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Effects of different phosphate fertilizers on iron plaque amount on root surface and arsenic and cadmium uptake by rice
grown in a limestone yellow loamy paddy soil. ZHAO Ting-ting'?, WANG Chun-1i*, ZHAO Xiu-lan*" (1.College of Resources
and Environment, Southwest University, Chongqing 400716, China; 2.Chongqing Key Laboratory of Agricultural Resources and
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Abstract: To find effective measures for safe utilization of arsenic (As) and cadmium (Cd) co-contaminated paddy soils, the effects
of six phosphate fertilizers on the availability of As and Cd in a limestone yellow loamy paddy soil, the amounts of iron plaque on
root surface and the uptake of As and Cd by rice were investigated using a pot experiment. The results showed that the values of soil
pH increased significantly in the treatments of hydroxyapatite (HAP), bioenzyme active phosphate fertilizer (BCP) and calcium
magnesium phosphate fertilizer (CMP), while they decreased significantly in the treatments of calcium dihydrogen phosphate (MCP),
potassium dihydrogen phosphate (MKP) and calcium superphosphate (SSP), as compared with that of control. The application of
HAP, MCP and CMP significantly reduced the availability of soil iron while the other three phosphate fertilizers had slight influence
on it. The effect of phosphate fertilizers on the availability of As and Cd varied with fertilizers. HAP significantly decreased the
contents of soil available Cd and As, while MCP and BCP significantly increased the content of soil available Cd but had no
significant effect on soil available As, and SSP decreased the content of available Cd but increased the content of available As
significantly. The amount of iron plaque in the root surface was increased by 0.6% —27.1% due to phosphate fertilizer application and
was positively correlated with Cd and As in it (R*=0.555** and R?=0.525%, respectively). MCP, MKP and BCP significantly
decreased the content of Cd and As, while HAP, SSP and CMP significantly reduced the content of Cd, but had no significant effect
on the content of As in brown rice. Application of all phosphate fertilizers decreased the transfer coefticient of Cd from leaf to glume,
MKP and MCP inhibited the transportation of As from root to stem, while BCP suppressed the transport of As from leaf to glume. It
is concluded that the decrease of Cd and As in brown rice caused by phosphate fertilizers application was related to the increased iron
plaque amount and the inhibition of Cd and As transportation within rice plant.
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Table 1 Some properties of tested phosphate fertilizers
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Fig.1 Effects of different phosphate fertilizers on pH and
available Fe content of the paddy soil
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Table 2  Effects of different phosphate fertilizers on agronomic traits of rice at harvest stage
NERHA R I BER(D) B F(em) A REEH(N) R (/) FEH T (g/ ) TR T E (g

CK 13+2b 107.57+0.63a 10£1d 19.54+2.40a 55.59+0.91b 41.02+0.60c
HAP 2243a 106.57£2.62a 19+1a 11.11£1.40bc 66.32+2.64a 53.37+1.78a
MCP 14£1b 105.50+0.96a 12+1c¢ 14.56+1.61b 61.79+£3.23a 47.49+1.99b
MKP 14+3b 107.13£1.31a 14+£1c 18.40+0.82a 63.05+2.87a 45.66+2.60bc
BCP 174+2ab 109.13+£2.82a 18+0a 14.43+1.46b 56.68+2.28b 52.08+1.93a
SSp 16+2ab 110.40+3.63a 16+0b 9.95+1.60c 54.52+1.12b 42.31£1.08¢
CMP 13£3b 107.13+£0.48a 13£lc 14.06+1.68b 53.75+0.92b 39.44+2.54¢
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Table 3  Effects of different phosphate fertilizers on the
amount of iron plaque on root surface and the contents
of Cd and As in it

b BRI (g/ke) S E(mg/kg) B (mg/kg)
CK 3.31+0.25b 1.52+0.02¢ 5.07+0.44ab
HAP 3.79+0.34ab 1.4340.14cd 5.22+0.68ab
MCP 3.83+0.15ab 2.12+0.20a 4.82+0.63ab
MKP 4.54+0.71a 1.88+0.02b 6.51+1.44a
BCP 3.33+0.29b 1.4040.07cd 4.324+0.35b
SSP 3.81+£0.61ab 1.82+0.13b 5.67+0.72ab
CMP 3.91+0.14ab 1.2240.05d 5.26+0.55ab
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Table 4 Effects of different phosphate fertilizers on the contents of Cd and As in different rice tissues

WAL Cd %t (mg/kg) As ¥ i (mg/kg)

KA LSS = it 5T REK i ES I [ AR

CK 5.38+0.03b  0.44+0.03¢c  0.59+0.0lcd 0.17+0.01b  0.19+0.00a 610.65+£20.33b  6.89+0.04ab 12.51+0.15b 2.69+0.01a 0.61+0.03a
HAP 6.72+0.04a 0.41£0.02c 0.65+0.00c  0.10+0.01d  0.14+0.00b 534.05+14.04d  6.65+0.33b  11.59+0.36¢ 1.15+0.05¢ 0.56+0.05ab
MCP 5.55+0.06b 0.52+0.01bc  0.88+0.02a  0.05+0.0le  0.09+0.00cd 678.32+21.83a  5.58+0.22¢ 11.57+0.17¢c 2.40+0.04c 0.49+0.06bc
MKP 5.57+0.06b 0.47+0.02bc  0.62+0.01c  0.04+0.00f  0.10+0.00¢ 550.34+7.80cd  5.60+0.17¢c  11.66+0.35¢ 2.54+0.04b 0.49+0.02bc
BCP 5.68+0.02b  0.57+0.00b  0.76+0.01b  0.20+0.0l1a  0.07+0.00d 570.38+11.50cd  7.43+£0.08a 12.57+0.23b 2.33+0.05¢  0.47+0.02¢

SSP 4.45+0.04c  0.55+0.03b  0.54+0.02d  0.11+0.01d  0.15+0.00b 589.33+11.91bc  7.41+£0.51a 11.33+0.26c 1.58+0.09d 0.62+0.03a
CMP 7.30+0.03a 0.72+0.02a  0.54+0.02d  0.15+0.00c  0.10+0.00c 616.05£12.36b  7.51+0.27a 14.99+0.25a 1.47+0.08d 0.64+0.05a
2.6 A[FEIBEAEXTKFE As. Cd g5 J& B BE I AT VR TE B, 358 W 348 fiE g kD),

R5 AEMAEXKEE As. Cd HIBRRZAT
Table 5 Effects of different phosphate fertilizers on transfer

factors of Cd and As within rice

ik e HIERM
TF 2 TF TF s TF swyme

CK 0.08+0.01bc  1.36+0.15b  0.29+0.02a  1.12+0.12d

HAP  0.06+0.00c  1.61+0.16ab  0.15£0.03¢  1.36+0.08cd

MCP  0.09+0.01b 1.70+0.12a  0.06+£0.01d  1.68+0.12b

Cd MKP 0.08+0.00bc  1.34+0.11b  0.06+0.02d  2.80+0.24a
BCP  0.10£0.00ab  1.33£0.03b  0.26+0.01a  0.36+0.04f

SSP 0.12+0.03a 1.00£0.20c  0.20+£0.04b  1.44+0.08bc

CMP  0.10+0.01b 0.75£0.09¢c  0.28+0.05a  0.68+0.04¢

CK 0.01+0.00a 1.79+0.01b  0.22+0.00a  0.27+0.01¢

HAP  0.01+0.00a 1.75£0.05b  0.10£0.01d  0.59+0.04a

MCP  0.01£0.00c 2.08+0.06a  0.21+£0.01a  0.25+0.03c

As  MKP  0.01+0.00b 2.09+0.13a  0.22+0.00a  0.23£0.01c
BCP 0.01+£0.00a  1.6940.03bc  0.19+0.01b  0.25+0.01c¢

SSP 0.01+0.00a 1.54+0.11c ~ 0.14+£0.01c  0.48+0.04b

CMP  0.01£0.00a 2.00+0.04a  0.10+£0.01d  0.53+0.02b
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Table 6 The relationship between the contents of As/Cd in

rice and their availability in soil and contents in iron plaque

e RO LR s Bcd Bomas
cd As
R cd 0.302 -0.235  —0.544*
2ad -0.212 -0.089 -0.357
i Cd 0.653 -0.104 0.452%
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R As 0.375 -0.163 -0.259
25 As 0.376 -0.489* -0.337
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e As -0.177 -0.102 -0.028
FEK As 0.424 -0.042 -0.097
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AE 0 35 PR FERF AL As 75 2 A SO B i A g
i E B /KRR Cd &5, MCP. MKP. BCP
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