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ABSTRACT 

The intensive and uninformed use of pesticides has become always a 

serious environmental threat worldwide. Synthetic and natural pesticides are 

expected to possess toxicities including genotoxicity. The present study was 

conducted to investigate the cytotoxicity and genotoxicity induced by 

commercial formulations of fluazifop-P-butyl (FPB) herbicide and 

acetamiprid (ACM) insecticide using Allium cepa assay. The results of root 

growth analysis indicated that FPB and ACM significantly inhibited the root 

growth by 70.5 and 51.6%, respectively at concentration of 0.1 ppm. The 

EC50 values determined after 96-h exposure were 0.024 and 0.072 ppm for 

FPB and ACM, respectively. A concentration-dependent inhibition in the 

total mitotic index (M In %) ranged from 44.4 to 84.7 % was observed at all 

evaluated concentrations of FPB, representing ⅟10, ⅟2 and EC50, compared to 

that of the control. The higher concentration (EC50) of ACM also induced 

significant inhibition in MI by 67.6 %. All concentrations of tested FPB 

induced severe damage during the mitotic division. Different forms of 

chromosome aberrations were also detected at all concentrations tested of 

ACM. The present data revealed the potential risk of both pesticides, at tested 

concentrations, inducing genotoxicity on non-target organism. Also, it is 

concluded that A. cepa test can be used as a sensitive indicator to detect 

possible genotoxicity of pesticides. 
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activity. 

INTRODUCTION 

Pesticides are a broad category of chemicals that are commonly used in 

agriculture. They are utilized in agricultural areas to prevent pest-related 

losses (Karaismailoglu, 2013; Karaismailoglu, 2015). Excessive use of 

persistent pesticides, on the other hand, is dangerous due to their proclivity 

for accumulating in natural environments such as soil, water, and air. They 

persist in the environment, posing a dangerous effect to ecosystems and 

human health on a local and global scale. Pesticide residues are inadvertently 

transported to non-targeted species through food chains, causing damage to 

normal cell function (He et al., 2020). Some pesticides have been found to be 

toxic and/or genotoxic to various organisms, influencing population survival, 

fertility, and genetics (Wandscheer et al., 2017). 

Various plant and animal bioassays have been used to evaluate the 

genotoxic potential of different pesticides and environmental contaminants 

(Kuchy et al., 2015). Some plant assays, such as mitotic index and phase, 

chromosomal aberrations, and micronucleus percentage in somatic cells, can 

be used to investigate the genotoxic effects of chemicals in living systems 

(Singh et al. 2008). Because this plant is very susceptible and trustworthy in 

comparison to other plant systems, Allium cepa is one of the most widely used 

plant materials in genotoxicity investigations (Karaismailoglu, 2015). The 

Allium cepa test is a low-cost, simple-to-use test that offers advantages over 

other tests that require sample preparation and the addition of an exogenous 

metabolic system (Leme and Marin-Morales, 2009).The use of the Allium 

test (AT) to assess the potential cytotoxic effects of a variety of chemical, 

physical, and biological agents have a long history in scientific literature, 

dating back to Levan's first inquiry in 1938 to Fiskesjö's (1985) and later 

Rank's (1989) more standardised approach (2003).  

Acetamiprid is a broad-spectrum, highly effective, safety, insecticide 

belongs to neonicotinoid group, acts as a nicotinic agonist that reacts with 

nicotinic acetylcholine receptors (nACh-R). Acetamiprid is a systemic 

insecticide used to control and eliminate many insects (whitefly, aphids, 

thrips, beetles, cutworms, and bugs) affecting agricultural crops, which 

acquired resistance against other pesticides. It is active principally by 

ingestion although some contact action is also observed. 

Fluazifop-P-butyl belongs to the arylophenoxypropionate group of 

graminicides. It is a post-emergence herbicide that acts by inhibiting acetyl-
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CoA carboxylase enzyme activity, involved in the catalysis of the formation 

of malonyl-CoA during metabolism of lipids. Fluazifop-P-butyl herbicide 

offers superior post-emergence weed management for cotton and soybeans, 

among other crops. 

No relevant previous studies on the genotoxicity and cytotoxicity of 

acetamiprid insecticide using A. cepa test. However, some cytogenetic studies 

have been investigated on another insecticide which belongs to the same 

group neonicotinoids, i.e., imidacloprid (IMI). Similar Studies have been 

observed in other herbicides belongs to the same group of fluazifop-P-butyl 

(arylophenoxypropionate), like quizalofop-p-ethyl and cycloxdim, which use 

Allium cepa test to assess cytogenotoxicty. 

The objective of this study was to investigate the cytotoxic and genotoxic 

potency of a commercial formulation of acetamiprid insecticide and 

fluazifop-P-butyl herbicide by using Allium cepa test. 

MATERIALS AND METHODS 

1. Chemicals used 

Commercial formulations of acetamiprid (CETAM® 20% SL) and 

Fluazifop-P-butyl (Fusilade Max® 12.5% EC) were purchased from local 

pesticides market. Other chemicals used for staining and fixation were 

purchased from Sigma (USA), and Merk. Stock solutions of the test materials 

were prepared in distilled water and stored at room temperature in the dark. 

2. Root growth inhibition test and determination of effective 
concentration (EC50) 

Almost equal-sized bulbs (92-94 g) of the common onion, Allium cepa 

untreated with plant growth regulators, were obtained from local farms. The 

Allium test was performed according to (Fiskesjö ,1985; Rank ,2003). Onions 

were kept cool and dry until use. Just before use, the yellow-brownish outer 

scales were removed carefully, leaving the ring of root primordia intact. The 

test procedure was performed in the laboratory at room temperature (25±1°C) 

and protected from direct sun light. All experiments were set up in completely 

randomized design. 

Root growth inhibition was used to determinate the corresponding EC50 

values (effective concentration of pesticides, permitting 50% growth of the 

sample under study in relation to control) of both pesticides. Preliminary 

range of toxic concentrations finding was conducted with concentration 

ranges between five times higher and lower the manufacturers recommended 
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dose (7-10 concentrations for each pesticide with seven bulbs for each 

concentration). Concentrations between the highest concentration that 

inhibited root growth and the lowest concentration that rarely inhibited the 

root growth were assessed. The estimated EC50 value for each pesticide was 

statistically determined from the regression curve of percentage root growth 

relative to control (inhibition) against pesticide concentrations after 96hrs 

95% Fiducial limits, the Ec50 and slope values were determined based on 

Finney’ analysis (Finney, 1971). The toxicity assay is performed as 96hrs 

semi-static exposure test according to (Fiskesjö ,1985; Rank ,2003). First, the 

bulbs were placed onto small glass bottles filled with pesticide solution and 

distillated water for control treatment, which was renewed every 24hrs by 

fresh solution. Once the application process was ended, 6 bulbs were 

randomly selected from each group to determine the average root elongation 

of the groups. The lengths (cm) of 6 roots randomly selected from each bulb 

were measured using a ruler from the root basis to the root apex. First, the 

mean root elongation of each bulb was determined by calculating the average 

of these 6 roots. Then, the average root elongation of 6 bulbs were taken into 

consideration to calculate the mean root length per group. Root Inhibition is 

calculated using Equation No. 1. 

 𝑅𝐼(%) = 𝑀𝑅𝐿𝐶 − 𝑀𝑅𝐿𝑇 ÷ 𝑀𝑅𝐿𝐶 × 100 

Where RI = root inhibition; MRLC = mean root length control; MRLT = 

mean root length treatment 

The bulbs were weighted before and after the treatments. The first weight 

was subtracted from the last weight to determine the total weight change (g).  

3. Genotoxicity assay 

The genotoxicity assay is carried out with three sub-effective 
concentrations of each pesticide, based on calculated EC50 values. The 
EC50 of acetamiprid and fluazifop-P-butyl came to be 0.072 and 0.024 ppm, 
respectively. The onion roots were then exposed for 48hrs to three 
concentrations, representing ⅟10 EC50, ⅟2 EC50 and EC50 concentrations of 
both pesticides and distilled water was used as negative control (Table 
1.). Seven A. cepa bulbs were placed in small glass bottles to each 
concentration under the same laboratory conditions described above for 

48hrs. The test solutions are changed after 24 hrs. At the end of the 

exposure period, roots were cut and immediately treated in a chilled Carnoy’s 

fixative (ethanol: acetic acid = 3:1) for 24hrs and kept at 4°C overnight. The 
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roots were transferred to 70 % alcohol and kept in refrigerator at 4°C until use 

(Fiskesjö, 1994; Fachinetto et al.,2007). 
Table 1. Experimental groups and tested concentrations of each pesticide 

3.1. Slides preparation and microscopic parameters 

Chromosome and mitotic aberrations were assessed in Allium cepa root 

cells by using light microscope. After 48hrs exposure the roots were fixed in 

fixative solution (ethanol 70%: acetic acid glacial 45 %, 3:1) for 24hrs. Five 

root tips are cut off from every onion and placed in a test tube with about 2ml 

acetic acid 45% and boiling for 5 min. The roots were placed on a slide and 

the terminal root tip was cut off and used for further preparation. The rest of 

the root was removed from the slide. Afterwards the root tip was squashed in 

fresh filtered 1% acetocarmine stain and allowed to absorb stain for 5-10 min. 

The slides were examined for mitotic index, chromosomal aberrations, and 

cells with micronuclei. The categories of aberrations in mitotic cells included 

vagrant chromosomes, c-mitosis, stickiness in metaphase, multipolar 

anaphase, disoriented spindle, and binuclear cell Fiskesjö (1985). 

3.2. Mitotic index (MI), mitotic phase (MP) and chromosomal 
aberrations (CA) analysis 

For MI and MP, the different stages of mitosis were counted in one 

thousand (1,000) cells per slide per concentration. There were scored for the 

frequency and occurrence of different types of chromosomal aberrations in 

the dividing cells (Bakare et al., 2000). These are calculated as follows: 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝐴𝑏𝑒𝑟𝑟𝑎𝑡𝑖𝑜𝑛 (𝐹𝑂𝐴)
=  𝑁𝑜. 𝑜𝑓 𝑎𝑏𝑏𝑟𝑒𝑛𝑡 𝑐𝑒𝑙𝑙𝑠 ÷ 𝑁𝑜. 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑠𝑐𝑜𝑟𝑒𝑑 × 100 

𝑀𝐼 = 𝑁𝐶𝑇 ÷ 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 × 100 

Where MI= mitotic index; NCT= number of dividing cells in the treatment. 

 

Groups 

Treatments* 

Acetamiprid 
Fluazifop-P-

butyl 

Group I Distillated water Distillated water 

Group II 0.007 0.001 

Group III 0.036 0.012 

Group IV 0.072 0.024 
*Concentrations expressed in ppm for each pesticide. 
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𝑀 𝐼𝑛 = 𝑀𝐼𝐶 − 𝑀𝐼𝑇 ÷ 𝑀𝐼𝐶 × 100 

Where M In = mitotic inhibition; MIC = mitotic index of control; MIT = 

mitotic index of treatment. 

4. Statistical analysis  

Statistical analysis of root growth inhibition performed using Polo Plus 

(Probit and Logit Analysis Ver. 20, LEOA Software). Data are expressed as 

mean± SD.  Statical analysis was performed by using one-way analysis of 

variance (ANOVA) to test for significant differences of all evaluated 

parameters in A. cepa roots exposed to corresponding pesticide 

concentrations. Means separation was determine with Duncan’s multiple 

range test at P < 0.05 level (CoStat-statistic software, CoHort software). 

RESULTS 

1. Root Growth Inhibition 

The result presented in Table 2. show that the effective concentrations 

which retard 50% (EC50) of the growth of A. cepa roots, after 96hrs exposure, 

are 0.072 and 0.024 ppm for acetamiprid and fluazifop-P-butyl (FPB) 

pesticides, respectively. As expected, the inhibitory effect of herbicide 

fluazifop-P-butyl was more effective (~ 3-fold) than the tested insecticide, 

acetamiprid. 

Table 2. Effective concentration values (EC) of acetamiprid and fluazifop-P-

butyl after 96hrs Allium cepa exposure. 

The data in Table (3). show the inhibitory effect of the selected 

concentrations of each pesticide on the growth of A. cepa roots. The analysis 

of the results showed that the root growth decreased with increasing 

concentrations. The average length of roots was 6.87 cm after 96hrs of growth 

in the control whereas the root length of acetamiprid was 5.93 and 1.29 in the 

lower and higher concentrations, respectively. Weight gains of the 

Acetamiprid treatments were showed a remarkable decrease like the other 

Pesticide 
 

Slope ±SE 
EC50 

(ppm) 
95% 

Fiducial Limits* 
X2 

Acetamiprid 1.167±0.120 
0.072 

 
(0.036 – 0.305) 21.142 

Fluazifop-p-
butyl 

0.886±0.081 
0.024 

 
(0.010 – 0.041) 10.948 

*Calculated using Polo Plus (Probit and Logit Analysis Ver. 20, LEOA Software) 
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growth parameters. Maximum weight gain came to be 9.76 g for control, 

while the higher concentration of Acetamiprid showed growth inhibition and 

came to be 2.13 g. 
Table 3. Inhibitory effect of acetamiprid on the growth of Allium cepa roots 

after 96hrs of exposure. 

 

For fluazifop-P-butyl (FPB), the data revealed that, the mean root length 

of the control was 6.87 cm whereas the mean root lengths of tested 

concentrations ranged from 0.65 cm (at conc. 0.63 ppm) to 4.87 cm (at conc. 

0.007 ppm) Table (4). Similarly, weight gain showed less upon FPB 

treatments compared to that in the control. Maximum weight gain came to be 

9.76 g in control, while the higher concentration of fluazifop-P-butyl cause 

growth inhibition with only 2.58 g increase. In fact, data in table (4) showed 

a linear growth inhibitor to all studied parameters with increasing pesticide 

concentration. 

  

Conc. 
(PPM) 

Mean 
Root 

Length 
(cm) 

Percentage 
Root 

Inhibition 
(%) 

Initial 
weight 

(g) 

End weight 
(g) 

Weight 
gain (g) 

control 6.87±0.75 0 93.20±1.36 102.96±1.99* 9.76a** 

0.002 5.93±0.34 13.7 93.20±2.01 102.3±2.28 9.1b 

0.01 5.05±0.62 26.5 92.83±2.51 100.46±2.74 7.63c 

0.04 4.97±0.44 27.7 93.48±2.77 99.84±2.41 6.36d 
0.05¥ 4.39±0.47 36.1 93.38±2.65 99.36±1.92 5.98d 

3.81e 0.1 3.32±0.68 51.6 94.06±1.41 97.86±1.44 

0.2 1.29±0.51 81.2 91.92±1.47 94.05±1.69 2.13f 
* Data are expressed as Means ±SD. **Mean values followed by the same letter(s) in 
same column are not significantly different at the p < 0.05 level (Duncan’s multiple 
range test). ¥ Concentration represents field rate. 



Hager A. Ammar 

 

 ( 2022 يناير )  18، ع 11مج  ؛  البحوث البيئية والطاقة مجلة  9
 

 
Table 4. Inhibitory effect of fluazifop-P-butyl on growth of Allium cepa roots 

after 96hrs of exposure. 

Conc. 
(PPM) 

Mean 
Root 

Length 
(cm) 

Percentage 
Root 

growth 
Inhibition 

(%) 

Initial 
weight 

(g) 

final weight 
(g) 

Weight 
gain (g) 

Control 6.87±0.75 0 93.20±1.36 102.96±1.99* 9.76a** 
0.007 4.87±0.05 29.1 93.22±1.38 99.47±1.76 6.25b 
0.015 3.69±0.05 46.3 93.52±0.63 98.57±1.55 5.05bc 
0.03 2.44±0.14 64.5 93.55±1.68 98.23±1.65 4.68cd 
0.12 2.03±0.25 70.5 93.45±1.78 97.03±1.87 3.58de 
0.26 1.65±0.09 75.9 93.60±1.24 96.80±1.41 3.74e 
0.38 0.85±0.08 87.6 93.23±1.59 96.20±1.74 2.97e 
0.63¥ 0.65±0.09 90.5 93.82±1.61 96.4±1.85 2.58e 

* Data are expressed as Means ±SD. **Mean values followed by the same letter(s) in same 
column are not significantly different at the p < 0.05 level (Duncan’s multiple range test). 
¥ Concentration represents field rate.  

2. Analysis of genotoxicity  

2.1. Mitotic index and mitotic phase 

Data in Table 5. Showed that the analyzed number of dividing cells and 

mitotic index values of Allium cepa root meristematic cells after 48hrs 

exposure to three low concentrations, representing ⅟10, ⅟2 and EC50 of 

fluazifop-P-butyl and acetamiprid pesticides. It is obvious that fluazifop-P-

butyl herbicide significantly decreased mitotic index (MI) with all evaluated 

concentrations. The inhibitory effects were concentration-dependent and 

significant from the negative control, at which ranged from 44.4 to 84.7 %. 

For the acetamiprid insecticide, the data showed a significant inhibition in MI 

at the higher concentrations, 0.036 and 0.072 ppm, by 34.1 and 67.6 % 

inhibition, respectively. The frequency of chromosome aberrations ranged 

from 1.5-2.5 % for acetamiprid (Table 5). 

The mitotic index is really a good cytotoxicity biomarker (Fiskesjö, 

1985). The frequency of cell division is reflected in the mitotic index. The 

rise or reduction in MI can be used to measure an agent's cytotoxicity levels 

(Fernandes et al., 2007). MIs that are lower than the negative control could 

suggest that test substances have harmed the growth and development of 
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exposed organisms. Increased MIs, on the other hand, are the outcome of cell 

division induction and can be considered a harmful event to cells because it 

leads to uncontrolled proliferation and tumor formation (Hoshina, 2002). 

According to Mesi and Koplikua (2013) a decrease of less than 50% has a 

sub-lethal effect on the test organism, while a decrease of less than 22% has 

a deadly effect Mesi and Koplikua (2012); Singh (2000).  

In our study, fluazifop-P-butyl significantly decreased the mitotic index 

(MI) in A. cepa root tip cells showing lethal effect at concentrations of 0.012 

ppm (⅟2 EC50), whereas acetamiprid caused sub-lethal effect only at the higher 

concentration, 0.072 ppm (EC50). 

Table 5. Number of dividing cells and mitotic index of Allium cepa root 

meristematic cells exposed to ⅟10 EC50, ⅟2 EC50 and EC50 of acetamiprid and 

fluazifop-P-butyl after 48hrs treatment application (n = 1000 cells). 

 

2.2. Chromosomal and mitotic aberrations (CAs) 

The normal mitotic stages and different types of chromosome aberrations 

which are caused in response to the cytotoxic effect of tested pesticides are 

shown in figures 1-6. Normal mitotic stages were shown in the A. cepa control 

(Figure 1): (A) Prophase, (B) metaphase, (C) anaphase, and telophase(D). The 

harmful effect of tested pesticides showed a wide range of chromosomal 

aberrations in dividing Allium cepa test. These abnormalities are shown in 

Figures 2-5. For example, two forms of chromosomal aberrations were 

observed in root tips of A. cepa during mitosis (Figure 2): A. stickiness 

prophase and B. pulverized chromatin. At metaphase stage, numerous forms 

Treatment 
Conc. 

(ppm) 

No. of 

Dividing 

cells 

Cells in 

Mitosis 
(% MI)* 

Cells 

With 

aberration

s 

(% FOA) (M in)* 

control - 178 50 28.1 a - - - 

Acetamiprid 

0.007 119 30 25.2 b 27 2.7 10.25 f 

0.036 135 25 18.5 c 33 3.3 34.1 e 

0.072 110 10 9.09 e 11 1.1 67.6 b 

Fluazifop-P-

butyl 

0.002 95 15 15.7 d 16 1.6 44.4 d 

0.012 87 5 5.74 f 15 1.5 77.6 a 

0.024 93 4 4.30 f 25 2.5 48.7 c 
*Mean values followed by the same letter(s) in same column are not significantly different at the p < 0.05 level (Duncan’s 
multiple range test). Conc.: pesticide concentration. MI: Mitotic index. FOA:  Frequency of Aberrations. M in:  Mitotic 

inhibition. 



Hager A. Ammar 

 

 ( 2022 يناير )  18، ع 11مج  ؛  البحوث البيئية والطاقة مجلة  11
 

of chromosome aberrations were found (Figure 3): A. c-Metaphase, B. 

chromosome breakage, C. chromatin erosion, D-F. different types of 

stickiness, G. diagonal, H. vagrant chromosome, and I. scattered metaphase. 

Moreover, different types of abnormalities appeared during anaphase 

stage in A. cepa roots exposed to acetamiprid, at all tested concentrations 

(Figure 4). Among these abnormalities: A. late separation of chromosomes, 

B. vagrant chromosomes, C. anaphase bridge, C. diagonal anaphase, D-F. 

different shapes of multipolarity, G. loss of chromosomes, H. c-mitosis in 

anaphase, I. delayed anaphase, and J. sticky anaphase. In addition, two forms 

of abnormalities were observed in the telophase stage (Figure 5): A. star 

shaped and B. stickiness telophase. 

On the other hand, all concentrations used of fluazifop-P-butyl herbicide 

cased only four types of chromosome aberrations (Figure 6): A. ghost cell, B. 

binucleated/multi. Nucleated cells, C. nuclear budding and D. micronuclei. 
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Figure 1. Allium cepa cells in normal mitotic division A. Prophase (the 

chromosomes are visible and tangled) B. metaphase (chromosomes are 

arranged in the equatorial plate) C. anaphase (the sister chromatids separate 

moving towards the spindle poles), D. telophase (each daughter chromosome 

has arrived at the spindle pole). 

A B 

C D 
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Figure 2. Chromosomal aberrations detected in prophase of Allium cepa root 

meristematic cells exposed to acetamiprid insecticide for 48hrs period, A. 

Stickiness prophase and B. Pulverized chromatin at prophase. 

 

 
  

A B 

A B C 
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Figure 3. Chromosomal aberrations detected in metaphase of Allium cepa 

root meristematic cells exposed to acetamiprid insecticide for 48hrs period A. 

c-Metaphase, B. Chromosome breakage in metaphase, C. Chromatin erosion 

in ball metaphase D.E., and F, Different shapes of Stickiness in metaphase, 

G. Diagonal metaphase, H. Vagrant chromosome, I. Scattered metaphase. 

   

  

 

D E F 

A B C 

D E F 
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Figure 4. Chromosome aberration detected in Anaphase of Allium cepa root 

meristematic cells exposed to acetamiprid insecticide for 48hrs period. A. 

Late separation of chromosomes at anaphase and vagrant chromosomes, B. 

Single bridge of anaphase and vagrant chromosomes, C. Diagonal anaphase 

orientation fault of equatorial plate, D.E. and F. different shape of 

multipolarity of anaphase, G. Loss of chromosome, H. c-Mitosis in anaphase, 

I. Delayed anaphase and J. Sticky anaphase showing vagrant chromosomes.  

 

 

 

 

 

G H I 

J 

A B 



Assessment of cytotoxicity and genotoxicity of Acetamiprid (CETAM®) and 
Fluazifop-P-butyl (Fusilade Max®) 

 

 ( 2022 يناير )  18، ع 11مج  ؛  البحوث البيئية والطاقة مجلة  16
 

Figure 5. chromosomal aberrations detected in telophase of Allium cepa root 

meristematic cells exposed to acetamiprid insecticide for 48hrs period; A. 

Star shaped in telophase and B. Stickiness in telophase. 

  

  

Figure 6. Different types of chromosome aberrations detected in division 

stages of Allium cepa root meristematic cells exposed to fluazifop-P-butyl 

herbicide. A. Ghost cell, B. Binucleated/Multinucleated cells, C. Nuclear 

budding and, D. Micronuclei. 
DISCUSSION 

Higher plants, such as A. cepa, are frequently used as genetic models to 

investigate cytotoxic and genotoxic effects such as chromosome 

abnormalities and mitotic cycle disturbances. The cytotoxic effects of 

pesticides on plants can cause chromosome aberrations in dividing cells, 

which reflects the harmful effect of tested pesticides on plant genome 

(Adesuyi et al. 2018). Because of its sensitivity, A. cepa has shown to be an 

excellent model for studying pesticide genotoxicity. Using the Allium cepa 

assay, the genotoxic effects of several pesticides, including herbicides (Amaç 

A B 

C D 
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and Liman 2021), fungicides (Aragăo et al., 2021), and insecticides (Macar, 

2020). 

However, studies into the genotoxic effects of neonicotinoid insecticides, 

especially acetamiprid, in A. cepa are still very rare (Fioresi et al., 2020). 

Despite Acetamipride is widely used insecticide against agricultural insects, 

still there are less research on its harmful effects on treated plants. so, using 

the Allium cepa assay to examine the genotoxic effects of lower 

concentrations of this substance is critical for providing information on this 

extensively used insecticide. 

Our present study revealed that concentration-dependent and statistically 

significant of root growth of A. cepa by both tested pesticides at all tested 

concentrations compared to the control group. As expective, fluazifop-P-

butyl herbicide was more effective in inhibition of A. cepa root growth (EC50= 

0.024 ppm) than acetamiprid insecticide (EC50= 0.072 ppm). Fluazifop-P-

butyl (FPB) is a selective herbicide belongs to aryloxyphenoxypropionate 

group. n sensitive plants, it causes oxidative stress by inhibiting lipid 

production, free radical formation, and oxidative stress (Ore and Olayinka, 

2017). 

In comparison to the control, root growth inhibition was related with a 

considerable decrease in mitotic index (MI). The MI is a parameter that allows 

for the estimation of cellular division frequency and is used to consistently 

identify the presence of cytotoxic pollutants in the environment (Fiskesjö, 

1985). A 50% reduction in the mitotic index compared to control is 

considered a limit value; decreases below 50% have a sublethal effect on the 

test organism, while decreases below 22% have a lethal effect (Mesi et al., 

2012; Singh, 2000). In our current study, the reduction in Mi values for both 

pesticides were in concentrations-dependent manner. The herbicide 

fluazifop-P-butyl resulted more cytotoxic than acetamiprid insecticide, which 

caused highly significant cytotoxicity at concentrations of 0.012 (⅟2 EC50) and 

0.024 (EC50) ppm, by 77.6 and 84.7 % MI inhibition, relative to the control, 

respectively. These data are agreement with the quizalop-p-ethyl herbicide 

cytotoxic effects on A. cepa roots (Rosculete et al., 2019). 

Similarly, at a concentration of 1.5 percent, cycloxydim, an herbicide 

belonging to the same group aryloxyphenoxypropionate, caused sublethal 

cytotoxicity in Allium cepa (Rosculete et al., 2019). In A. cepa meristematic 

roots, the mitodepressive effect of these herbicide described its cytotoxic and 

polluting potential. Other authors reported comparable results about the 

cytotoxic and genotoxic potential of numerous herbicides using the Allium 
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test, which were agreement with our current findings, e.g., Gul et al., (Liman 

et al., 2015). 

Our present study indicted also that the acetamiprid insecticide belongs to 

the neonicotinoids revealed a significant reduction in the MI at the higher 

tested concentration tested causing sublethal cytotoxic effect (MI value was 

below 50% relative to the control). However, some cytogenetic studies have 

been investigated on another insecticide which belongs to the same group. 

Neonicotinoids, i.e., imidacloprid (IMI). The neonicotinoid IMI is one of the 

most frequent used pesticides worldwide. Fioresi et al., (2020) found that 

mitotic index in the of A. cepa root cells, treated with IMI, at concentrations 

of 175 and 1750 µg/ml, was significantly lower than the control. The 

induction of chromosomal adhesion and micronuclei was linked to IMI's 

genotoxic effect (Fioresi et al. 2020). These data are in line with our present 

study. After IMI exposure, Bianchi et al. (2016) detected high levels of 

chromosomal adherence in A. cepa. Our findings support those of Karabay 

and Oguz (2005), Demsia et al. (2007), and Bianchi et al. (2016), who 

identified IMI as a clastogen. 

The present results regarding the type and frequency of abnormalities in 

root meristematic cells of Allium cepa reported that fluazifop-P-butyl 

herbicide, at all evaluated concentrations, resulted in high frequencies and 

severity in chromosome and mitotic aberrations. Other herbicides, such as 

quizalofop-p-ethyl and cycloxdim, were found to cause a high number of 

mitotic aberrations and nuclear anomalies in Allium cepa cells, yielding 

similar results (Rosculete et al. 2019). Our present study also revealed that 

acetamiprid insecticide induced different types of chromosomal aberrations 

at all evaluated concentrations including breaks, bridge, c-mitosis, stickiness, 

vagrant, spindle, and fragments. 

The frequency of cells with sticky chromosomes was the most frequent 

chromosome abnormality observed in root tips of A. cepa treated with both 

quizalofop-p-ethyl and cycloxdim herbicides (Rosculete et al. 2019). Such 

sticky chromosomes are suggested to reflect highly toxic effects and probably 

cause cell death (Donghua et al., 1996). The suppression of mitotic activity is 

often used to assess cytotoxicity (Bianchi et al., 2016). The genotoxicity is 

considered one of the most serious side effects of pesticide exposure 

(Boumaza et al., 2016). C-mitosis in the result of damaged mitotic apparatus 

due to genotoxic substances in the cells, and is stimulated by many chemicals 

(Fiskesjö, 1985; Firbas and Amon, 2014). 
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The most common chromosome aberration detected in root tips of A. cepa 

treated with both quizalofop-p-ethyl and cycloxdim herbicides was the 

frequency of cells with sticky chromosomes (Rosculete et al. 2019). The 

suppression of mitotic activity is a common cytotoxicity measurement 

(Bianchi et al., 2016). One of the most dangerous side effects of pesticide 

exposure is genotoxicity. C-mitosis occurs when the mitotic apparatus is 

destroyed because of genotoxic compounds in the cells, and it is induced by 

a variety of pesticides (Fiskesjö, 1985; Firbas and Amon, 2014). 

CONCLUSION 
The present study demonstrated that both fluazifop-P-butyl (FPB) 

herbicide and acetamiprid (ACM) insecticide have cytotoxic and genotoxic 

effects when tested on Allium cepa. The FPB was much more toxic than 

ACM. Both pesticides decreased mitotic index which was always correlated 

by the higher concentrations for ACM pesticide. These findings implied that 

the reduction of MI might be because of inhibition of the cell cycle, thus 

slowing down the progression through mitosis. Our results indicate that 

caution should be taken applied when using higher concentrations of the 

neonicotinoid acetamiprid insecticide and Fluazifop-P-butyl herbicide that 

induce cytological changes on non-targeted organism. 
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