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Effects of Organic Manure on Uptake and Distribution of Cadmium in Different Rice Genotypes Under Cad-

mium Stress

JIANG Qiao—jun, ZHOU Qin, HAN Liang-liang, JIANG Hai—-dong"

(Key Laboratory of Crop Physiology and Ecology in Southern China, Ministry of Agriculture, Nanjing Agricultural University, Jiangsu
Province Hi—-Tech Key Laboratory of Information Agriculture, Nanjing 210095, China )

Abstract: Two rice genotypes,Zhendao88( Oryza sativa subsp. japonica) and Eryoul07 (0. sativa subsp. indica), were used to study the ef—
fects of organic manure(OM ) on the uptake and distribution of cadmium(Cd) in rice by two years pot experiments with two—factor random
block design. Two Cd treatments were natural soil (background concentrations of soil cadmium 0.202 mg-kg™) and artificial Cd—contaminat—
ed soil (added 3.0 mg kg™ cadmium). Two fertilizer treatments were chemical fertilizer(300 kg N+hm™) and chemical fertilizer(300 kg N -
hm2)+OM(1.96 g-kg™" dried soil ). The results showed that Cd concentration in various organs of plant and distribution ratio of cadmium in
root increased significantly under cadmium stress (3.0 mg-kg™), while the distribution ratio of cadmium in panicle decreased. OM had no
significant effects on Cd concentration in vegelative organs of the treatments with natural soil, and slightly decreased that in panicle. Howev—
er, OM could reduce the Cd concentration in root, bran and milled rice, increase the distribution ratio of cadmium in root, and decrease that in
panicle under cadmium stress. For panicle, the distribution ratio of cadmium in milled rice was also partially decreased with OM treatment
under cadmium stress. Therefore it is suggested that OM might significantly decrease the Cd concentration in milled rice by reducing avail—
able Cd in the soil and inhibiting Cd transportation from root to above—ground and above—ground to milled rice. Furthermore, the effects of
organic manure in two different rice genotypes were different.

Keywords: rice; cadmium; organic manure; cadmium uptake; distribution law of cadmium
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1 #R57FE

L1 a7t

JKAE < BEAR 88,40 F ( Oryza sativa L. subsp. japon—
ica Kato var. Zhendao88); Il {Ii 107, — F 244 Rl A
(Oryza sativa L. subsp. indica Kato var. Eryoul07),

APUIE: LA ORI A= P s A HLIE
EREGE 17.03 g kg, &R 1131 g-kg™, 28 H
1w 14.37 g kg, &M 0.133 mg-kg o
1.2 {3t

G F 2010 4EFN 2011 4P 76 B 5 ARl R 2F Rk

RIS AT RGP NAR 25 em, 15
30 em, FEAE%E 10 kg T4 o BT A AUA R FEHLIX
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A PR U 48R R PR R B, A LIS AL R U535
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K SPSS  Excel S8R A BRI .

F 1 F41E Cd RIERERE

Table 1 The application rates of Cd and fertilizers of each treatment

AV Treament 4l Cd ¥t/ PR it &/ PREE TP i 2 Uit it/ ML 2/ FHHLARAIEY
mg kg 1 okg! T kg+hm™ g-kg' T+ kg-hm™
CAO+CFOAN I AL AL ) 0 0.145 300 0 0
CAO+OM (AN I A7 HLAE ) 0 0.072 150 1.96 150
Cd3+CFOMARALAE ) 3.0 0.145 300 0 0
CA3+OM (4@ A HLIE ) 3.0 0.072 150 1.96 150
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Table 2 Effects of organic manure on the Cd concentration of different rice genotypes under cadmium stress(mg-kg™)

J7E Heading stage

A Mature stage

BRE Variety & Year S Treatment H2 Root 25 Stem  #Y Leaf sheath T Leaf  #& Root 22 Stem  # Leaf sheath ' Leaf
FHFE 88 2010 Cdo CF 1.68¢c 0.59b 0.24h 0.13b 2.84b 1.04b 0.23¢ 0.25b
Zhendao88 oM 1.79¢ 0.42b 0.29h 0.14b 2.56b 0.95b 0.12d 0.23b
Cd3 CF 34.20a 7.61a 1.08a 0.79a 43.30a 8.97a 1.46a 0.93a
OM 30.76b 7.97a 1.19a 0.77a 43.10a 8.50a 1.37b 0.88a
2011 Cdo CF 1.06¢ 0.50b 0.23¢ 0.18¢ 2.79¢ 0.71c 0.36b 0.20b
oM 141c 0.67b 0.20¢ 0.15¢ 2.76¢ 0.94c¢ 0.07b 0.21b
Cd3 CF 37.38a 8.17a 2.97a 0.99a 46.93a 19.93h 6.59a 1.26a
oM 32.33h 7.17a 2.53b 0.83b 42.05b 21.57a 6.26a 1.42a
4k 107 2010 Cdo CF 1.79b 1.30be 0.10b 0.17b 2.69¢ 0.91b 0.14¢ 0.27h
Eryoul07 oM 1.81b 0.73¢ 0.12b 0.22ab 2.39¢ 0.61b 0.07¢ 0.22b
Cd3 CF 18.08a 3.13ab 0.31a 0.33a 30.12a 9.39a 1.04a 0.43ab
oM 17.07a 4.19a 0.39a 0.25ab 25.22h 7.05a 0.78b 0.61a
2011 Cdo CF 1.15¢ 1.10¢ 0.35¢ 0.13b 1.90¢ 0.75¢ 0.27¢ 0.23b
oM 1.49¢ 0.79¢ 0.46¢ 0.14h 1.80¢ 0.56¢ 0.12¢ 0.19¢
Cd3 CF 31.45a 8.84b 0.73b 0.47a 46.00a 20.30a 3.41b 0.70a
oM 25.17b 10.80a 1.01a 0.48a 43.16b 17.69b 3.8% 0.66a

T : RIS NG TP RER R [Al—4E 0y N AR BRE] 25 535 0.05 B35 KF-(P<0.05), Rl

Note: Different letters in same column mean significant difference among four treatments of the same year at 0.05 level(P<0.05 ). The same below.
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Table 3 Effects of Organic manure on Cd concentration in the grain of different rice genotypes under cadmium stress(mg-kg™)

FHAE 88 4 107
445y Year Kb F Treatment p— ; PP— - p— ; PP— -
it Chaff H#EJZ Bran K Milled Rice  #ii5t Chaff HEJZ Bran 52K Milled Rice

2010 Cdo CF 0.071¢ 0.525¢ 0.066¢ 0.072b 0.357¢ 0.102¢
oM 0.063¢ 0.496¢ 0.057¢ 0.067h 0.355¢ 0.098¢

Cd3 CF 0.329a 1.134a 0.503a 0.323a 0.789a 0.729a

oM 0.303b 1.010b 0.438b 0.329a 0.690b 0.463b

2011 Cdo CF 0.088¢ 0.583¢ 0.082¢ 0.083¢ 0.384c¢ 0.094¢
oM 0.082¢ 0.502¢ 0.057¢ 0.091¢ 0.358¢ 0.077¢

Cd3 CF 0.869a 1.293a 0.692a 0.925a 1.143a 0.939a

oM 0.815b 1.104h 0.420b 0.874h 1.012b 0.764h

& 4 AYEXRME TAREFEZKEHER BRI B ZRERRENZIN
Table 4 Effects of organic manure on the distribution ratio of cadmium in different organs and Cd accumulation of individual shoot in

different rice genotypes under cadmium stress

R fh s PRI S B L 651/ % A 43 1E LA/ % i%%*ﬂ%ﬁ
Variety Year  Treatment R ES #H I il i e Lzt - fi  Cd accumulation per
Root Stem  Leaf sheath  Leaf Panicle Root Stem Leaf sheath Leaf Panicle shoot/pug
HiF5 88 2010 CdO CF 62.01b 16.00ab 12.97b 4.10a  4.93a 68.21b 17.04a 5.83a 393a  4.99a 3.61c
Zhendao88 OM  6231b 12.44c 16.63a 459a 4.03b 67.25b 19.20a 3.72b 433a  5.5]la 3.15¢
Cd3  CF 80.85a 13.02bc 3.90¢ 1.66b  0.57¢ 84.50a 10.02b 2.51b 1.05b  1.92b 52.53a
OM 76.6la 16.86a 431c 1.76b  0.46¢ 83.87a 10.83b 2.50b 1.08b  1.71b 47.20b
2011  Cd0 CF 55.33¢ 12.71ab 19.20a  10.80a 1.95b 76.08b  6.09b 6.41a 2.60a 8.8la 4.36¢
OM  5298c 17.50a 16.03b 9.27a 4.22a 81.28ab 6.25b 1.40b 2.99a  8.08a 3.96¢
Cd3  CF 79.38a  7.70b 8.32d 2.12b 2.48b 8229a 6.65b 7.20a 0.92b  2.94b 66.80a
OM 69.93b 12.43ab 12.29¢ 297b 2.38b 81.47ab 8.206a 6.79a 1.06b  2.41b 61.12b
M4k 107 2010 CdO CF 7245b 16.54a 4.44h 5.06a 1.52b 69.74b 12.78b 3.45a 5.06b  8.97a 4.38¢
Eryoul07 OM 74.41b 1247b 6.23a 517a 1.72a 67.86b 15.37a 2.64a 6.15a  7.98a 4.17¢
Cd3 CF 91.7la 5.15¢ 1.56¢ 1.13b  0.45d 79.62a 12.70b 2.71a 0.78¢  4.19b 48.08a
OM 90.86a  5.86¢ 1.85¢ 0.54b  0.89¢ 81.04a 11.62b 2.47a 1.40c  3.46b 38.05b
2011 Cd0 CF 71.73b  8.94a 15.25a 292a 1.16b 69.93¢ 7.03a 9.09a 398a  9.98a 5.44¢
OM 69.55b  7.08ab 19.35a 3.05a 0.98b 79.00b 6.18a 3.19b 3.10a  8.53b 5.25¢
Cd3 CF 89.95a 4.51b 1.73b 0.59b 3.2la 86.87a 6.66a 3.44b 0.47b  2.57¢ 123.84a
OM 86.88a 6.68ab 2.86b 0.66b 291a 88.08a 5.84a 3.50b 0.42b  2.16¢ 116.35b
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Table 5 Effects of organic manure on the distribution ratio of cadmium in grain of different rice genotypes under cadmium stress(% )

R 88 Ik 107
Ay Year Kb FE Treatment
Bire Chaff HE)Z Bran K5k Milled Rice  #ise Chaff HEJZ Bran K52k Milled Rice

2010 Cdo CF 7.18ab 56.24a 36.58b 12.99ab 27.37a 59.65¢
oM 7.46a 55.88a 36.66b 12.20b 29.59a 58.21¢

Cd3 CF 5.85b 24.73h 69.42a 12.23b 10.57b 77.20a

OM 5.67h 25.31b 69.02a 13.54a 12.67h 73.79h

2011 Cdo CF 11.28¢ 46.41a 42.31c¢ 12.72¢ 37.87a 49.41bc
oM 13.07¢ 50.82a 36.11d 17.79b 37.41a 44.80c

Cd3 CF 17.47b 21.47b 61.05a 19.21ab 16.80b 63.99a

oM 22.62a 25.32b 52.06b 21.81a 16.91b 61.27ab

o> FURRER, ARG S5 ok, TG 107 AR KAR
TR T AEAT 88, AR rh (1 1 e W AIK TR 88,
Ui B 2R 2% SRR R K v i o R R RS R AR
R

HHUIEXT JCAMEFR S I A AL FE (0.202 mg-kg™)
BSOS R R R, R A R O R AT D
D HERIHARRE . WA PUIERXT BT S a
Kt - 33 Hb R KRS C S

A AU 25 B AR AL (0.202 mg -kg™+3.0
mg-kg™) AR AT AR AR 2R A BORE R 1 B
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107 #R 2 s b1 3832 4 , 20 R — i A B e B
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SR ML B sl ) 5 e 1) g R4 iz i, (HL LA
SEMALRLA AT R A RE i — L EoR .
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4 g
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