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Abstract: Suitability of selected Polish ¿eld bean
cultivars (Vicia faba var. minor) for the root tip
genotoxicity assay (Vicia RTA). Different cultivars of the same species may vary in sensitivity to
toxic or genotoxic factors; therefore the cultivar
of Vicia faba var. minor applied as a bioindicator in the root tip genotoxicity assay (RTA) may
affect the results of the test. The aim of our study
was to evaluate the parameters relevant to genotoxicity test performance and results in certain
Polish cultivars of ¿eld beans, and to select the
most appropriate bioindicator for the Vicia RTA.
Six cultivars were used in the experiment: three
low-tannin – ‘Amulet’, ‘Olga’ and ‘Kasztelan’ –
and three high-tannin – ‘NadwiĞlaĔski’, ‘Kodam’
and ‘Neptun’. We concluded that: the cultivar of
the test plant in the Vicia faba RTA may signi¿cantly affect the test result, and therefore to obtain
comparable data, the same cultivar should be used
as the bioindicator; ‘Kodam’ and ‘Amulet’ seem
to be the worst choices, because of the relatively
high percentage of spontaneous chromosomal aberrations and lowest sensitivity to mitodepressive
and genotoxic agents; the best recommendation
appears to be the cultivar ‘Olga’, with the lowest
spontaneous chromosomal aberration percentage,
highest sensitivity to genotoxic agents and relatively high sensitivity to mitodepressive agents.
Key words: genotoxicity, Vicia faba, cultivar, root
tip assay RTA

INTRODUCTION
Several methods using plants as bioindicators are recommended as ef¿cient and
relatively low-cost tools for genotoxicity
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assessment of environmental samples
[Ma 1999, Grant 1999, Leme and Marin-Morales 2009]. Allium cepa and Vicia
faba root tip assays (RTA) are quite often used for this purpose [Ma et al. 1995,
Smaka-Kincl et al. 1996, Evseeva et al.
2003, Feretti et al. 2012]. The Vicia RTA
seems to be a more convenient method,
because seedling roots of ¿eld beans are
easier to obtain than the adventitious
roots of onion bulbs, and the storage of
seeds is much less demanding. Therefore this method is preferred for genotoxicity assessment of solid [Minissi et
al. 1998, Cotelle et al. 2015] and liquid
samples [Zhong et al. 2001, Sang and Li
2004, Abdel-Migid et al. 2007]. Some
authors use broad beans (Vicia faba var.
major) [Cotelle et al. 2015, Correa et al.
2016] and some ¿eld beans (Vicia faba
var. minor) [Obidoska 2007, Valencia-Quintana et al. 2016]. In 2013 the Vicia
faba micronucleus test with broad beans
(V. faba var. major) was standardised
and described in the international protocol ISO 29200 “Assessment of genotoxic effects on higher plants – Vicia faba
micronucleus test”. The protocol gives
instructions concerning performance of
the test, but the cultivar of the test plant
is not speci¿ed, even though it is known
that the cultivars of some species, including Vicia faba [Samborska-Ciania
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1993], may vary in sensitivity to toxic or
genotoxic factors such as lead [Lei et al.
2006] or cadmium [Rahoui and Chaoui
2008]. This may affect test results [Cecchi et al. 2007]. Therefore, the aim of our
study was to evaluate the parameters relevant to genotoxicity test performance
and results in six Polish cultivars of ¿eld
beans (Vicia faba var. minor) and to select the most appropriate bioindicator for
the Vicia RTA.

MATERIAL AND METHODS
Six Polish cultivars of ¿eld beans (Vicia
fab var. minor) were used in the experiment: three low-tannin cultivars – ‘Amulet’, ‘Olga’ and ‘Kasztelan’ – and three
high-tannin ones – ‘NadwiĞlaĔski’, ‘Kodam’ and ‘Neptun’. The seeds, obtained
from Polish plant breeding stations in
Strzelce, Tulce and ChoryĔ, were of the
same age (2 years) and were stored in the
same conditions. To assess their suitability for root tip assay, an experiment was
conducted in two parts. In the ¿rst part
four parameters were evaluated in control
conditions: seed germination, the ability of seedlings to produce lateral roots
(test organs), mitotic index (MI), and
the level of spontaneous chromosomal
aberrations in anaphases and telophases
(AAT). In the second part the seedlings
of the six cultivars were exposed to a genotoxic environmental sample to assess
their sensitivity.
In the ¿rst part of the experiment Vicia
seeds were sterilised for a few seconds in
boiling water and placed in Petri dishes.
For each cultivar, eight seeds were sown
and the tests were replicated three times.
Seeds were incubated between two lay-

ers of moist ¿lter paper in darkness and
at room temperature (20°C) for 5 days.
After that time, the number of germinating seeds was calculated and the tips of
main roots, longer than 2 cm, were cut to
stimulate the emergence of lateral roots.
After another 3 days the number of lateral roots longer than 2 cm was counted.
The roots from each cultivar were cut
off, ¿xed in Carnoy’s solution (75% ethanol, 25% glacial acetic acid) and stored
in 70% ethanol. Before slide preparation
they were placed in distilled water for
10 min and subsequently stained with
aceto-orceine with 1N HCl (9 : 1). The
root tips were used for microscopic slide
preparation.
In the second part of the experiment
the seedlings with lateral roots, prepared
as described above, were incubated for
24 h in beakers with tap water (control)
and with water from the Vistula river,
collected in central Warsaw at the storm
water collector outlet. The genotoxicity of
the environmental sample had been previously detected with the Allium cepa RTA.
After incubation the lateral roots were cut
off, and treated as described above.
All microscopic observations were
carried out under an optical microscope
(480× magni¿cation). Mitotic index
(MI) was expressed as the percentage of
dividing cells per 1,000 scored cells (mitotic and interphase), and the percentage
of anaphases and telophases with chromosomal aberrations (AAT), such as
bridges, fragments and vagrant chromosomes, was calculated in 200 anaphase
and telophase cells. Mitodepressive and
genotoxic percent effects (PE) were calculated according to Moody and Miller
[2005]. The presented data are averages
of three replications.

Suitability of selected Polish ¿eld bean...

Statistica 12 (StatSoft Polska Sp.
z o.o.) was used for statistical analysis.
The results were subjected to one-way
analysis of variance (ANOVA) and
subsequently to Tukey’s test (p  0.05)
to distinguish homogeneous groups of
means.

RESULTS AND DISCUSSION
In the ¿rst part of the experiment V. faba
cultivars were tested in control conditions. Parameters characterising seed
germination and the potential for lateral
root production were similar for all six
cultivars; the observed differences were
not statistically signi¿cant (Table 1). The
percentage of germinated seeds ranged
from 76% (‘Amulet’) to 92% (‘Kasztelan’). The potential for lateral root production was 9–13 roots per seedling. No
differences in germination and seedling
growth were observed low- and high-tannin cultivars, although some authors
have reported that high-tannin cultivars germinate better and the seedlings
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exhibit higher vigour [KolasiĔska and
Wiewióra 2002]. In the control conditions of growth, there were also no differences between cultivars in mitotic
indices (8.9–10.4%), but spontaneous
chromosomal aberrations in anaphases
and telophases varied signi¿cantly (Table 1), the highest levels (over 2%) being observed in ‘Kodam’ and ‘Amulet’
and the lowest (0.70%) in ‘Olga’. Low
spontaneous aberration frequency is an
important property for a genotoxicity
testing bioindicator [Ne¿c et al. 2013].
In the second part of the experiment
the six cultivars were exposed to a mitodepressive and genotoxic river water sample. Two of them (‘Kodam’ and
‘Amulet’) did not indicate the mitodepressive effect, while the other four did
(Fig. 1). The mitodepressive percent effect (PE) was similar in ‘NadwiĞlaĔski’,
‘Kasztelan’ and ‘Olga’, but a little lower
in ‘Neptun’ (Table 2). All six cultivars
detected the genotoxicity of the environmental sample (Fig. 2), but some differences in their sensitivity were observed:
‘Kodam’ and ‘Amulet’ were consistently

TABLE 1. Features important for a test plant in the Vicia RTA in six Polish cultivars of Vicia faba var.
minor, measured in control conditions (tap water, darkness, room temperature)
‘Amulet’
(L)

‘Olga’
(L)

Germinated seeds (%)

76 a

87 a

92 a

82 a

84 a

85 a

Number of lateral roots
per seedling

11 a

11 a

12 a

13 a

13 a

9a

Mitotic index – MI (%)

10.4 a

9.3 a

10.0 a

9.7 a

8.9 a

10.3 a

Spontaneous
chromosomal
aberrations – AAT (%)

2.7 b

0.7 a

1.3 ab

1.5 ab

2.3 b

1.3 ab

Parameter

‘Kasztelan’ ‘NadwiĞlaĔski’ ‘Kodam’ ‘Neptun’
(L)
(H)
(H)
(H)

Means with the same letter in a given row do not differ signi¿cantly.
L – low tannin; H – high tannin.
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FIGURE 1. InÀuence of river water (environmental sample) on mitotic indices in root meristematic
cells of six cultivars of Vicia faba var. minor. Means with the same letter for a given cultivar do not
differ signi¿cantly
TABLE 2. Sensitivity of six Polish cultivars of Vicia faba var. minor to mitodepressive and genotoxic
agents occurring in a river water sample, evaluated by the percent toxic effect (PE) for the mitotic index
and for chromosomal aberrations in ana-telophase
Parameters/Cultivars

‘Olga’

Mitodepressive percent
effect (PE%)

‘Kasztelan’ ‘NadwiĞlaĔski’ ‘Neptun’ ‘Amulet’ ‘Kodam’

28.7 ab

34.0 a

31.7 a

22.0 b

mnd

mnd

Genotoxic percent
effect (PE%)

94.4 a

83.4 b

83.3 b

87.1 b

73.3 c

70.9 c

Means with the same letter in a given row do not differ signi¿cantly.
mnd – mitodepressive effect not detected.

FIGURE 2. InÀuence of river water (environmental sample) on chromosomal aberrations in ana-telophases (AAT) in root meristematic cells of six cultivars of Vicia faba var. minor. Means with the same
letter for a given cultivar do not differ signi¿cantly
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the least sensitive cultivars, and ‘Olga’
aberration percentage, the highest
the most reactive (Table 2). The differsensitivity to genotoxic agents and a
ences in sensitivity to genotoxic agents
relatively high sensitivity to mitodebetween cultivars may affect the results
pressive agents occurring in the enviof tests [Cecchi et al. 2006]. River waronmental sample of river water.
ters, especially in large cities (such as
Warsaw in this case), contain cadmium,
chromium, copper, mercury, nickel, lead, REFERENCES
zinc, and also organic genotoxic pollutants [Thornton et al. 2001], and conse- ABDEL-MIGID H., AZAB Y.A., IBRAHIM
W.M. (2007). Use of plant genotoxicity
quently in the experiment the genotoxbioassay for the evaluation of ef¿ciency
icity of the Vistula water sample was
of algal bio¿lters in bioremediation of
detected by even the least sensitive cultitoxic industrial efÀuent. Ecotox. Environ
vars. However, to prevent non-detection
Safety 66: 57–64.
of genotoxic environmental samples, a CECCHI M., GUIRESSE M., SILVESTRE
J., PRADERE P., PINELLI E., DUMAT
good bioindicator should react even to
C. (2006). Lead speciation and behaviour
agents having lower genotoxicity or ocin the soil-plant system for a calcareous
curring in lower concentrations. In our
soil contaminated by lead recycling plant
experiment the most sensitive cultivar
fallouts. Comparison of Vicia faba used
was ‘Olga’. In our opinion this cultivar
in AFNOR toxicity test and Pelargonium
can be recommended for the root tip gea potentially good candidate for soil remediation. Difpolmine Conference, 12–
notoxicity assay (RTA).

CONCLUSIONS
1. The cultivar of the test plant used
in the Vicia faba root tip assay may
signi¿cantly affect the test result;
therefore, to obtain comparable data,
the same sensitive cultivar should be
used as the bioindicator.
2. ‘Kodam’ and ‘Amulet’ seem to be the
worst choices among the six tested
cultivars, because of their relatively
high percentage of spontaneous chromosomal aberrations and lowest sensitivity to mitodepressive and genotoxic agents.
3. The best recommendation for a bioindicator for the Vicia faba root tip assay is the cultivar ‘Olga’, which has
the lowest spontaneous chromosomal

–14 December 2006, Le Corum, Montpellier, France.
CORREA A.X.R., COTELLE S., MILLET
M., SOMENSI C.A., WAGNER T.M.,
RADETSKI C.M. (2016). Genotoxicity
assessment of particulate matter emitted
from heavy-duty diesel-powered vehicles
using in vivo Vicia faba L. micronucleus
test. Ecotoxicol. Environ. Safety 127:
199–204.
COTELLE S., DHYEVRE A., MULLER
S., CHENON P., MANIER N., PANDARD P., ECHAIRI A., SILVESTRE J.,
MARITXU G., PINELLI E., GIORGETTI L., BARBAFIERI M., SILVA V.C.,
ENGEL F., RADETSKI C.M. (2015).
Soil genotoxicity assessment – results
of an interlaboratory study on the Vicia
micronucleus assay in the context of ISO
standardization. Environ. Sci. Pollut.
Res. 22: 988–995.
EVSEEVA T.I., GERASKIN S.A., SHUKTOMOVA I.I. (2003). Genotoxicity and
toxicity assay of water sampled from a

40

G. Obidoska, M. Korzeniowska, A. Hadam

radium production industry storage cell
territory by means of Allium test. J. Env.
Rad. 68: 235–248.
FERETTI D., CERETTI E., GUSTAVINO
B., ZEBRINI I., ZANI C., MONARCA
S., RIZZONI M. (2012). Ground and
surface water for drinking: a laboratory
study on genotoxicity using plant tests.
J. Pub. Health Res. 1 (1): 31–37.
GRANT W.F. (1999). Higher plant assays
for the detection of chromosomal aberration and gene mutation – a brief historical background on their use for screening
and monitoring environmental chemicals.
Mut. Res. 426 (2): 107–112.
KOLASIēSKA K., WIEWIÓRA B.
(2002). Wpáyw zawartoĞci tanin w nasionach bobiku Vicia faba L. na zdolnoĞü
kieákowania, wigor, zdrowotnoĞü i plon
nasion. Biul. Inst. Hod. Aklim. RoĞl. 221:
235–251.
LEI D., DUAN C., HE F., SONG C. (2006).
Responses of different Vicia faba varieties’ photosynthetic characteristics to Pb
pollution. Ying Yong Sheng Tai Xue Bao
17 (6): 1095–1098.
LEME D.M., MARIN-MORALES M.A.
(2009). Allium cepa test in environmental
monitoring: A review on its application.
Mut. Res. 682 (1): 71–81.
MA T.H. (1999). The international program
on plant bioassays and the report of the
follow-up study after the hands-on workshop in China. Mut. Res. 426 (2): 103–
–106.
MA T.H., XU Z., XU C., MacCONNELL H.,
RABATO E., ARREOLA G., ZHANG H.
(1995). The improved Allium/Vicia root
tip micronucleus assay for clastogenicity
of environmental pollutants. Mut. Res.
334: 185–195
MINISSI S., CACCESE D., PASSAFIUME
F., GRELLA A., COCCOTTI E. (1998).
Mutagenicity (micronucleus test in Vicia
faba root tips) polycyclic aromatic hydrocarbons and heavy metal content of
sediments collected in Tiber river and its
tributaries within the urban area of Rome.
Mut. Res. 420: 77–84.

MOODY M., MILLER J. (2005). Lemna minor growth inhibition test. In: C., Blaise
J.F. Ferard (Eds.) Small scale fresh water
toxicity investigations. Volume 1. Toxicity test methods. Springer, Dordrecht:
271–298.
NEFIC H., MUSANOVIC J., METOVIC A.,
KURTESHI K. (2013). Chromosomal
and nuclear alterations in root tip cells of
Allium cepa L. induced by alprazolam.
Med. Arch. 67 (6): 388–392
OBIDOSKA G. (2007). Root tip bioassays
for genotoxicity studies of environmental
liquid samples. Ann Warsaw Univ. Life
Sci. – SGGW (Horticult. Landsc. Architect.) 28: 65–69.
RAHOUI S., CHAOUI A. (2008). Differential sensitivity to cadmium in germinating seeds of three cultivars of faba bean
(Vicia faba L.). Acta Physiol. Plant 30:
451–456.
SAMBORSKA-CIANIA A. (1993). Changes in genetic material of Vicia faba L. var.
minor caused by desiccants. Genetica Polonica 34 (1): 27–34.
SANG N., LI G. (2004). Genotoxicity of
municipal land¿ll leachate on root tips of
Vicia faba. Mut. Res. 560: 159–165.
SMAKA-KINCL V., STEGNAR P., LOVKA
M., TOMAN M. (1996). The evaluation
of waste, surface and ground water quality using the Allium test procedure. Mut.
Res. 368: 171–179.
THORNTON D., BUTLER P., DOCX M.,
HESSION C., MAKROPOULOS M.,
MacMULLEN M., NIEUWENHUIJSEN
A., PITMAN R., RAUTIU R., SAWYER
S., SMITH D., WHITE P., WILDERER
S., PARIS D., MARANI C., BRAGUGLIA J., PALERM A. (2001). Pollutants
in urban wastewater and sewage sludge.
Final Report for Directorate-General Environment. IC Consultants Ltd, London.
VALENCIA-QUINTANA R., GOMEZ-ARROYO S., SANCHEZ-ALARCON
J., MILIC M., GOMEZ-OLIVARES
J.L., WALISZEWSKI S.M., CORTES-ESLAVA J., VILLALOBOS-PIETRINI
R., CALDERON-SEGURA M.E. (2016)

Suitability of selected Polish ¿eld bean...

Genotoxic effects of the carbamate insecticide Pirimor-50 in Vicia faba root tip
meristems and human lymphocyte culture after direct application and treatment
with its metabolic extracts. Arh. Hig.
Rada. Toksikol. 67: 266–276.
ZHONG Y., FENG S.L., LUO Y., ZHANG
G.D., KONG Z.M. (2001). Evaluating the genotoxicity of surface water of
Yangzhong City using the Vicia faba micronucleus test and the comet assay. Bull.
Environ. Contam. Toxicol. 67: 217–224.
Streszczenie: PrzydatnoĞü wybranych polskich
odmian bobiku Vicia faba var. minor do testu genotoksycznoĞci z zastosowaniem stoĪków wzrostu
korzeni (Vicia – RTA). Odmiany tego samego
gatunku mogą wykazywaü zróĪnicowaną wraĪliwoĞü na czynniki toksyczne i genotoksyczne. Nie
jest zatem wykluczone, Īe odmiana bobiku (Vicia
faba var. minor), wykorzystana jako bioindykator w teĞcie genotoksycznoĞci z zastosowaniem
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stoĪków wzrostu korzeni (RTA), moĪe wpáywaü
na otrzymany wynik. Celem naszych badaĔ byáa
ocena parametrów charakteryzujących wybrane
polskie odmiany bobiku, istotnych dla przebiegu
i rezultatu testu, a takĪe rekomendacja najbardziej
odpowiedniej do zastosowania w tej metodzie.
Oceniono szeĞü kultywarów: trzy niskotaninowe
(‘Amulet’, ‘Olga’, ‘Kasztelan’) i trzy wysokotaninowe (‘NadwiĞlaĔski’, ‘Kodam’, ‘Neptun’).
Stwierdzono, iĪ odmiana roĞliny testowej moĪe
znacząco wpáywaü na wynik testu Vicia RTA,
a zatem aby otrzymywaü porównywalne rezultaty, naleĪy uĪywaü tej samej odmiany; ‘Kodam’
i ‘Amulet’ wydają siĊ byü najmniej odpowiednie
z powodu stosunkowo duĪego odsetka spontanicznych aberracji chromosomowych i najmniejszej wraĪliwoĞci na czynniki mitodepresyjne
i genotoksyczne; godna polecenia jest ‘Olga’
o najmniejszym odsetku spontanicznych aberracji chromosomowych, najwiĊkszej wraĪliwoĞci
na czynniki genotoksyczne i stosunkowo duĪej
wraĪliwoĞci na czynniki mitodepresyjne.

