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Effects of Exogenous Phosphorus<on Rice Growth and Cadmium Accumulation

and Transportatlon Under, Cadmium Stress / - O 4
HUO Yang QIU"YIH -yan', ZHOU Hangl . HU Yu.—dan DENG Peng hul , WET Bin-yun', GU ]iao-fen'gl’z* ,
LIU/ Jun LIAO Bai han'? J',,,.--- P- ¥ | )

(1. College of Epvuronmental Science ant Englneerlng, .Central South Unlversny of Forestty and Technology, Changsha 410004‘
China; 2. Hunafi Engmeermg Laboratory for Co‘ntrol of: Rlce Quality and Safety, Cffangsha 410604 China; 3. Key LaboratOI_'y of
Hengyang City on, Ecolpgical Impedance Technology of Heavy Metal Pollution in Cultivated Soil of Nonferrous Metal Mining Area
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Abstract In this' study, we mvestlgdted the effects of exogenou'é' phosphorus on the accumulation and transportation of cadmium in rice
plants through a hydroponic experiment. In the experiment, the rice variety was Huanghuazhan, P solution concentrations were 10. 0-
45.0 mg-L~" that was made using NaH,PO,, and Cd solution concentrations were 0. 1 mg+L ™" and 0.2 mg-L~". The results showed
that; (D the biomass in all parts of rice plants and contents of photosynthetic pigment ( chlorophyll a, chlorophyll b, and carotenoid)
increased gradually with an increase in exogenous P. (2 Content of Cd in rice stems, leaves, husk, and brown rice increased gradually
with an increase in the amounts of exogenous P. The content of Cd in brown rice increased by 2. 8% -22. 8% and 40. 9% -61. 8% when
treated with Cd concentrations of 0.1 mg-L~" and 0.2 mg-L~" in hydroponic solutions, respectively. @) Cd accumulation in rice
plants was accelerated due to the application of exogenous P. Cd accumulating amounts increased from 395.1 pg-plant™' to 542.6
pg-plant ' and 639. 6 pg-plant ™' to 1082. 0 wg-plant ' when treated with Cd concentrations of 0. 1 and 0.2 mg+L"" in hydroponic
solutions, respectively. @ With an increase in the applied amounts of exogenous P, the P/Cd quality ratio in rice roots increased,
while those in rice stems, leaves, husks, and brown rice decreased; meanwhile, the Cd transfer coefficients from root to stem
(TF ) and stem to leaf (TF

parts. Finally, the application of exogenous P promoted the transfer of Cd from the rice root to other rice tissues, resulting in a

) increased. This showed that there was a certain synergistic effect between P and Cd in the rice

root-stem stem-leaf

synergistic effect on Cd accumulation and transportation in various rice tissues and increased Cd contents in brown rice.

Key words : phosphorus (P) ; cadmium (Cd) ; rice; translocation factor; photosynthetic pigment
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Table 2 Effects of different treatments on height, tiller numbers, and biomass of rice plants

fb 3 Cdﬂ? PR e _ b _ ekt
gL /mgL /em i % i 5% Bk /e bk
CdoP10 0 10.0 93.3+1.5a  11+1.2b 3.7+0.1abc 15.9+0.5b 7.5+0.0c 3.1+0.1bc 10.5+1.2bc 40.6 £0.9cd
CdoP22.5 0 22.5 85.7+0.6b  11+0.6b 4.3+0.7ab 16.9+0.0b 7.4+0.0c 3.7+0.7ab 12.8 £2.2ab  45.0+3.0bc
CdOP45 0 45.0 85.0+7.8bc¢ 13+3.2ab 4.6x1.2a 23.7+5.2a 13.2+1.0a 4.4x1.6a 14.4x1.2a 60.4 £4. 1a
Cdo. 1P10 0.1 10.0 81.3+1.2bed 12+1.2ab 3.0+0.9¢ 14.6 £2.1b  7.4+1.0c 1.5+0.0d 11.2+2.2abc 37.6 £2.5¢cd
Cd0. 1P22.5 0.1 22.5 79.0£1.0cd 13 +1.2ab 3.1x0.3¢c 14.1£2.7b  7.6+0.6c 1.8+0.1d 12.5%1.3abc 39.1 £4.6cd
CdO. 1P45 0.1 45.0 78.3+£0.6d  11+1.5b 3.3+0.2bc 15.2+£2.0b 7.6+0.2¢ 2.2+0.lecd 14.0x1.5a  42.3 +3.0bcd
Cdo0.2P10 0.2 10.0 85.7+1.5b 14+0.6a 2.8+x0.0c 13.8£4.0b  7.5x1.6¢c 3.1£0.0be 9.1x0.0c 36.3 £4.7d
Cd0.2P22.5 0.2 22.5 83.3+6.1bed 15+1.0a 3.0+0.8¢ 14.9+4.1b 10.3+1.5b  3.2+0.0bc 11.1+2.4abc 42.5 +6.7bed
Cdo. 2P45 0.2 45.0 77.3+£0.6d  11+0.6b 4.2+0.1ab 16.0+0.0b 10.8+1.6b 4.6+0.2a 12.6+2.8ab 48.3+1.8b

1) R Bl I E = bR 22 R SIEEE A [ 7 B AN R A H M) 22 5 .35 (P <0.05) , R I+

2.2 AN P, Cd XPKFEM OGRS =R
F#E 3 T, 3 ANARFESNE Cd 3K (0, 0.1
0.2 mg-L‘1 )R RSN P X KRG A HOEE @
R . 7EF—MNE Cd KR, bt
R a MHERER b A MRS EYBESNE P IS
TN (10.0 ~45.0 mg-L™") i S FHEr #a 38 AEn
SN Cd 15 AR P ISR a HHERER b FIZEEAE b
HE RN 3.5% ~31.9%. 9. 5% ~23. 8% Fll

6.8%~11.4% ; MR Cd 2~ 0. 1 mg- L™, 435503 fin
T 47.7% ~ 103. 1%, 25.9% ~ 59.3% ¥ 8.8% ~
47.1% ; #MJR Cd b 0.2 mg-L~" B, 43 5 88 fn T
47.5%~54. 1% 1. 7% ~26.9% F1 21. 9% ~ 53. 1% . 1E
AN CA(0. 1 mg-L~"F10.2 mg-L™") B3 T, AKFgH:
AMERER a SR b FREBNTIC/MNE Cd Zb3. X
VERRES INAMIE P A2 K FEnt 7 & R A R, i Cd
e B T A ARG A
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Table 3 Contents of photosynthetic pigment in rice leaves with different treatments

Cd P ki [P Iy 1 > 1)
e s i T B Y 1R

/mg-L /mg-L /mg-g /mg-g /mg-g
CdopP10 0 10.0 1. 16 £0. 00c 0.42 +0.02b 0.44 +0.03b
Cdop22.5 0 22.5 1.20 0. 13¢ 0.46 +0. 02b 0.47 £0.0lab
CdOP45 0 45.0 1.53 0. 00a 0.52 +0. 05a 0.49 +0.01a
Cdo. 1P10 0.1 10.0 0.65 +£0.03e 0.27 £0.0le 0.34 +£0.01d
Cdo. 1P22.5 0.1 22.5 0.96 +0.07d 0.34 +0.01c 0.37 0. 02cd
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