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Effects of foliar application of selenium on cadmium accumulation in purple wheat

YU Linke', YANG Xinyue', XU Xiaoxun"*, WANG Guiyin"?, YANG Zhanbiao', ZHANG Shirong"*

(1. College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2. Key Laboratory of Soil Environment
Protection of Sichuan Province, Chengdu 611130, China)

Abstract: Due to the large area of cadmium (Cd) contaminated agricultural soils, convenient operation, high efficiency, and
environmentally friendly methods for safe food production are necessary. In the current study, a field experiment was conducted to
determine the effects of foliar spraying of sodium selenite (Na:SeO3) on Cd concentration in four purple wheat varieties. Furthermore, the
enrichment and subcellular distribution characteristics of Cd in plants were investigated. The results showed that the Cd concentration of
all wheat organs decreased after the supply of Na,SeOs, and the bioconcentration factor was significantly lower (P<0.05) than that in the
control treatment. When the concentration of Na,SeOs; was 0.8 mmol - L', the Cd concentration of wheat grains decreased by 47%—63%,
compared with the control treatment. In addition, the translocation factor of Cd from the stem to the grain and the leaf to the grain of four
wheat varieties significantly decreased (P<0.05) by 22%—-46% and 34%—-61%, respectively. The concentration of Cd in the subcellular
fractions of the plants was in the order of soluble fraction>cell wall>organelle fraction. Application of Na,SeO; reduced the Cd
concentration in each subcellular fraction of wheat plants, and increased the proportion of Cd in the soluble fractions of roots and leaves.
These results suggest that foliar spraying of Na,SeOs could enhance the compartmentalization of Cd in purple wheat, inhibit its transport to
grains, and induce its concentration in grains to meet the requirements of the National Standard for Food Safety—Limits of Contaminants in
Foods(GB 2762—2017).
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Figure 1 Effects of foliar Se application on Cd content in wheat organs
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Figure 2 Effects of foliar Se application on Cd distribution proportion in wheat organs
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Table 1 Effects of foliar Se application on Cd bioconcentration factor of wheat organs

wi A b3 MR AR R AL EIE R 7 B R AL (ERIATE F Y

Variety Treatment BCF of root BCF of stem BCF of leaf BCF of grain
B 1702 CK 1.49+0.02a 0.97+0.04a 1.2640.01a 0.68+0.03a
Sel 1.29+0.02h 0.75+0.03b 1.17+0.02b 0.38+0.02h

Se2 1.12+0.30¢ 0.66+0.02¢ 1.01+0.02¢ 0.33+0.02¢

Se3 0.97+0.02d 0.57+0.02d 0.93+0.01d 0.27+0.02d

B 1705 CK 1.65+0.02a 1.23+0.02a 1.32+0.02a 0.66+0.02a
Sel 1.46+0.02h 1.10+0.02b 1.24+0.02b 0.60+0.02h

Se2 1.33+0.02¢ 0.96+0.03¢ 1.19+0.01¢ 0.45+0.01c¢

Se3 1.16+0.15d 0.86+0.03d 1.09+0.02d 0.36+0.03d

EEFE 1706 CK 1.43+0.02a 1.03+0.04a 1.32+0.02a 0.65+0.04a
Sel 1.33+0.01b 0.93+0.02b 1.22+0.03b 0.47+0.02b

Se2 1.2220.01c¢ 0.84+0.02¢ 1.04+0.02¢ 0.39+0.02¢

Se3 1.0620.05d 0.74+0.02d 0.86+0.01d 0.3120.01d

AT 168 CK 1.31+0.02a 0.94+0.02a 1.58+0.04a 0.75+0.02a
Sel 1.09+0.03b 0.83+0.02b 1.29+0.02b 0.44=0.02b

Se2 0.99+0.02¢ 0.72+0.04¢ 1.1720.03¢ 0.36x0.01¢

Se3 0.79+0.02d 0.68+0.01d 1.0620.04d 0.29+0.02d

TEBUEARR 3 E AT B SR e, RIZUAR 5] 0 R A9 AS ] /NG 588 3% Tl A 88 I8 38 77 22 437 Rl Duncan #8238 , Ak B2 (B 7E 5% /K7 25 5
®E. N,

Note: Values are means + standard deviation (n=3). Different letters in the same variety mean significant differences (P<0.05) among different
treatments according to ANOVA and Duncan tests. The same below.
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Table 2 Effects of foliar Se application on Cd translocation factor in wheat

LYY b3 W -2E5e 12 R A ZE-H IR R R ZEFPRLR 1B R AL S B TSN
Variety Treatment TF from root to stem TF from stem to leaf TF from stem to grain TF from leaf to grain
BRI 1702 CK 0.65+0.04a 1.31+0.08b 0.70+0.02a 0.53+0.04a
Sel 0.58+0.03b 1.56+0.05a 0.50+0.01b 0.32+0.01b
Se2 0.59+0.01b 1.53+0.02a 0.50+0.02b 0.33+0.01b
Se3 0.59+0.03b 1.63+0.06a 0.46+0.02¢ 0.29+0.02b
BRI 1705 CK 0.74+0.01a 1.17+0.03a 0.54+0.03a 0.50+0.02a
Sel 0.76+0.01a 1.13+0.06a 0.54+0.02a 0.48+0.03a
Se2 0.72+0.03a 1.24+0.04a 0.47+<0.01b 0.38+0.02b
Se3 0.75+0.04a 1.27+0.16a 0.42+0.03¢ 0.33+0.03¢
B EEF 1706 CK 0.72+0.04a 1.29+0.03a 0.63+0.01a 0.49+0.02a
Sel 0.70+0.01a 1.31+0.04a 0.50+0.02b 0.38+0.02b
Se2 0.69+0.02a 1.24+0.01b 0.46+0.01c 0.37+0.01b
Se3 0.70+0.05a 1.16+0.02¢ 0.41+0.02d 0.36+0.02b
IR 168 CK 0.72+0.02a 1.67+0.03a 0.80+0.02a 0.47+0.02a
Sel 0.76+0.03a 1.56+0.01b 0.54+0.02b 0.35+0.01b
Se2 0.73+0.02a 1.61+0.06ab 0.50+0.02¢ 0.31+0.01¢
Se3 0.76+0.02a 1.57+0.08b 0.43+0.03d 0.27+0.03d

§% 7 168 1 NaxSe O W jiti ¢ JE fix e 1 4" th B f 2%

W AT AL P CAAM i 1 L6 AT A il B
B PR 5 F 44 ABERE T T 1A B A RN Cd B B2 52 10
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Table 3 Effects of foliar Se application on subcellular distribution

of Cd content(calculated by fresh weight) in the roots of wheat
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Table 4 Effects of foliar Se application on subcellular distribution

of Cd concentration(calculated by fresh weight)

in the leaves of wheat

B :mg ke
ATl AbFR A i R il ke Al o
Variety Treatment Cell wall Organelle Soluble fraction
LS CK 0.175+0.008a  0.084+0.004a  0.300+0.001a
1702 Sel 0.151+0.004b  0.069+0.005b  0.236+0.001h
Se2 0.127£0.009¢  0.055+0.004¢  0.226=0.006h
Se3 0.062+0.003d  0.033+0.004d  0.213=0.002¢
B CK 0.156+0.005a  0.081+0.005a  0.308+0.002a
1705 Sel 0.139£0.004a  0.069+0.003a  0.226+0.002b
Se2 0.110£0.008b  0.050+0.002h  0.203=0.005¢
Se3 0.052+0.004c  0.026+0.004¢  0.146=0.009d
B CK 0.12420.005a  0.056+0.005a  0.274+0.002a
1706 Sel 0.100£0.003b  0.054+0.003a  0.239+0.009h
Se2 0.080£0.004c  0.043+0.003b  0.220+0.005bc
Se3 0.0510.004d  0.024+0.001c  0.203=0.005¢
b3 CK 0.131£0.005a  0.065+0.005a  0.264+0.002a
168 Sel 0.105+0.002b  0.058+0.002h  0.224+0.009h
Se2 0.093+0.001¢  0.038+0.004c  0.208=0.004b
Se3 0.070£0.004d  0.018+0.002d  0.183=0.004c¢
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B{L . mg- ke
fn Qb FR A i R Yl IR
Variety Treatment Cell wall Organelle Soluble fraction
mass CK 0.069+0.005a  0.044£0.005a  0.165+0.002a
1702 Sel 0.049+0.004b  0.025+0.002b  0.149+0.005a

Se2 0.043+0.004b  0.021+0.001b  0.123+0.003ab
Se3 0.034+0.001c ~ 0.011£0.00lc  0.100+0.007b
massz (K 0.060+0.005a  0.036£0.005a  0.145+0.002a
1705 Sel 0.048+0.005b  0.028+0.002b  0.123+0.003b
Se2 0.038+0.004bc  0.020+0.002¢  0.10620.003¢
Se3 0.028+0.001¢  0.009+0.002d  0.089+0.004d
messz CK 0.048+0.005a  0.041£0.005a  0.129+0.002a
1706 Sel 0.040+0.004b  0.030+0.046b  0.106+0.052b
Se2 0.033+0.005¢  0.018+0.005¢  0.089+0.039¢
Se3 0.024+0.009d  0.009+0.037d  0.070+0.039d
sepEz CK 0.044+0.005a  0.036£0.005a  0.124+0.002a
168 Sel 0.035+0.003ab  0.030+0.001b  0.095+0.004b
Se2 0.028+0.002b  0.020+0.001¢  0.070+0.004c
Se3 0.016+0.002¢  0.010£0.002d  0.053+0.004d
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Figure 3 Effects of foliar Se application on proportion of subcellular distribution of Cd in the roots of wheat
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Figure 4 Effects of foliar Se application on proportion of subcellular distribution of Cd in the leaves of wheat
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Figure 6 Relationships between grain Cd content and Cd transport coefficient in wheat
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