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Effect of Selenate and Selenite on Selenium Uptake and Subcellular
Distribution in Leaves of Flue-cured Tobacco

FAN Jun!?, WANG Rui', HU Hongqing?®, XIANG Bikun', XIA Pengliang', DENG Jiangiang'
(1. Enshi Prefecture Company of Hubei Provincial Tobacco Corporation, Enshi, Hubei 445000, China; 2. College of Resource and
Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: In order to understand the absorption and resistance mechanism of Se on tobacco, a hydroponic experiment was conducted
to study the absorption and subcellular distribution of Se in tobacco leaves under different concentrations (0, 2, 5, 10, 20 mg/L) of
Se(VI) and Se(IV). The results showed that (1) At low concentrations (<2 mg/L) Se improved the growth of tobacco plant, but it
showed obvious inhibitory effects to tobacco plant at high concentrations (>5 mg/L) and the negative effects of Se(IV) were more
serious than Se(VI) at the same concentration of Se. (2) The content of Se in different parts of tobacco plant increased significantly
with the application of different valences of Se. The Se forms in leaves were mainly organic Se, and Se(IV) was the dominating form
of inorganic Se. (3) For leaves and stalks the affinity of selenate was higher than selenite and for roots it was the opposite. (4) Se was
mainly stored in the cytoplasm, and then the cell wall, with the mitochondria, chloroplasts had less Se. (5) The Se content of leaves, Se
in the cell wall and cytoplasm from the Se(VI) treatment were higher than the Se(IV) treatment, suggesting that plants have better
absorption ability and tolerance to Se(VI) than Se(IV). The reasons for this was that Se (VI) was easier to be used in synthesizing
proteins or amino acids and be fixed in the cell wall such that the toxicity of Se was alleviated.
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Table 1 Effects of selenate and selenite on plant agronomical characters of hydroponic tobacco plants
/ Se(VI) Se(1V)
mg-L! /cm /cm /cm / /cm /em /em /cm / /cm
0 30.67b 10.33a 15.67a 10.33a 18.17b 30.67a 10.33ab 15.67ab 10.33a 18.17ab
2 34.33a 11.17a 17.00a 10.33a 25.00a 30.00a 11.67a 16.33a 9.67a 19.33a
5 21.83d 7.73b 14.17b 8.67b 15.00b 25.67ab 9.83ab 14.33bc 9.33ab 19.00a
10 27.33¢ 9.67ab 13.17b 9.00ab 18.50b 25.00ab 8.67b 13.83¢c 8.33b 18.00ab
20 30.67b 10.10a 13.00b 7.67b 17.17b 23.00b 9.83ab 13.00c 6.33¢ 14.00b
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2.2 Se(VI) Se(IV) Se(IV) 2.6 0.79
2 Se(VI) Se(IV)
Se(VI) Se(IV) Se (V)
10 mg/L 50.7 23 Se(VI) Se(IV)
20 mg/L 4 Se(VI) Se(IV)  Se(VI)
81.6 132.8 Se(IV)
20 mg/L 7.6%~35.0%  1.3%~32.6% Se(IV)
68.0 363 57.0 Se(IV) Se(IV) Se(VI)
Se(IV)  Se(VI) 23.8%~51.3%
Se(VD)  Se(IV) 0.3%~3.7% Se(IV)
3 Se(VI) Ks Se(IV)
4.44 13.43 mg/L Se(IV) Se(VI) Se(VI)
70.6% 25.7% Cmax 303.72  281.43 mg/kg Se(1V)
Se(IV) 67.7% 91.7% Se(VI) 1
Ks  Cmax 2.34  204.12 mg/kg
2 Se(VI) Se(IV) mg/kg
Table 2  Effects of selenate and selenite on Se content of tobacco plants
/ Se(VI) Se(IV)
(mg'L")
0 3.59d 2.04e 1.87d 3.59d 2.04d 1.87d
2 91.45¢ 36.51d 100.43¢ 181.42¢ 20.16¢ 29.69¢
5 132.88b 77.04c 152.28b 209.03b 24.62¢ 51.30b
10 185.67a 118.84b 214.67a 241.59a 56.18b 58.09b
20 170.28a 168.58a 248.29a 247.88a 76.19a 108.39a
3 Michaelis-Menten

Table 3  Fitting parameters of Michaelis-Menten equation on hydroponic Se concentration and Se content of different parts of tobacco

Ky(mg-L") Crax/(mg-kg™) R? K/(mg-L1) Crax/(mg-kg™") R? K¢/(mg-L1") Crax/(mg-kg™) R?
Se(VI) 4.44 303.72 0.996 13.46 281.43 0.999 2.34 204.12 0.971
Se(IV) 15.12 181.08 0.945 18.12 146.80 0.971 0.91 258.14 0.996
4 Se(VID) Se(IV)
Table 4 Effects of selenate and selenite on Se valences in leaves
(mg L) /(mi/]:g ! fmgkg) /(mg-kg™) ,
1% 1%
Se(IV) Se(VD)
Se(VI) 0 0.10e 5.3 1.46d 78.2 1.56e 83.5 0.31d 16.5 0.197
2 7.64d 7.6 32.78a 32.6 40.42d 40.2 60.01c 59.8 1.484
5 47.83¢ 314 16.21b  10.6 64.04c 42.0 88.24c¢ 58.0 1.378
10 68.29b 31.8 8.44c 3.9 76.73b 35.7 137.94b 643 1.798
20 87.01a 35.0 3.13d 1.3 90.14a 36.3 158.15a 63.7 1.755
Se(IV) 0 0.10c 5.3 1.46a 78.2 1.56c 83.5 03le 165 0.198
2 1522b 513 1.09a 3.7 16.31b  54.9 13.38d 45.1 0.820
5 23.63a 46.1 0.15a 0.3 23.78a 46.4 27.52¢ 53.6 1.157
10 15.44b 26.6 1.72a 2.9 17.15b 29.5 40.93b 70.5 2.386
20 25.79a 23.8 1.76a 1.6 27.56a 254 80.84a 74.6 2.933
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24 Se(VD) Se(IV) 58.2%~71.7%
5 Se(VI) 19.3%~33.8%
10 mg/L
78.7
47.6%~63.6%
24.5%~27.0% Se(VI)
5.4%~17.9% Se(IV) Se(VI)
3.4%~9.8%  Se(IV) Se(IV) Se(VI)
10 mg/L
19.3

5 Se(VI) Se(IV)
Table 5 Effects of selenate and selenite on subcellular level of Se content in leaves

/(mg-kg! 1%
/gL (meke ) - /mg'ke")
Se(VI) 0 0.10e 16.3 0.34c 532 0.04d 6.6 0.15d  23.9 0.63
2 6.74d 27.6 0.82bc 3.4 131c 5.4 1547¢c  63.6 24.34
5 9.79¢ 27.0 1.82b 5.0 3.92b 108 20.73b  57.2 36.26
10 12.32b 245 494a 9.8 899a 17.9 24.06a 47.8 50.31
20 13352 26.6 475a 9.5 8.18a 16.3 23.89a 47.6 50.17
Se(1V) 0 0.10b 16.3 0.34a 532 0.04b 6.6 0.15b 23.9 0.63
2 1.73ab 193 0.026a 0.3 0.78a 8.7 6.43a 71.7 8.96
2.11ab 203 023a 22 0.49ab 4.8 7.54a 727 10.37
10 3.69a 28.8 0.12a 1.0 0.64a 5.0 836a 652 12.81
20 3.68a 33.8 0.59a 5.3 0.29ab 2.7 6.34a 582 10.90
3 Se(IV)
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