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! Final germination percentage; FGP

2 Means of germination time; MGT

3 The time to reach 50% germination; Tso

4 Coefficient of uniformity of germination; CUG
5 Tolerance index fresh weight of Seedling; TIFW
¢ Hypocotyl length; HL

7 Root length; RL

8 Relative hypocotyl length; RHL

? Root tolerance index; RTI

10 Germination tolerance index; GTI

! Tolerance index of seedling length; TISL

12 Allometric coefficient; AC
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Table 1. Analysis of variance of the effects of bulk and nano ZnO (ppm) treatments on seed germination and growth indices in tobacco seedlings
ale

i
et Al FGP MGT Tso CUG TIFW HL RL RHL RTI GTI
Source of

TISL AC
df

variation
S
Treatme 20 2310.4" 12.55%* 9.49ns 0.00044** 1.426%  9.33%* 0.327*%  2.94%* 3.011%
nt
sl

4.387% 1.219*  0.396**

Sl 42 2166.7 7.53 14.52 0.00011 0.054 0.65 0.016 0.20 0.199

0.269 0.069 0.032
Error

oyl

Ol i - 11.3 11.4 15.5 22.7 7.6 26.1 6.28 26.1 15.7

17.0 7.5 19.1
CV (%)

5039 Jo25 (CUG) Gjailsz 315550 ap0 (Ts0) (5ailyz woy0 00 & sy oo (MGT) (jailsr ooy oSko (FGP) ples Sialsr wo)s (a3 ls 000 ) Jloiol gl po Jfo sine ™5 I ine e ™
(AC) syl 5 5 (TISL) ezl Jsb Jows (GTI) (jailsz Joos (23l (RTI) azasy; oo (2315 (RHL) (i J3sS 520 Job (RL) azaiy; Jsb (HL) JisSson Jsb (TIFW) laazels
" non-significant and ** significant at 1 percent of probability. Final germination percentage (FGP), mean germination time (MGT), the time to reach 50% germination (Tso),

coefficient of uniformity of germination (CUG), tolerance index of fresh weight (TIFW), hypocotyl length (HL), root length (RL), relative hypocotyl length (RHL), root
tolerance index (RTI), germination tolerance index (GTI), tolerance index of seedling length (TISL) and allometric coefficient (AC).
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Table 2. Means comparison of bulk and nano ZnO (ppm) effects on final germination percentage
(FGP), mean germination time (MGT), the time to reach 50% germination (Tso), coefficient of uniformity
of germination (CUG) and tolerance index of fresh weight (TIFW) of tobacco.

. Solez sy pley (Sl 00 4 em; ool SIS o o P9 Je
(Pl e ‘ L L x L ¢
Treatment (ppm) (22,3 2l G vl (o)) Silsz sy (38559 Syslex (22,9) azals
FGP (%) MGT (day) Tso (day) CUG (day ?) TIFW (%)
Control sals 86.6* 4.45¢d 3.31° 0.012b° 100.04"
Bulk Zl’loksloasﬂ &9y eS|
0.04 73.32 5.18%4 4.182 0.012%¢ 109.1¢f
0.2 83.32 4.81%4 3.56° 0.012b° 146.2%
2.5 71.7% 5.16%4 4.442 0.013%¢ 141.0¢
5 75.0% 5.31%d 4.182 0.014b4 84.2¢h
10 66.7% 4.83%d 4.38% 0.011¢¢ 104.4%¢
50 73.32 4,684 3.62¢ 0.010% 29.5
100 68.7¢ 4.87%4 4.332 0.0109 90.0fh
500 81.72 5.06%4 3.892 0.014b4 98.9¢h
1000 76.7% 5.44wd 4.222 0.015% 93.3fh
2000 78.3% 5.87% 4.832 0.016% 89.1fh
Nano Zn0 g4, 3usS15l
0.04 68.32 4.184 3.542 0.008¢ 110.6¢F
0.2 78.3% 5.17%4 3.94¢ 0.012b¢ 90.2fh
2.5 66.7% 5.044 4.67 0.011%¢ 166.5
5 75.0% 4,574 4.052 0.011¢* 122.7b¢
10 80.02 5.59%¢ 4.382 0.016% 127.4b4
50 81.6* 5.20%4 3.88% 0.015° 82.6¢"
100 80.02 4.635d 3.79* 0.012%¢ 90.3fh
500 71.7% 4,644 3.89% 0.011¢*¢ 80.2"
1000 86.7% 5.99¢ 4.35% 0.020? 59.91
2000 70.0? 5.33%4 4.49% 0.013¢ 93.1th

il e 4o sme BMS| dg2g pae samolis (PK0.05) S5 fyae;l Lwlul s cilie B> L Lo, il
The means with similar letters show no significant difference based on Tukey’s test (p < 0.05).
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Table 3. Means comparison of bulk and nano ZnO (ppm) effects on hypocotyl length (HL), root length
(RL) relative hypocotyl length (RHL), root tolerance index (RTI), germination tolerance index (GTI),
tolerance index of seedling length (TISL) and allometric coefficient (AC) of tobacco.

J5Sn S ate, S SSes s araty, Jaw ls e asls el Jsb Jos

(las) o " Sregll cays
Treatment (ppm) (cm) (cm) s (32)2) (22) il (22)2) AC
HL (cm) RL (cm) RHL RTI (%) GTI (%) TISL (%)
Controlaals 1.78%¢ 0.59% 1.00*¢ 100.0% 100.0* 100.0*¢ 0.332
Bulk ZHO&'@ABS S9y S|
0.04 2.152 0.60? 1.212 103.12 93.12b 116.22 0.282
0.2 1.89% 0.44b¢ 1.06*¢ 74.2%¢ 71.7%¢ 98.2%¢ 0.23b-¢
2.5 1.89% 0.41bd 1.06*¢ 69.724 57.3b< 97.0*¢ 0.225F
5 1.86% 0.46° 1.04%¢ 77.5%¢ 67.2¢4 97.9%¢ 0.25%d
10 1.64b4 0.304¢ 0.92¢f 50.6¢%¢ 38.6¢F 81.9b-¢ 0.184¢
50 1.41¢¢ 0.19% 0.79¢¢ 32.6%¢ 27.7% 67.5%¢ 0.14¢7
100 1.10%¢ 0.17¢f 0.62¢1 28.1fh 21.6%1 53.48 0.15%
500 1.17¢f 0.13Mi 0.662 22.5¢ 21.3M 55.18 0.11Md
1000 0.81f% 0.11f 0.45hi 18.0" 15.9i 38.5h 0.13%i
2000 0.758 0.11 0.42i 19.10 17.21 36.3" 0.15%
Nano ZnO (g5, 3uSlgl
0.04 1.79%¢ 0.27¢h 1.00%4 46.1¢F 36.1°¢ 86.90d 0.15%
0.2 2.132 0.35b 1.20% 59.6d 53.6%¢ 104.9% 0.17¢h
2.5 1.77*¢ 0.33¢f 1.00b< 59.4b-d 41.44F 88.6>d 0.184¢
5 1.65b4 0.294¢ 0.93¢f 62.3bd 40.74-F 81.6"¢ 0.174¢
10 1.45¢¢ 0.37b¢ 0.804-¢ 62.40d 57.10¢ 76.8¢F 0.26"¢
50 1.314¢ 0.20% 0.74¢f 33.2¢¢ 31.3fh 63.7¢¢ 0.15%
100 1.25¢ 0.13M 0.70f 22.5¢h 204t 58.4f 0.111
500 1.28de 0.14h 0.72¢f 23.0¢h 19.1b4 59.8f 0.11hd
1000 1.25¢ 0.24¢1 0.70f 41.04-f 40.74-f 62.9%¢ 0.19¢¢
2000 1.30d¢ 0.12i 0.73¢f 20.2¢" 16.41 59.9% 0.09i
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The means with similar letters show no significant difference based on Tukey’s test (p < 0.05).
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Table 4. Means comparison of bulk and nano ZnO (ppm) effects on status of seedlings (stand up or
asleep percentage), cotyledon color and marginal of cotyledon color characteristics of tobacco seeds

(Flas) slos (22,0) oolwy!  (wo,0) ouuls>
Treatment (ppm) Stand up (%)  Asleep (%)
Controlsals 100.0? 0.0¢
Bulk ZnOdloog S99y SeS|

0.04 100.0? 0.0¢

0.2 74.1« 25.6¢f

2.5 81.7b¢ 18.3f

5 66.94 33.1¢

10 37.3¢ 62.7°

50 4.3h 95.7%

100 53.4¢ 46.69

500 0.0h 100.0?

1000 0.0h 100.0?

2000 0.0 100.0?

Nano ZnO (g5, 3uuSlgl

0.04 100.0? 0.08

0.2 89.7% 10.3%

2.5 42.1"% 57.9b¢

5 100.0? 0.0

10 48.0¢f 52.0d

50 32.9¢ 67.1°

100 0.0h 100.0?

500 0.0h 100.0?

1000 3.7h 93.32

2000 0.0h 100.0?

el 5, bad ails K,
Cotyledon color Marginal of cotyledon color
Green j.. Green jw
Green jw Green o
Green o Green ..
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Yellow »,;

Dark Green 5, , s
Dark Green 5, 5 s
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Yellow »,;
Yellow »,;
Yellow »,;
Yellow »,;
Yellow »,;
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The means with similar letters show no significant difference based on Tukey’s test (p < 0.05)
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Abstract

The applications of bulk and nano zinc oxides have been increased recently, which can cause
widespread plant's environment contaminations. This study investigated the effects of commercial
bulk ZnO (<1,000 nm) and nano ZnO (25 nm) on Nicotiana tabacum. Seeds were treated with ten
concentrations of two forms (bulk and nano) ZnO (0.04, 0.2, 2.5, 5, 10, 50, 100, 500, 1000 and 2000
ppm) and dionized water used as control, at three replications. Number of germinated seeds was
counted until 14™ days. Some quantify and quality traits were investigated on 21™ day. The results
showed that both forms had no positive effect on final germination percentage (FGP) and time to reach
50% germination (Ts50%) but mean of germination time (MGT) and coefficient of uniformity of
germination (CUG) were increased, especially by high concentrations of nano-form. Nano-ZnO (50
ppm and upper) and the bulk ZnO treatments (100 ppm and upper) decreased the length of hypocotyl,
but inhibitory effects on radical length appeared at the lower levels of bulk form (0.2 ppm and upper)
and all nano-ZnO levels. Most of treatments, especially at high concentrations, showed a negative
effect on the tolerance indices such as relative hypocotyl length, root tolerance, germination tolerance,
and allometric coefficient. These inhibitory effects were happened in the lower levels of nano-form
compared to bulk-form. Pallid cotyledon’s color and asleep seedlings, which were observed at upper
than 100 ppm, could be due to decreased chlorophyll and some changes in the amount of growth
regulators.
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