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Effects of silicon and zinc interaction on the uptake of cadmium in rice seedlings

JTAO Xin—tian'?, XUE Wei—jie’, ZHAO Yan-ling’, ZHANG Chang—bo’, YAN Lei', LIU Zhong—qi"*

(1. College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China; 2.Research Centre for Remediation of
Agro—Environmental Pollution, Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: The mechanism of Si—Zn interaction in the root rhizosphere of rice seedlings that inhibits the uptake of Cd was studied. Experi-
mental results show that the addition of 0.05 mmol L™ and 0.1 mmol - L”! sulfhydryl silicon into the nutrient solution with 2.7 pmol - 1" Cd
reduced the Cd content in rice roots by 5.4% and 34.7%, and in shoots by 3.5% and 51.8%, respectively. The coexistence of Si and Zn dis-
played more significant inhibition on Cd uptake. The addition of 0.2 mmol + L™ Zn and 0.05 mmol - L' or 0.1 mmol - L™ Si reduced the Cd
content in the rice roots by 27.4% or 68.9%, in shoots by 78.0% or 88.0%, respectively. The interaction of Si—Zn significantly reduced the
Cd distribution proportion in the cell walls of roots and in the cytoplasm fraction of shoots. Simultaneously, the coexistence of Si and Zn pro-
moted the absorption of essential elements, such as K, Ca, Fe, and Zn, by the roots and their subsequent transfer to the shoots. In the Cd-
stress environment, the addition of Si and Zn significantly increased the content of soluble proteins in roots, but had little effect on shoots.
These results indicate that increasing the concentrations of Si and Zn in the root rhizosphere can promote the fixation of Cd in roots and the
synthesis of soluble proteins in root cells by promoting the absorption and transfer of essential elements, finally inhibiting the transfer of Cd
from root cytoplasm to shoots.
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Figure 1 Effects of Si and Zn treatments on the concentrations of root Cd, shoot Cd,root Zn and shoot Zn under Cd stress
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Figure 2 Effects of Si and Zn supply on Cd concentrations in subcellular fraction of roots and shoots in rice seedlings under Cd stress
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Table 1 Effects of Si and Zn on essential elements in rice seedlings under Cd stress(mg-kg' DW)
Qb Treatments K Ca Mn Fe Zn
HEZ Root Cd 2359.3£168.8a 1 017.7£28.5a 5.9+0.4¢ 722.2+13.8a 23.3+0.2¢
Cd+Sil 1435.4+19.2d 786.6+16.7h 7.6+0.7h 632.0+16.5ab 19.9+1.0¢
Cd+Si2 1 566.0+41.4cd 449.7+44.0c 9.5+0.7a 591.9+9.2bc 17.5+1.2¢
Cd+Sil+Zn 1798.9+123.1bc 509.9+92.0¢ 7.4+0.2b 606.6+38.1bc 455.1x14.4a
Cd+8Si2+Zn 1 992.6+63.9b 359.5+24.2d 5.3+0.5¢ 528.6+68.0¢ 326.2+8.5b
Hi1 35 Shoot Cd 7 275.8+284.0b 1 108.3+53.3b 27.6+1.6¢ 156.9+14.4b 19.8+0.3¢
Cd+Sil 6 495.0+£58.8¢ 1271.5+47.4a 57.7+0.4a 193.7+12.3ab 24.1+1.3¢
Cd+Si2 7 128.0+70.4b 1019.0£97.1b 54.6+0.8b 200.7+9.9ab 21.4+1.4c
Cd+Sil+Zn 7 796.4+200.1b 1038.4+104.7b 26.4+1.1c 214.7+4.4abh 200.6+6.0a
Cd+Si2+Zn 8 107.5+195.1a 839.4+51.3¢ 26.1+1.7¢ 225.4£56.0a 134.7+4.7h
TE AR NG PR AL BRF] 22 57 36 51 P<0.05 %K. Rl
Note: Different letters indicate significant difference between treatments at P<0.05 level. The same bellow.
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Figure 3 Effects of Si and Zn on Cd distribution in subcellular fractions of roots and shoots in rice seedlings under Cd stress
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Table 2 Effects of Si and Zn on the translocation factors of

essential elements in rice seedlings under Cd stress

b
Treﬁjims K Ca Mn Fe Zn
Cd 3.08 1.09 4.68 0.22 0.85
Cd+Sil 4.52 1.62 7.63 0.31 1.21
Cd+Si2 4.55 2.27 5.78 0.34 1.19
Cd+Sil+Zn 4.33 2.04 3.59 0.35 1.23
Cd+Si2+Zn 4.07 2.34 4.89 0.43 0.44
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Figure 4 Effects of Si and Zn on soluble protein of roots and shoots in rice seedlings under Cd stress
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