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Allelopathic effects of aqueous extract
of Brassica napus on germination of seeds
of Phaseolus vulgaris

ABSTRACT

Secondary compounds produced by plants are considered an alternative method of weed suppression but can
cause negative effects on crops in succession, especially in a no-tillage system, due to the degradation of crop
residues with allelopathic potential. The objective of this work was to analyze the influence of foliar aqueous extracts
of Brassica napus on the germination and initial development of seedlings of Phaseolus vulgaris. The extract was
prepared as a stock 10 % weight/volume solution, and diluted into treatments of relative concentrations of 100 %
(i.e. 10 % wiv stock), 75 %, 50 %, 25 % and 0 % (untreated control consisting of distilled water), in a completely
randomized design. The seeds of Phaseolus vulgaris were moistened with the differing concentrated extracts and
kept in a germination chamber at 25 °C, with a photoperiod of 12 h for nine days. The variables evaluated were:
percentage germinating, first count of germination and germination velocity index, as well the root and hypocotyl
length, and fresh and dry mass of the seedlings. The aqueous leaf extracts of Brassica napus did not influence the
germination of Phaseolus vulgaris seeds, but did induce the growth of abnormal seedlings by inhibition of secondary
roots and reduced prominence of the primary root.
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Efeitos alelopaticos dos extratos aquosos
de Brassica napus na germinagao de sementes
de Phaseolus vulgaris

RESUMO

Os compostos secundarios produzidos pelas plantas sdo considerados uma alternativa para a supressao de
plantas daninhas, porém podem ocasionar efeitos negativos sobre culturas em sucessao, principalmente no plantio
direto, a partir da degradagao dos restos culturais com potenciais alelopaticos. Objetivou-se, com este trabalho,
analisar a influéncia dos extratos aquosos foliares da Brassica napus sobre a germinagdo e o desenvolvimento
inicial de plantulas de Phaseolus vulgaris. O extrato foi obtido a partir da relagéo 10% massa/volume, constituindo
os tratamentos conforme concentragbes de 100; 75; 50; 25 e 0% (testemunha - apenas agua destilada), em
delineamento inteiramente casualisado. As sementes de Phaseolus vulgaris foram umedecidas com as solugdes
dos extratos e mantidas em camara de germinag&o, na temperatura de 25 °C, com fotoperiodo de 12 h, durante
nove dias. As varidveis avaliadas foram: porcentagem, primeira contagem e indice de velocidade de germinagéo,
tal como, também, comprimento de raiz e hipocétilo, massa fresca e seca de plantulas. Os extratos aquosos foliares
de Brassica napus nao influenciam a germinagao das sementes de Phaseolus vulgaris mas induzem a producéo de
plantulas anormais pela inibigdo das raizes secundarias, além da pequena proeminéncia das primarias.

Palavras-chave: aleloquimicos, desenvolvimento de plantulas, raiz
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INTRODUCTION

Species which belong to Brassicaceae family, for example
canola (Brassica napus), are widely used in crop rotation
designs, but those plants produce secondary metabolites called
glucosinolates which are stored in the vacuoles and are released
as straw decomposition during crop senescence. Studies
indicated that even at low concentrations those compounds can
delay seed germination, or even prevent it completely at high
concentrations, as for example seen on Glycine max (Rizzardi
et al., 2008b) and Bidens pilosa (Petersen et al., 2001).

Since agriculture is undergoing an important transformation
in productive processes, it is crucial to reduce the use of
pesticides because of both economic and environmental
aspects. Thus, some alternatives, which aim at reducing or
replacing the use of chemical management, have arisen, such
as, for example, use of plants with allelopathic potential in
crop rotation design in the cultivation area (Carvalho, 2004).
In addition, according to this study, the use of those plants may
help in controlling invading plants by the action of allelopathic
compounds whilst minimizing the use of herbicides; however,
there are few studies highlighting allelopathic effects among
successively cultivated major economic crops.

The use of herbicides can be reduced when plant with
allelopathic potential are cultivated because they can directly
affect proteins needed in the germination of the seeds,
depending on the specificity of the molecules (Hadacek,
2002). Nevertheless, allelopathic effects caused by residue
decomposition and subsequent release of the compounds
in the soil may affect negatively the development of weeds,
but also the development of successive commercial crops.
Studies carried out by Santos et al. (1991) showed evidence
that yield, final populations of plants and insertion height of
the first soybean pod were harmed when Brassica napus was
used as predecessor crop. Similarly, Haddadchi & Gerivani
(2009) found that Brassica napus caused a reduction in the
germination, length and dry matter of Glycine max seedlings.

Species belonging to the Brassicaceae family produce
secondary metabolites with allelopathic potentials called
glucosinolates, present at high contents in Brassica napus,
mainly in the leaves and roots (Uremis et al., 2009; Yasumoto
etal.,2010). These compounds are degraded by the myrosinase
enzyme, and are metabolized into a great variety of molecules
with allelochemical potential, particularly isothyocyanate and
nitrile (Halkier & Gershenzon, 20006).

The influence of the allelopathic effect does not occur
only in developing plants but also on the subsequent crops
(Reigosa et al., 1999). Choesin & Boerner (1991), when
reporting specifically on the allelopathic potential of Brassica
napus on successively cultivated plants, reported that the
main negative effect on the subsequent crop was the reduction
in the availability of soil nutrients, specially sulfur, due to
degradation of glucosinolates present in the crop remains of
Brassica napus.

Thus, the objective of this work was to evaluate the effects
and allelopathic potential of an aqueous leaf extract of Brassica
napus on the emergence and initial development of Phaseolus
vulgaris seedlings.
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MATERIAL AND METHODS

This study was carried out in the Research and Chemical
Analysis Laboratory (Laboratério de Pesquisa e Andlise
Quimica - LAPAQ) at Santa Maria Federal University
(Universidade Federal de Santa Maria), Campus Frederico
Westphalen - RS, in August 2010. Extracts of Brassica napus
were obtained by collecting leaves of cultivar Hyola 43 plants
at full flowering, and followed by cleaning, asepsis and drying
(performed in an oven at 60 °C for 24 hours). Afterwards, the
samples were ground in a Willy® knife-type mill, their mass was
estimated and, using distilled water as solvent, a 10 % mass/
volume stock solution (100 g of dry plant in 1 L of distilled
water) were prepared. Homogenization was carried out in a
Turax® agitator, the supernatant was collected and diluted
with distilled water, resulting in the following concentrations:
100 %, 75 %, 50 %, 25 % and 0 % (control consisting of only
distilled water).

Asepsis of seeds of Phaseolus vulgaris was performed by
use sodium hypochlorite and water before sowing, following
which seeds were distributed onto three germitest paper sheets
moistened with distilled water (zero) and solutions of Brassica
napus extract equivalent to 2.5 times the mass of dried paper.
The paper sheets were placed in a gerbox and transferred to a
germination chamber with a controlled temperature of 25 °C
and 12 h photoperiods for nine days (Brasil, 2009).

Counting of sprouted seeds was performed daily, therefore
determining the germination speed (GS) of seeds according
to Maguire (1962), by adopting root protrusion with at least
2 mm of length as germination criterion. The first count and
final germination percentage were performed on the fifth and
ninth day after sowing, respectively (Brasil, 2009). After the
final period of evaluation, root and hypocotyl length of 50 % of
the seedlings of each experimental unit were measured using
a digital pachymeter. Following which, the average fresh mass
of seedlings was measured and the plants were then placed in
an oven at 65 °C for 24 h for evaluation of average dry mass
(Brasil, 2009).

We used a complete random experimental design with
five concentrations of aqueous extract in four replicates; each
experimental unit consisted of 100 seeds, distributed in four
gerbox and the results were submitted to analyses of variance
and polynomial analysis.

REesuLTs AND Discusson

There was a significant difference among treatments for
germination speed, root and hypocotyl length. However, the
germinating percentage of seeds of Phaseolus vulgaris was
not affected by the increasing concentrations of Brassica
napus in the first nor final counting. Santana et al. (2006),
mentioned that although the final germination percentage may
not be significantly affected by the action of allelochemicals,
germination patterns may be modified, as they found
differences in the speed and synchrony of germination of seeds
exposed to such compounds.

We observed that the germination speed was significantly
affected by the different concentrations of extracts, with the
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Figure 1. Mean values of emergency rate (A) and radicle root length and hypocotyl length of Phaseolus vulgaris seedlings (B) as a function of leaf extract
concentration of Brassica napus. Frederico Westphalen, RS, Brasil, 2010

Figura 1. Valores médios de indice de velocidade de germinacéo das sementes (A) e comprimento de raiz e hipocdtilo de plantulas do Phaseolus vulgaris (B)
em fungdo de concentragdes dos extratos foliares de Brassica napus. Frederico Westphalen, RS, Brasil, 2010

highest value being for control seeds (19.19), whereas, regardless
of the concentration, seeds exposed to the other treatments
resulted in negative effect on this variable (Figure 1A).

Those results are in agreement with the ones of Nunes et al.
(2003), and Rizzardi et al. (2008b), who found a reduction in
the emergence speed of Glycine max seedlings as the amount
of Sorghum bicolor and Brassica napus straw increased.
Germination is less sensitive to allelochemicals effects when
compared to the consequences of those compounds on the
growth and length of seedlings as well as germination speed
(Ferreira & Aquila, 2000).

Thus, germination speed is a marker of vigor and seeds
which germinate slowly are more prone to attack by predators
and disease (Vidal & Trezzi, 2004). The differences show
that that germination speed is a more sensitive marker to
allelochemicals than germination percentage, as well as fresh
and dry mass.

Regarding the final evaluations of the biometrics
of Phaseolus vulgaris, the regression analyses showed
significance for root length (Figure 1B), where increasing
doses of extract show an increase in length of up to 80 % in
relation to the roots of seedlings from control seeds. This result
can be explained by the action of the leaf extract of Brassica
napus in inhibiting growth of secondary roots of Phaseolus
vulgaris seedlings.

The length of the hypocotyl responded negatively in a
linear fashion as concentrations increased, especially at the
concentrations of 75 % and 100 %. However, no difference
was found in the fresh and dry mass of seedlings caused by the
extracts, which is probably because the treatments that showed
shorter root length resulted in longer hypocotyl length, and
hence equivalent fresh and dry masses.

Therefore, the evaluated results do not completely converge
with Leszczynski et al. (2009), where they state that Brassica

napus did not influenced crops and only compromised
germination of seeds of weed species.

In a study relating to the allelopathic effects of Brassica
napus on weeds, Rizzardi et al. (2008a) found that extracts
interfered negatively on the length of the root of Bidens pilosa.
Espinosa et al. (2008), when evaluating phenolic compounds
of E. gradis and E. urophylla, found that allelopathic effects
inhibited seed germination and the initial growth of Phaseolus
vulgaris seedlings.

Although germination speed showed differentiation
between the use of extracts at the first counting (carried out on
the fifth day), there was no influence of the treatments on the
germination percentage, because at this time the seeds were
germinating despite there being a distinction in root protrusion.
Therefore, it can be seen that seeds exposed to the extract of 100
% concentration showed a remarkable inhibition of secondary
root formation, in addition to a reduction in prominence of the
primary roots.

At the final counting, which was carried out on the ninth
day, the maximal dose of extract showed the longest length
of roots, although secondary roots were absent, whereas
control seeds showed normal length roots with the presence of
secondary roots.

Similarly, Cruz-Ortega et al. (1998) treated seeds of
Phaseolus vulgaris with allelochemicals produced by Sicyos
deppei and found abnormalities in the roots, which may have
been caused by alterations in the genetic material, due to
allelochemicals affecting with the synthesis of proteins and
lipids, and in mitochondrial respiration.

These results partially corroborate with those obtained
by Tokuta & Noébrega (2002), who also found longer lengths
of roots in soybean grown in the presence of extracts from
Brassica napus, demonstrating that these compounds can also
cause abnormalities in this legume. Jafarichyazdi & Javidfar
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(2011), found that, besides germination percentage, length
of the root and hypocotyl of sunflower seedlings from seeds
exposed to extracts of Brassica napus were also affected.

CoONCLUSION

Aqueous extracts of Brassica napus did not influence
germination of Phaseolus vulgaris seeds but did induce the
production of abnormal seedlings.

LiteraTure CITED

Brasil. Ministério da Agricultura, Pecuaria e Abastecimento.
Regras para Analise de Sementes. Secretaria de Defesa
Agropecuaria. Brasilia: MAPA/ACS, 2009. 395p.

Carvalho, F.C. Mecanismo de acdo dos herbicidas e sua relagao
com a resisténcia a herbicidas. In: Christoffoleti, P.J. (Ed.).
Aspectos de resisténcia de plantas daninhas a herbicidas.
Campinas: HRAC-BR, 2004. p.23-48.

Choesin, D.N.; Boerner, R.E.J. Allyl isothiocyanate release and the
allelopathic potential of Brassica napus (Brassicaceae). American
Journal of Botany, v.78, n.8, p.1083-1090, 1991. <http:/www.
jstor.org/discover/10.2307/2444897>. 38 Jul. 2011.

Cruz-Ortega, R.; Anaya, A.L.; Hernandez, B.E.; Laguna, G. Effects
of allelochemical stress produced by Sicyos deppei on seedling
rootultraestructure of Phaseolus vulgaris and Cucurbitaficifolia.
Journal of Chemical Ecology, v.24, n.12, p.2039-2057, 1998.
<http://www.springerlink.com/content/k0215112v6p67221/>.
12 Jun. 2011. doi:10.1023/A:1020733625727.

Espinosa, G.; Martinez, H.E.; Quiroz, F.A. Allelopathic potential
of Eucalyptus spp. plantations on germination and early
growth of annual crops. Allelopathy Journal, v.21 n.1, p.25-
37, 2008. <http://www.indianjournals.com/ijor.aspx?target
=ijor:aj&volume=21&issue=1&article=002>. 10 Jul. 2011.

Ferreira, A.G.; Aquila, M.E.A. Alelopatia: uma area emergente
da ecofisiologia. Revista Brasileira de Fisiologia Vegetal,
v.12, n. especial, p.175-204, 2000.

Hadacek, F. Secondary metabolites as plant traits: current
assessment and future perspectives critical. Critical Reviews
in Plant Sciences, v.21, n.4, p.273-322, 2002. <http://www.
tandfonline.com/doi/pdf/10.1080/0735-260291044269>.
07 Ago. 2011.doi:10.1080/0735-260291044269

Haddadchi, G.R.; Gerivani, Z. Effects of phenolic extracts of
canola (Brassica napus L.) on germination and physiological
responses of soybean (Glycin max L.) seedlings. International
Journal of Plant Production, v.3, n.1, p.63-74, 2009.
<http://journals.gau.ac.ir:8080/Jm/Programs/JurnalMgr/
VolumArticle/EN 127 5.pdf>. 25 Jun. 2011.

Halkier, B.A.; Gershenzon, J. Biology and biochemistry of
glucosinolates. Annual Review of Plant Biology, v.57,
n.1, p.303-333, 2006. <http://www.annualreviews.org/doi/
abs/10.1146/annurev.arplant.57.032905.105228>. 22 Jun.
2011. doi:10.1146/annurev.arplant.57.032905.105228.

Jafariehyazdi, E.; Javidfar, F. Comparison of allelopathic effects
of some brassica species in two growth stages on germination
and growth of sunflower. Plant, Soil and Environment, v.57,
n.2, p.52-56, 2011. <http://www.agriculturejournals.cz/
publicFiles/35211.pdf>. 10 Jul. 2011.

Rev. Bras. Ciénc. Agrar. Recife, v.7, n.3, p.451-455, 2012

Allelopathic effects of aqueous extract of Brassica napus on germination of seeds of Phaseolus vulgaris

Leszczynski, R.; Fortes, A.M.T.; Corsato, J.M.; Santorum,
M.; Albrecht, L.P. Acdo alelopatica de extratos aquosos de
canola (Brassica napus L.) sobre a germinacao de espécies
cultivadas e invasoras. Informativo ABRATES, v.19, n.2,
p.292, 2009.

Maguire, J.D. Speed of germination aid in selection and
evaluation for seedling emergence and vigor. Crop
Science, v.2, n.2, p.176-177, 1962. <https://www.crops.org/
publications/cs/abstracts/2/2/CS0020020176>. 12 Jan. 2011.
d0i:10.2135/cropscil962.0011183X000200020033x.

Nunes, J.C.S.; Araujo, E.F.; Souza, C.M.; Bertin, L.A;
Ferreira, F.A. Efeito da palhada de sorgo localizada na
superficie do solo em caracteristicas de plantas de soja e
milho. Revista Ceres, v.50, n.287, p.115-126, 2003. <http://
www.ceres.ufv.br/CERES/revistas/V50N287P20003.pdf>.
17 Fev. 2011.

Petersen, J.; Belz, R.; Walker, F.; Hurle, K. Weed
suppression by release of isothiocyanates from turnip-
rape mulch. Agronomy Journal, v.93, n.l, p.37-43,
2001. <https://www.agronomy.org/publications/aj/
articles/93/1/37?highlight=>. 17 Mar. 2011. doi:10.2134/
agronj2001.93137x.

Reigosa, M.J.; Sanchez-Moreiras, A.; Gonzalez, L.
Ecophysiological approach in allelopathy. Critical Reviews
in Plant Sciences, v.18, n.5, p.577-608, 1999. <http://www.
tandfonline.com/doi/abs/10.1080/07352689991309405>.
12 Jan. 2011. doi:10.1080/07352689991309405

Rizzardi, A.; Rizzardi, M.A.; Lamb, T.D.; Johann, L.B.
Potencial alelopatico de extratos aquosos de genotipos de
canola sobre Bidens pilosa. Planta daninha, v.26,n.4, p.717-
724, 2008a. <http://www.scielo.br/pdf/pd/v26n4/02.pdf>.
17 Mar. 2011. doi:10.1590/S0100-83582008000400002.

Rizzardi, M.A.; Neves, R.; Lamb, T.D.; Johann, L.B. Potencial
alelopatico da cultura da canola (Brassica napus L. var.
oleifera) na supressio de picdo-preto (Bidens sp.) € soja.
Revista Brasileira de Agrociéncia, v.14, n.2, p.239-248,
2008b. <http://www.ufpel.edu.br/faem/agrociencia/v14n2/
artigo04.pdf>. 17 Mar. 2011.

Santana, D.G.; Ranal, M.A.; Mustafa, P.C.V.; Silva, RM.G.
Germination measurements to evaluate allelopathic
interactions. Allelopathy Journal, v.17, n.1, p.43-52, 2006.
>http://www.indianjournals.com/ijor.aspx?target=ijor:aj&
volume=17&issue=1&article=004>. 12 Jan. 2011.

Santos, H.P.; Vieira, S.A.; Pereira, L.R.; Romam, E.S.
Rotagdo de culturas. XVI. Efeito de sistemas de cultivo no
rendimento de grdos e outras caracteristicas agrondmicas
das plantas de soja. Pesquisa Agropecuaria Brasileira, v.26,
n.9, p.1539-1549, 1991. <http://seer.sct.embrapa.br/index.
php/pab/article/view/3496/829>. 05 Mar. 2011.

Tokuta, L.K.; Nobrega, L.H.P. Potencial alelopatico de
coberturas de inverno no desenvolvimento de plantulas de
soja. Revista Varia Scientia, v.2, n.2, p.19-26, 2002.

Uremis, I.; Arslan, M.; Uludag, A.; Sangun, M.K. Allelopathic
potentials of residues of 6 brassica species on johnsongrass
Sorghum  halepense (L.) Pers. African Journal of
Biotechnology, v.8, nl15, p.3497-3501, 2009. <http://www.
ajol.info/index.php/ajb/article/viewFile/61834/49911..>.
12 Mar. 2011.



J. P. G.Rigon et al. 455

Vidal, R.A.; Trezzi, M.M. Potencial da utilizagao de coberturas

vegetais de sorgo e milheto na supressao de plantas daninhas
em condi¢cdo de campo: I - plantas em desenvolvimento
vegetativo. Planta Daninha, v.22, n.2, p.217-223, 2004.
<http://www.scielo.br/pdf/pd/v22n2/21222.pdf>.11  Fev.
2011. doi:10.1590/S0100-83582004000200007.

Yasumoto, S.; Matsuzakil, M.; Hirokane, H.; Okada, K.

Glucosinolate content in rapeseed in relation to suppression
of subsequent crop. Plant Production Science, v.13, n.2,
p-150-155, 2010. <https://www.jstage.jst.go.jp/article/
pps/13/2/13 2 150/ pdf>. 18 Mar. 2011. doi:10.1626/
pps.13.150.

Rev. Bras. Ciénc. Agrar. Recife, v.7, n.3, p.451-455, 2012



