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Abstract — The genotoxic effects of fungicide Raxil, active substance tebuconazole in both mitotic and meiotic
cell divisions of Allium cepa L. were studied. The bulbs with roots of Allium cepa L. were treated with different
concentrations of Raxil (1800 ppm, 2400 ppm, 4200 ppm, 6000 ppm) for 3, 6, 12 and 24 hours. For mitotic stud-
ies, the root tips of Allium: cepa L. after having grown to a certain length were stained accoording to aceto orcein
squash procedure. To determine the effects of Raxil on meiotic cell division was used M1 generation. All con-
centrations and treatment periods of Raxil induced a number of chromosomal aberrations in root tip cells and in
anthers of Allium cepa L. Additionally Raxil decreased the frequency of mitotic index and caused pollen fertility.
A linear relationship was observed between increase of chromosomal abnormality with decrease of mitotic index

and pollen fertility.
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INTRODUCTION

Fungicides are most commonly used against
diseases of agricultural crops in many countries
of the world. Although fungicide application re-
sults in quick and high control of the dieases, the
widespread use of these chemicals may cause en-
vironmental and food contamination (Tort and
TurkyiLMAZ, 2003). Pollution is a major problem
of some countries. It is well established that pol-
lution lowers the quality of life in various aspects.
Environmental pollutants may be mutagenic
or toxic for all living organisms (Grover 1999;
YuzBasioGLu et al. 2008). Constant use of these
chemicals may result in changing the hereditary
constitution of the organism (Wuu and GranT
1966; Wuu and GranT 1967). When some chemi-
cals accumulated within food chain to a toxic level,
these chemicals affect directly the public health.
In context, DryaNOowsKkA (1987) and CaNTOR ef
al. (1992) showed that the frequency of cancer
increases among people who have been exposed

* Corresponding author: e-mail: kaymakf@trakya.edu.tr

directly or indirectly to pesticides. Drugs and pes-
ticides should be screened before the use in order
to select those which are least toxic (ManN 1977).
More than 200 are known bioassays for determin-
ing the biological effects of environmental pollut-
ants in literature (WATERS e al. 1990) but plant
assay systems are more useful than most of the
other systems for assessing chromosome damage
and somatic mutations induced by environmental
pollutants (ConstanTIiN and OweNs 1982). Gen-
erally, toxic effects of environmental pollutants
cause genetic damage on plant cells. But toxicity
is not always correlated with genotoxicity (Kovar-
CHUK et al. 1998).

Tebuconazole belongs to triazole fungicides,
which are broad-spectrum fungicides intensively
used on several crops (CopPING et al. 1984). Te-
buconazole is effective in control of the white rot.
The white rot is a disease which can be seen on the
garlics and onions (FULLERTON e al. 1995). The
fungicide Raxil is a commercial form of tebuco-
nazole and is used extensively in the agricultural
area. But there is no study available on the cytoge-
netic effects of this chemical in the plant systems.
Induction of mitotic abnormalites in root tip cells
of plants may cause a decrease of mitotic index
(KOVALCHUK ef al. 1998; BusHRA et al. 2002). The



KAYMAK, GOC RASGELE

abnormalities occurring in meiosis may result
in pollen sterility (PagrLiariNt 2000; Viccint and
CaRvALHO 2002).

The aim of this study was to investigate the
chromosomal abnormalities induced by fungicide
Raxil in the root tips and anthers of Allium cepa
L., and also to determine the relation between mi-
totic chromosome abnormalities with mitotic in-
dex and meiotic chromosome abnormalities with
pollen sterility.

MATERIALS AND METHODS

The fungicide used in this research was tebu-
conazole (CAS No:107534-96-3) that trade name
is Raxil. Its molecular formula is C16H22CI N3O.

The plant used as test material was Allium
cepa L. (2n=16). Ten clean and healhty bulbs of
Allium cepa L. were chosen for each treatment
group. Before starting to the experiments, dry
scales of bulbs were removed and then the bulbs
with root of Allium cepa L. were germinated in
distilled water at room temperature. When the
roots reached 1,5-2 cm lenght, they were treated
with different concentrations of fungicide Raxil
diluted with distilled water (1800 ppm, 2400
ppm, 4200 ppm, 6000 ppm) for 3, 6, 12 and 24
hours. Controls were also treated with distilled
water for the same time periods. The concentra-
tions were chosen according to theirs growth in-
hibitions at 24 h.

For mitotic studies, the root tips of Allium ce-
pa L. were fixed in Carnoy, and hydrolyzed in 1N
HCl for 15 min. in an oven at 60°C. Squashes were
prepared in aceto- orcein stain (DARLINGTON and
La Cour 1979). To determine the effects of this
chemical on mitotic index, 3000 cells were scored
in the control group and in each treated group.

The mitotic index was calculated for each treat-
ment as a number of dividing cells/100 cells.

Control and treated plants were sown to obtain
M, generation. M, generation was used to deter-
mine the effects of Raxil on meiotic cell division.
Young unopened flower buds of M, plants were
fixed in Carnoy for 24 hour and squashes were
prepared according to the method of DArRLINGTON
and La Cour (1979). The same procedures and
stain used for meiotic analysis were applied to
opened flower buds to test pollen sterility. While
pollen grains, which were round and stained with
aceto-orcein, scored as normal, small and shriveled
unstained pollen grains were scored as sterile.

In this study, the results were evaluated with
the X? test. The significance of the results of each
treatment group was determined by comparing
them with those of the control group. In addition,
statistical analysis was carried out with Student’s
t-test for the analysis of mitotic index, percentage
of abnormality and pollen sterility.

RESULTS

Microscopic examination of squashes of Al-
lium cepa L. root tip meristem cells showed that
Raxil treatments induced a number of mitotic
abnormalities when compared with control. The
increase of mitotic abnormalities was dependent
on the increasing treatment period and concen-
tration. The most common abnormalities were
stickiness, c-mitosis and disturbed metaphase. In
addition, at anaphase and telophase, fragments,
bridges, lagging chromosomes and irregular ana-
phase were also observed. However, the frequen-
cy of micronuclei was not significant. The types
and percentage of these abnormalities are given in
Table 1 and their photographs are in Fig. 1.

Fig. 1 — Some mitotic division abnormalities observed in the root tips of Allium cepa L. with different concen-
tration of Raxil. a) C-mitosis (6h-6000 ppm); b) Stickiness (12h-6000 ppm); ¢) Distributed metaphase (24h-6000

ppm). (x1000).
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Raxil caused a decrease in mitotic index (MI)
at all the treatment groups. MI decreased with the
increasing of concentration in treated plants with
different concentrations and treatment periods
(Table 1).

In this study, Raxil also affected meiotic cell
division. Abnormal chromosome behaviours were
displayed at all the treatment groups. The degree
of chromosomal abnormalities was significant
when compared with control (Table 2). These

abnormalities were formation of univalents and
quadrivalents at metaphase I, bridges, laggard
chromosome, fragmets at anaphase, telophase I
and II, and formation of micronuclei. At meiosis,
synchronization disorder was the chromosomal
aberration with highest frequency at all the treat-
ments groups. Different types of chromosomal
aberration are shown in Fig. 2.

Tebuconazole significantly increased the pol-
len sterility. The highest percentage of pollen

Fig. 2 — Meiotic division abnormalities occurring most frequently with Raxil. a) Formation of quadrivalent at met-

aphase I (12h-6000 ppm); b) Laggard chromosomes at telophase I (12h-6000 ppm);
at diad (3h-4200 ppm); d) Bridges at telophase II (24h-1800 ppm);

Synchronization disorder (6h-6000 ppm). (x1000).

c) Formation of micronucleus
e) Micronucleus at tetrad (24h-6000 ppm); f)

Fig. 3 — Some examples of fertile (a) and sterile (b

of Raxil for 12 h. (x1000).

) pollens observed after treatment with 6000 ppm concentration
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Table 3 — Meiotic abnormalities and pollen sterility produced by Raxil during meiotic division.

Treatment Concentration Total Total abnor- Abnormality Total pol- Total ster- Pollen ste-
. number of . o lens exam- ile pollen o
period (ppm) cells mality %o ined oumber rility %
Control 3460 24 0,69 1860 44 2,36
1800 3437 55 2361 120 5,08%**
3h 2400 4555 130 2334 313 13,41*
4200 4170 110 2313 211
6000 3281 98 1872 175
1800 3711 72 1,947** 2152 133
6h 2400 3053 83 2352 176
4200 2980 73 2184 173
6000 3676 101 2060 171 8,307%**
1800 4455 94 2151 198
2h 2400 2959 70 237 2136 279
4200 2390 89 3,72%%* 1827 219
6000 2226 95 4,17%%* 1752 238
1800 3611 82 2,27%%%* 2064 270
24h 2400 2409 66 * 1932 144
4200 2187 45 1988 231
6000 3021 92 2252 266

*P<0,05; **P<0,01; ***P<0,001

sterility was seen after the treatment with 6000
ppm concentration of this chemical for 12 h. This
concentration and treatment period also caused
the highest percentage of meiotic abnormalities
(Table 3). Fully stained pollen grains were consid-
ered to be fertile while shrivelled and empty ones
were scored as sterile. The examples of fertile and
sterile pollens are shown in Fig. 3.

DISCUSSION

Fungal diseases cause extensive crop losses
each year. The fungicide tebuconazole is widely
used to control fungal diseases in onion and other
crops. In study of Era (1999), it is reported that
tebuconazole which is active substance of Raxil
in different test systems including an Ames test
with Salmonella sp. , a mouse micronucleus assay,
a sister chromatid exchange assay with Chinese
hamster ovary cells and an unscheduled DNA
synthesis assay with rat hepatocytes provided no
evidence of mutagenicity. There is no published
data available on the cytogenetics effects of tebu-

conazole in plant systems. Chromosomes of Al-
lium cepa L. can be used for testing the potential
mutagens in both mitotic and meiotic cells (GRanT
1982; SMAKA-KINEL ef al. 1996; YUzBASIOGLU
2003; CeLik 20006).

Mitotic index is an acceptable measure of cy-
totoxicity for all living organism (Smaka-KiNEL
et al., 1996). The cytotoxicity level can be deter-
mined by the decreased rate of mitotic index. A
decrease below 50% usually has sublethal effects
(PanDA and Sanu 1985). If mitotic index decreases
below 22% of control, that it causes lethal effects
on test organism (ANTONSIE-WIEZ 1990). Gener-
ally, cytotoxic substances inhibiting mitosis effect
the microtubule configuration (ARMBRUSTER et al.
1991). According to many investigators, abnor-
malities due to inhibition of spindle formation
such as C-mitosis, multipolar anaphases, sticky
and vagrant chromosomes, reflect high toxicity
of pollutants (AMER and AL1 1974; HaLiEm 1990;
KOVALCHUK ef al. 1998; LazAREVA et al. 2003).

In the present study, Raxil decreased the mi-
totic index at all concentrations and at all treat-
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ment periods when compared with control. The
decrease of mitotic index was dose-dependent. At
all treatment periods, the highest concentration of
Raxil decreased mitotic activity more than other
used concentrations. The percentage of mitotic
index decreased with the increase of cells with
C-mitosis, disturbed metaphase-anaphase, sticky.
Since it decreased the MI in root tip cells of A/-
lium cepa L. Raxil can be accepted as a toxic agent
in this study.

Raxil significantly increased the percentage
of abnormal cells at all concentrations and treat-
ment periods in both mitotic and meiotic cell di-
visions when compared with control. It has been
shown by many investigators that several other
fungicides induce chromosomal abnormalities in
different plants (MaNN 1977; BEHERA ef al. 1982;
BADR 1983; ARMBRUSTER et al. 1991; PANDY et al.
1994; Bapr 1998). In this study, the most com-
mon abnormalities were stickiness, C-mitosis and
disturbed metaphase in cell division.

Chromosome stickiness is characterized by
chromosome clustering during any phase of the
cell cycle. Stickiness may be caused by genetic and
environmental factors. Several agents have been
reported to cause chromosome stickiness (BADR
and IBRAHIM 1987; CAETANO-PEREIRA et al. 1998).
GAULDEN (1987) postulated that sticky chromo-
somes result from the defective functioning of one
or two types of specific nonhistone proteins involv-
ing chromosome organization which are needed
for chromatid seperation and segregation. The
altered functioning of these proteins is caused by
mutation in the structural genes coding for them
or by the direct action of mutagens (TURKOGLU
2007). Although many studies have been reported
on the occurrence of chromosome stickiness, the
primary cause and biochemical basis of the phe-
nomenon are still unknown (PacriariNt 2000). C-
mitosis is one of the consequences of inactivation
of spindle apparatus connected with delay in the
division of centromere (MannN 1977). Disturbed
metaphases and anaphases may be due to distur-
bance of spindle apparatus which allows that the
chromosomes to spread irregularly over the cell
(AMER and AL1 1974).

In this study, occurrence of C-mitosis, sticki-
ness and disturbuted metaphase in root cells of
Allium cepa L. clearly shows the accumulated ef-
fect of Raxil on the spindle formation. In addi-
tion to the mitotic abnormalities; bridges, lagging
chromosomes, fragments were also observed at all
the treatment groups.

Meiosis is a critical process in the life cycle of
sexual plants. The normal and harmonious course

of meiosis ensures gamete viability. The cytologic
events of gametogenesis are controlled by a large
number of genes. Mutations in these genes cause
anormalities that may impair fertility (PAGLIARINI
2000).

In the present study, Raxil significantly in-
duced meiotic abnormalities such as bridges,
stickiness, laggard, univalent, micronuclei, frag-
ment, synchronization disorder, formation of
quadrivalent.

While stickiness was significantly shown in
both mitotic and meiotic cell divisions, abnor-
malities such as formation of micronuclei and
fragments occured during meiotic cell division.
Micronuclei are the manifestation of the chromo-
some breakages and the failure of normal spindle
function (DasH et al. 1988; GrRoviEr and Kaur
1999). According to SpaARrROW and SINGLETON
(1953), micronuclei are a fair index of fragment
production. Bridges and fragments are clas-
togenic effects, both resulting from chromosomal
and chromatid breaks (KovaLcHUK et al. 1998).
In this study, micronuclei formation, bridge and
fragments observed with Raxil may be results of
clastogenic effects. Higher frequencies of these
abnormalities in meiotic cells shows that repro-
ductive cells are more sensitive than somatic cells
to the clastogenic effects.

Synchronization disorder is due to formation
of abnormal spindle and failure of cytokinesis.
Because of unbalanced and steril gamet pro-
duction, abnormal spindle is an important mei-
otic irregularity (DEFANI-SCOARIZE ef al. 1995;
CAETANO-PEREIRA et al., 1998). Chromosomal
stickiness, is generally regarded as a physiologi-
cal effect on chromosomes during division. Pollen
fertility may be partial or totally affected depend-
ing on the intensity of chromosome stickiness
(PagLIARINT 2000). SiNG (1992) mentioned that
univalent and laggard formation may be due to
the failure of pairing and lagging to the failure of
moving apart.

These meiotic abnormalities observed with
Raxil decreased pollen fertility. The percentage
of pollen sterility increased with the increase of
the percentage of chromosomal abnormalities. It
has been observed that several other fungicides
caused meiotic abnormalities and pollen steril-
ity in different plants (MANN 1977; BEHERA ef al.
1982; PANDY et al. 1994; Bapr 1998). It is known
that significant causes of pollen sterility are inver-
sions and quadrivalents. But in present study, in-
versions were not obtained.

Quadrivalents are formed because of translo-
cations. Increase in pollen sterility in plants with
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more number of quadrivalents, could be profit-
ably used to isolate large number of plants show-
ing quadrivalents, which in turn useful for prepa-
ration of translocation tester test (REppY and
ANNADURAI 1992). The consequence of meiotic
aberrations can be evaluated by recording pollen
and plant sterility. There is a direct relationship
between chiasma and pollen fertility, multiva-
lents reducing the latter (SinG 1992). Among the
chromosomal causes of plant sterility, the inviable
unbalanced gametes may be mentioned resulting
from meiotic irregularities, misdisjunction of mul-
tivalents (DARLINGTON 1937).

In this study, increase of the chromosomal
aberrations was accompanied by decrease in pol-
len fertility. High pollen sterility was observed at
the treatment group with increased formation of
translocation and quadrivalents. Present results
suggest that quadrivalents are more affective than
other chromosome abnormalities on pollen steril-
ity.

As a result, the present study shows that
Raxil, commercial formule of tebuconazole, re-
duced mitotic index of cells because of its cy-
totoxic activity. Raxil also induced chromosomal
abnormalities in both mitotic and meiotic cell
divisions. Because of its effect on hereditary ma-
terial, Raxil is considered as genotoxic. A linear
relationship was observed between the percent-
age of mitotic abnormalities and mitotic index.
Pollen sterility was the direct result of meiotic
abnormalities which increased due to treatment.
These results indicated that Raxil should be re-
garded as an mutagenic agent for plants. Hence,
the use of this fungicide should be under control
in agricultural fields.

REFERENCES

AMER S.M., ALt EM., 1974 — Cytological effects of
pesticides. V. Effects of some herbicides on Vicia faba.
Cytologia, 39: 633-643.

ANTONSIE-W1EZ D., 1990 — Analysis of the cell in the
root meristem of Allium cepa under the influence of
Ledakrin. Folia Histochemical Cytobiology, 26: 79-
96.

ARMBRUSTER B.L., MoLIN W.T. and Bucc M.W., 1991
— Effects of the herbicide dithiopyr on cell division
in wheat root tips. Pesticide Biochemistry and Phys-
iology, 39(2): 110-120.

Bapr A., 1983 — Mitodepressive and chromotoxic ac-
tivities of two herbicides in Allium cepa. Cytologia,
48:491-497.

Bapr A. and IBranim A.G., 1987 — Effects of herbicide
glean on mitosis, chromosomes and nucleic acids in

Allium cepa and Vicia faba root meristems. Cytolo-
gia, 52: 293-302.

BaDR A., 1998 — Cytogenetic activities of some fungi-
cides. Cytologia, 53: 633-640.

BeHERA B.N., Sanu RK. and SHarma C.B.S.R., 1982
— Cytogenetic hazards from agricultural chemicals
4. Sequential screening in the barley progeny test for
cytogenetic activity of some systemic fungicides and a
metabolite. Toxicology Letters, 10(2-3): 195-203.

BusHRA A., ABDUL FarRAH M., N1aMAT ALl M. and AH-
Map N., 2002 — Clastogenicity of pentachloroph-
enol, 2,4-D and butachlor evaluated by Allium root
tp test. Mutation Research, 514: 105-113.

CAETANO-PEREIRA  C.M., DEFANI-SCOARIZE M.S.,
PagLiarIiNT M.S. and Brasi. E.M., 1998 -Syncytes,
abnormal cytokinesis and spindle irregularities in
maize microsporogenesis. Maydica, 43: 235-242.

Ccantor K.P, Bramr A., Evererr G., GIBSON R.,
BURMEISTER L.F., BRowN L.M., SCHUMANN L. and
Dick ER., 1992 — Pesticides and other agricultural
risk factors for non-Hodkin's lymphome among men
in lowa and Minnesote. Cancer Research, 52: 2447-
2455.

CeLik T.A., 2006 — Cytogenetic effects of some fungicide
on barley root tip meristem cells. Pakistan Journal of
Biological Sciences, 9(13): 2508-2511.

ConsTANTIN M.J. and Owens E.T., 1982 — Introduc-
tion and perspectives of plant genetic and cytogenetic
assays- a- report of the US EPA’s GENE-TOX pro-
gram. Mutation Research, 99: 1-12.

CopPPING L.G., BIRCHMORE R.]J., WRIGHT K. and Gob-
son D.H., 1984 — Structure-activity relationships in
a group of imidazole-1-carboxamides. Pesticide Sci-
ence, 15: 280-284.

DarLINGTON C.D., 1937 — Recent Advances in Cytol-
o0gy. 2" ed. Churchill, London.

DarLINGTON C.A. and La Cour L.E., 1979 — The
Handling of Chromosomes. 6th ed. Allen and Un-
win, London, p:201.

DasH S., Panpa K K. and Panp B.B., 1988 — Biomzoni-
toring of low levels of mercurial derivatives in water
and soil by Allium micronucleus assay. Mutation Re-
search, 203: 11-21.

DEFANI-SCOARIZE M.A., PaGLIARINI M.S. and AGuiar
C.G., 1995 — Causes of partial male sterility in a
inbred maize line. Cytologia, 60: 311-318.

Dryanowska O.A., 1987 — Mutagenic effect of the her-
bicide alachlor during meiosis in Tradescantia polu-
done. Academic Bulgarian Sciences., 40: 73-76.

Era, 1999 — Environmental Protection Agency, Pesti-
cide Tolerance, Tebuconazole (Elite, Folicur) 12/98,
Federal Register:January 8, 64(5): 1132-1138.

FULLERTON R.A., STEWART A. and Stape E.A., 1995 —
Use of demethylation inhibiting fungicides (DMIs)
for the control of onion white rot (Sclerotium cepivo-
rum Berk) in New Zealand. New Zealand Journal of
Crop and Horticultural Science, 23: 121-125.

GauLpeN M.E., 1987 — Hypothesis: some mutagens
directly alter specific chromosomal proteins (DNA
topoisomerase 11 and peripheral proteins) to produce



GENOTOXIC EFFECTS OF RAXIL ON ALLIUM CEPA L.

chromosome stickiness, which causes chromosome
aberrations. Mutagenesis, 2: 357-365.

Grant W.E, 1982 — Chromosome aberration assays in
Allium. A report of the US. EPA Gene Tox. Pro-
gramme, Mutation Research, 99: 273-291.

Grover LS. and Kaur S., 1999 — Genotoxicity of
wastewater samples from sewage and industrial ef-
fuent detected by the Allium root anaphase aberra-
tion and micronucleus assays. Mutation Research,
426: 183-188.

Haviem A.S., 1990 — Cytological effects of the herbicide
sencor on mitosis of Allium cepa. Egyptian Journal
of Botany, 33: 93-104.

KovaLcHUK O., KovaLcHUK I., ARKHIPOV A. TELYUK P,
HounN B. and KovarLcHuk L., 1998 — The Allium
cepa chromosome aberration test reliably measures
genotoxicity of soils of inbabited areas in the Ukraine
contaminated by the chernobyl accident. Mutation
Research, 415: 47-57.

LazarREVA E.M., PorLyakov V.Y., CHENTsOV Y.S. and
SmirNova E.A., 2003 — Time and cell cycle depend-
ent formation of heterogeneous tubulin arrays in-
duced by colchicines in Triticum aestivum root mer-
istem. Cell Biology International, 27: 633-646.

Mann S.K., 1977 — Cytological and genetical effects of
dithame fungicides on Allium cepa. Environmental
and Experimental Botany, 17: 7-12.

PAGLIARINI M.S., 2000 — Mezotic behaviour of eco-
nomically important plant species: the relationship
between fertility and male sterility. Genetics and
Molecular Biology, 23(4): 997-1002.

Panpa B.B. and Sanu U K., 1985 — Induction of abnor-
mal spindle function and cytokinesis inbibition in
mitotic cells of Allium cepa by the organophosphorus
insecticide fensulfothion. Cytobios, 42: 147-155.

PaNDY R.K., SHUKLA R. and DaTTA S., 1994 — Chromzo-
toxic effects of one fungicide (DithaneM-45) and two
insecticides (Aldrex-30 and Metacid-50). Cytologia,
59:419-422.

Reppy V.R.K. and ANNapUrAL M., 1992 — Cyrological
effects of different mutagens in lentil (Lens culinaris
Medik). Cytologia, 57: 213-216.

SING RN, 1992 — Multivalent and meiotic chromo-
somal abnormalities of induced autotetraploid Petu-
nia hybrida Hort. Cytologia, 57: 267-271.

SMAKA-KINEL V., STEGNAR P, Lovka M. and ToMAN I,
1996 — The evaluation of waste, surface and ground
water quality using the Allium test procedure. Muta-
tion Research, 368: 171-179.

SpaRROW A.H. and SINGLETON W.R., 1953 — The use of
radio cobalts as a source of gamma rays and some ef-
fects of chromic irradiation on growing plant. Ameri-
can Naturalist, 87: 29-48.

Tort N. and TurkyiLmaz B., 2003 —Physiological effects
of captan fungicide on pepper (Capsicum annuum
L.) plant. Pakistan Journal of Biological Sciences,
6(24): 2026-2029.

TurkoGLU S., 2007 Genotoxicity of five food preserva-
tives tested on root tips of Allium cepa L. Mutation
Research Genetic Toxicology and Environmental
Mutagenesis, 626: 4-14.

Viccint LE and CarvarHo C.R., 2002, — Mezotic
chromosomal variation resulting from irradiation of
pollen in maize. Journal of Applied Genetic, 43(4):
463-469.

WATERS M.D., BRapY A.L. and BrRackmaN H.E., 1990
— Auntimutagenicity profile for some model com-
pounds. Mutation Research, 238: 55-85.

Wuu K.D. and Grant W.E, 1966 — Induced abnormal
meiotic behaviour in a barley plant (Hordeum vul-
gare) with the herbicide Lorox. Phyton, 23: 63.

Wuu K.D. and Grant W.E, 1967 — Chromosomal
aberrations induced by pesticides in meiotic cells of
barley. Cytologia, 32:31.

YuzeastocLu D., 2003 — Cytogenetic Effects of Fun-
gicide Afugan on the Meristematic Cells of Allium
cepa L. Cytologia, 68(3): 237-243.

YuzBasioGLU D., UNAL E, YiLmaz S., Aksoy H., AND
CeLik M., 2008 — Genotoxicity testing of flucona-
zole in vivo and in vitro. Mutation Research/Ge-
netic Toxicology and Environmental Mutagenesis,
649 (1-2): 155-160.

Received November 22 2006; December 23t 2008



