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This study aims to evaluate the cytogenetic effects of Glyphosate (phomac) herbicides, which were 
evaluated in the root tip meristem cells of Vicia faba. In the V. faba L. root growth test, the herbicides with a 
control for each group Mitotic index decreased with increasing herbicide concentration at each exposure 
time. In anaphase - telophase cells, the total percentages of different chromosomal aberrations like 
stickiness, broken chromosomes, vagrant chromosomes, c-mitosis, D trubed metaphase and anaphase, 
laggards and micronuclei at high concentration (1 ppm) were calculated as 86%, the total number of 
chromosome aberration increased as Glyphosate herbicide concentration increased. Micro nucleated cells 
were observed at different stages of cell cycle. 
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INTRODUCTION 
 
Cytogenetic effects of synthetic chemicals used for plants 
protection have been well documented and previously 
investigated by many authors (Bader et al., 1985; 
Vyvyan, 2002; Mekki, 2008). All most all studies confirm 
the harmful effects of synthetic chemicals used in 
agriculture purposes (Jose et al., 2008). The 
indiscriminate use of herbicides in agriculture justifies the 
evaluation of toxicity of various chemical agents. Several 
studies have shown that chronic exposure to low to high 
level of herbicides can cause birth defects and that 
prenatal exposure is associated with carcinogenicity. 
Chromosomal aberrations can be accepted as an 
indicator of genotoxis damage induced by herbicides 
(Srivastava and Mishra, 2009). Plant test system is widely 
used for monitoring genotoxicity of chemicals 
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Abbreviations: BK, chromosomal break(s); Cm, c-
mitosis; Dc, delayed anaphase; Sc, Sticky chromosome; 
ppm, part per million. 

 
 
 

 
because of many advantages such as low cost, easily 
available throughout the year, good chromosomes 
condition for the study of chromosomes damage 
(Abraham and Johan 1989; Upadhya et al., 1996). The 
higher plants like Vicia faba, Allium cepa and  
Trudescantia paludosa have large monocentric 
chromosomes in reduced numbers and are accepted as 
suitable test organisms for the study of environmental 
mutagenesis (Patra and Sharma, 2002). The mitotic 
index (MI), characterized by the total number of dividing 
cell cycle, has been used as parameter to assess the 
cytotoxicity of several against. The cytotoxicity levels of 
an agent can be determined by the increase or decrease 
in the MI (Lubini et al., 2008). Glyphosate is a weak 
organic acid consisting of a glycine and a 
phosphonomethyl moiety. The empirical formula is 
C3H8NO5P. Glyphosate is usually formulated as a salt of 
the acid of glyphosate and a cation, e.g., isopropyl amine 
or trimet generally above 90%. Glyphosate is a 
phosphonomethyl glycine according to IUPAC 
nomenclature herbicide compound, commonly used in 
agriculture in controlling weeds. The indiscriminate use of 
herbicides in agriculture and  the  increase  of pollution in 
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ecosystems (Elefsiniotis et al., 2007; Mustafa and Arikan, 
2008). The aim of this study was to investigate the effects 
of Glyphosate herbicide on chromosomes aberration, 
mitotic index in the root meristem cells of V. faba (L.). 

 
MATERIALS AND METHODS 
 
Cytogenetic parameters 
 
Different concentration (0.1, 0.5, 0.75 and 1 ppm) of 
Phomac (glyphosate), a treated with a range of 
Glyphosate were used in the treatment of V. faba root tip, 
Healthy seeds of V. faba were selected and surface 
sterilized by dipping in 5% calcium hypochlorite solution 
for 5 min, washed with tap water for 10 min and soaked in 
tap water for about 12 to 24 h. The seeds were 
germinated between moist partite for 3 days at 24±1°C. 
Seedling of V. faba (seed coat removed) with roots about 
2 to 5 cm in length were cut carefully and fixed in fixative 
(ethanol:glacial acetic acid (3:1 part of 1N HCl for 1 min 
and squashed in camsa stain and 1N HCl (9:1) after 
intermittent heating for 3 to 5 min. After removing the root 
caps from well-stained root tips, they were immersed in a 
drop of 45% acetic acid on a clean slide, squashed under 
a cover slip with match stick and sealed with nail polish 
and examined microscopically (Olompus Cx21) and 
camera sony245. Ten root tip squashes were prepared 
for each treatment and a minimum 500 cells were 
examined for each concentration. Chromosomes 
aberrations in each treatment were recorded and the 
mitotic index was calculated using the method of (Mousa, 
1982). 

 
Treatment 
 
The organic Herbicidal Glyphosate is the primary name of 
a weak organic acid that consists of a glycine moiety and 
a phosphonomethyl moiety. The determine Glyphosate is 
the primary name of a weak organic acid that consists of 
a glycine moiety and a phosphonomethyl moiety. The 
chemical name is N-(phosphonomethyl) glycine 
according to IUPAC nomenclature. The CAS name is 
glycine, N-(phosphonomethyl)-, and its CAS registry 
number is 1071-83-6. The empirical formula is 
C3H8NO5P, and the structural formula is as follow; 
 
- Chemical name is N-(phosphonomethyl) glycine 
according to IUPAC   
- Nomenclature. The CAS name is glycine, N-
(phosphonomethyl)-, and   
- Its CAS registry number is 1071-83-6. The empirical 
formula is C3H8NO5P and the structural formula is as 
follows:  

 
 
 

 
The effective concentration is 1 L of the Glyphosate to 
200 L of water (Prog. Pest Cont. 2001 lasted.), that is 0.5 
ml of the Herbicidal Glyphosate to 1000 ml of water (0.5 
ppm). 0.1 ml of the Herbicidal Glyphosate to 1000 ml of 
water (0.1 ppm) 0.75 ml of the Herbicidal Glyphosate to 
1000 ml of water (0.75 ppm) 
 
 
Statistical analysis 
 
Mitotic index (MI) was calculated by scoring dividing cells. 
The experimental data is presented as mean of triplicate 
experiments. 
 
 
RESULTS AND DISCUSSION 
 
In the present study, analyzing the control untreated roots 
it was revealed the normal feature of the chromosomes 
and also normal cell division behaviour with a mitotic 
index (MI). The mutagenic effects observed in cells 
treated with the herbicides included c-mitosis, stickiness, 
chromosomal breaks at anaphase and metaphase. These 
results are in agreement with Acepa root tip with different 
herbicides (Haliem, 1990; Mousa, 1982). Inhibition of 
mitotic activities was often used for tracing cytotoxic 
substances (Abderrhman, 1998). Herbicidal applied either 
to soil or crop plants are subjected to volatilization, 
leaching, which induce chromosomal aberration, 
chemical modification and microbial degradation, which 
have higher risk of bringing about environmental pollution 
(Pandey, 2007). According to Leme and Marin-Morales 
(2009), MI significantly lowers than the negative control 
can indicate alteration, deriving from the chemical action 
in the growth and development of exposed organisms. on 
the other hand , MI higher than the negative control are 
results of an increase in cell division, which can be 
harmful to the cells, leading to a disordered cell 
proliferation and even to the formation of tumor tissues 
(Campos et al., 2008).  

In our study, the cytological investigation indicated that 
a significant decreasing of MI when Glyphosate (0.1, 0.5, 
0.75 and 1 ppm). The numerous types of chromosomal 
aberrations were recorded in anaphase – telophase cells. 
The reduction of the mitotic index in our study can be 
explained by the arrest of the division of the interphasic 
nucleus, as well as by death of interphasic nucleus, 
hindering the onset of prophase and, thus, the division of 
the cells. In agreement of the second hypothesis, we 
observed various cells with cytoplasm shrinkage, nuclear 
condensation [Figures 1, 2 and 3; Table 1] (Elena et al., 
2010).  

These aspects were observed mainly in the 
concentration (0.1, 0.5, 0.75 and 1 ppm) of the 
Glyphosate treatment. Where the mitotic index showed a 
significant decrease in relation to the control (tip water), in 
the   present   may   be    due to the mito depressive 
action of chemicals indicating thereby the herbicide used 
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Figure 1. Control stage (A, B and C): (A , B) Prophase (C) Metaphase. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Chromosomes aberration observed in meristematic cells of Vicia faba. (A) Can be observed 
long cells disposed in lines , cells are plasmolytic , during prophase and in which an early chloroplasts 
formatting 600x. (B) Can observed abnormal disposed cells without content mixed with plasmolytic cells 
(600x), (C) Anaphase with laggard chromosomes (arrow), (D) Stickiness metaphase with chromosomal 
breaks (arrow). (E) Can be observed micronuclei at metaphase (arrow),(I) C-mitosis and Micronuclei 
(arrow). 
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Figure 3A, B, C, D and E. Disturbed stages of mitosis in root tip cells in Vicia 
faba treated with Glyphosate for 24 h. It can be observed long cells deposed in 
lines; cells are strongly plasmolytic, during prophase and in which we can 
observed an early chloroplasts formatting (600x). 

 

 
Table 1. Abnormalities chromosomes in vitro effects of different treatments of *Glyphosate on root tip of Vicia faba (L.), mitotic index and 
percentage. 

 
 

Concentration No. of 
Mitotic  Chromosomes aberration type  

 

Exposure index Distrubed Metaphase Broken Stiky 
 

 

ppm cells examined ** %  

 

MI and anaphase mean Chromosomes mean Chromosomes mean  

    
 

 Control/tip water 500 11.70 - - 0.66 0.13 
 

 0.1* 500 9.40 3.00 18 5.33 3.93 
 

3h 0.5* 500 8.20 6.33 19 7.66 4.19 
 

 0.75* 500 6.33 11.66 32 7.66 4.79 
 

 1* 500 4.90 14.66 50 12.33 6.79 
 

 Control/tip water 500 9.62 - - 0.66 0.13 
 

 0.1* 500 7.20 3.33 7.66 8.33 3.86 
 

6h 0.5* 500 4.21 8.66 7.00 10.66 5.26 
 

 0.75* 500 4.70 13.00 15.00 10.00 7.6 
 

 1* 500 2.30 17.66 9.66 12.00 7.8 
 

 Control/tip water 500 8.90 0.66 0.66 0.33 0.33 
 

 0.1* 500 3.30 6.00 8.33 9.33 6.93 
 

24h 0.5* 500 2.10 6.33 7.00 7.66 5.73 
 

 0.75* 500 1.60 7.00 7.33 12.33 10.79 
 

 1* 500 0.2 13.00 4.66 14.00 15.73 
  

**Total No. of chromosomal aberration/ Total No. of cells examined . 



 
 
 

 
interfere in the normal cell cycle resulting in decrease in 
number of dividing cells. Similar results were observed in 
previous studies and cell death was the major depressor 
of the mitotic index (Campus et al., 2008; Sousa et al., 
2010). Chromosomes aberration (CA), on the other hand 
are characterized by changes in either chromosomal 
structure or in the total number of chromosomes, which 
can occur both spontaneously and as a result from 
exposure to physical or chemical agents (Leme and 
Marin-Morales, 2009). 
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