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Introduction 

Textile industry is one of the most polluting activities generating 
huge quantities of wastewater containing large groups of chemicals 
and residues of synthetic dyes which have caused serious environ-
mental problems [1]. In Morocco, textile like several other industries 
generates a number of pollutants, which are discharged into the 
environment without any treatment. The effluents from textile indus-
tries are characterized by chlorides, residual chlorine and heavy 
metal pollutants [2] but contain also high level of azo dyes [3], which 
are toxic, highly persistent because they have complex aromatic 
structures which make them highly resistant to degradation and 
thus may cause severe environmental problems. Large amounts of 
structurally different dyes are used for textile dyeing and around 10 

to 15% of all dye is directly lost to wastewater [4]. 

There are few studies in the literature on the evaluation of the haz-
ards of textile effluents on higher plants. Earlier works have shown 
that action of organic contaminants on plant cells during exposure 
become initially noticeable with changes in the configuration of the 
nucleus. Simultaneously inhibition of DNA synthesis takes place 
with damage of the barrier function of the plasmalemma and its 
ability to accumulate calcium [5,6]. Other studies have examined 
the long term effect of these compounds but only on the cytoplasm, 

the vacuole and cell organelles. In contrast, there are few studies in 
the literature about the genotoxic effect of textile effluents or dyes 
on different plant organs. According to our knowledge, there are no 
studies on the chromosomal behavior of different parts of the root 
system which is more exposed to the toxicity of textile effluents. 
Less attention is given to the response of different types of roots to 
textile effluents, even less to the mechanisms involved in their re-
sistance and in particular to the chromosomal mechanisms of pri-

mary and secondary plant roots. 

With this background, we investigated the effects of textile effluent 
on seed germination and growth of Lactuca sativa L.. On the other 
hand, the cytotoxicity, phytotoxicity and genotoxicity tests have 
been performed on Allium sativum L., Vicia faba L. and Lactuca 
sativa L. to assess the toxic effects of contaminants present in tex-

tile effluents on primary and secondary root meristematic cells.  

Materials and Methods 

Textile Effluent 

The real textile effluent used in this study was obtained from a local 
textile industry of Sidi Brahim industrial district, Fez-Morocco. Vari-
ous physico-chemical characteristics of textile effluent were ana-
lyzed using standard methods [7]. The textile dye Direct Green BL 
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(C.I Direct Green 26, M.W. = 1333.1 g/mol) used in dye diffusion 

experiment was obtained as a gift from the same textile factory. 

Gas Chromatography-Mass Spectrometric (GC/MS) Analysis of 
Textile Effluent 

The organic compounds contained in real textile effluent samples 
were extracted with pure dichloromethane. GC/MS analysis of the 
extracts was performed on a Thermo Polaris Q mass spectrometer 
linked to a TRACE GC Ultra gas chromatograph equipped with Rtx®

-5MS fused silica capillary column (30 m x 0.25 mm x 0.25 µm). 
Operating conditions were as follows: Temperature: Injector 250°C; 
Detector 200°C; Oven 250°C; Carrier gas: nitrogen with a flow rate 
of 1 ml/min. The volume injected was 1 µl. The peaks were identi-

fied by comparing their retention times with those of standards.  

Germination Experiments 

Seeds of lettuce (L. sativa L.) were placed in sterilized glass Petri 
dishes with two filter paper discs moistened with 5 ml of distilled 
water (control) or textile effluent and incubated at 25°C. The num-
ber of germinated seeds was counted, and expressed as the per-
centage germination, with respect to control. All the experiments 

were carried out in triplicate and the results were averaged. 

Seedling Growth Experiments 

Pots of 8 cm (diameter) × 12 cm (height) size were filled with equal 
amounts of see sand and ten 3 days old seedlings of L. sativa L. 
were planted in each pot. The plants were irrigated with distilled 
water (control) or with textile effluent once a day and grown under 
controlled conditions (16:8, light:dark photoperiod; day-time temper-
ature: 25°C and 18°C at night). At the end of experiment, 15 day 
plants were collected. Root length, fresh weight and dry weight 

(after 2 days in an oven at 70°C) were recorded.  

Dye Diffusion 

Seeds of lettuce (L. sativa L.) were germinated in plastic tray with 
two filter papers moistened with distilled water and incubated at 25°
C. After 3 days of germination, the seedlings were placed in watch 
glasses containing solutions of Direct Green BL dye with a concen-
tration of 100 mg/l, at pH of 3.5, 4.5 and 9.5, and incubated at 20°C 
during one hour [Table-1]. After incubation, root cells status was 

visualized using a DM-15 Optika microscope. 

Table 1- Experimental conditions of Direct Green BL dye diffusion in 

L. sativa L. root cells. 

Plant Genotoxicity Tests 

The genotoxic effect of real textile wastewater was examined by 
using the micronucleus test. Root tip micronucleus assay was car-
ried out on three different plant species: Vicia faba L., Allium sa-
tivum L. and Lactuca sativa L. Seeds of tested species were germi-
nated in filter paper at 25°C (V. faba L. and L. sativa L.) or small 
tubes (A. sativum L. gloves) containing tap water (control) or real 

textile effluent during three, seven and nine days [Fig-1].  

 

Fig. 1- Germination of V. faba (a) and L. sativa (b) seeds, and A. 
sativum gloves (c) after 3 days of treatment by tap water (control) 
and textile effluent. Physiological aspect of V. faba shoots after 7 
days of treatment by: (d) tap water (control); (f) textile effluent and 
after 9 days of treatment by: (e) tap water (control); (g) textile efflu-

ent. 
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 Control Direct Green BL dye  Textile effluent 

Dye concentration (mg/l) 0 100 100 100 unknown 

pH 7.1 3.5 4.5 9.5 7.27 

Plant age (day) 3 3 3 3 3 

Duration of incubation 1 hr. 1 hr. 1 hr. 1 hr. * 

Control: Distilled water; *: textile effluent was applied 3 days since the beginning of 
seed germination. 
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Cytological analysis were performed on the same treated seedlings 
from which primary root tips were taken after three days treatment 
and then secondary root tips after seven and nine days of exposi-
tion to effluent. Root tips of the three tested plant species were fixed 
in Carnoy’s fixative (absolute ethanol/acetic acid 3:1) for 24 h. Then 
fixative solution was removed and the material was stained accord-
ing to Feulgen’s staining protocol [8]. Five root tips per experimental 
group were used for preparing slides. For micronucleus assay 1000 
nuclei per slide were analyzed using photonic microscope: the MN 
frequency was compared with that of control, moreover MI (number 

of mitosis per 100 nuclei) was determined. 

Statistical Analysis 

The results of genotoxicity assays on root tip apices of Vicia, Allium 
and Lactuca, were obtained from the examination of five different 
samples (1000 nuclei per slide) and statistically analyzed by Stu-
dent’s t-test, p ≤ 0.05. The results were expressed as means ± s.d. 

(standard deviation). 

Results  

Physico-chemical Characterization of Real Textile Effluent 

The physico-chemical characterization of real textile effluent used in 
this study is shown in [Table-2]. The textile wastewater is character-
ized by high salinity and high SS content reflected by a TDS con-
centration of 3131 mg/l, an EC of 24.5 mS/cm and a SS concentra-
tion of 2810 mg/l. The concentration of COD and color measured by 
the absorbance of the effluent at λmax= 606 nm were 887 mg/l and 
0.658 respectively. The color of the effluent was dark blue. N-NO3

-, 
N-NO2

-, N-NH4
+ and P-PO4

3-concentrations were 10.46, 0.95, 0.96 
and 1.15 mg/l, respectively. Very low biodegradability was ob-

served, with BOD5/COD value of 0.13.  

Table 2- Physico-chemical characterization of real textile effluent 

Table 3- Main organic compounds identified in textile effluent using 

GC/MS 

Finally, pH was quite neutral and averaged 7.27. The organic pollu-
tants present in textile effluent were determined with GC/MS. Large 
amounts of organic compounds such as esters, alkanes and ben-

zenes were identified using NIST library and listed in [Table-3]. 

Effect of Textile Effluent and Dye Diffusion on Plant Growth 

Textile effluent reduced significantly germination, root length and 
growth of Lactuca sativa L. seedlings [Table-4]. The germination 
percentage of lettuce seeds in textile effluent (64%) was lower than 

in tap water (control, 100%) and persisted up 3 days. 

Table 4- Effect of textile effluent on growth parameters of 15 days L. 

sativa shoots (n = 3, mean ± s.d.). 

The Direct Green BL dye is detected after 1 h in the apoplasm, the 
cell membrane and the nucleus [Fig-2](a), (b) & (c). We have no-
ticed that Direct Green BL dye at pH 3.5 diffuse through root hairs 
[Fig-2](b) but accumulate more in the nucleus and produce an in-
tense invagination of the cytoplasmic membrane at pH 4.5 [Fig-2]
(d). In contrast, the dye crossed low the membrane barrier at pH 9.5 
[Fig-2](e). Moreover, when textile effluent was applied 3 days to 
lettuce since the beginning of seed germination, the cytoplasm and 
vacuole in the cell layers of the PR tip area become heavily stained 

with the dyes present in textile effluent [Fig-2](f). 

Fig. 2- Direct Green BL dye diffusion in L. sativa L. root cells after 
one hour exposure: (a) control; (b) and (c) penetration by root hairs 
and surface accumulation in the epidermis at pH = 3.5; (d) deep 
accumulation in the inner parenchyma at pH = 4.5; (e) diffusion 
blockage of the dye through the cell membrane at pH = 9.5; (f) 
Global view of the cell layers isolated from the root tip region of L. 
Sativa L. in which the cytoplasm appeared dark colored due to dyes 

diffusion after 3 days of textile effluent exposure. 
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Parameters Value 

Color (A606)  0.658 

pH 7.27 

EC (mS/cm) 24.5 

SS (mg/l) 2810 

TDS (mg/l) 3131 

COD (mg/l) 887 

BOD5 (mg/l) 120 

N-NO3
- (mg/l) 10.46 

N-NO2
- (mg/l) 0.95 

N-NH4
+ (mg/l) 0.96 

P-PO4
3- (mg/l) 1.15 

A606: Absorbance measured at 606 nm; representing the dominant color in the textile 
effluent; EC: electric conductivity; SS: suspended solids; TDS: total dissolved solids; 
COD: chemical oxygen demand; BOD5: biochemical oxygen demand. 

Compounds RT (min) Area (%) 

Butane, 2,2-dimethyl-  6.11 1.58 

2-Pentoxy-tetrahydropyran 6.95 17.45 

2-Propylterahydropyran 7.3 3.72 

Benzoic acid, 2,3-dimethyl-6-(3-methyl-1-oxobutyl) 7.7 14.5 

1,2-Benzenedicarboxylic acid, 4-methyl-, dimethyl ester 8.09 37.3 

Acetic acid, 1-methylethylester 8.41 1.66 

2-Ethylthiolane, S,S-dioxide 8.76 12.89 

Methanecarbothiolic acid 17.96 1.53 

Propoanedioic acid, [(3-chlorophenyl)methylene]-diethyl ester 47.09 1.08 

RT: retention time. 

Parameters Tap water (Control) Textile effluent 

Germination (%)  100 ± 0.00 64 ± 4.16 

Root length (cm) 9.3 ± 2.00 7.23 ± 2.02 

Fresh weight (mg) 55.7 ± 9.07 43.65 ± 9.00 

Dry weight (mg) 4.22 ± 0.93 3.52 ± 1.00 
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Genotoxic Effects of Textile Effluent on Plant 

The genotoxic effects of textile effluent were evaluated by means of 
cytogenetic analyses considering MN assay and MI values on root 
tips of three different plant species: V. faba L., A. sativum L. and L. 
sativa L., after 3 days (primary roots only), 7 and 9 days (secondary 
roots) of exposure. After 3 days of textile effluent exposure, mitotic 
activity of V. faba L. and A. sativum L. PR was heavily reduced from 
19.58 to 3.82% and from 15.44 to 2.58% respectively [Fig-3](a). 
However, MI of this type of roots exposed to textile effluent in L. 
sativa L. remains relatively similar to that of the control (13.32 and 

13.56% respectively). 

Fig. 3- Mitotic index frequencies in Vicia faba L. (V), Allium sativum 
L. (a) and Lactuca sativa L. (L) after the treatment of root tip apices 
with textile effluent (TE) for 3 days (a) (primary roots), 7 (b) and 9 
days (c) (secondary roots). In each experiment, the values of MI 
were compared to the control (Ctr) grown in pure water. The results 
are expressed as means ± s.d. (bar) of five different cytological 

analyses (1000 nuclei analyzed per slide). 

Concerning SR of V. faba L., the decrease of mitotic activity still 
evident after 7 days of effluent exposure (from 18.34% of control to 
14.85% of exposed roots) but less intense than that developed by 
PR. For A. sativum L. SR, greater decrease of MI values was ob-
served (from 15.65% for control to 9.14% for exposed roots) where-
as it was more intense for L. sativa L. SR in comparison to the first 
two species (from 12.16% of control to 3.2% of exposed roots) [Fig-
3](b). After 9 days of effluent exposure, there was total absence of 
cell division in SR of V. Faba L. and L. sativa L. [Fig-3](c). While A. 
sativum L. SR mitotic activity decreased heavily from 14.91 to 

1.88% with keeping a basic cellular activity. 

Fig. 4- Micronuclei frequencies in Vicia faba L. (V), Allium sativum 
L. (a) and Lactuca sativa L. (L) after the treatment of root tip apices 
with textile effluent (TE) for 3 days (a) (primary roots), 7 (b) and 9 
days (c) (secondary roots). In each experiment, the values of micro-
nuclei were compared to the control (Ctr) grown in pure water. The 
asterisk means that all cells nuclei are fragmented. The results are 
expressed as means ± s.d. (bar) of five different cytological anal-

yses (1000 nuclei analyzed per slide). 
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The textile effluent effect was remarkable concerning the huge in-
crease of micronuclei emergence in V. faba L. PR tip apices, when 
MN frequency varied slightly in PR tips of A. sativum L. and L. sati-
va L. [Fig-4](a). Concerning SR, MN frequency in root tips in-
creased significantly from 0.88 to 5.92% for V. faba L. and moder-
ately from 0.1 to 4.4% for L. sativa L., but varied slightly from 0.5 to 
1.5% for A. sativum L. after 7 days of effluent exposure [Fig-4](b). 
After 9 days of effluent exposure, the majority of SR tip cells of V. 
faba L. and L. sativa L. presented a fragmented DNA [Fig-4](c) 
indicating root cells death with a sclerotized appearance (colored 
brown roots) [Fig-1](g). Contrast to this, A. sativum L. SR tips have 
developed significant increase in MN frequency (from 0.11 to 5.6%) 

just after 9 days of effluent exposure. 

Discussion 

Generally, the identification of specific compounds with genotoxic 
activity in untreated waters is difficult, because few components are 
present at high concentrations [9], and often the genotoxicity is not 
due to a single substance, but rather due to properties and chemi-
cal interactions of contaminants [Table-3]. All the compounds found 
in textile effluent might have originated from the dyeing auxiliaries 

and/or dye impurities.  

The growth decrease of Lactuca sativa L. seedlings [Table-4] are 
consisted with the findings of other authors. It was reported that the 
germination ability of different crops at high osmotic pressure differs 
with variety and species [10]. The osmotic pressure of textile efflu-
ent is higher at high concentrations which retard germination [11]. 
There was also decrease in the length of the roots and the shoot 
fresh and dry biomass in comparison to the control [Table-4]. These 
results suggested that diffusion of textile effluent through root cells 
caused deep changes and/or alterations of growth mechanisms 
(elongation: cell wall, membrane, turgor… and cell division: mitosis) 

of the whole plant. 

It is well known that dyes are one of the major recalcitrant com-
pounds used in textile, food, paper printing, cosmetic, pharmaceuti-
cal and leather industries [12]. Moreover, textile effluents contain 
high level of azo dyes [3], which are toxic, highly persistent and can 
cause severe environmental problems. In our case, the short-term 
effect and distribution of textile effluent dyes within plant are difficult 
to detect as they are highly diluted in these waters and mixed with 
other toxic compounds. In order to assess the diffusion rate of our 
effluent pollutants as well as the part of dyes in cell modifications, 
real textile effluent and Direct Green BL dye were applied separate-
ly to lettuce during and after 3 days of seed germination respective-
ly [Table-1]. The result obtained here shows that the Direct Green 
BL dye is detected after 1 h in the apoplasm, the cell membrane 
and the nucleus. This result is in agreement with the findings of 
another study which reported that the penetration of [1-14C] benzoic 
acid proceeded far more slowly in maize cells and this compound 
reached the nucleus in 1 h exposure at concentration of 1 mM [13]. 
In another study, it was found that labeled xenobiotics 
(phenoxyacetic acid, 2, 4-D and Benzedrine) at the early stages of 
exposure (5-10 min) are detected in these cell parts and in nuclei in 
small amount but, seldom, in the cytoplasm and mitochondria [14]. 
The amount of a label increases in the nucleus, at the membrane of 
organelles, and in tonoplasts, and further in vacuoles with pro-
longed exposure [5,14-16]. Moreover, the present study showed 
that when textile effluent was applied 3 days to lettuce since the 
beginning of seed germination, the cytoplasm and vacuole in the 
cell layers of the PR tip area become heavily stained with the dyes 

present in textile effluent indicating a slow cell diffusion of dyes. 
This slow diffusion of Direct Green BL or mixture of dyes present in 
textile effluent confirms that these dyes have a high molecular 
weight the same as benzoic acid and predicted low water absorp-
tion. Furthermore, when dyes are mixed with other pollutants like in 
our textile effluent [Table-2], the cells became highly plasmolyzed 
and thus dye penetration is certainly reduced in the first minutes 
due to the time needed to restore turgor by absorption of low molec-
ular weight ions present in the effluent [Table-2] as it has been re-

ported [5]. 

It is well known that the rate and the degree of organic contaminant 
penetration into plant cell vary from plant to plant with chemical 
structure of the membrane lipids, and depend on the structure of 
the toxicant and its lipophilicity [17,18]. This suggested that the slow 
diffusion of dyes into L. sativa root cells may not be only due to the 
chemical structure of cell membrane lipids, but also to the structure 

and lipophilicity of these dyes. 

We have noticed that the molecules of Direct Green BL dye diffuse 
through root hairs at pH 3.5 but accumulate more in the nucleus at 
pH 4.5. In contrast, the dye crossed low the membrane barrier at 
pH 9.5, which showed that the pH affected greatly the cellular diffu-
sion pathway of this dye. At pH 3.5, the symplasmic pathway was 
favored, whereas at pH 4.5 the apoplasmic pathway was predomi-
nant. We have also noticed an intense invagination of the cytoplas-
mic membrane at pH 4.5, showing the formation of several mem-
brane protrusions. In addition, prolonged action of contaminants 
has shown to lead to enhancement of the size of the nucleus and 
chromatin coagulation, indicating a disturbance of the process of 
DNA synthesis [5,6]. It has also found that nuclei acquire deviant 
shapes because of the development of many protuberances of the 
nuclear membrane [6,19]. This confirms that the pH 4.5 activated 
strongly cellular penetration of Direct Green BL dye into lettuce 
primary roots as if we had prolonged treatment with the same dye 
for long time at pH 3.5. Our results showed also that the pH 4.5 
increased the lipophilicity of the dye by changing its chemical struc-

ture as that of the membrane lipid bilayer of lettuce roots. 

Previous works have reported decrease of the growth in Triticum 
sativum caused by textile effluents [20], but no searches have been 
made to know how this growth decrease occurred after cell dye 
diffusion. Our results on the effect of textile effluent on plant growth 
are in agreement with those of other authors [20] and suggested 
that the membrane invaginations detected at the first hour of root 
incubation [Fig-2] can be the main factor that may led to a sharp 
decline in growth after 3 days of exposure [Fig-2](f). In addition, 
studies have shown that the alterations of growth may be derived 
from the chemical impact on MIs of exposed organisms [21]. For 
this reason we have aimed to explore the genotoxic effects of textile 
effluents simultaneously on three plant species and two types of 

roots. 

The genotoxic effects of textile effluent were evaluated by means of 
cytogenetic analyses considering MN assay and MI values on root 
tips. The MI, characterized by the total number of dividing cells in 
cell cycle, has been used as a variable to assess the cytotoxicity of 
effluent which can be determined by the increase or decrease in the 

MI [22]. 

After 3 days of textile effluent exposure, in contrast to L. sativa L., 
the sharp decrease in mitotic activity of V. faba L. and A. sativum L. 
PR shows the inhibitor potential of this effluent on mitotic activity 
when compared to the control. It is clearly evident that the mitotic 
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activity of L. sativa L. PR is not altered by this treatment showing a 
significant resistance of this specie to textile effluent when com-
pared to other two species. After 7 days, a decline of MI values in 
V. faba L. and A. sativum L. SR was observed whereas it was more 
intense for L. sativa L. SR. After 9 days of effluent exposure, there 
was total absence of cell division in SR of V. Faba L. and L. sativa 
L. in contrast to A. sativum L. SR which keeps a basic cellular activ-
ity. It is clear that the mitotic activity of V. Faba L. and A. sativum L. 
SR is not more resistant to textile effluent when compared to L. 
sativa L.. It’s well known that MIs significantly lower than the nega-
tive control can indicate alterations, deriving from the chemical ac-
tion in the growth and development of exposed organisms [21]. Our 
results indicated that L. sativa root growth was not affected after 3 
days of effluent exposure due to the fact that MI remained un-
changed. In contrast after 15 days of effluent exposure root growth 
of this specie decreased [Table-4], suggesting that there was a 
decrease in MI of SR probably developed during this period (2 
weeks). Indeed the decrease in SR MI after 7 and 9 days of effluent 
exposure is the cause of reduction in root growth noted in L. sativa 
[Table-4]. These results show that L. sativa main root has a high 
mitotic tolerance potential to textile effluent while V. faba and A. 
sativum show a strong mitotic resistance in their secondary roots, 
i.e. the low mitotic tolerance potential of V. faba and A. sativum PR 
stimulated the development of resistance mechanisms in their SR. 
In contrast, the inherent mitotic resistance of L. sativa PR against 
the effluent has not stimulated the development of tolerance mech-
anisms in SR. To confirm these resistance pathways to textile efflu-
ent, root anatomical analyses of the three plant species in addition 
to an analysis of the lipid composition of the cell membrane of PR 
and SR tips may provide some explanation for these changes in 

mitotic behavior. 

The results presented in this paper are consistent with the hypothe-
sis suggesting that PR of lettuce have maintained mitotic activity 
similar to that of control by membrane modifications after 3 days of 
exposure to the effluent. In fact, PR cells of lettuce showed a form 
of resistance to Direct Green BL dye by formation of membrane 

invaginations after only 1 h or less of dye exposure, which is due to 
changes in the lipid composition of the plasma membrane [Fig-2]. 

On the other hand textile effluent effect was remarkable concerning 

the increase of micronuclei emergence in PR of V. faba L. whereas 
in SR, MN frequency in root tips increased highly for V. faba L., and 
L. sativa L. after 7 and 9 days of effluent exposure in contrast to A. 
sativum L. SR tips which have developed significant increase in MN 
frequency only after 9 days of effluent exposure.  

The differences in MI frequencies between these tested species 

suggested that, contrarily to Lactuca, Vicia and Allium SR were 
more resistant to textile effluent than PR, whereas differences in 

MN indicated that PR of Allium and Lactuca were more resistant to 
the effluent than SR while in Vicia the behavior of PR and SR to the 
effluent was similar. From these findings, it evident that PRs in gen-

eral (except for V. faba) are more resistant than the SRs to the DNA 
fragmentation induced by the effluent, while the SRs (except for L. 
sativa) are more resistant than the PR to mitosis inhibition induced 
by the effluent. It means that the mechanisms of PR mitosis are 
more sensitive to the effluent while those of SR nucleus fragmenta-
tion are more stimulated by the effluent. 

Based on the PR cell chromosomes response to textile effluent 
studied here, the three species have been arranged in the following 
order: Lactuca>Allium>Vicia as Lactuca maintained mitotic activity 

with a moderate frequency of micronuclei, Allium had low mitotic 
activity but maintained the nuclei intact and Vicia maintained low 
mitotic activity with great nuclei fragmentation. In contrast, if we 
classify the three species according to the behavior of SR exposed 
to the effluent, the arrangement of the three species becomes: Alli-
um>Vicia>Lactuca as Allium presented a moderate MI and low MN 
frequency, Vicia developed the highest value of MI and MN fre-
quencies while Lactuca has the lowest value of MI with high MN 
frequency. From these results we can say that textile effluent affect-
ed mainly L. sativa PR by stimulating the nuclei fragmentation, A. 
sativum PR by inhibition of mitosis and those of V. faba by both. In 
contrast, in SR the effluent had a moderate effect on MI and MN of 
A. sativum, but stimulated basically the nuclei fragmentation in V. 
faba, while it inhibited mitosis and stimulated nuclei fragmentation in 

L. sativa. 

Among all the assessable endpoints, the micronuclei (MN) are the 
most effective and simplest indicator of cytological damages, which 
makes the analysis of this parameter more efficient to evaluate 
environmental contamination [23]. Moreover, both analyzes, chro-
mosome aberrations and MN in meristematic cells and MN in many 
plant species like Allium cepa, Vicia faba, Zea mays, Tradescantia, 
Nicotiana tabacum, Crepis capillaries, Horde vulgar [24] and Allium 
sativum [25,26] have currently been reported in the literature as 
efficient indicators of direct action on DNA such as clastogenic and 

aneugenic actions. 

From all the results obtained in the three plant systems we can say 
that (i) real textile effluent induced a great genotoxicity effect 
caused by the presence of organic and inorganic compounds (ii) the 
mechanisms of mitotic activity are totally independent of those of 
micronucleus formation but are time consistent under effluent stress 
(iii) the response mechanisms of PR and SR meristematic cell chro-
mosomes to the effluent are different and are essentially affected by 
inhibition of mitosis and nucleus fragmentation, respectively. On the 
other hand, the use of plants belonging to different families can be a 
good tool for mutagenicity/genotoxicity assays in water quality as-
sessment studies [27,28]. Further analyzes are needed to elucidate 
in which cell division phase the inhibition of mitosis occurs and in 
which form nucleus fragmentations are produced in these roots. 
Nevertheless, to improve these plant cytogenetic bioassays, interre-
lations between mitosis, nucleus fragmentation and chromosome 
aberrations should be studied in each type of roots. Research stud-
ies conducted in this way may help to select efficient species bioas-
says which may contribute mainly to detect contaminations and 

safeguard our environment. 

Conclusion 

The present study showed the inhibitory effect of textile effluent on 
seed germination and plant growth as primary step of phytotoxicity 
evaluation of textile wastewater pollutants. According to MI and MN 
tests on V. faba, A. sativum and L. sativa PR and SR, it is evident 
that textile effluent affected mainly L. sativa PR by stimulating the 
nuclei fragmentation, A. sativum PR by inhibition of mitosis and 
those of V. faba by both. While, in SR of A. sativum the effluent had 
a moderate effect on MI and MN, but stimulated basically the nuclei 
fragmentation in SR of V. faba, whereas it inhibited mitosis and 

stimulated nuclei fragmentation in those of L. sativa. 

Thus, it can be concluded that (i) the mechanism of mitotic activity 
is totally independent of that of micronucleus formation but are time 
consistent under effluent stress (ii) the response mechanisms of PR 
meristematic cell chromosomes to the effluent are different from 
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those of SR (iii) textile effluent affected PR chromosomes essential-
ly by inhibition of mitosis while those of SR by nucleus fragmenta-

tion.  

So, the present study demonstrated the interspecific variation of 
genotoxic responses of both types of roots to textile effluent, which 
must be taken into account, if we want to consider it as an efficient 
tool in toxicity assessment in different environments. It is also clear 
that our genotoxic test is necessary to prevent the toxic effects be-

fore discharging the untreated textile effluent in the environment.  
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