lower capacity for Pb accumulation. @) JD and YY application alone had no noticeable inhibitory effect on the
accumulation of Cd and Pb in brown rice; however, JD + YS and YY + YS treatments significantly inhibited the accumulation of Cd and Pb in brown rice in both early and late
rice, especially in the JD + YS treatment, which decreased the Cd and Ph accumulation by 65.8% and 68% for early rice and by 71.43% and 49.15% for late rice,
respectively. The primary mechanism of JD + YS was to increase soil pH and maintain a low redox potential to promote soil Cd and Pb to be transformed from acid-soluble to
a reduced state and residue state, thus decreasing Cd and Pb to migrate from the soil to the rice. At the same time, it effectively suppressed the absorption and transportation
of Cd and Pb by early and late rice via the physiological barrier effect of Si nutrition and the competition for transportation channels between calcium and magnesium ions and
cadmium and inhibited the accumulation of Cd and Pb in the brown rice of early and late rice. These results provide a theoretical basis for the exploration and application of the
control technologies in the brown rice Cd and Ph resistance and have important practical significance for guiding the safe production in the rice-growing area in South China.

Key words:rice; soil amendment; water management; Cd and Pb accumulation; Cd and Pb species distribution
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Table 1 ~ Content of heavy metals in the soil and brown rice in the field experiment/mg-kg~
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Table 2 The pH value, heavy metal concentration, and percentage content of calcium, magnesium, and silicon in the soil amendment

J— o(Pb) o(Cr) w(Cd) w(As) o(Hg) (Si0,) »(Ca0) (Mg0)
IR EE 5 pH -1 -1 -1 -1 -1
/mg-kg /mg-kg /mg-kg /mg-kg /mg-kg /% /% /%
D 11.8 19.2 44.7 0.28 6.59 0.03 9.47 43.94 3.94
YY 12 <0.1 13.1 0. 108 8.7 <0.003 / 33.7 4.07
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Table 3 Rice yield treated with different treatments

INX PR 17 (i

ey aem /k?(Jm:;)" F‘fngR W7/ %
CK 19.01 0. 1A 633.3 £3.33A /

JD 19.65+1.15A  655.6 +38.5A 3.5

Ly YY 19.00 +0.5A 633.3 £16.7A 0
JD+YS  19.85+0.75A  661.1+25.5A 4.4

YY +YS  19.35+0.3A 644.4 £9.6A 1.8

CK 12.40 + 1a 413.9 £33.7a /

D 12.50 +2. 8a 416.7 +92.8a 0.7

e Fd YY 11.75 +1.55a 391.7 £52.0a -5.4
JD+YS  11.60%1.2a 386.1+39.4a  -6.7
YY+YS 11.25+0.9a 375.0+30.0a  -9.4

D) BUE I FEME = 3E2E (n =3 ) 5 #HIF RS S8 378 R R [ A
HE] 22 5 AN W (P >0.05) A [F]/ING S BE 3R MR AN (7] Ak 34 ] 22
FARFE(P>0.05); 1 hm®> =15 1
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XPRER Cr AR As Y JCHH B BHARAE T, QWaRE (F
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TR Cd FAs B R 5 B R TR AR TR Ph
) B A ) 59 T LR, a0

e

0.10

2 (b) BK-PD
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Fig. 1

2.3 B BN TEESRESE
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Heavy metal content of brown rice in early and late rice under different treatments

Y  HAG S ERGREUR(K2). &
ATREE A 5 R e PR A BRS AY  E E
JE E AT TINRE (R4) |, AEAS B )/ DX 1Y it

®4 FALEHHEESEARE /mgkg

Table 4  Total content of heavy metals in the soil with different treatments/mg-kg~

1

A w( & Cd) w( & Ph) w( & Cr) o (& Hg) w( S As)
CK 0.13 £0.03a 81.65 +7.43a 40.91 £2.04a 0.17 £0. 04a 2.56 +0.23a
JD 0.14 £0.02a 80.16 +13. 10a 43.98 +£4.21a 0.17 £0.05a 2.63 0. 32a
YY 0.12 +0.02a 77.87 £7.76a 41.65 £3.29a 0.16 £0.02a 2.33 +0.30a

JD +YS 0.15 £0.04a 85.10 +17. 88a 44.47 £5.87a 0.17 0. 02a 2.51 0. 35a
YY +YS 0.11 £0.02a 75.60 £12. 18a 41.66 £4.71a 0.15 +£0.03a 2.40 £0.27a

D) BUEAFIME + BRMEZE (n =3) 5 ARIE/INE FREFROR AN R b B ) 22 5 A .35 (P > 0. 05)
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JE SRR (HAE T = R RS A - e
& JE R T I — LR E.
2.4 @ MR 48 B R

WAEPRRI AL BT, MRS K Cd 1Y
%/ﬁﬂzﬂﬂa_jﬁ? Pb, Cr filiE As(F£5), BT Cd
KRR RGP RGR NS B MFEE RE ), X2

T2 Cd RefEIE T B Y EE BRI A AR il 17 B
JE L SR AR S, ID + YS FYY + YS Ab 3 i 2
Il 7 Cd F1 Pb 1Y 4R R B, mi SRt n JD A1 YY ¥
RAEFEAL Cd, Pb, Cr Ml As U EERE (P >
0.05); X THERS,JD, JD + YS Fl YY + YS &b # i
EEANT Cd A1 Pb (E 42 R AL, MRt i YY B
FEAIR T CA 1Y & 5 R, (H R BEXT Ph I & 4 R 8™

®5 AELEMNERE RERAKESEEERY

Table 5 Heavy metal enrichment coefficients of brown rice in early and late rice with different treatments

e e AR .
Cd Ph Cr B As
CK 1.52 £0.08A 0.000 3 +0. 000 1A 0.003 +0.003A 0.074 +0.012A
D 1.24 0. 11A 0.000 2 +0. 000 1A 0.003 +0.003A 0.073 +0.016A
R YY 1.54 £0.35A 0.000 3 +0.000 1A 0.011 £0.015A 0.093 +0. 008 A
JD +YS 0.47 +0.24B 0.000 1 +0B 0.001 +0.000A 0.086 +0.012A
YY +YS 0.71 +0.13B 0.000 1 +0B 0.001 +0.000A 0.096 +0.021A
CK 1.06 +0. 14a 0.000 7 +0. 000 2a 0.001 +0.000a 0.028 =0. 00 La
D 0.47 +0. 16bc 0.000 4 +0.000 1b 0.002 £0.001a 0,028-+07003a
et YY 0.57 +0. 17he 0.000 6 +0.000 2ab 0.002 £0.001a 0.031 050074
JD +YS 0.26 £0.08¢ 0.000 3 +0.000 1b 0.002 +0.001a 0. 031+ 0,006
YY +YS 0.55 +0.04bc / 4= 0.0004 +0.000 1h 0.001 £0.000a 0.032 +0. 003a
DB £ IR (n =3) s RRIXS T EARRARFLIER 257 BH (P <0.05) ,zflﬁl/le@?é%wﬂmmﬁmﬁféﬂf%ﬁ BH(PE

0.05)

i%ﬁ%%ﬂwbm)ﬁﬁu:ﬁﬁ %Am%g
WAL 3 M %mﬁ*&Wm%ﬁ%%ﬁ
L b B9 A T o /
2.5 T3l R By
fxlﬁji?@?ﬁﬁiﬁ% pH. iﬁ%ﬁc%ﬁ%@ Ca Mg ﬂl
RS St EA B R (%6, P<0.05)" xﬂﬁgtr
3 pH {a‘ 5 CK MILL (pH 5.69) B YY 4bBoLI4H,
HA 3B B R T 5 pH (4, 45 4R TH I
EW{M@;JD +YS(31%) >JD(23.2%) >YY +YS
(22.8% ) ; X T 3L HME Ca, JD F1JD + YS b3
BCK 35 m T 4.5 f5H1 5 4% (P <0.05),YY #l
YY + YS Zb BN Y CK TH 25 (P >0.05); 1M
T AR HE Mg, D, YY 1 JD + YS 43 5 CK
FHLEA N T 4.3, 4.2 F1 4.6 5 (P <0.05) ;5
CK AHEE,JD F1JD + YS AbBRAY - 3EE L Si & &5
FHEINT 4.7 5 5.1 A5 (P <0.05). DL &5 H
B, S /K AR TS it i 48 9 B ) ] i 1 39 50

'%WﬁTﬁ#ameaiﬁmﬂhﬂm

.
¥

A Ca, Mgﬂl Si %i‘ﬁﬂmmrﬁﬁﬂfﬂ%m J_Tﬁ SR HL
%ﬁ&@m%ﬁﬁﬁﬂ$i%ﬂ@U$mm%ﬂ%x
[ 7553 KA ) TR F K I A S e Mg %u Si
CIESs 7J<‘7Fa%i%$ﬂ%ﬂﬁﬁ

1 2. 245 (9% 5T 2601 R B 48 2 s K T
W
AU, P+ A 2GS Cd A pb AT T
DTPA 1242 55 , 45 5 F W, s it FH - 1 34 55
JD A YY X 43 DTPA-Cd fl DTPA-Pb & & ¥J%H

F5E (P >0.05) fH JD + YS AT YY +YS ZbF 3

‘JF?HE&Ti%% DTPA-Cd &+ 54.2% H142. 8% , JD

FID + YS A HRFEAR T + 5 DTPA-Pb & & 26. 6%
F133.6% (P <0.05) , UFESE 5 A 18 2155 FHE 7K 7 B
HIRE B 0% 7] SRR A Cd A Ph 7E T3P i 2R 1
PR s

K HIUAYS3 T (redundancy analysis, RDA) f# 4t
TR S R MRS RS K Cd P LR As

x6 AREAAETHHEELERY

Table 6  Physiochemical properties of the soil with different treatments

X ACHNEES A R .
- R . N W DTPA-Cd DTPA-Pb
st 13 pH OB e ity (MMt TR Gy ol )
/g kg 1 1 /mg-kg /mg-kg /mg-kg
/cmol -kg /cmol -kg

CK 5.69 £0.37¢c 28.21 £1.78a 2.6 £0.56b 0.21 £0.03b 40.53 £3.82¢  0.07 £0.02a 12.63 +1.56a

JD 7.01 £0.81ab  26.74 £2.33a 11.6 +8.8a 0.91 £0.74a 191.57 +157.45ab 0.06 +0.01a 9.27 £2.86b

YY 6.67 £0.86abc  26.25 £2.64a 6.55+£3.4lab  0.88 £0.48a 69.63 +19.8¢ 0.06 £0.01a 9.97 £0.84ab
ID +YS 7.45 £0.09a 28.52 £2.07a 13.01 £2. 1a 0.96 +0.22a 207.10 £40.83a 0.04 +0.01b 8.38 +1.69b
YY +YS 6.99 £0.19ab  25.92 +£3.42a 6.12 £0.91ab  0.59 £0.07ab 65.00 +6.36¢c  0.05+0.01b 10.61 +0.92ab

1) B R P HIE + b2 (n =3) ;

A [RING R IR AN R b B 22 5 23 (P < 0. 05)
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Fig. 2 Redundancy analysis of brown rice Cd concentrations

and soil environmental factors
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Fig. 3 BCR distribution of Cd and Pb species in the soil with different treatments
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