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Abstract
Nanotechnology will affect almost all aspects of human
life. Application of nano-fertilizers is more effective and
more effective than traditional fertilizers due to the high
absorption efficiency. In this research, the effect of
different concentrations of bulk ZnO and 2ZnO
nanoparticles (0, 10, 100, 500 and 1000 mgL™) on
germination factors , seedling growth and structure of
Lens culinaris medic. In laboratory and greenhouse
condition was invstigated. All germination traits had no
significant difference in all concentrations of nano and
bulk ZnO with control. The highest percentage of
germination was observed in the concentration of 1000 of
nano ZnO, which showed significant differences only
with 10 treatment. The lowest seedling vigor index was
observed at 500 nano, which showed a significant
difference with all bulk ZnO treatments. Different
concentrations of nano and bulk ZnO increased the weight
and dry weight of lentil seedlings compared to the control.
The highest mean root length was observed at 1000
concentration of bulk ZnO, which showed no significant
difference with control and 100 bulk ZnO. The seedlings
fresh weight of 10 nano, 100 and 1000 bulk was
significantly different with control. Root dry weight in 50
and 10 ppm of nano and 1000 of bulk zinc oxide with the
control sample showed a significant difference. The
statistical results of chlorophyll content did not show any
significant difference with the control. It seems nano ZnO
at low concentrations has potential to apply as nano
fertilizer.
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Fig 1- Zinc oxide nanoparticle analysis with XRD
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Fig 3- Three-dimentional figure of zinc oxide nanoparticle by STM microscope
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Table 1- Comparison of the effect of different concentrations of nano and bulk on germination properties of lentil

(ppm) (N day™) ‘
b
Control 21.838 +0.4122 B 13.38 + 1,925 4,58 +0.08972 201.41+13.772
10 22.044 £0.178% 90 +7.07® 126341911 ® 4,538 +0.0383 208.23 £6.092
b b
100 18.182 + 8.564? 94 + 8,944 13318 + 1123 4,55 +0.05572 184.21 £ 42,522
b b
500 22.038 £0.1042 92 +8.37¢8 9.415 + 1.368 " 45+0.0752 206.47 £0.732
a a ab a
1000 22.06 £0.162 96 £8.94 16,564 +1.852 4.532 £ 0.0335 208.57 £5.98
b
nano 10 21.944 £ 0.4852 80+ 7.07 9.092 + 2.99b¢ 4.51+0.0224 212.5+£3.992
b
nano 100 22.048 £0.0972 98 £4.47° 11.362 + 2.182"¢ 4534 +0.0195% 208.41£3.32
2222402 b b
a0 500 90 + 10 7950 + 2 514° 45+0 21428 £ 02
a a a a
nano 1000 21.658 £0.2 98 +4.47 9508 + 2,208 4,616 +0.0434 196.28 £6.11
Means with similar letter(s) in each column are not significantly different at 5% probability level
Kataria et al., 2019
b a
(Rossi et al., 2019)
Lv et al.,
2019

Fox et al., 2020)
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Table 2- Comparison of the effect of different concentrations of nano and bulk ZnO on seedling growth of lentil

a b
ZnO content
ppm (mg/gfw) (mg/gfw) (mg/gfw) (cm) (cm) @ @ J——

Control 7971 20190°  03%9s0age  LBME0MI9T  61%27600 165%2° 0.18653 £ 0.00619° 0,071 % 0.0466° 0.08655 £ 0.02387°
a a a a a

1 09303 +00782°  04is0soge:  LOBE0BUST oo oo 1533342468 021573500157 00778+ 0.0256 0.10671  0.02266
a a a a

100 09260500733 Osgaoqeps  LTUBEOUILE o ool oo, 0109630030728 02047504377 0.16491 £ 0.06005

a ab a a a

500 0986501003  0ga5e0ipys  L472%0265 841323 oo spqgns  0230B00739°  0103+00329 0.0831 £ 0.01603
a a a a a

1000 LOBT1s0138 02047 +00pige  LSIO9EO20TE oo 19133 0.23723£007333° 01529 :+0,0385 0.13631 £ 0.08497

a a a a

nano 10 08904+00481° 03008009620  PEO0SET o0, 0003 1a533roese 0213220045947 0103800087 0.108 £ 0.07244
a ab a a a

0100 00505+01745¢  0aes0gsrye 142970253 98x3214 14467+195  01802£003486° 007600375 0.09352  0.0446
a a a a a

o500 0edsolsa ¢ 0s6s0gope  O9BLEOIETS oo 15367+085 0.1503£00488°  0.3873+05152 0.07904 £ 0.02765
a a a a a

w00 0Ssrs0oesat  0alssooorge  OBFEOE . 169:1493 0.163500202°  0.1581+00709 0.12787 £ 0.0512

Means with similar letter(s) in each column are not significantly different at 5% probability level

3
Table3- Comparison the effect of different concentrations of nano and bulk ZnO on vegetative properties of lentil
(ppm) (cm) (cm) @ @
cd ab
Control 3450 + 07112 9.92 + 1 35% 0.36366 + 0.0466 0.043767 +0.008307
b a
10 5104 + 0.6328 2 8.912+1.704 0.48958 + 0.0256 ¢ 0.048633 + 0.005598
ab a
100 4776 +1251° 0588 + 1122 0.53778 £ 0.4377 0.050783 + 0.004809
500 4.508 + 0.6307 2 5.708 + 0.76% 0.31538 + 0.0329" 0.046533 +0.007474 *
a a
1000 5156 + 05759 ¢ 12172 + 0 755¢ 0.59144 + 0.0385 0.05445 +0.002239
a a
nano 10 4,648 + 084727 8.068 + 2.418%¢ 0.5508 £ 0.0037 0.050233 + 0.006496
nano 100 4,368 +£0.9752 7.268 £1.72" 0.48654 + 0.0375%¢ 0.048167 + 0.006365 ¢



r)»wajw;Ma)jég&\ﬂ\‘_;)jucmgj}a%guw 153

4212 +1.875% 2.944 +0.49 0.31538 + 0.5152¢ 0.035833 + 0.005039°
nano 500

ab
nano 1000 4,064 + 063472 5.668 + 1,608 042602 £ 0.0709r¢ 0045533 £0.00446

Means with similar letter(s) in each column are not significantly different at 5% probability level

(Fox et al., 2020)
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