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Valence State Changes and Bioavailability of Selenium in Soil Treated with

Selenite and Selenate
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Abstract ; Pot experiments were conducted to study valence state changes and bioavailability of selenium in soil treated with selenite and
selenate. The objective of the study was to provide information for bioavailability, biogeochemical cycling and environmental action of
selenium in soil. The results showed that the total selenium,Se( V) and Se (0) concentration of the soil treated with slenite increased
significantly with the increase of selenium concentration at different growth stages of pakchoi. In different growth phases, soil total
selenium,Se( V) ,Se (VI) and Se (0) concentration increased remarkably when selenate concentration increased. The valence state
changes of selenium were observed in soil treated with selenite and selenate. Se( V) and Se (VI) were transformed into Se (0) with
the growth of pakchoi. Roots were the dominant sites for selenium accumulation in slelenite-supplied pakchoi, whereas shoots were the
major sinks for selenate accumulation. Shoots and roots seleniun content in selenate-treated pakchoi were significantly higher than that in
selenite-treated pakchoi. The bioavaibility and mobility efficiency of selenate in pakchoi were greater than selenite. Selenium
accumulation in pakchoi was more contributed to soil Se (VI) concentration than other valence selenium.

Key words:selenite; selenate; pakchoi (Brassica rapa L. Chinensis Group) ; selenium valence state; bioavailability
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Fig. 1  Selenium speciation of soil determined with sequential extractions and hydride generation atomic fluorescence spectrometry
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Table 1 ~ Valence state changes of selenium in soil treated with selenite
Se Se( V) Se(VI) Se(0)
/d /mg-kg ™! /mg-kg ™! /mg-kg ! /% /mg-kg ! /% /mg-kg ! /%
0(CK) 0.123 +0.014g  0.032 £0.001g 26. 45 0.027 +£0.005¢ 22.04 0.063 +£0.014e 51.50
0.5 0.479 +0.011f  0.336 +0.06f 70. 11 0.037 +0.008c 7.82 0.077 £0.004e 16. 05
1 0.913 +0.045¢  0.624 +0.019¢ 68. 40 0.081 +£0.016b 8.92 0. 146 +0.020d 16. 04
15 2.5 1.616 £0.067d  1.252 +0.048d 77.48 0.036 +£0.007c 2.21 0. 196 +0.023d 12. 10
5 3.911 £0.042¢  3.071 +0.055¢ 78.53 0. 136 +0.023a 3.48 0.437 £0.035¢ 11.18
10 7.183 £0.078b  5.939 £0.074b 82.68 0.054 +0.012be 0.75 0.884 +0.045b 12.31
20 14.380 £0.202a 12.472 £0.090a 86.73 0.128 +0.040a 0.89 1.517 £0. 100a 10. 55
0(CK) 0.050 £0.001g  0.033 £0.001g 66. 30 — — 0.017 +£0.002e 33.70
0.5 0.372 £0.018f  0.294 +0.009f 79. 11 — — 0.078 +0.010de 20. 80
1 0.637 £0.017e  0.572 £0.013e 89. 68 — — 0. 066 +0.005de 10. 32
30 2.5 1.322 £0.044d  1.181 +0.024d 89. 36 — — 0. 105 +0.012d 7.91
5 3.330 £0.120c  3.043 +0.048¢ 91.38 — — 0.240 +0.044¢ 7.22
10 6.324 £0.286b  5.667 +0.291b 89.61 — — 0.547 £0.051b 8.64
20 12.236 £0.335a  10.743 £0.315a 87.79 — — 1.043 +0.089a 8.53
0(CK) 0.050 £0.005¢  0.033 £0.002f 65.78 — — 0.017 +£0.005d 34.22
0.5 0.323 +0.026ef  0.290 £0.025ef 89.75 — — 0.033 +0.004d 10. 25
1 0.654 +0.026de 0.597 £0.014e 91.28 — — 0.057 +0.012d 8.72
45 2.5 1.316 £0.050d  1.234 +0.043d 93.72 — — 0.083 +0.008d 6.28
5 3.416 £0.171c  3.092 +0.096¢ 90. 50 — — 0.324 +0. 109¢ 9.50
10 6.382 +0.748b  5.571 +0.699b 87.29 — — 0.515 +0.123d 8.07
20 12.874 £0.556a 11.427 +0.532a 88.77 — — 1.115 +0.018a 8. 66
1) 0. 05 (LSD )y “—7 Se(VI); “ %”
(%),
2 ’ ’ Se( N) \Se(()) ; ’
Se(IV).Se(VI) Se(0) (20 mg-kg™")
(p<0.05), Se(VI)
Se( V) Se(IV) Se(0). 30d 45d
15,30 45d N <1 mg-kg™ Se(VI),
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Table 2 Valence state changes of selenium in soil treated with selenate
Se(IV) Se( VI) Se(0)
/d /mg-kg ! /mg-kg ™! /mg-kg ™! /% /mg-kg ™! /% /mg-kg ™! /%
0(CK) 0.123 +0.014f  0.032 +0.001f 26.45 0.027 +0.005d 22.04 0.063 £0.014d 51.50
0.5 0.311 £0.045¢  0.122 +0.005¢ 39.24 0.042 £0.001d 13.53 0.133 £0.047bc  42.72
1 0.303 £0.025¢  0.122 =0.004e 40.25 0.027 £0.007d 8.98 0.136 0. 024bc 44.90
15 2.5 0.589 £0.015d  0.339 +0.013d 57. 66 0.114 £0.017d 19. 40 0.106 +0.011¢ 17.92
5 1.097 £0.035¢  0.417 £0.004c 38.04 0.472 £0.022c 43. 06 0.116 £0.015¢ 10. 59
10 3.160 +0.053b  0.862 +0.004b 27.20 1.851 £0.091b 58.57 0.156 +0.003b .94
20 10.777 £0.113a 1.373 £0.053a 12.74 8.127 +0.631a 75. 40 0.326 +0.030a 3.03
0(CK) 0.050 £0.001d  0.033 £0.001f 66. 30 — 0.017 £0.002d 33.70
0.5 0.125+0.004 d  0.096 +0.005¢ 76.42 — 0.030 +0.005d 23.58
1 0.167 £0.004 d  0.133 =0.004e 79. 34 — 0.035 +0.002d 20. 66
30 2.5 0.314 £0.012¢cd  0.254 £0.008d 80. 77 0.013 £0.003¢ 4.18 0.047 £0.003d 15. 05
5 0.794 £0.028¢c  0.486 +0.005¢ 61.20 0.214 £0.003¢ 26.98 0.094 +0.028¢ 11.83
10 3.689 +0.273b  0.923 +0.014b 25.02 1.823 +0.328b 49.40 0.127 £0.045b 3.43
20 10.632 +1.076a  1.515 =0.066a 14.25 7.893 +0.670a 74.24 0.216 £0.017a 2.03
0(CK) 0.050 £0.005¢  0.033 +0.002f 65.78 — 0.017 £0.005¢ 34.22
0.5 0.142 +0.009de 0. 106 +0.004e 74. 68 — 0. 036 +0.006¢ 25.32
1 0.182 +0.008de 0. 140 =0.004e 76.70 — 0.042 +0.005¢ 23.30
45 2.5 0.291 £0.026d  0.213 =0.020d 73.39 0.022 £0.012¢ 7.69 0. 055 £0.004¢ 18.92
5 0.718 £0.046¢  0.479 £0.034c 66. 69 0.101 £0.059¢ 14.13 0. 138 +0.042b 19.17
10 2.204 £0.292b  0.939 +0.059b 42.59 0. 897 +0.340b 40. 69 0.116 £0.028b 5.28
20 10.996 +0.294a  1.602 =0.062a 14. 57 8.624 +0.195a 78.43 0.197 £0.047a 1.80
3, . 454 (p < 0.01), (20
-1
b b mg.kg ) ’
0.5 mg-kg™' , 10 mg-kg ™' N
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3 b
Table 3  Effects of selenite and selenate on growth of pakchoi
/mm /g -1 /g -1
/mg-kg !
0(CK) 41.70 £4.37ab  41.70 £4.37abc  10.618 £3.075a 10.618 £3.075a 0.4199 +0.099 1a 0.4199 £0.099 1a
0.5 49.06 £9.83a  46.42 +4.60a 9.261 £1.027a  9.042 +£1.269a  0.394 3 £0. 058 2ab 0.350 8 +0. 080 4ab
1 37.38 £5.21b 44.78 +4.77ab 7.325+1.999a  8.204 £1.118a 0.2933 +0. 109 6b 0.3006 +£0. 124 8b
2.5 38.20 £7.53b 40.29 0. 35be 7.599 £2.327a  8.240 £1.903a  0.327 8 +£0. 055 7ab 0.302 6 £0. 050 5b
5 37.88 £5. 15b 38.31 £1.53¢ 8.687 £0.975a  3.510 £0.409b  0.288 2 +0. 056 Ob 0.1541 £0.021 3¢
10 39.58 £1.93b  23.88 +2.66d 9.195 £3.849a  1.441 +£0.480b  0.3159 +£0. 042 0ab 0.080 1 +£0.0117¢
20 38.86 +4. 14b — 7.689 +1.238a — 0.2894 +0.058 4b —
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Fig.2 Effects of selenite and selenate on shoot selenium concentration of pakchoi
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Fig.3 Effects of selenite and selenate on root selenium concentration of pakchoi
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