
There is little information concerning the influ-

ence of dichlorvos (DDVP) on plants. The use of

plant test-systems for evaluation of the mutagenic

potential of insecticides is particularly important,

since they largely enter the human food chain.

DDVP (2,2-dichlorovinyl: C4H7Cl2O4P) is an

organophosphorus insecticide used to control

household, public health and stored product in-

sects. It is also widely used in some developing

countries as an insecticide on vegetables, fruits,

rice, and plantation crops. The International

Agency for Research on Cancer (IARC 1983) re-

garded DDVP as a possible carcinogen for hu-

mans (Group 2B) in 1991.

In this study the Vicia test (Kanaya et al. 1994;

Macioszek and Kononowicz 2004) was used to

examine the clastogenic and cytotoxic activity of

DDVP on root meristems of Vicia faba (broad

bean). DDVP was obtained from PROMOCHEM

(Poland). Seed germination and treatment condi-

tions were according to the protocol recommended

by the International Programme of Chemical

Safety (Kanaya et al. 1994). The seedlings were

treated in the dark for 2 h in aerated solutions with

DDVP at various concentrations: 1 mM; 5 mM;

10 mM; 30 mM; and 60 mM.
The higher concentrations drastically de-

creased the cells’ ability for division and that is
why they were cytotoxic for Vicia faba cells.
The seedlings grown on sterile distilled water
were the negative control. To evaluate the effect of
DDVP, seedlings treated for 2 h with maleic acid
hydrazide (MH) at the concentration of 1 mM
were used as the positive control. MH is a marker
of mutagenicity, a herbicide, and plant growth reg-
ulator, and induces chromosomal aberrations, sis-
ter chromatid exchanges, and micronuclei in the
root meristems of Vicia faba (Kanaya et al. 1994;
Macioszek and Kononowicz 2004).

After exposure to various concentrations of

DDVP, the seedlings were placed in moist perlite
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for 20 h of recovery time. The mitotic index was

calculated as a percentage of dividing cells in 1000

cells from the same root tip (total of 4000 cells).

The frequency of micronuclei was determined by

scoring 4000 cells (1000 cells per slide) for each

experiment. To analyse chromosomal aberrations,

the Vicia faba seedlings were treated with 0.05%

colchicine (inhibition of microtubule polymeriza-

tion) for 3 h before fixation. After that,

the meristems were fixed with Carnoy’s solution

(ethanol : glacial acetic acid, 3 : 1, v/v) at 4oC and

were stained according to Feulgen’s procedure.

In the material pretreated with colchicine, chro-

mosomal aberrations were analysed in 200

metaphase plates. The clastogenic effect of DDVP

was analysed by comparing the percentage of the

cells with chromosomal aberrations after various

treatments with the control values. The statistical

significance of the differences and correlation

with the control were determined by Student’s

t-test and Amphlett and Dellow’s (1984) test (only

chromosomal aberrations).

The mitotic index in all DDVP-treated

meristems was slightly higher than in the positive

control (4.65) and was: 6.58 (at 1 mM); 5.71

(at 5 mM); 5.70 (at 10 mM); 6.05 (at 30 mM);

and 6.21 (at 60 mM). After the treatment of Vicia

faba meristem cells with DDVP at all the tested

concentrations, the mitotic activity in all series

significantly decreased as compared with the neg-

ative control (11.92) (Table 1), which indicated

a mitodepressive effect. The mitotic index test

showed that DDVP was approximately 2-fold

more cytostatic in comparison with the negative

control (untreated cells).
Micronuclei are usually formed from acentric

fragments or are derived from lagging or lost chro-
mosomes that do not enter the restitution nuclei.
(Mûller and Streffer 1994). The results of the
micronucleus assay are shown in Table 1. DDVP
at concentrations of 1 and 5 mM slightly increased
the number of micronuclei (3.20–3.90) as com-
pared to the negative control (1.73). The effect of
higher DDVP concentrations (10 mM and 30 mM)
was more pronounced and the micronuclei num-
bers were 4.82 and 5.24. The highest DDVP con-
centration (60 mM) enhanced the number of
micronuclei most strongly, to 7.19. Thus, a dose-
dependent increase in the frequency of
micronuclei was found.

The lowest percentage of chromosomal aberra-

tions (5%) was caused by 1 mM DDVP. At the

concentration range 5–30 mM DDVP, statistically

significant increases in the percentage of chromo-

somal aberrations were observed: 13.5% at 5 mM;

13% at 10 mM and 12% at 30 mM. The highest

percentage (16.5%) of chromosomal aberrations

was found at 60 mM DDVP. The increase in chro-

mosomal aberrations was not accompanied by

a significant decrease in mitotic activity.
In this study on the influence of DDVP on

Vicia root meristems, mitodepressive and
clastogenic effects were indicated at all the tested
concentrations. All DDVP treatments signifi-
cantly decreased the mitotic activity and increased
the frequency of chromosomal aberrations.
Our results showed that DDVP caused a signifi-
cant increase in the number of micronuclei.
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Table 1. The effect of dichlorvos on mitotic activity and chromosome damage assessed in root meristem cells by

the micronucleus and aberration tests

Experimental
series

Mitotic
index (%)a

Micronucleib Chromosomal aberrations Totalc Cells with chro-
mosomal aber-

rations (%)
� � SD � � SD chromatid

breaks
izochro-

matid
breaks

chromatid
exchanges

Negative control 11.92 ± 0.34 1.73 ± 0.12 1 0 0 1 0.5

Maleic
hydrazide
(1mM)*

4.65 ± 0.21 15.35 ± 2.32 15 22 3 40 20.0 #

Dichlorvos:

1mM 6.58 ± 0.58 3.20 ± 0.93 0 10 0 10 5.0 #

5mM 5.71 ± 0.31 3.90 ± 0.84 3 24 0 27 13.5 #

10mM 5.70 ± 0.65 4.82 ± 1.20 6 20 0 26 13.0 #

30mM 6.05 ± 0.41 5.24 ± 1.73 5 19 0 24 12.0 #

60mM 6.21 ± 0.83 7.19 ± 1.21 10 21 2 33 16.5 #

# The statistically significant difference in comparison with negative control without any treatment (P < 0.05)

*The positive control
a The number of cells analyzed in each experimental point was 4000
b The number of cells analyzed in each experimental point was 4000
c The number of metaphase plates scored in each experimental point was 200



The decrease in mitotic activity after treatment
with DDVP or other substances from the same
group was also observed in plants by other au-
thors. Amer and Ali (1986) showed that DDVP
used at concentrations of 32–250 ppm decreased
the mitotic index and increased chromosomal ab-
errations in Vicia faba meristem cells. Addi-
tionally, higher DDVP concentrations (125 and
250 ppm) induced disturbances in mitosis.
Dimitrov and Gadeva (1997) showed that the in-
secticide Dursban used at concentrations of
0.05–0.5% exhibited no clastogenic effect, but in-
duced disturbances in the mitotic apparatus, lead-
ing to the induction of micronuclei. The detailed
analysis of potential clastogenicity of DDVP was
carried out with the use of the chromosomal aber-
ration test. They showed that DDVP is clastogenic
towards Vicia faba meristem cells. Also in other
plant cells (Allium and Hordeum) chromosome
damage was observed after DDVP treatment
(El-Sebae and Soliman 1982; Grant 1982). Gentile
et al. (1982) noted 2-fold increases in mutation
frequency in the plants exposed to the soil where
the insecticides chlordane, ethoprop or heptachlor
had been applied. Finally, the results of the present
study indicate that the sensitivity of Vicia faba test
is comparable to that of the mammalian test sys-
tems.
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