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Effects of rice and corn rotation on cadmium uptake in double—cropping cadmium—polluted paddy rice fields
WU Jia—mei"**, XIE Yun—he'?, TIAN Fa—xiang"?, GUAN Di'?, ZHU Jian"?, CHEN Jin'"?, JI Xiong—hui"**"

(1.Institute of Agro—Environment and Ecology, Hunan Province, Key Laboratory of Agro—Environment in Midstream of Yangtze Plain, Min-
istry of Agriculture, Changsha 410125, China; 2.Key Lab of Prevention, Control and Remediation of Soil Heavy Metal Pollution in Hunan
Province, Changsha 410125, China; 3.Southern Regional Collaborative Innovation Center for Grain and Oil Crops in China, Changsha
410125, China)

Abstract: In this study, we examined the effects of rice and corn rotation on soil effective cadmium (Cd) levels, Cd levels in various parts of
rice and corn, and coefficients of accumulation and transfer in lightly Cd—polluted (Cd 0.35 mg-kg™") double—cropping paddy rice fields.
The results showed that the average content of Cd in rice roots, stems and leaves, and grains was 3.66, 1.30 mg-kg™', and 0.36 mg-kg™', re-
spectively; the content of Cd in corn roots, stems and leaves, and grains was 0.50, 0.12 mg-kg™', and 0.03 mg-kg™', respectively; the average
bio—accumulation coefficients corresponding to rice roots, stems and leaves, and grains were 11.96, 4.27, and 1.19, and those in corn were
1.73, 0.50, and 0.13, respectively; the transfer coefficients from rice roots to the stems and leaves and from the stems and leaves to grains
were 0.36 and 0.28, whereas those in corn were 0.24 and 0.20, respectively; the content of Cd in late rice grains was higher than that in early
rice grains, and the content of Cd in autumn corn grains was higher than that in spring corn grain; the alkali hydrolysable nitrogen, available
phosphorus, and rapid—acting potassium in the soil had no effects on Cd uptake by crops; and the planted corn was slightly more productive
than rice during the same season. In summary, planting corn instead of later rice replanting may ensure safer crop grains in lightly Cd—pollut-
ed double—cropping paddy rice fields. This rotation can be considered a recommendable planting system.
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Figure 1 Daily variation of precipitation in 2015—2016 at research station
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Table 1 The content of available cadmium in soil (mg-kg™)

2015 2016
LUEE RS MBSy BEEEN gEEY
Treatments  Early rice Late rice Early rice Late rice
season season season season
R-R 0.13+0.00b  0.15+0.01b  0.14+0.01b  0.16+0.01b

R-C 0.14+0.01b  0.17+0.01ab  0.15+0.0lab  0.17+0.00b
C-C 0.16+0.01a  0.19+0.02a  0.17+0.00a  0.20+0.01a
C-R 0.17+0.0la  0.15+£0.02b  0.16+£0.0lab  0.16+0.01b

T AR NG FREFRR AN [ AL R E] 22 57 .2 (P<0.05) o R 1]
Note: Values followed by different small letters are significantly
differenc among different treatments at P<0.05. The same below.
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Figure 2 The content of cadmium in plant in different organs
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IRFEAR (ZEMFUFERL S AR Cd 2 B35 1E A
KR F, HAM R Er 54 0.576(P<0.01) ,0.438(P<
0.05)#10.481(P<0.05) ,
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— P VEY it T fE AR R] , 435 b )RR o A2 A E )
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2.6 1E¥IF=£

K R AR K B 77 Bl 5808~6682 kg + hm™ Al
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Table 2 Soil nutrients of different treatments

AR
Available phosphorus/mg - kg™

7% % The alkali hydrolysable
nitrogen/mg + kg™

2015 2016 2015 2016 2015 2016 2015 2016

Quick acting potassium/mg - kg™

YOSl pH

Treatments

R-R 5.45+0.06a 5.45+0.11a 131.24+3.61a  143.30+17.14a 13.51+0.53b 10.76+0.62b 135.45+18.32a  130.12+16.99b
R-C 5.22+0.19ab 5.17+0.10b 134.87+8.87a 132.80+6.76a 20.00+3.29b 41.82+3.72a 130.62+4.07a 170.28+7.63a
c-C 5.14£0.10b 4.83+0.03¢ 142.53+20.93a  137.34+2.55a 31.95+9.65a 51.74+13.32a  134.78+21.26a  168.61+2.88a
C-R 5.30+0.15ab 5.27+0.07b 133.58+0.22a 147.12+8.95a 19.18+6.37b 19.13+3.00b 131.45+4.04a  120.30+19.29b
F3 AELECISERMILE
Table 3 Compare of Cd bio—accumulation coefficient in different treatments
- 20154 RLARZE 2015 4 BLARZE Y 20164F LAHZE 20164F B ZE
Treﬁmems Early rice season in 2015 Late rice season in 2015 Early rice season in 2016 Late rice season in 2016

BCF ... BCFien BCF i BCF ... BCF e BCF gin BCF ... BCFen BCF gin BCF .. BCFen BCF i

R-R 12.59+0.52a 3.92+0.48a 1.11+0.19a 14.56+0.96a 4.78+0.33a 1.24+0.04a 9.83x0.93a 3.14+0.31a 1.18+0.09a 12.24+0.33a 5.18+0.42a 1.33+0.06a
R-C  12.60£0.58a 4.10+1.75a 1.29+0.38a 1.74+0.22b 0.79+0.34b  0.26x0b  9.93+0.66a 3.51+0.38a 1.08+0.22a 1.78+0.45b 0.30+0.12b 0.08+0.01b
C-C  1.49#0.26b 0.27+0.02b  0.03+0b  1.51+0.15b 0.66+0.03b 0.25+0.02b 1.54+0.15b 0.22+0.02b 0.03+0.01b 1.46+0.11b 0.22+0.03b 0.04+0.01b
C-R 1.3320.16b 0.27+0.04b  0.03+0b  11.24+2.38a 4.51+0.79a 1.12+0.02a 1.31+0.34b 0.18+0.03b 0.04+0.03b 12.71+1.47a 4.99+0.44a 1.16+0.04a

R4 FEILIE CAER RELLE

Table 4 Compare of Cd transfer coefficient in different treatments

. 20154 FAEE 2015 FBREE 2016 4F A FEZE 2016 4FEREZE

L Early rice season in 2015 Late rice season in 2015 Early rice season in 2016 Late rice season in 2016

Treatments

TFin TFin TFon TF i TFen TF i TFn TF i

R-R 0.31+0.04ab 0.29+0.05a 0.33+0.02ab 0.26+0.01a 0.32+0.01a 0.38+0.04a 0.42+0.04a 0.26+0.02a
R-C 0.32+0.13a 0.23+0.01a 0.27+0.15b 0.26+0.21a 0.35+0.04a 0.31+0.03a 0.27+0.09b 0.26+0.06a
C-C 0.18+0.02b 0.11+0.02b 0.38+0.06ab 0.37+0.03a 0.14+0.03b 0.12+0.06b 0.15+0.03b 0.12+0.08a
C-R 0.21+0.06ab 0.10+0b 0.41£0.10a 0.25+0.04a 0.14+0.03b 0.11+0.06b 0.39+0.01a 0.23+0.01a
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x5 TELEREWZE (kg hm™)
Table 5 Crop yield of different treatments (kg+hm™)

2015 2016

A YR MeRgr AT MRS

Treatments  Early rice Late rice Early rice  Late season
season season season rice

R-R 5808+591a 6240+203b  5781+596a  5922+199b

R-C 6145+301a 6705+294a  6240+226a 6625+869ab

C-C 6094+1094a  6564+270ab  6647+114a  6875+344a

C-R 6146+992a 6682+822ab  6082+589a 6315+688ab

PAR-C fe i, o R-R AL FR A P~ 814 0 7.4% (P<0.05) 5
2016 AEHE R AL PR DL C—C fer , Fb R—R AL B = 14 0
16.1%. 252 ZAEY) B LA R-R Ak .

3 iFig

3.1 1EHIRIEEY Cd

SR ARG P RS AR R Cd I B TR
AR SE S 20 R IR AR R b Cd % 1 8 T AR b
L, TR P Do A1 2 — M VA 2 1 A T o A A TR AT R
FHEAT , ASWEFE AR B R Rt At (& 1), sk s fif
FLRE 2R 4 3 v i 7K 43 s K R TR R TR RS 2
e K AR B R Cd AT S Ak, £ 8 A i
KN, Cd 5 AR BB Ak % TR AR Cd B A AL
PR Ffil LR 3 A Cd gD R T TR
LR BRI REATRL Cd & AR TR AT .

IKFERN B AR RIS E Cd & i R R s 22t
i FRER, 5 LAY 45 AR [, KRR AR E
) Cd F 534 F K, JLAR 2R RIR R 2 B £ oK
1) 7.3~12.0 %, 7 MR R 0 s 4L REGK 12.0, 2 &
KE L RE 6.9F5 , vl WLIR]—HR 55 A BRAIE T, &
Kt Cd BRI RE T3 /N F KRG . KRS S A X AR
Cd A AR, A [R) 1 3 s 4% (R RN A8 B Bt 1, /K S
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