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Eco-toxicological Effects of Multiscale Nano—SiO, and Its Critical Value on Rice
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Abstract : The relationship between the concentration of nano—Si0O, and the resulting toxic and scale effects on terrestrial plants were investi—
gated in this study to explore its critical value. The impact of various concentrations of multi-scale nano—Si0, suspension on rice seed germi—
nation and growth was tested. The experimental results showed a significant positive correlation (P<0.01 )between the nano—SiO, suspension

concentration and the inhibitory rate of seed germination. The regression equations were used to determine the ICy germinative rate, ger—
minability, germination index, activity index, root length, bud length and for multi—scale nano—Si0,, and the values of 8.82, 5.09, 3.62, 0.58,

1.85,4.96 g- L™ for 20.3 nm SiOy; 10.25, 8.45, 4.66, 2.34, 2.69, 5.11 g- L™ for 49.8 nm SiOy; 13.89, 7.72, 4.71, 2.97, 3.01, 4.83 g- L' for 80.0
nm SiO, were obtained respectively. It could be concluded that the order of sensitivity among different indices was activity index>root length>
germination index>bud length>germinability>germinative rate. According to the most sensitive index ICys the order of toxicity of multi-scale
nano—Si0, was 20.3 nm>49.8 nm>80.0 nm. Analysis of critical indicators showed that the critical values of 20.3 nm, 49.8 nm, and 80.0 nm
Si0, were 38.9, 257.9, and 764.1 mg- L™ respectively, suggesting that the direct toxicity of nano—Si0, decreased with the increase of SiO, size.
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Table 1 Effect of multi-scale nano-Si0O, on germination of rice seeds

e e 203 nm 49.8 nm 80.0 nm
Img L B3R 1% R To R AT R To K2R o KM%
0 0.99a  097a  099%  096a 0997a  0.95a
5 0.98a 0952  09%  094a 099  094a
50  097bc  094a  098ah 093ab  098a  0.938a
500  0.94c  092b  097ab 092ab  097a  093a
2500 09lc  087c 093¢  090b  094b  0.90a
5000 084d 072  087d  0.80c  0.90c  0.78b

IR RINE FREFR R P<0.05 K A 225 B ARl
GFRERIRTE P<0.01 K EAN B E 2, R,



32 Wb Ibas « 22 RO Si0, W KR A2 25 5 BRSOV K i AR bRk 52

2009 4 1 H

We FE KT 50 mg+L™",49.8 nm FI 80.0 nm SiO, ¥ J& K
T 2500 mg - L7 i, H & ZFATT 4R 32 B, 24k B
IKF] 5000 mg- L7 I, A ZF 355 o BRI 74.2% |
83.3% 1 82.1%, X ULHH & ZFH L Kk ZE X 44K Si0,
(4 0 B RS, 1T g S Rh A B AR BRI AL R AT K
3% 2 /T ZRIZYK Si0, XK FERhT & 20850
FINE T JHEESE o & SR EU R T R R A
IR, ZRIEYK Si0, T, k2504 bl
AP I ANMIRAR, YAEFRER N 5000 mg- L
f, 25 R Si0, 520 T 14 & 28 38 500 il R X JE Y
66.1% . 72.9%F 72.1% . 6 MRE3RR FEXHE J1H8 552
M AFFE R R 225, Horp CK B398 485 bR 1 5
mg- L AP HAh A b PS5 X6 R 2 [R] 3422 5 i
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Table 2 Effect of multi-scale nano-SiO, on germination
and activity index of rice seeds
Hepg/ 20.3 nm 49.8 nm 80.0 nm
L O it G PIE -t @&t QI VUL W it GLPIE
0 30.27a  1796aA  30.32a 2 137a  29.71a 1 653aA
5 29.40a 1 642aB  29.50a 2 050a  29.09a 1 582bA
50 29.08b 1 603bB 28.95ab 1939b  28.50a 1 552bcA
500 28.66b 1 550cB 27.78ab 1 765¢ 28.13a 1 479cB
2500 25.04b 1146dB 26.16b 16584 26.32a 1 376bcB
5000 20.0le 910dC  22.10c 1 172e¢ 21.40b  971dC

2.2 BEREMK SiO, 3K FEFFREF MK

33 R T ZRIEEGIK Si0, XK RGLI AR ZE K
M AZ I, B A B B B 0, AR ZE R AZ Ao
JEZ G, B0 B B AR ROV O R X S
Si0, XK A BYAR ZE A S I AE FE AR

4 20.3 nm Si0, Y IRF] 5 mg- L B, RIXFK
FEMAR AT M HIVE T, 22 5% .35 (P<0.05) 5 24k & 3k
F500 mg- L B, KA A AR K BH Sk, 25 S5 A e 3

* 3 S REK Si0, 3K BIRFMKHF N
Table 3 Effects of multiscale nano—SiO, on root and

seedling elongation of rice

et 20.3 nm 49.8 nm 80.0 nm

mg- L' K /em HK/em BREK/em HK/em HE/em  ZEK/em
0 7.68aA 349 aA  7.67aA  3.44aA  7.73aA 3.48aA
5 7.32abA  3.34abAB 7.33abAB 3.27hcAB 7.64abcA  3.30aABC

7.19 3.32 7.29 3.13 743 3.19
abA abAB bcAB abcAB  abcAB abcABC

500  6.06bA  3.12bcB  6.37bcB  2.83¢B  7.15bcAB 2.99abcABC
2500 5.0lcB  3.00cB  6.11cB  2.88¢cB 6.57bedB  2.76bcdB
5000 3.97dC 2.48dC  447dC  251cB  5.12¢C 2.33dC

50

(P<0.01), 1 4 ¥ FE A F] 2 500 mg- L™, % K AE 27 K1Y
THIVE A IR 2% 2 7K - 49.8 nm A1 80.0 nm SiO,
AR ZE K A sE M 3455 20.3 nm FEAR—3, X
WK AR L 2R T R, X 5 280 48 AL
PIRFP AR ZE R A S2 e — 2, AT RE D AR R X
15 B O U H S B bRl
23 ZEREMXK S0, 5KkBAEEIEIREX ST
REMR

Z REEK Si0, VR BE (X ) 5 4 3045 Fr i [m] )5
SIFTAS R IR 4 & WHEPRIA A i AR OC (P<0.01),
FE [A]— RUBE Bt A 3R B2 (R 3G 0, £5 TR R 3432 3
P, SRIEAESC, Fe R EE 7 B A ] R s 2
259 Hs AN N VR FE 1Cos {H . #5 DA T1Cos AT HUAL, 4%
FEVRIRANEINTT A < 1 T1 P8 B RS AR A I ] 2>
R AFFEEM > ZER MRS K& ZEAIN R > & 2F
FAMHI R, ZRIEYIK Si0, XK FE 1K) 45 T8 AR 1) 5
R R RE RV S IR U S S N U TR WA 3
TR AR 1Cos 2305914 :582.6,2 341.2,2970.8 mg- 1,
FH LA AT DL 22 RO oK Si0, XK A A EEdE R/
47:20.3 nm>49.8 nm>80.0 nm, I J5 K Al GE iy T/
R Si0, R REEH RS AR, THMINE
FEY LR, TR T & 2R &4 BRI
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Table 4 Critical value and the interrelation among the physiological

indexes of seedling and multiscale nano—SiO, concentration

R AN AT AERE Pl S

n I a(107) b 1Cos
203 nm KEEF 4 09671  2.60 2.08 8 817.0
RIEH 4 09690 450 209 5090.7
KEUHEEC 4 09973  6.11 2.94 36158

DAL £ 07930 140 16.8 582.6

RE 20 09148 830  9.68 1 846.2

HK 20 09505 401 5.16 4 960.7
49.8 nm KIER 09939 230 1.43 10 247.8
g 09344 272 218 8 451.4
&gt 0976 4 451 404 4 657.1

ILWAE RS 09366  7.20 8.14 23412

MK 20 09243 682 674 2 685.3

HK 20 07696 322 865 5109.3
80.0 nm K ZEHR 09853 170 1.39 13 885.7
R 09380 320 029 7723.0
KRR 09689 480 241 4707.4
WA 0.9580  6.80 4.80 2970.8

JiESi 20 09054 490 834 3401.1

HK 20 09822 460 280 4 826.1
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Figure 1 Effectof multi-scale nano-SiO,on activity index of rice seeds
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Figure2 Effects of multiscale nano-Si0, on root elongation of rice
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Figure 3 Scale effects of nano—SiO,on activity index

and root elongation of rice seed
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