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Nanoparticles have a positive impact in several subjects especially in agriculture, while their safety is still
being debated. Numerous commercial nano pesticide, insecticides, and fertilizers products are found in
the local markets without any intensely studies on the side effect of these products on plant, human
as well as environmental effects. The present study aimed to evaluate the genotoxicity of commercial
amino zinc nanoparticles (AZ NPs) on Triticum aestivum L. during seeds germination and root elongation
using concentration ranges (50, 100, and 150 ppm) at different exposure times (8, 16 and 24 hrs). Long
term exposure to AZ NPs, exhibited only slight variation in germination rates and the elongation of roots
was affected by AZ NPs treatment ranged from 97.66 to 100%. Significant reduction in the mitotic index
was 35.33% after 24 hrs and 150 ppm of AZ NPs, was also observed comparing with control which was
88.0%. Genotoxicity was evaluated at a cytological level in root meristems that revealed sever variations
in mitotic activity, chromosomal aberrations, and micronuclei release. Results exhibited that nano amino
zinc could enter effortlessly into the cells and inhibit the normal cellular function. The decrease in the
emergence of chromosomal aberrations resulting from AZ NPs exposure in a dose-dependent manner
was clearly indicated that AZ NPs has induced genotoxic effect on wheat root tips.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The application of nanotechnology is intensifying quickly in
every single field of sciences, together with innumerable sectors
of agriculture. Nanoparticles (NPs) are comprised of atomic or
molecular aggregates (dimension �1 and 100 nm) (Roco, 2003;
Elrys et al., 2020). The destructive nanoparticle effect has created
major concern to motivate the advent of nano-toxicology as an
exclusive and significant research discipline (Ghio et al., 2009;
Abdelsalam et al., 2018; Abdelsalam et al., 2019a). The effect of
nanoparticles, zinc oxide and alumina NPs on different plants such
as Lolium perenne (ZnO NPs), maize (magnetic NPs), Spinacia oler-
acea (TiO2 NPs), Phaseolus vulgaris (Al NPs), Onion (Ag NPs), and
T. aestivum (Cu and Ag NPs) has been studied (Abdelsalam et al.,
2019a,b; Corredor et al., 2009). Nanoparticles have the potential
to alter the physiochemical mechanisms of various substances,
which can produce significant biological effects on existing cells
(Gaidajis and Angelakoglou, 2009; Atallah and Yassin, 2020). Due
to their variable shapes and sizes, it is tough to predict the progres-
sive or adverse effects and their modes of action in the environ-
ment and biological systems (Corredor et al., 2009, Chen et al.,
2020). Generally, heavy metals exhibit a negative impact on plant
biomass by constraining their growth and development by means
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of inhibiting their biochemical and physiological processes (bin
Hussein et al., 2002a; Atallah et al., 2021). Another investigation
by Raskar and Laware (2014) used different concentrations of
ZnO Nps (0.0, 10, 20, 30 and 40 g ml�1) in onion plants to study
the effect of ZnO Nps on cell division and seed germination, their
results showed a decrease in mitotic index and increase in chromo-
somal aberrations with the higher treatments. Also, the seed ger-
mination increased under the lower concentrations.

In addition, the germination and root growth analyses of plants
exposed to nano amino zinc reveal. Also, their phytotoxicity poten-
tial. Henceforth, AZ NPs proved their capability to influence plant
physiology (Mahmoudi et al., 2009). Also, the extensive use of sil-
ver nanoparticles (Ag NPs) in several viable products like antimi-
crobial, textiles, and detergents etc., have resulted in growing
problems in the environment. The addition of micronutrients
essential for plant growth in nano particle form to fertilizers has
exhibited positive effects in plant development (Pandey et al.,
2010). As an important micronutrient, Zinc (Zn) deficiency seri-
ously affects yield in several crops (Taheri et al., 2016). AZ-NP
incorporated fertilizers have been applied to meet Zn deficiencies
and increase plant yields. To evaluate the genotoxicity of AZ NPs,
different dosages of nano amino zinc (AZ NPs) and its genotoxicity
influence were evaluated on germination of seeds and root tip cells
of T. aestivum.

The movement of the chromosome may be caused by the early
terminalization and stickiness of chromosomes due to the move-
ment of chromosome ahead of the rest during anaphase as
reviewed by Premjit (1985). Kumari et al. (2011 showed that
ZnO-NPs has exerted cytotoxic and genotoxic effects, including
lipid peroxidation, reducing the mitotic index, and increasing the
micronuclei and chromosomal aberrations indices on root cells of
Allium cepa. Manosij (Ghosh et al., 2016) evaluated the genotoxicity
and biochemical effects of ZnO nanoparticles in Allium cepa, Nico-
tiana tabacum, and Vicia faba plants. Their results indicated that
the root meristems of Allium cepa cells showed loss of membrane
integrity, increased chromosome aberrations, micronucleus forma-
tion, and cell-cycle. Newly, Ma et al. (2013) studied the toxicity of
ZnO nanoparticles in different plant species. There are few studies
discussed this effect, only a limited number were done on plants,
such as Manzo et al. (2011). There are comparable studies have
revealed significant toxicity of several other nanoparticles, includ-
ing metals and metal oxides (Kumari et al., 2009; Ghosh et al.,
2015). Larue et al. (2011) studied the effects of TiO2NPs on Triticum
aestivum, Brassica napus, and Arabidopsis thaliana. They showed that
these NPswere absorbed by plants and did not affect their germina-
tion and root elongation. The authors also highlighted the need of
more studies of NPs toxicity, and on NPs interaction with plants.
bin Hussein et al. (2002b) studied the toxicology of Al2O3, SiO2,
ZnO, and Fe3O4 on Arabidopsis thaliana and found that that ZnO
nanomaterials at 400 mgL�1 capable of inhibiting germination.
Sharma et al. (2009) discovered that the toxic effect by ZnO is more
significant in seed germinations, root elongations, and the number
of leaves, rather than other nanoparticles. Wong et al. (2010)
showed that ZnO nanomaterials are one of the most toxic nanoma-
terials that could terminate root growth of test plants. Therefore,
this study was designed to investigate the genotoxicity of amino
Zn nanoparticles in wheat (Triticum aestivum L.).
2. Materials and methods

The present experiments were carried out at the Agricultural
Botany Department, Faculty of Agriculture, Saba Basha, Alexandria
University, Egypt and Department of plant protection, Faculty of
Agriculture, Saba Basha, Alexandria, Egypt. These studies were con-
ducted from 2015 up to 2017 to study the effect of nano amino Zn-
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NPs on chromosomal aberrations and cell division in wheat as
designed in Fig. 1.

2.1. Nano amino zinc

Nano amino Zn-NPs was obtained from ‘‘Bio Nano Tech” fertil-
izer development company, Egypt (Amino acids: 10%, Vitamins:
1%, Zinc: 6%). Nano amino Zn-NPs used in the current investigation
were in colloidal form (25.6 to 79.0 nm size).

2.2. Transmission electron microscopy

The nanoparticles morphology was analyzed with H-7500 TEM
(transmission electron microscope) (Hitachi, Japan; JEOL-TEM 100
CX) with an acceleration voltage of 80 kV, by observing their TEM
micrographs (Elavazhagan and Arunachalam, 2011). Nanoparticles
were photographed after drying a droplet on a carbon-coated 200-
mesh copper grid as found in Fig. 2.

2.3. Plant materials

The root-tip of T. aestivum L. was used as a test material.
‘‘Behooth 22” [CMSS96Y03236M-050M-040M-020M-050Sy-020S
Y-IM-0Y] was obtained from the Ministry of Agriculture in Iraqi,
Agriculture research center, Department of cereals and legumes.

2.4. Germination test and treatment

Twenty wheat grains were planted in a petri dish (diameter,
7.5 cm) at once under stander room temperature. Deionized water
was added until roots germinated (after 2 days). The seeds were
treated with AZ NPs at time intervals of 8, 16 and 24 hrs, at three
different concentrations i.e. 50, 100, and 150 ppm were completed
to the total volume of dH2O. The different concentrations of AZ NPs
were added for the wheat grains till the root length reached 1.5–
2 cm. Alive and dead grains were measured and recorded for calcu-
lating the percentage of germination. Also, the percentage of ger-
mination was calculated between the different dosages on the
selected cultivar ‘‘Behooth 22” as found in Table 1.

2.5. Cytological studies

2.5.1. Chromosomal aberration assay and mitosis studies
Mitotic studies were conducted on root tips of primary roots

from germinated seeds post treatments. The root tips were washed
with dH2O and put in 95% ethanol with glacial acetic acid (3:1, v/v)
for 24 h for killing and fixation. Root tips of were separated from
the fixative solution and transferred in 70% ethanol then stored
in a 4–5 �C until assessment (Ma and Kabir, 1992). The root tips
were removed from the 70% alcohol and treated with (1 N)
hydrochloric acid at 60 �C for 10 min for hydrolysis. The hydrolysed
roots tip were washed with distilled water and placed in a petri
dish containing acetocarmine stain for 1–1.5 h. The tips of roots
were kept on a clean slide with one drop of acetocarmine and
squashed with a rusted needle, then covered with cover slide.
The mitotic analysis of root tip cells was performed by aceto-
carmine as described in many previous studies such as (Raskar
and Laware, 2014; Ghosh et al., 2016; Venora et al., 2002;
Abdelsalam et al., 2019c). Karyotyping system (FUJITSU, Germany)
was used to detect all mitotic cell divisions. Different mitosis
stages were observed and assessed for differences corresponding
to different nanoparticles concentrations. Mitotic index% (MI) were
observed from at least �1650 cells for each amino Zn nanoparticles
concentration indicating the total divided cell, number of different
mitosis stages (Prophase, Metaphase, Anaphase and Telophase)
where;



Fig. 1. The experimental steps and obtained results (photos were taken by corresponding author).

Fig. 2. Transmission electron microscopy (TEM) of nano amino zinc showing the nano size of current materials (100 nm), (a) 13,000�, (b & c) 7500�.
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Mitotic Index MI %ð Þ ¼ Number of cells div ided
Total number of cells

� 100

Also, all the visible aberratiZons in the chromosomes of treated
samples were recorded and named, including c-metaphase, frag-
ment, bridge, uncoiling, stickiness, nucleotide deletion, distributed
anaphase, Ring chromosome, multi-nuclei, elongation, gap chro-
mosome, different multi polar anaphase, multi polar metaphase,
erosion, distributed chromosome and lagging chromosome.
2.6. Statistical analysis

The data are displayed as the means ± standard error (SE). One-
way analysis of variance (ANOVA) and Duncan’s Multiple Range
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test was performed to analyze the data, showing significant varia-
tions among means, which were compared at p � 0.05. Analysis of
data was performed by COSTAT computer software (CoHort Soft-
ware version 6.303, Berkeley, CA, USA).
3. Results

3.1. Cell division and mitotic index

The control grains in all the tested materials displayed 100%
germination. All the mitosis stages for wheat ‘‘Behoth 22” root
tip, control (Figs. 3–5) which includes the normal mitosis division
such as prophase, metaphase, polar viewmetaphase, anaphase, tel-



a 
b c d 

g e f 
h i 35.33 

0
10
20
30
40
50
60
70
80
90

100

50 ppm 100 ppm 150 ppm 50 ppm 100 ppm 150 ppm 50 ppm 100 ppm 150 ppm

control After 8 hrs. After 16 hrs. After 24 hrs.

Pe
rc

en
ta

ge
  

Nano amino zinc (AZN NPs) concentra�ons and exposure �me  

Mitotic index (%) 

Fig. 3. The decreasing of mitotic index in T. aestivum L. root tips as affected by different commercial nano amino zinc concentrations under different exposure time.
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Fig. 4. The increasing of aberration percentage in T. aestivum L. root tips as affected by different commercial nano amino zinc concentrations under different exposure time.
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ophase, telophase and late telophase were observed and the cells
in each stage were counted (Table 2). The results indicated that,
within the total observed cells (�1838 ± 4.04 cells), the highest
divided stage was prophase by 1054 ± 0.58 cells, while, metaphase
was 232.5 ± 2.04 cells, anaphase recorded 262.0 ± 1.53 cells and
telophase, 75.67 ± 1.86 cells. Data showed that interphase was
208 cells and the index of mitosis was 88.0 ± 0.58%. The data
showed just 1.33 ± 0.33% was abnormal cells in control and this
percentage may be due to the environmental effects or to the
chemical fertilization for the original wheat grains. No huge abnor-
mal stages were observed, we detected the three types as follows:
C-metaphase, fragments and stickiness (Figs. 3–5).

All the AZ NPs treated wheat grains displayed a high percentage
of germination (96.77–100%, Table 1). The rates of germination
according to the different exposure times and concentrations of
AZ NPs (Table 1).

Within the observed cells (1996 ± 4.0–2047.33 ± 13.92 cells,
data indicated that the highest number of divided cells were
recorded at 50 ppm/8 hrs (1483.5 ± 3.67 cells) and the lowest num-
ber were recorded at 150 ppm/24 hrs (700.0 ± 4.08 cells) (Table 1
and Fig. 3). The general mean of divided cells was 1011.88 with a
mitotic index, 35.33 ± 0.33%. Different mitosis stages were
observed during the cell divisions in the normal way, on other
hand, abnormal stages were also observed under different AZ
NPs concentrations (see Table 2). Under the high level of AZ NPs,
and 24 hrs, prophase showed (454.0 ± 1.0 cells), metaphase
(95.5 ± 041 cells), anaphase (106 ± 0.58 cells) and telophase
(50.0 ± 0.58 cells) compared with the control group.
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3.2. Cell division and chromosomal aberrations

In the total of divided cells, many abnormal cases were
observed, including c-metaphase, fragment, bridge, uncoiling chro-
mosomes, stickiness chromosome, deletion, abnormal anaphase,
ring chromosome, multi-nuclei, gap chromosome, multi polar ana-
phase, erosion, distributed chromosome and lagging chromosome
(Table 3 and Figs. 3–5). For instance, under 8 hrs of treatment,
the numbers of irregular cells varied from 131.33 ± 0.88 cells to
142.33 ± 0.88 cells, while, under 16 h it was 129.66 ± 0.88 cells
to 140.66 ± 0.33 cells. However, under 24 h treatment,
155 ± 0.58 cells to 239.66 ± 0.88 cells irregular cells were observed
(Table 2). The greatest number of irregular cells were found in the
prominent dosage of AZ NPs under 24 h (239.66 ± 0.88 cells) with
34 ± 0.0% MI when compared with the divided cells (700.0 ± 4.08
cells). The least number of damaged cells were recorded in grains
treated with 50 ppm of AZ NPs after 16 h (Table 3). With the
increase in AZ-NPs doses and times of exposure, the numbers of
abnormal cells observed in different stages increased (Table 3
and Figs. 2–5). Higher dose of AZ NPs and longer time exposure
resulted in nucleus erosion that was further degraded by lysosome.
Furthermore, it also caused cell burst, releasing all the nuclear con-
tents outside the cell (Figs. 3–5).
4. Discussion

The growth of plants requires all nutrients and, in the absence,
or deficiency of these macro or micro-nutrients constrains plant



Fig. 5. Different mitosis stages of Iraqi wheat ‘‘Behoth 22” i.e. (1) Interphase, (2) normal prophase, (3) Metaphase with polar view, (4) normal anaphase, (5–8) showing the
effect of different Nano-amino zinc concentrations on chromosomal aberrations i.e. 50 ppm after 8 hrs (5) fragment, C-phase, ring chromosome, distributed chromosome and
deletion; 100 ppm after 8 hrs (6) showing irregular metaphase, lagging chromosome, distributed chromosome, stickiness and c-phase; 150 ppm after 8 hrs (7–8) showing
undistributed anaphase, erosion, gab chromosome, ring chromosome, fragment and stickiness, (9) showing the chromosomal aberrations under 50 ppm after 16 hrs, were
abnormal metaphase (sticky and uncoiling); 100 ppm after 16 hrs, (10) showing irregular anaphase (fragments, lagging, ring, C-phase, distributed chromosome and sticky),
150 ppm after 16 hrs, (11–12) showing abnormal metaphase (sticky, deletion, distributed chromosome, gap chromosome and ring), from (13–18) showing chromosomal
aberrations under 50 ppm after 24 hrs were abnormal metaphase and sticky ends with lagging chromosome (13–15) showing irregular metaphase and anaphase with sticky
and erosion, (16–18) showing irregular anaphase with sticky, bridge, fragments, erosions, and multinuclei under 100 ppm after 24 hrs (19–23) showing the effect under
150 ppm after 24 hrs of treatments were multinuclei, fragments, erosions, irregular metaphase and anaphase with sticky and erosion and (23) showing explosion in cell wall
that cussed chromatids deletion, and ghost cell.
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Table 1
Germination percentage of the ‘‘Behoth 22” wheat cultivar under different nano amino zinc concentrations and different time.

Cultivar Concentrations (AZ NPs) Average

Time 50 ppm 100 ppm 150 ppm

Behoth 22 Control 100 100 100 100%
8 hrs 100 100 100 100.0%
16 hrs 100 98 98 98.66%
24 hrs 100 97 96 97.66%

Table 2
The effect of different nano amino zinc concentrations on mitosis division and chromosomal aberrations under different time treatments.

Types Control Concentration of AZ NPs and time of treatments (Mean + SEM)

After 8 hrs After 16 hrs After 24 hrs

50 ppm 100 ppm 150 ppm 50 ppm 100 ppm 150 ppm 50 ppm 100 ppm 150 ppm

NOC 1838 ± 4.4a 1999.6 ± 6.3a 1804 ± 3.6a 1838.6 ± 5.2a 1996 ± 5.3a 1642 ± 5.1a 1716.7 ± 6.2a 1908.3 ± 5.9a 2047.3 ± 6.9a 1948.6 ± 4.2a
NDC 1630 ± 3.2b 1483.5 ± 4.6b 1302.5 ± 4.4b 1206.5 ± 6.5b 953.5 ± 4.9b 901 ± 4.8b 895 ± 5.3b 860 ± 3.8b 819 ± 4.6b 700.0 ± 5.2b
Prophase 1054 ± 5.3c 962.67 ± 4.3c 845.67 ± 4.8c 785.67 ± 4.2c 618.3 ± 4.2c 584.33 ± 4.6c 575.0 ± 4.9c 558.0 ± 4.2c 532.33 ± 4.1c 454.0 ± 3.9c
Metaphase 232.5 ± 2.6e 192.5 ± 2.9e 169.0 ± 2.9e 157.5 ± 3.6e 124.5 ± 3.6f 117.5 ± 2.4f 117.0 ± 2.3e 112.5 ± 2.9f 109.5 ± 1.6e 95.5 ± 2.3f
Anaphase 262.0 ± 2.9d 220.67 ± 3.6d 193.67 ± 3.3d 181.0 ± 4.2d 141.0 ± 3.4d 132.33 ± 2.6e 131.67 ± 2.8d 130 ± 2.6e 121.67 ± 2.3e 106 ± 2.5e
Telophase 75.67 ± 1.7g 101.67 ± 1.9g 91.67 ± 2.2g 82.33 ± 1.8g 65.0 ± 1.9g 62.0 ± 1.1g 61.0 ± 1.4f 60.0 ± 1.5g 57.0 ± 1.4f 50.0 ± 1.8g
M.I. 88.0 ± 1.4f 74.33 ± 2.2h 71.66 ± 2.4h 66.33 ± 3.2h 48.3 ± 1.1h 53.33 ± 1.3g 50.33 ± 1.3g 43.66 ± 1.6h 40.0 ± 1.1g 35.3 ± 1.1h
NAC 20.33 ± 1.1h 131.33 ± 3.2f 156.33 ± 2.8f 142.33 ± 3.6f 129.6 ± 2.3e 145 ± 2.3d 140.66 ± 3.6d 155 ± 3.3d 183.66 ± 2.2d 239.6 ± 2.7d
% of aberration 1.33 ± 0.3i 8 ± 0.44i 11 ± 0.58i 11 ± 0.44i 13.3 ± 0.52i 15.6 ± 0.4h 16.33 ± 0.5h 18 ± 0.51i 23.33 ± 0.9h 34 ± 1.5h
LSD 5.16 4.25 4.27 5.14 4.87 10.8 9.96 6.57 15.2 4.92

*NOC: Number of Observed Cells (total cells); NDC: Number of Divided Cells (in different mitosis stages); M.I.: Mitotic Index; NAC: Number of Abnormal Cells (total abnormal
cells); % of aberration: the percentage of aberrations in cells.

Table 3
Observed of chromosomal aberrations caused by different nano amino zinc concentrations under different time treatments.

Type of aberrations Control Concentration of AZ NPs and time of treatments (Mean + SEM)

After 8 hrs After 16 hrs After 24 hrs

50 ppm 100 ppm 150 ppm 50 ppm 100 ppm 150 ppm 50 ppm 100 ppm 150 ppm

C-etaphase 3 ± 0.1b 10.6 ± 0.5d 7.33 ± 0.3e 9 ± 0.6e 11 ± 1.1e 14.33 ± 1.3d 14 ± 0.9d 14 ± 1.8d 18.3 ± 1.6d 26 ± 1.5c
Fragments 3 ± 0.1b 17.6 ± 0.8c 19 ± 1.1c 21.6 ± 1.9c 22.6 ± 1.2b 14 ± 1.2 d 25 ± 2.2a 22 ± 2.1b 30 ± 2.6a 48.3 ± 2.2a
Bridge 0 ± 0.0 0 ± 0.0i 3 ± 0.07g 8 ± 0.4e 8 ± 0.7f 8 ± 0.9e 7.67 ± 0.3e 3 ± 0.02 j 7 ± 0.5ij 9.33 ± 0.7fg
Uncloing 0 ± 0.0 21 ± 1.2b 25.6 ± 1.3b 20.3 ± 1.8d 21 ± 1.5c 20.3 ± 1.1c 20.6 ± 1.6c 3 ± 0.02j 6 ± 0.2jk 8 ± 0.6gh
Stickiness 16 ± 0.8a 22.6 ± 1.1a 25.3 ± 1.2b 32 ± 2.1a 29.3 ± 1.6a 27 ± 2.2b 21 ± 1.1c 20.3 ± 2.0c 20.6 ± 1.8c 30.3 ± 2.1b
ND 0 ± 0.0c 1 ± 0.03h 1.67 ± 0.03h 6 ± 0.1f 0 ± 0.0h 5.67 ± 0.06f 7 ± 0.2ef 8 ± 0.3h 9 ± 0.5gh 10.3 ± 0.7f
DA 0 ± 0.0c 9 ± 0.4e 8 ± 0.5e 9 ± 0.5e 7.66 ± 0.5f 8 ± 0.4 e 7.33 ± 0.4e 10.6 ± 1.6e 11.3 ± 1.2e 16.3 ± 0.9d
Ring 0 ± 0.0c 0 ± 0.0i 2 ± 0.06h 3 ± 0.1gh 0 ± 0.0h 2 ± 0.0 j 4 ± 0.06g 8.33 ± 0.34gh 8 ± 0.7hi 10.6 ± 0.8ef
Multinuclei 0 ± 0.0c 21.3 ± 0.9b 29.3 ± 1.2a 25.3 ± 2.2b 18 ± 1.2d 29 ± 2.1a 23 ± 2.1b 25.6 ± 2.2a 27 ± 2.7b 30.6 ± 1.9b
Elongation 0 ± 0.0c 10.67 ± 0.6d 5.33 ± 0.1f 0 ± 0.0i 1 ± 0.0h 2 ± 0.0j 1 ± 0.0hi 4.6 ± 0.06i 6.66 ± 0.3j 7 ± 0.5h
GC 0 ± 0.0c 0 ± 0.0i 3.33 ± 0.05g 0 ± 0.0i 1 ± 0.0h 2 ± 0.0 j 0 ± 0.0 i 0 ± 0.0 k 2 ± 0.03 l 0 ± 0.0j
MPA 0 ± 0.0c 4.66 ± 0.2f 8 ± 0.4e 4 ± 0.2g 1 ± 0.0h 0 ± 0.0 k 0 ± 0.0i 4 ± 0.03i 5.33 ± 0.1 k 5.3 ± 0.3i
Erosion 0 ± 0.0c 9 ± 0.3e 15.6 ± 1.2d 2 ± 0.06h 5 ± 0.2g 5 ± 0.07g 2 ± 0.05h 9.33 ± 0.6f 10.3 ± 0.8ef 10.6 ± 0.8ef
DC 0.33 ± .01c 0.66 ± 0.01hi 0.33 ± 0.0i 0 ± 0.0i 1 ± 0.0h 3 ± 0.01i 0.67 ± 0.0hi 8.33 ± 0.3gh 11 ± 1.1e 12 ± 0.8e
LG 0 ± 0.0c 2.33 ± 0.1g 0 ± 0.0i 0 ± 0.0i 0.66 ± 0.03h 3.66 ± 0.03h 5.67 ± 0.09f 9 ± 0.5fg 9.33 ± 0.6fg 9.6 ± 0.8f
LSD 0.79 0.77 0.95 1.27 1.20 0.46 1.37 0.94 1.04 1.39

*ND: Nucleotide Deletion; DA: Distributed Anaphase; GC: Gap Chromosome; MPA: Multi Polar Anaphase; DC: Distributed Chromosome; LG: Lagging Chromosome.
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growth as well as their yields. Zn is one of the major micronutri-
ents that has a pivotal role as catalysts and plant growth regula-
tors Bu et al. (2014). bin Hussein et al. (2002a) reported severe Zn
deficiencies in wheat irrigated fields in Iran. To overcome yield
losses, fertilizers incorporated with AZ NPs were developed for
commercial applications. To evaluate the safety of these AZ NPs,
this study was carried out to investigate the cytotoxicity as well
as genotoxicity effects in root tips of wheat. Our results were in
the same line with Truta et al. (2013) who estimated the range
of chromosomal aberrations prompted in Hordeum vulgare L. on
the time of germination with diverse dosages (10, 100, 250,
500 mM) of Zn. The results illustrated that the enhanced effect
was observed at all dosages of the Zn compounds. Also, the rate
2311
of aberrations in anaphase and telophase were 2–3 times more
than the untreated and the frequency of metaphase disturbances
was five to ten times higher than the control. Other studies
reported that, by forming a complex with nucleic acids, Zn can
negatively influence their stability, and it may result in genetic
data errors Patra et al. (2004). Similarly, higher Zn2+ dosages dis-
played micronuclei in Vicia faba (Kumari et al., 2012). The interac-
tions among Zn and DNA is slightly known in relation to potential
connection in carcinogenesis. The genotoxicity of Zn recorded in
various species of herbaceous and woody plants mainly depends
on the criteria of dosages, duration of exposure, different class
of Zn, and unary or binary treatment solutions (Marcato-Romain
et al., 2009).
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The different aberrations such as ring chromosomes was also
recorded at higher concentrations of AZ NPs, and the formation
of R-chromosome can be recognized to the chromosomal breakage
and fragmented sticky chromosome ends found as a result toward
the effect of AZ NPs. The movement of the chromosome may be
caused by the early terminalization, stickiness of chromosomes
and, due to the movement of chromosome ahead of the rest during
anaphase as reviewed by (Premjit, 1985). Also, the results indi-
cated high frequencies of C-metaphase, disturbed anaphase and
abnormal chromosomes at anaphase which indicated partial inhi-
bition of mitotic apparatus due to oxidative stress exerted by
higher concentration of AZ NPs. The observed data recorded
micronuclei under high concentration and these may have created
from the lagging chromosomes at anaphase and telophase stages
or as found by (Badr and AG, 1987; Merwad et al., 2018) from chro-
mosome fragments, which reported that the foundation of
micronuclei is a mutagenic aspect, and may cause losing of the
genetic material Raun and Lilum (1992). Kumari et al. (2012)
showed that ZnO NPs exerted cytotoxic and genotoxic effects,
including lipid peroxidation, reducing the mitotic index and
increasing the micronuclei and chromosomal aberrations indices
on root cells of Allium cepa.

However, some previous reports stated that there is no geno-
toxic effect even at the higher dosages of Zn treatment, which con-
trasted with the present research (Gómez-Arroyo et al., 2001;
Marcato-Romain et al., 2009; Elrys et al., 2018). The aneugenic
and clastogenic activity was noticed in a variety of spices such as
wheat, black cumin, onion and crops such as sugarcane, post treat-
ment with Zn (Shaymurat et al., 2012). But the exact mechanisms
of the Zn treatment and aberration frequency wer not properly
studied. In contrast, Ramesh et al. (2014) illustrated that the devel-
opment and growth rate of wheat were not significantly affected
post treatment with the TiO2 NPs and ZnO NPs. bin Hussein et al.
(2002a) studied the toxicity of Al2O3, SiO2, ZnO, and Fe3O4 on A.
thaliana and the results showed that ZnO NPs at 400mgL�1, were
capable of inhibiting seed germination. Also, they suggested that
the higher plants generally absorb Zn as a divalent cation (Zn2+),
which triggers either the structural, functional, or metal enzymes
or are regulatory cofactors of numerous enzymes. Similar to the
present study, (Ghosh et al., 2016, Desoky et al., 2020; Mansour
et al., 2021) proved that the ZnO nanoparticles (np; diameter,
�85 nm) exposure modulates the cytological, genetic, and bio-
chemical reactions like prominent chromosome breaks, micronu-
clei formations, loss of membrane integrity and cell cycle arrest
in Allium cepa, Vicia faba and Nicotiana tabacum. Our results also
contrasted with (Elrys et al., 2019) who investigated that the
prominent dosages of ZnO nanoparticle decreases the onion seed
germination and early seedling growth. Also, higher dosages of
ZnO drops the Mitotic Index (MI) rate and displayed profound
chromosomal damage in the onion seeds. The chromosome sticki-
ness at metaphase and anaphase were very apparent post treat-
ment with Zn. Similarly, (El-Khodary et al., 1990), found
chromosome polymerization effect post treatment with ZnO NPs
(GI, 1992). Generally, occurrence of chromosome bridges and
breaks may lead to damage of genetic material (Salam, 1993). Like-
wise the above statement the clastogenic aberration ring chromo-
some and breaks were also observed at higher dosage of amino Zn
NPs. The precocious movement of the chromosome might have
been caused by stickiness of chromosomes and/or because of the
movement of a chromosome ahead of the rest during anaphase
(Premjit, 1985). Very high frequencies of c-metaphase, disturbed
anaphase and unoriented chromosome at anaphase indicate partial
inhibition of mitotic apparatus due to oxidative stress exerted by
higher concentrations of amino Zn NPs. Badr and AG (1987), con-
sidered that the micronuclei formation to the treatment with a
higher dosage of mutagens might have been generated from chro-
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mosomes lagging at anaphase and telophase or from chromosome
fragments. Micronuclei formation is considered a true mutagenic
feature, which may damage the genetic material (Raun and
Lilum, 1992).

5. Conclusion

Nano amino Zn has the potency to move freely into the cells and
interfere the normal functions. The treated root-tip cells showed
assorted chromosomal aberrations, like disorientation at meta-
phase, chromosomes, alteration of metaphasic plate, spindle dys-
function, chromosomes stickiness, precocious drive at metaphase
and bridge, fragmentation in chromosomes, multiple bridges, frag-
mentation, unequal separation, scattering, laggard and elongation,
gap chromosome, multi polar anaphase, erosion, distributed chro-
mosome and lagging chromosome during the experiment.
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