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Abstract : This study investigated the effects of six metal oxide nanoparticles (NPs: CuO, NiO, TiO,, Fe;Os, C0304, ZnO) on
seed germination and germination index (G.I) for five types of seeds: Brassica napus L., Malva verticillata L., Brassica olercea
L., Brassica campestris L., Daucus carota L. NPs of CuO, ZnO, NiO show significant toxicity impacts on seed activities [CuO
(6-27 mg/L), ZnO (16-86 mg/L), NiO (48-112 mg/L)], while no significant effects were observed at > 1000 mg/L of TiO,, Fe,0s3,
Co30s. Tested five types of seed showed different sensitivities on seed germination and root activity, especially on NPs of CuO,
ZnO, NiO. Malva verticillata L. seed was highly sensitive to toxic metal oxide NPs and showed following ECsgs : CuO 5.5 mg/L,
ZnO 16.4 mg/L, NiO 53.4 mg/L. Mostly following order of toxicity was observed, CuO > ZnO > NiO > Fe;O3 = C0304 = TiOa,
where slightly different toxicity order was observed for carrot, showing CuO > NiO = ZnO > Fe;03; = Co0304 = TiOs.

Keywords : Nanoparticles, Seed germination, Germination index, Toxicity
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Gom, o 27 REL he3t 2tk CuO (30~50 nm), NiO
(30 nm), Fe;O3 (20~40 nm), Co30s (30 nm), TiO, (30~50 nm)
(Nanostructured & Amorphous Materials Inc., USA), ZnO (40~
100 nm), (Alfa Aesar, USA). U=¢I2} A]520] T2 BALS 9]
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olercea L. (Bo, %8I3, Brassica campestris L. (Be, B}5), Daucus
carota L. (Dc, B L) (vl 2, Korea)S AFE5Fo] A8
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2.2. Mot RE“};OH st e UXt =

.4 A& 5 mLE Petri dish (90 x 15 mm)2] ¢} 1}X|(Advantec
filter paper #2) ol 3L, Z}2+9] Petri dishof] A&%=5t 20

Sterilize all seeds in 3%
H2O, and rinse with
distilled water (x3).

Make NP solution and
30 minutes sonication

A

Add 5 mL NP solution (control 5 mL distilled water)
over filter paper on a Petri dish.

i

Array 20 seeds on each Petri dish and
wrapped with parafilm.

A

Incubate for 3 or 5 days (dark, 23C)

A

Count seed germination number
(> 1 cm or 2 cm root length) and measure root length

Figure 1. Protocol for seed germination activity assay.
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Figure 2. Effects of CuO NP on the relative seed germination (%) of
five seeds.
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Figure 3. Effects of three NPs (CuO, ZnO, and NiO; 50 mg/L) on
the activity of seed germination.
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A SHEI NPsi F=515E J3F 2fo|& #ash7] 918l 50 mg/L
=% ZIE Figure 30| et 2E YU} 5% 50
mg/Loj A A ohlrobg H3h-2 CuO (4£8.9%), ZnO (30 =
23.8%), NiO (68 +15.8%)2 ZA = oW, CuO > ZnO >
NiO =02 =2 qA gaFS Uetfigley. 212ut ZF NP
ek ECsodb 7122 sHols of d< Aot A oA <
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(Table 1). B2 NiO2} Zn0O2] 79~ Hl=3t oA JFe w7]
g ®el Ao FehEh
NPs F-7 A ghgboto] n|z|= J&FS ECs gholl <A B
H] w3} ti(Table 1). CuO, ZnO, % NiOof th3t Z} ECso HE
L 6.5~10.1 mg/L, 26.6~27.7 mg/L, 48.3~111.5 mg/LZ RA}%|
Rom, EE XoE ECs9] M= +4 6.5~56.4 mg/L, oS
5.5~53.4 mg/L, %Fulj3= 7.8~111.5 mg/L, vj3= 10.1~48.3 mg/L,
ThL 27.1~80.4 mg/L. W] X SF W NPs E5of wle} Abo]
3 JA FEDS YeErdS g T 4 U FES
NPof| tfgt 2= RSt F9] ECso Bagkoll &4 uf NPs9]
ok ot oA o gt FF2 CuO (11.4+8.94 mg/L) > ZnO
(36.8£27.81 mg/L) > NiO (70 £26.28 mg/L)& ZALE T}
3 FY Aotell it 35 NPs J3F2 ECso Btakoll <7
3 of ohSaf Zo] UERTH: oFL(25+25.1 mg/L), #iF(29
+19.1 mg/L), 23 (30 +25.1 mg/L), %ul|3=(49 +55.1 mg/L),
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Table 1. Summary of the effects of NPs on seed germination and G.I

=, A1 Al1%, 20159 34

NPs (mg/L)
Seed types -
CuO ZnO NiO
Germ 6.5 26.6 56.4
By | (5.54-7.57) | (23.45-30.16) | (49.4-64.42)
n
GI 3.1 17.1 30.4
’ (2.65-3.63) | (14.55-20.09) | (26.32-35.18)
Germ 5.5 16.4 53.4
M "I (4.49-6.89) | (14.14-19.11) | (47.42-60.15)
v
Gl 2.6 13.0 39.2
' (0.98-6.72) (9.9-17.09) | (34.69-44.33)
Germ 7.8 273 111.5
B "l (6.82-8.85) | (24.57-30.4) | (94.95-130.8)
© Gl 4.7 215 52.5
' (3.79-5.9) | (18.69-24.77) | (44.69-61.63)
Germ 10.1 27.7 48.3
B "1 (8.66-11.81) | (21.73-28.07) | (42.78-54.58)
c
Gl 49 17.5 26.7
' (4.1-5.83) | (15.12-20.31) | (22.54-31.50)
Germ 27.1 85.8 80.4
D "1(23.79-30.94) | (69.31-106.29) | (71.41-90.54)
c
Gl 21.2 52.5 73.4
"] (18.95-23.67) | (43.57-63.14) | (65.59-82.18)
Germ.| 11.4+8.94 36.8+27.81 70+£26.28
Average
Gl 7.3+7.83 24.3+16.04 44.4+18.99

“Bn (Brassica napus L.), Mv (Malva verticillata L.), Bo (Brassica
olercea L.), Bc (Brassica campestris L.), Dc (Daucus carota L.)

®Value is the range of the 95% confidence level (low limit~high limit)

Table 2. Statistical significances (p-values) between tested types of
seeds and NPs

Parameters

p-value ranges
0.1721-0.9534

CuO/ZnO (0.0004-0.0057)
ZnO/NiO (0.0007-0.006)"
CuO/NiO (0.0002-0.0008)

*Effects of ZnO/NiO on Dc (carrot) only showed p-value 0.6765

Between two seed types

Between two NPs

164 +32.4 mg/L). AAO] ALl A}
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Figure 4. Effects of the NiO NP on the germination index (G.I) of
five seeds.
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Figure 5. Effects of three NPs (CuO, ZnO, and NiO; 50 mg/L) on
the germination index (G.I) of five seed types.
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(CuO, o)l A 3L 0.9(NiO, FH)= ZAME At NPsHE
rlﬂ——n'-—o— CuO (0.6 +£0.14), ZnO (0.7 £ 0.09), NiO (0.6 +0.18)°]
o, E3F BE NPso| thgh ot B2 F=4(0.6 +0.08),

1
L

oFe] ot

==
=

dFolz| o) A3 LA} A Eskd =497 43

1.00 -
W CuO E Zn0 O Nio —

c 080
9o
£ 060
IS
5}
& 040 -
Z
@ 020 f

0.00

Bn Mv Bo Bc Dc Avg
Seeds

Figure 6. Effects of NPs on root growth of five seeds based on the
ratio of G.I to relative seed germination (%).
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[11]. E3F 2 QtE Aol A Aol ggko] LhelbA]
ok TiO; e Ate] B¢ BHIRS o 3 44
oA = A FaFS Yehl7]= shalci12]. o= et &
o ujo] & u) 4% F7 L 24 S (endpoint] e}
Aolah MR AFE Y A4S o & 9tk rr+aw
5 2 A3 NPs 98 B2
of o3t % 2= ol8sh=
Zo|tH13,14].

*ﬁ

1
o

ol ti%, 4w Hokol 2

2 Q150 4 6% U= 2HCuO, Zn0, NiO, Fe0, CorOs
TIO)7k EA U2 4 U FFL kI M FHEA,
obS, Ui, W%, F)el MR (K shiol W ol x
) Aol 20l Bt on] eI} g FES £

ahet.

D) oS o188 B4 Bl g thedld} R
gAE o= obe

of ket chodt Wele S-S e,

S| ~ 23 ~ R > oL 2o @ uE b 2AFE L
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2) 5% Mo B F54 R YA Fe05, Cos04 TiO,
=AY 24 5E(1,000 mgL)ol A= HSt B Ao] B4
S Lheh A 9rstot, CuO, ZnO, NiOk= 4|9t o} 1l
drobx) o EEiE G Uehy et

3) 5% K| Sro| th3t 3% NPs CuO, ZnO, NiO2] 2ol-&(ECs
Zhat Lol =(ECsogh)< ML 3H%E ff 0.5~0.987+A] 2}
o7} U= Blo.z mAbE|o] Hok ol el wWolgat whopx]

Feoll WA o Afolsh SLgE o & isich web A%

T 54 TLH et Y= dxE Aoldt JFS vl
Aoz et

2 Ao H-83t xohdol]e dyuto] vlwA kst
1, H8H3] SHAE dgH o, o L EE= AZE
o] o} B Al@RETE A o2 Al&stA duE &
ok 28y Y= dAte] FFo apak Kstof it Afolst ¥
He7t Uehg o= Y= AL Lstoof & Aolth whepa] o
d A ZASE Aaprt 7 = = A 8AdE 1
2ol AR Hrt= ks AN B Ao st
aflAS Foto] HAdsk= Ao] ittt AlgRit 2 At
AIE 7|22 =2 oto] g5 ohefst B9 AAHE o] &3
H77F dQsitia AL RS
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