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Effects of combined application of silicon and phosphorus on cadmium uptake and transport in rice and its
mechanisms

CAO Ting—yue, LIU Ming—da, WO Xi—hui, LI Jun

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

Abstract: In order to explore the effects of silicon and phosphorus on the absorption and transport of cadmium in rice and its regulation
mechanism. Shendao 529 was used as the research object in hydroponic experiments. In addition, four concentration gradients of silicon
and phosphorus were applied under cadmium pollution stress, After 30 days of cultivation, rice samples were used to compare the biomass
of rice, the cadmium content in shoots and below ground, the rhizosphere transfer coefficient, and the expression of cadmium transport relat-
ed genes in rice.It was found that with the increase of silicon and phosphorus application in rice, lower cadmium content and rhizome trans-
fer coefficients of the above—ground and underground parts of rice were achieved, specifically when combined with the silicon concentra-
tions of 284 mg - kg™ and phosphorus of 180 mg - kg™. With the application of silicon and phosphorus, the rice OsLCT1 and LCD genes
showed a downward trend in their relative expression. The OsNramp5 gene showed a trend of up-regulation in its relative expression, regu-
lation range of the application was greater than that of the single element. It was therefore determined that the application of silicon and
phosphorus can promote the growth of rice under cadmium stress and can affect the cadmium uptake and transfer in rice by regulating the
expression of cadmium—-related genes.
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Table 1 Internal reference and cadmium transporter gene primer sequence

[ Gene 1E 159731 Forward primer sequence JZ 1015|9731 Reverse primer sequence
OsActin CTTGGCATCTCTCAGCACATT TTGGCTTAGCATTCTTGGGT
OsLCT1 GAACTCCGCAAGGTCCAGA CGTACAGCCACAGACGAAAGA

LCD GATGATCCGATAGCCTCCCA GCACTGTAATCCCTTGTCCCA
OsHMA2 ATGGGAACGGCAGTGAGAA AGCGACACGACCAGAAGAAG
OsNRAMPS GCAGCAGTAAGAGCAAGATGG GGGGAGGTCGTTGTGGAT
20r a a
a a
- - 2 !
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2 14t
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Si0PO Si1PO Si2P0 Si3P0 SiOP1 SilP1 Si2P1 Si3P1 SiOP2 SilP2 Si2P2 Si3P2 SiOP3 Si1P3 Si2P3 Si3P3

AN[FIAEFEZH Different treatments
AN/ R AR B A] 22 57 1 2 (P<0.05) o T 1]

The different lowercase letters indicate significant differences among treatments (P<0.05). The same below

1 AEEE BT TKEBHEYE

Figure 1 Biomass of rice under different silicon and phosphorus levels
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HRFR4% 7 B Root Cd content/mg kg™
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sEA)
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AL FRZH Different treatments
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Figure 2 Cadmium content in roots of rice at different levels of silicon and phosphorus
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Figure 3 Cadmium content in stems and leaves of rice at different levels of silicon and phosphorus
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F2 AEE BKETKBIRBROZEMIEEZ R
Table 2 Cadmium transfer coefficient from rice roots to stems and

leaves under different levels of silicon and phosphorus

AL Treatments R 25 Transfer coefficient
SiOPO 0.490+0.028a
SilPO 0.464+0.03 1abe
Si2P0 0.413+0.039¢de
Si3P0 0.427+0.025bed
SiOP1 0.474+0.043ab
SilP1 0.418+0.034bcde
Si2P1 0.395+0.032def
Si3P1 0.409+0.032cdef
SioP2 0.383+0.024def
Si1lP2 0.385+0.032def
Si2P2 0.349+0.035f
Si3P2 0.365+0.040ef
SiOP3 0.419+0.011bcde
Si1P3 0.397+0.036def
Si2P3 0.391+0.027def
Si3P3 0.418+0.021bcde

TE B A B AR 22 (n=3) o RIFIA /NG TR 38R Ak 3
I 22 57 {8 % (P<0.05) .

Note: Data are average * standard deviation (n=3). The different
lowercase letters in a column indicate significant differences among
treatments at P<0.05.
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Figure 4 Relative expression of rice genes under different silicon

and phosphorus levels
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