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Abstract- Farmers all across the world use 

pesticides to increase agricultural yields, ignoring 

the harm they cause to the environment. Negative 

consequences might arise from ineffective control 

of pesticide use. Therefore, it is necessary to assess 

the hazardous effects of some of these pesticides, 

particularly in Delta State, where the study was 

carried out, and throughout Nigeria, where farmers 

use these chemicals irresponsibly, disregarding the 

risks to human health and, as a result, disregard 

safety regulations. Using the Allium cepa test, this 

study examined the effects of Paraquat Dichloride 

pesticide on farmers in Delta State, Nigeria, and 

established the ideal dilution rate (concentration) 

for field usage. In particular, the goals were to 

prepare various concentrations of paraquat 

dichloride and expose them to onion rootlets, assess 

the cytotoxic effects of the test chemical (pesticide) 

on the various stages of cell division (precisely 

mitotic) while keeping an eye out for side effects like 

aberrations (as may be sported in chromosome) and 

any other abnormality in cells, and lastly assess the 

inhibition of growth regarding Allium cepa root 

(which is caused due to paraquat dichloride 

exposure). A binocular microscope (Biosphere-B 

2005B) with x40 magnification was used to assess 

microscopic characteristics and capture images. 

Using analysis of variance, macroscopic parameters 

were statistically examined at the 0.05 (5%) level of 

significance. The findings demonstrated that 

paraquat dichloride caused damaged cells, bi-

nucleated cells, telophase-bridge, anaphase-bridge, 

and Binucleated abnormality occurring during 

Telophase. As paraquat dichloride concentrations 

increased, root development was slowed. When 

comparing (statistically) the root lengths subjected 

to paraquat dichloride treatments and that of the 

0.000g/l treatment, a remarkable (P<0.05) 

differences were found.  Root number however, 

revealed no statistical significant difference. Since 

pesticides may be hazardous to plants and animals 

that come into touch with them, it is advised that 

their usage be controlled in agricultural areas. 

 

Indexed Terms- Toxicity, Paraquat Dichloride, 

Optimal Dilution rate. 

 

I. INTRODUCTION 

 

Pesticides are used by farmers worldwide to boost 

agricultural output, despite the damage they do to the 

environment (EPA, 2023).  Ineffective pesticide 

management measures may have unfavourable 

effects (Vedantu, 2024), because farmers use these 

chemicals carelessly, ignoring the risks to human 

health and failing to adhere to safety precautions. It is 

necessary to evaluate the hazardous effects of some 

of these pesticides, especially in Delta State, where 

the study was conducted, and throughout Nigeria.  

The study was aimed at evaluating the toxicity of 

paraquat dichloride and determine the optimal 

concentration convenient for use. 

 

Objectives of study 

Specifically, the objectives were: 

1. To identify the commonly used pesticide and 

determine the chemical composition  

2. To prepare different concentrations of the 

pesticides and apply them on onion rootlets.  

3. To evaluate the cytotoxic activities of the test 

chemical (paraquat dichloride) by observing 

various stages of cell division using the Allium 

Cepa Assay.  
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4. To evaluate the root growth inhibition of Allium 

cepa as induced by paraquat dichloride 

(pesticide). 

 

II. LITERATURE REVIEW 

 

• Toxicity of Pesticide 

The pace at which hazardous materials are released 

into the environment has increased due to human 

activity. These substances might be harmful to non-

target creatures and could endanger human and other 

living things' health (Kalkbrenner et al., 2014) 

Pesticides are also used in modern agricultural 

operations to increase crop yields and shelf life and to 

produce crops more efficiently. This may be 

accomplished if known organisms that causes 

diseases are curbed right in the farm (or field) and 

during the time of storage. These agricultural 

pesticides may have genotoxic effects in addition to 

cytotoxic ones (Mandeep et al., 2019; Faizah, 2014). 

When these pesticides are used regularly, it can end 

up in soil, food and water, and have mutagenic 

properties, and can alter the genetic makeup of living 

things, which can then lead to serious health 

complications (Kalkbrenner et al., 2014). 

 

Pesticides have several advantages and are very 

important economically (Firbas, 2013). Nevertheless, 

despite their advantages, the public is concerned 

about the worsening condition of the environment 

because of the discharge of these chemical 

(pesticides). Pesticide residues may be found in 

water, fruits, vegetables, soil, and water (Medina et 

al., 1999). The health of people and other ecosystem 

members is undoubtedly at danger because of this. 

 

• Paraquat Dichloride 

The chemical formula for the organic compound 

paraquat dichloride is C12H14C12N2. It typically 

belongs to the family of redox active heterocyclic 

compounds called viologen, which shares the same 

structure (Michaelis and Hill (1933). Because it acts 

quickly and is non-selective, paraquat dichloride is 

employed as an herbicide. It affects plant tissues 

when it comes into touch with them. It is harmful to 

human health and is frequently linked to the onset of 

Parkinson's disease (Kamel, 2013). 

 

 

III. METHODOLOGY 

 

A. Preparation of the Onion Bulb and collection of 

root tips 

After obtaining onion bulbs, the outer scales were 

peeled off and scraped off. The base of the bulbs 

were also scraped. This enabled the emergence of 

new onion roots. 50ml volume plastic cups were 

acquired and filled with clean tap water and the 

prepared onion bulbs kept (or placed) on the plastic 

cups for 48 hours to allow for the growth of new 

rootlets, and then, they were moved to containers 

containing the treatment solutions for 24 hours. The 

treatments included water as a control and five 

different concentrations of paraquat dichloride 

(0.430g/l, 0.860g/l,1.700g/l, 3.400g/l, and 5.000g/l). 

The experimental set-up containing the onion bulbs 

placed on 50ml volume of plastic cups to enable root 

growth is done in the dark (Firbas, 2013). 

 

When the onion rootlets (root tips) were collected, 

they were promptly preserved (fixed) for 24 hours in 

a 3:1 ethanol–acetic acid solution. After being taken 

out of the fixative, the rootlets were placed in 70% 

ethanol and stored at 4°C until they were needed. 

Every sample was appropriately labelled to prevent 

errors of any kind. 

 

B. Macroscopic Parameters 

Measurements of the root lengths were made and 

recorded following the onion root's 24-hour growth in 

the different test solutions (treatments). Additionally, 

the number of roots was tallied (Firbas, 2013). 

 

C. Microscopic Parameters 

The Nuffield foundation methodology was then used 

to squash the root tips that had previously been 

prepared for usage (Nuffield Foundation, 2015). 

Acetocarmine is the stain that is utilised. According 

to James and Obulor (2024) and Nuffield Foundation 

(2015), the root tips were hydrolysed in 1N HCL. 

The slides were made in accordance with the 

Nuffield Foundation methodology, examined under 

x40 magnification microscope, and photographed. 

The normal cells that were utilised for comparison 

with the study treatments were excerpt from James 

and Obulor (2024). 

 

 



© MAY 2025 | IRE Journals | Volume 8 Issue 11 | ISSN: 2456-8880 

IRE 1708857          ICONIC RESEARCH AND ENGINEERING JOURNALS 2140 

D. Statistical Analysis. 

The statistical analysis was done using analysis of 

variance and collected data tested at 5% level of 

significance using the jmp 4 statistical program. 

 

IV. RESULTS AND DISCUSSION 

 

A. Result for Microscopic Observations/Analysis 

 

The referenced normal cells for comparison were 

excerpts from James and Obulor (2024). 

 
I - Anaphase Bridge; II - Normal Anaphase 

Plate A: Anaphase Bridge caused by TC2 (0.430g/l) 

 

 
 

I - Damaged cell; II - Normal prophase 

Plate B: Damaged cell caused by TC3 (0.850g/l) 

 

 
I – Bridge in telophase; II - Normal telophase 

Plate C: Telophase Bridge caused by TC4 (1.700g/l) 

 
I - Binucleated abnormality (occurring during 

telophase); II - Normal Telophase 

Plate D: Binucleated abnormality occurring during 

Telophase caused by TC5 (3.400g/l) 

 

 
I- Binucleated cell; II - Normal interphase cell 

Plate E:  Binucleated cell caused by TC6 (5.000g/l). 

 

B. Results for Macroscopic Observations/Analysis 
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Table 1: mean (values) of macroscopic Observation/Analysis.

 

Replicates Treatment Conc. of 

Paraquat dichloride 

(g/l) 

Average root No. (cm)   ± 

standard deviation 

Average root length (cm)      ± 

standard deviation         

B1TC1 
 

CONTROL (0g/L)  

 

21.000 ± 0.820  

 

5.700 ± 0.140  
B2TC1 

B3TC1 

        

B1TC2   

0.430 

  

 

19.000 ± 1.630  

 

4.500 ± 0.140  
B2TC2 

B3TC2 

B1TC3   

0.850 

  

 

22.000 ± 0.000  

 

3.900 ± 0.090  
B2TC3 

B3TC3 

        

B1TC4   

1.700 

  

 

20.670 ± 0.470  

 

2.800 ± 0.280  
B2TC4 

B3TC4 

        

B1TC5   

3.400 

  

 

21.000 ± 2.940  

 

2.800 ± 0.240  
B2TC5 

B3TC5 

        

B1TC6   

5.000 

  

 

20.330 ± 1.700  

 

2.700 ± 0.280  
B1TC6 

B3TC6 

B= Bulbs; TC= treatment Concentration 

 

Number of root 

 

 
Analysis of Variance 

Source DF Sum of 

Squares 

Mean 

Square 

F 

Ratio 

Prob> 

F 

Treatment 

Conc. (g/l) 

5 14.6670 2.9330 0.7770 0.5850 

Source DF Sum of 

Squares 

Mean 

Square 

F 

Ratio 

Prob> 

F 

Error 12 45.3300 3.7780   

C. Total 17 60.0000    

Figure 1: ANOVA of number of root by treatment 

conc. of pesticide. 

 

Root Length 
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Analysis of Variance 

Source DF Sum of 

Squares 

Mean 

Square 

F 

Ratio 

Prob> 

F 

Treatment 

Conc. (g/L) 

5 22.0378 4.4076 66.66

9 

<.000

1* 

Error 12 0.7930 0.0660   

C. Total 17 22.8310    

Figure 2: ANOVA of root length by treatment conc. 

of pesticide 

 

C. Discussion 

Our results clearly show that the Allium cepa is a 

useful bioindicator for assessing the toxicity of 

chemicals. This is due to the identification of several 

types of chromosomal abnormalities based on the 

microscopic characteristics that were examined. The 

chromosomal abnormalities caused by paraquat 

dichloride included damaged cells, Binucleated 

abnormality occurring during Telophase, Anaphase 

Bridge, Binucleated cells and Bridge in Telophase. 

This result is in accordance with the findings of 

Mandeep and fellow researchers (Mandeep et al., 

2019), who also pointed out that pesticides can cause 

all of the chromosomal abnormalities that we have 

identified. 

 

The observed binucleated cells could have been 

caused by an anomaly in the spindle's anaphase 

division. It can also happen when cytokinesis is 

inhibited following telophase. This result aligned 

with the same hypothesis made by Elana and co-

researchers, explaining the fact that pesticides can 

cause abnormalities in living cell and gave possible 

reasons for the occurrence of aberration identified as 

Binucleated cell (Elena et al., 2018). 

Moreover, chromosome/chromatid breaking and 

fusion may have caused the observed chromosomal 

bridges (Elena et al., 2018). The stickiness of the 

chromosomes, which maintains their bridge 

connection, may also cause it to appear. Additionally, 

this supports the conclusions put out by Ping and co-

researchers asserting that appearance of chromosomal 

bridges may result from chromosome/chromatid 

breakage/fusion and sometimes chromosomal 

stickiness may also be the cause (Elena et al., 2018; 

Ping et al., 2012).The Allium cepa assay's efficacy 

was also demonstrated by the macroscopic 

parameters, particularly when assessing the toxicity 

of various chemicals. This is demonstrated by the 

research findings, which proved that statistically, 

significant (P<0.05) variation were established in 

length of root samples in 0.000g/l treatment with the 

other different treatments of test chemical. This is 

consistent with the findings of Sandra et al. (2025), 

who used the Allium cepa test to investigate the 

hazardous potentials of landfill leachate and found a 

considerable variation in root lengths. The group's 

variance was greatest for 5.000g/l test chemical and 

lowest for 0.850g/l. Root number in the samples (of 

different) treatments did not, however, significantly 

differ statistically. The group's variance was greatest 

for 3.400 g/l of test chemical and lowest for 

0.8500g/l. This was expected because going by the 

methodology, the rootlets of the onion were already 

grown (established) after the initial 48 hours 

placement of the bulbs on the plastic cups filled with 

clean water to enable root growth. It was thereafter 

that they were then exposed to the research 

treatments for another 24 hours. So exposure of onion 

bulbs to the research treatments (including test 

chemical) as samples may have made no difference 

in terms of increase or decrease in growth of root 

numbers within 24 hours. 

 

CONCLUSION AND RECOMMENDATION 

 

In summary, paraquat dichloride is an extremely 

harmful pesticide. On Allium cepa roots, the paraquat 

dichloride treatment concentrations (as adopted in 

this research study) produced a range of cytotoxic 

effects. Binucleated abnormality occurring during 

Telophase, Damaged cell, Anaphase Bridge, 

Binucleated cell and Telophase Bridge are some of 

these cytotoxic consequences. The macroscopic 

parameters examined in this study clearly show that 

the degree of the harmful effects increases as the 

concentration of paraquat dichloride does. Farmers 

frequently utilise the field concentration calculation, 

which shows that 3.400g/l is the ideal field 

concentration used by the farmers. The 

aforementioned concentration (3.400 g/l), which was 

also used as a treatment concentration in this 

investigation, turned out to be extremely hazardous. 

Therefore, as pesticides use may be detrimental to 

living organisms that come into touch with them, it is 

advised that their usage be controlled in agricultural 

settings. Therefore, when using paraquat dichloride, 
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farmers are advised to use personal protection 

equipment (PPE). 
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