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Effects of silicon on growth and physiological responses of rice seedlings under cadmium stress

LI Tian-zhe, CHEN Ai-ting, LI Cai, YANG Dan, HE Na, LIU Ming—da"

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

Abstract; The effects of silicon(Si) on growth and physiological responses of rice ( Oryza sativa L. "Liaojing 9" ) seedlings under Cd stress
were studied using a hydroponics experiment in which the effects of attendant cations had been eliminated. Four treatments were conducted
with the initial content of 1 mg+L™" Cd*, except for the control group, and different contents of Si(0, 50, 100, 150 mg- L' Si0,). The results
demonstrated that the growth of the rice seedlings was inhibited under Cd stress, and that Si significantly enhanced the dry weights of shoots
and roots. Moreover, higher peroxidase (POD ) activity and malondialdehyde (MDA ) content were induced, whereas catalase (CAT) activity
was inhibited under Cd stress. With the increase in Si content, the activity of POD gradually decreased (P<0.05 ), the activity of CAT gradu—
ally increased ( P<0.05 ), and MDA content decreased ( P<0.05). The ultrastructure of rice cells was damaged and plasmolysis occurred. We
found blurred and disorderly arranged chloroplast particles and lamellae, broken mitochondrial membranes, and blurred ridge under Cd
stress. Following Si application, (1) the cell structure of rice leaves was intact,(2) the number of starch granules in chloroplast increased,
(3) the osmium granules decreased and became smaller, (4) the lamellae were gradually neat, (5) the number of mitochondria and ridges
increased, and (6) the bilayer membrane structure gradually recovered. To sum up, exogenous Si application promoted the growth of rice
seedlings under Cd stress. Moreover, it alleviated the stress physiology response, improved the cell ultrastructure, and enhanced the ability
of rice seedlings to resist Cd toxicity. Under the experimental conditions, the best effect of cadmium stress alleviation in rice seedlings oc—
curred when the amount of silicon applied was 150 mg- L™
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Figure 2 Effects of Si application on catalase activity in rice leaves

under Cd stress

1 $RRME TR KB4 B A Ka

Figure 1 Effect of Si application on growth and development of rice seedlings under Cd stress
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Table 1 Effect of silicon application on biomass of rice under Cd stress

yosi] Biii/em K /em Ty T /g
CK 44.10+0.45a 11.34+0.43a 4.88+0.05a 1.68+0.20a
Si0 18.98+1.00d 4.50+0.26d 1.44+0.17d 0.6+0.18b
Si 50 20.22+0.12d 6.40+0.32¢ 2.16+0.14¢ 0.9+0.12b
Si 100 25.30+0.91c 8.46+0.83b 2.64+0.17¢ 1.38+0.07a
Si 150 36.94+1.18b 9.14+0.33b 3.66+0.07b 1.44+0.18a

T A AL PR ] Duncan YT Z 8 LA [RISI1/ING FEEFOR AN bk 1 18] 22 558 ) 5% B K V-0 n=30. TIio

Note : The Duncan method was used for multiple comparisons. Lower case letters indicate significant differences at 5% level between different amounts of

silicon applied. n=30. The same below.
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Figure 3 Effects of Si application on peroxidase activity in rice

leaves under Cd stress
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Figure 4 Effects of Si application on the content of MDA in rice

leaves under Cd stress
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Figure 5 Effect of Si application on leaf cells of rice under Cd stress
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Figure 6 Effect of Si application on chloroplast of rice leaves under Cd stress
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