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Effects of phosphorus on subcellular distribution and chemical speciation of cadmium in rice

LI Tao, LI Jun", HAN Ying, GENG Jie, XUE Fei, CHEN Kai

(College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China )

Abstract: To determine the effect of phosphorus on cadmium tolerance in rice, a pot experiment was carried out with two genotypes of rice :

Shennong315, a cadmium—tolerant variety, and Huajing1417, a cadmium—sensitive variety. The subcellular distribution and chemical form

of cadmium in these two varieties were analyzed at the end of the tillering stage of rice. The results showed that the application of phosphate

fertilizer significantly reduced the cadmium content of the two cultivars. The content of cadmium in roots of Shennong315 was higher than

that of Huajing1417, and the content of cadmium in stem and leaves was lower than that of Huajing1417. The proportion of cadmium in the

cell wall of the cultivars increased significantly with increase in phosphorus, and the proportion of cadmium in the organelle gradually re—
duced. The chemical binding morphology of cadmium overall proceeded in the order sodium chloride extract>acetic acid extract>distilled

water extract>ethanol extract>hydrochloric acid extract. The proportion of acetic acid extract increased with increase in phosphorus. Shen—
nong315 increased by 19.70%~31.32% and Huajing1417 increased by 10.05%~16.36%. The proportion of sodium chloride extract was sig—
nificantly decreased with increase in phosphorus. Shennong315 fell by 23.38%~40.11% and Huajing1417 fell by 22.55%~39.56%. There—
fore, the application of phosphate fertilizer can effectively increase the tolerance of rice to cadmium, and different varieties have different

performances. This study provides a scientific basis for the use of phosphorus to alleviate cadmium toxicity in rice.
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Figure 1 Effects of different phosphorus levels on cadmium content

in roots and stems of rice
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Table 1 Effects of different P levels on subcellular fractions of Cd in rice root and stem leaf(mg-kg™ DW )

i 0t
il BALFIAKCT: — —
YR MRS SN AT VR A YR LS LTS
WAk 315 PO 4.559+0.097a 2.842+0.137a 3.255+0.076a 1.449+0.061a 0.469+0.044a 0.975+0.022a
(42.79) (26.67) (30.54) (50.09) (16.20) (33.71)
P1 4.441+0.132a 1.700+0.052b 2.951+0.105b 1.049+0.040b 0.180+0.003b 0.632+0.029b
(48.85) (18.70) (32.45) (56.35) (9.69) (33.96)
P2 4.285+0.127a 1.230+0.052¢ 2.710+0.098bc 0.691+0.026¢ 0.103+0.013¢ 0.409+0.016¢
(52.09) (14.96) (32.95) (57.42) (8.57) (34.01)
P3 4.258+0.208a 0.863+0.061d 2.576+0.206¢ 0.508+0.033d 0.066+0.014c¢ 0.300+0.011d
(55.90) (11.07) (33.03) (58.13) (7.55) (34.32)
fERE 1417 PO 3.569+0.084a 2.859+0.271a 3.145+0.147a 1.161+0.042a 0.577+0.020a 1.19+£0.067a
(37.28) (29.87) (32.85) (39.68) (19.70) (40.62)
P1 3.215+0.352a 1.956+0.036b 2.586+0.059b 0.849+0.051b 0.268+0.024h 0.79+0.059b
(41.45) (25.22) (33.34) (44.56) (14.07) (41.37)
P2 3.305+0.312a 1.431+0.046¢ 2.499+0.249b 0.623+0.066¢ 0.157+0.007¢ 0.56+0.022¢
(45.68) (19.78) (34.54) (46.42) (11.68) (41.90)
P3 3.248+0.072a 1.067+0.091d 2.421+0.069b 0.464+0.013d 0.088+0.007d 0.40+0.015d
(48.22) (15.85) (35.94) (48.60) (9.19) (42.21)

b A P =3 ) b2 55 UK S B LA 5 H. 91— 8 R 5 A 2 5 59 8 K0F . Il

Note : Data for average(n=3)+standard deviation; The data in brackets is the proportion of subcellular components. Different letters in the same rows in—

dicate significant difference among treatments at the 5% level. The same below.
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Table 2 Effects of different P levels on chemical forms of Cd in rice root

Cd/mg-kg”' DW

i AL FRAF- — - [l %/%
BRI FETKIEIGE SRS TR IR HUS RIS

Ak 315 PO 1.415+0.028a 1.596+0.159a 5.505+0.28a 1.857+0.096¢ 0.283+0.043¢ 91.13
(13.28) (14.98) (51.66) (17.43) (2.66) ’

P1 0.698+0.031b 1.576£0.051a 4.218+0.181b 2.312+0.161b 0.277+0.021ab 9327
(7.68) (17.36) (46.45) (25.46) (3.05) o

P2 0.440+0.061c 1.579+0.034a 3.535+0.068¢ 2.640+0.073a 0.281+0.008a 95.77
(5.19) (18.64) (41.71) (31.15) (3.31) ’

P3 0.347+0.011d 1.613+0.043a 3.301+0.095¢ 2.704+0.046a 0.287+0.031a 9726
(4.21) (19.54) (40.00) (32.77) (3.48) ’

EHE 1417 PO 1.449+0.180a 1.349+0.060a 5.513+0.148a 1.370+0.123¢ 0.202+0.023a 96.07
(14.66) (13.65) (55.78) (13.87) (2.04) ’

P1 0.745+0.048b 1.435+0.025a 4.270+0.301b 1.523+0.151b 0.210+0.006a 9726
(9.11) (17.54) (52.18) (18.61) (2.56) ’

P2 0.493+0.105¢ 1.413+0.052a 3.567+0.0177¢ 1.619+0.101a 0.200£0.019a 9451
(6.76) (19.38) (48.91) (22.20) (3.75) ’

P3 0.422+0.146¢ 1.449+0.086a 3.333+0.243c¢ 1.638+0.111a 0.191+0.023a 95.08
(6.00) (20.61) (47.39) (23.29) (2.71) ’

BESEIEIN, P Rl K R 25 FOL B R 2 B TR, 150
WYl X 2 S AF AR SR B A — o WIVE T ZEWE S 900
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T AERAAR P R B E s R S I 5 it
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M), 245 SR 39 WY 5 Wi 38 it ) 2 185 I i sl 2L, ZE 54 900
mg- kg™ IR SRAR
3.2 MEREEXKTEIE MRS EM M
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(1) S Rl RE R 28 B ZE I 4 7 fi Bt i o 1)
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