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Effects of nano-selenium synthesized by microorganisms sprayed on leaf surfaces on cadmium selenide
absorption in rice

HE Jianyong', QIN Huisong', JIANG Daihua", HUANG Xuejiao', LI Chunxiu', WANG Yizhen', HUANG Zhigang', ZHU Zhengjie

(1. Guangxi Key Laboratory of Agricultural Environment and Agricultural Product Safety, School of Agriculture, Guangxi University,
Nanning 530000, China; 2. School of Baise, Baise 533000, China)

Abstract: This study aimed to investigate the effects of microbial synthesis of nano—Se (B) on the absorption of cadmium selenide in rice
and grain enrichment of Se on Cd reduction. The effects of microbial synthesis SeNPs sprayed with 5(B5), 10(B10), and 20(B20) mg- L'

on the absorption and transport of cadmium selenide in rice were studied through a pot experiment. Further, the effects of Se enrichment
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and Cd reduction on rice grains with inorganic Se (S) and organic Se (M) spray were compared. Compared with no Se (CK), S, and M
treatments, B5, B10, B20 treatment increased Se content by 227.52%-366.46%, 3.38%~-23.31%, and 30.54%—42.57%, and decreased Cd
content by 10.14%-55.07%, 4.08%—36.37%, and 9.03%—40.77%, respectively. The effect of Se enrichment on Cd reduction was in the
order B>S>M>CK. In B treatment, the best effect of Se enrichment on Cd reduction was observed with a 20 mg + L™ spray. Further, no

significant difference in Se and Cd absorption between high— and low=Se rice varieties was observed. Compared with CK treatment, B
treatment promoted the accumulation of Cd in cell wall and vacuole components, reduced the accumulation of chloroplast and
mitochondrial components, promoted the accumulation of Se in cell wall and chloroplast components, and reduced the accumulation of
mitochondria and vacuole components in rice leaves. The principal component analysis and Pearson correlation matrix showed a negative
correlation between Se and Cd content in each part of rice (P<0.01). Compared with CK, M treatments, the bio—enrichment coefficients of
Se in B treatment were increased by 20.63%—264.70%, 20.37%—32.86%, respectively, in the order S>SB>M>CK. CK and B5, B10, B20
treatments reduced the Cd enrichment coefficients of rice by 9.10%—-25.10%, 5.70%—9.65%, and 10.64%—22.10%, respectively, in the
order CK>M>S>B. The Se transfer coefficient of rice was in the order root—stem<stem—grain<stem—leaf, whereas the Cd transfer coefficient
was in the order root—stem<stem-leaf<stem—grain. Compared with CK, S, and M treatments, B treatment promoted the transfer of Se and
reduced the enrichment of Cd in grain. Compared with CK, S, and M treatments, B treatments significantly increased the contents of SOD,
CAT, POD, APX, PAL, Pro, and GSH in rice leaves and decreased the contents of MDA and H,0,. The effect of high—Se rice varieties (Tai
Fengyou 208) on improving the activity of antioxidant enzymes and the content of antioxidant substances in rice leaves was higher than that

of low—Se rice varieties (Gui Yefeng). Therefore, SeNPs synthesized by microorganisms sprayed on the leaf surface have more significant

advantages in regulating the absorption and transport of Se and Cd in rice, enriching Se, and reducing Cd in grain.

Keywords : microbial synthesis of nano—Se; selenium; cadmium; inorganic selenium; organic selenium; rice
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Table 1 Effects of different treatments on agronomic traits of rice

sty o K R AL %ﬁ?*ﬁiﬁl shs ?‘*ﬁ)ﬂii i%f’i
Treatment Plant height/cm Ear length/cm Number of ears - Number of grains Seed setting rate/% lOOQ—gram Actual y{(]eld/
per pot/ear per ear/ear weight/g (g+pot™)
CK+ 105.7£1.7a 20.9+0.8a 32.3+1.5a 154.4+4.0a 78.8+1.6b 20.2+1.0a 100.8+4.9def
B5+ 107.3x1.3a 21.1+2.4a 35.0+2.0a 161.8+10.7a 85.6+5.1ab 21.4+1.5a 120.1+1.2a
B10+ 105.9+0.5a 21.5+2.5a 35.3+2.3a 159.249.6a 85.4+1.1ab 21.0+1.0a 120.7+1.5a
B20+ 103.9+3.2ab 22.4+0.9a 35.3+2.1a 167.0+9.2a 87.2+0.3a 21.7+0.9a 122.9+7.3a
M5+ 101.3+1.0b 21.6x1.1a 34.0+4.4a 161.7+9.3a 82.0+0.8ab 20.1x1.5a 109.5+0.2bed
M10+ 103.1+0.4ab 22.7+1.2a 33.3+2.5a 162.8+12.5a 82.9+6.7ab 20.5+1.0a 109.5+9.8abc
M20+ 106.5+1.7a 21.7+0.3a 33.3+1.5a 159.3+18.8a 81.6+7.0ab 20.7+1.7a 114.1+9.2bed
S5+ 104.5+2.9ab 21.9+1.0a 33.3+1.5a 160.5+8.8a 81.9+2.3ab 20.0+0.6a 107.1+3.1cde
S10+ 106.2+3.3a 21.5+1.7a 34.3+3.1a 160.2+13.6a 84.9+3.3ab 20.6+2.0a 112.5+4.2abc
S20+ 104.9+3.4ab 22.4+1.2a 35.3+1.5a 165.1+6.8a 84.1+4.3ab 20.2+1.0a 118.0+5.6ab
CK- 109.8+2.8a 22.5+0.4a 32.6+2.1a 133.4+5.2a 79.0+1.2b 18.6+0.7a 81.8+1.7i
B5- 108.5+5.3a 22.5+1.1a 32.0+1.0a 146.4+17.1a 83.5+5.3ab 19.3+0.4a 90.8+1.1fghi
B10- 109.9+3.7a 23.0+0.7a 32.7+2.1a 142.5+4.5a 84.4+4.9ab 19.7+0.7a 94.7+5.4{gh
B20- 109.8+3.2a 22.6+1.7a 34.7+1.5a 147.1+0.5a 86.5t1.1a 19.9+1.6a 97.9+6.51efg
M5- 107.9+4.4a 22.2+1.4a 32.7+2.1a 143.4+4.6a 82.6+3.4ab 18.9+0.7a 89.3+5.1ghi
M10- 105.4+0.8a 22.1+0.4a 32.3+0.6a 143.7+3.3a 82.4+4.5ab 19.0+0.6a 89.4+4.9ghi
M20- 108.6+4.7a 22.5+1.3a 34.3+3.1a 145.9+5.6a 84.1+5.2ab 19.23+0.5a 94.9+5.71gh
S5- 107.1+5.5a 22.4+1.1a 32.6+0.6a 142.9+4.2a 80.9+0.4ab 18.8+0.2a 86.9+2.4hi
S10- 107.8+5.1a 22.0+1.0a 33.7+1.2a 136.9+8.2a 82.1+1.1ab 18.8+0.9a 89.5+5.4ghi
S20- 108.9+5.7a 23.0+0.6a 34.3+2.3a 138.9+10.5a 85.2+1.2ab 18.9+0.4a 89.9+0.4ghi

TE : CK =S X, B A U 08 WK Se, MR AT L Se , S 9 JEHL Se, FLE U7 FR 0 510,20 mg- L7 35 5+ KRl 28 000 208 A, - K A5
R E AR R PR B AR DR, =3, [ S B IS A ARG PR R 2252 .35 (P<0.05, Duncan 7% ) o T IA].

Note: CK indicates control, B indicates microbial synthesis of selenium nanoparticles , M indicates organic selenium, S indicates inorganic selenium, the

latter number represents spraying 5, 10,20 mg- L™ concentration, + : rice Taifengyou 208 varieties, —: rice Guiyefeng varieties. The values in the table are

mean #standard error,n=3,and different lowercase letters in the same column indicate significant difference (P<0.05,Duncan’s test). The same below.
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Z= 5 B W K, FE BS AL BRI, 5 M5 S5 A 22 0.159
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Figure 1 Effects of different treatments on Se content in rice organs
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Figure 2 Effects of different treatments on Cd content in rice organs
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Table 2 Changes of Cd bio—accumulation factors(BAF) and translocation factors(TF) in rice under different treatments

1R

FEFIEH

H R R AR e RATE
s BAF Se Cd
Treatment < o /4 /2% /2% /1R /2% IR TS
¢ Stem/Root Leaf/Stem Grain/Stem Stem/Root Leaf/Stem Grain/Stem
CK+ 0.51+0.01e 2.87+0.14a 0.19+0.01g 2.82+0.11f 0.86+0.10f 0.24+0.07abc 0.59+0.06ab  0.67+0.01ab
B5+ 0.65+0.01de 2.61+0.02bcde 0.52+0.01f 2.64+0.14e 0.80+0.11e 0.21+0.08bcd 0.60+0.05ab  0.67+0.02ab
B10+ 1.00+0.02¢ 2.34+0.04¢ghi 0.77+0.01d 2.73+0.15¢d 1.19+0.06b 0.17+0.11cd 0.46+0.04ab 0.56+0.06b
B20+ 1.86+0.17a 2.15+0.02i 0.63+0.09b 2.94+0.09a 1.14+0.01a 0.14+0.01d 0.36+0.01b 0.61+0.04ab
M5+ 0.54+0.12e 2.35+0.15¢ghi 0.61+0.11f 2.40+0.13e 0.58+0.04ef 0.29+0.02a 0.46+0.03ab 0.58+0.04b
M10+ 0.87+0.02cd 2.29+0.06ghi 0.80+0.02d 1.84+0.12¢ 0.79+0.07d 0.17+0.01cd 0.53+0.01ab ~ 0.64+0.02ab
M20+ 1.40+0.10b 2.76+0.02ab 0.68+0.09¢ 2.56+0.37hc 1.08+0.06b 0.20+0.04bed 0.62+0.04ab 0.55+0.01b
S5+ 0.89+0.04cd 2.50+0.08cdefg 0.65+0.06e 1.60+0.01e 0.37+0.01ef 0.26+0.03ab 0.56+0.01ab 0.58+0.01b
S10+ 1.42+0.10b 2.59+0.13bcdef 0.68+0.02¢ 1.89+0.13d 0.76+0.02c 0.16+0.04d 0.54+0.02ab  0.58+0.02ab
S20+ 2.09+0.06a 2.28+0.11ghi 0.66+0.01a 2.09+0.20b 0.95+0.02a 0.13+0.02d 0.53+0.03ab 0.96+0.01a
CK- 0.63+£0.02cd 2.71+0.01abc 0.14+0.01g 2.90+0.36f 0.90+0.06d 0.25+0.02abc 0.62+0.12ab 0.77+0.03ab
B5- 0.76+0.07cd 2.68+0.01abc 0.48+0.06f 2.02+0.01e 0.54+0.05d 0.17+0.05¢cd 0.64+0.01ab 0.84+0.01ab
B10- 0.82+0.01cd 2.40+0.14efgh 1.00+0.01d 2.08+0.01cd 0.98+0.07b 0.17+0.03cd 0.67+0.04a 0.59+0.02ab
B20- 1.49+0.03b 2.13+0.02i 0.85+0.01b 2.50+0.29a 0.99+0.05a 0.16+0.13d 0.63+0.01ab 0.57+0.02b
M5- 0.58+0.03d 2.43+0.03defgh 0.61+0.01f 1.67+0.13ef 0.36+0.01d 0.26+0.02ab 0.53+0.02ab 0.61+0.01ab
M10- 1.03+0.03¢ 2.37+0.04fghi 0.74+0.02de 1.28+0.05¢ 0.69+0.09¢ 0.17+0.08cd 0.56+0.08ab 0.65+0.03ab
M20- 1.41+0.02b 2.67+0.02abed 0.76+0.01c 1.78+0.17¢ 0.84+0.03b 0.17+0.02cd 0.68+0.02ab 0.69+0.02ab
S5- 0.97+0.04cd 2.65+0.03abed 0.64+0.01e 1.45+0.08e 0.23+0.03d 0.20+0.03bcd 0.62+0.04ab 0.71+0.01ab
S10- 1.68+0.05b 2.48+0.15cdefg 0.62+0.03¢ 1.44+0.05d 0.59+0.09¢ 0.16+0.03d 0.71£0.01ab  0.64+0.02ab
S20- 2.43+0.14a 2.23+0.04hi 0.61+0.03a 1.71£0.11b 0.80+0.07a 0.17+0.08d 0.59+0.01ab  0.80+0.01ab
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Figure 3 Cd and Se content fraction in rice tissues
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Figure 4 Subcellular distribution of Cd and Se in rice leaves
F3 REIAEKREEEE L IERIEWL
Table 3 Changes of physiological and biochemical indexes of rice under different treatments
Jb3 SOD/ CAT/ POD/ APX/ PAL/ MDA/ H,0,/ Pro/ GSH/
Treatment (Ueg'+h™) (Ueg'min')  (Ueg'emin?)  (Ueg'ss™) (Ueg'+h™) (nmol+g™)  (pmol-g™) (pgeg") (pgegh)

CK+ 82.57+18.89ijk 102.83+2.25ijk ~ 153.99+8.60ef 20.83+3.66efg  1524.00+14.42] 1.08+0.05ef  6.34+0.10a  113.00+3.42hi  290.79+11.61ghi
B5+ 139.21+21.62ghi 149.50+9.04a 186.68+3.83d  32.26+1.32a  2217.33+53.27cd  0.44+0.03jkl 4.99+0.10cd  144.94+4.83def  371.13£7.20abc
B10+ 295.69+26.40ab  114.50+4.92fgh ~ 261.15+£5.09a  28.63+1.79h  2381.33£72.04b  0.36+0.04kl  4.11+0.16e 158.90+3.79abcde 356.92+16.72bed
B20+ 354.25+54.74a 106.83+3.40hij  272.95+4.63a  25.18+1.70cd 2 537.33+47.72a 0.27+0.051  3.25+0.13f 178.82+4.24s 332.20+6.51def
M5+ 120.01+21.74hij ~ 148.17+4.01ab  161.40+5.57e  28.51+1.66b  2093.33+44.96ef  0.560.05ij 5.25+0.38bc  112.74+2.48hi 390.90+20.49a
MI10+  230.41+£50.90bede  133.00+3.97de  203.86+£9.82¢  24.70:1.35¢cd  2277.33£100.58be  0.40+0.12jkl 4.91+0.36ed  133.06+5.46fgh  301.30+10.21fgh
M20+ 296.65+72.93ab 115.83+7.85fg  230.49£9.10h  20.77+3.99efg 2 348.00+56.00b  0.37+0.06jkl  4.13+0.12¢ 143.47+12.24defg  275.35+13.94hij
S5+ 88.33+32.71ijk 141.00+1.80bc  161.064.78¢  22.44+0.74def  1754.67+83.36h  0.84+0.10gh  5.63+0.16h  135.99+7.03fg  341.78+26.72cde
S10+  216.97+47.53cdef  134.33+4.5lcd  175.56+8.17d  20.95:0.68efg  1901.33+38.44g  0.67+0.07hi  4.78+0.38d  143.46+2.86defg 288.63+24.25ghi
S20+ 276.49+26.76bc 126.33+2.47e  226.11+8.60b  16.13+1.451)  2014.67£38.44f  0.47+0.02jk  4.23:0.14e 164.97+1.62abed  249.40£6.17jk
CK- 42.25+7.62k 91.67+4.73mn  104.45+7.85k  15.12£1.66] 1357.33+23.44k 1.72+0.14a  7.89+0.18a  107.55£5.92i  311.81x11.33efg
B5- 126.73+11.99hij 117.50+2.18f  110.51+4.095k  29.23+1.97b 2 141.33+126.01de  1.47+0.20bc  6.36£0.16cd 139.41£16.97efg  384.20+34.93ab
B10- 192.97+19.18efg  98.17+3.88klm  128.04+6.09hi  20.00£1.59fgh 2 220.00+£136.00cd  1.24£0.09de  5.20+0.18e 162.74+27.55abed 356.61+10.93bed
B20- 279.37+46.20bc  95.33+4.37klmn  144.55£3.65fg  18.51+1.19ghi  2494.67+28.09a  0.85+0.04gh  4.12+0.18f 177.01+18.59ab  317.67+16.99¢fg
M5- 90.25+27.37ijk  109.50+6.26fghi  107.14+4.41jk  26.31+1.34bc 1 798.67+85.82gh  1.35+0.27bcd 6.66+0.43bc  121.55+10.50ghi 360.62+22.21abed
M10- 210.25+23.98def  93.17+1.89lmn  124.33+8.02hi 21.37+1.09efg 2 097.33£30.02def 1.17+0.11def 6.07+0.55c¢d 138.34+12.68efg  318.29+16.69efg
M20-  263.05+23.98bcd 88.33+2.08n 135.79+2.54gh  23.39+0.94cde  2217.33+56.19cd ~ 0.99+0.15fg  5.25+0.06e  151.41+6.77cdef ~ 235.49+10.42kl
S5- 71.05£10.38jk  108.17+6.05ghij  103.44+4.56k  22.74+0.55def 1 508.00+65.48; 1.49£0.04b  6.91£0.30b 137.01£19.57efg  356.92+8.81bcd
S10- 161.29+8.31fgh 100.50+4.77jkl  118.94£16.12ij 17.50+£1.35hij  1610.67+56.05ij  1.29£0.06cd  6.04+0.51d 155.04+7.38bcdef  264.53+6.581jk
S20-  240.97+35.39bcde  94.50+1.80klmn  124.33+4.04hi  15.36+1.35]) 168.67+20.53hi 0.88+0.06g  5.38+0.17¢  169.18+17.28abec  213.25+25.721

0.26~0.55 .r=0.14~0.59 .r=0.68~0.80) . 7KFFi % HR7 Se
Ty Cd FiE R B E AR R (P<0.01)

2.7 £S5 H (PCA) S Pearson 185 % P&
B4 M1 A1 Pearson AH O 4E R 2R B, A 6] b B
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Figure 5 Relationship between physiological indexes,Se and Cd content in rice
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Figure 6 Principal component analysis(A ) and Pearson correlation matrix(B) analysis
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