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The effect of increased concentrations of potassium bicarbonate (KHCO3) as a possible alternative to
synthetic fungicides for controlling Rhizoctonia solani AG 4 HG-I and Sclerotinia sclerotiorum was
evaluated in vitro, in this study. In addition, the effect of potassium bicarbonate on Trichoderma sp., a
natural antagonist on R. solani AG 4 HG-I and S. sclerotiorum was determined. Potassium bicarbonate
substantially inhibited (P<0.05) the growth of the three fungal strains. Mycelial growth of R. solani AG 4
HG-I significantly decreased as the concentration of bicarbonate increased, especially at
concentrations greater than 200 mM. Similarly, mycelial growth of both S. sclerotiorum and
Trichoderma sp. dramatically reduced in increasing concentrations of KHCO3. Mycelial growth of either
fungi was completely inhibited when exposed to 100 mM bicarbonate. In addition, KHCO3
concentrations higher than 10 mM caused significant (P<0.05) reduction of the sclerotium formation of
S. sclerotiorum. Also, sclerotium germination and de novo sclerotium formation were significantly
inhibited as the concentrations of KHCO3 increased. As a result, it was concluded that potassium
bicarbonate was an alternative chemical agent for controlling R. solani AG 4 HG-I and S. sclerotiorum.
Also, KHCO3 was found to have negative effects on Trichoderma sp.
Key words: Antifungal effect, KHCO3, soil borne pathogens, sclerotium germination.
INTRODUCTION
The soilborne fungi, agents of root rot and damping off
diseases, cause important economic losses on various
crops that often results in the death of plants every year
(Van Bruggen et al., 1986; Villajuan-Abgona et al., 1996).
Rhizoctonia solani Kühn and Sclerotinia sclerotiorum
(Lib.) de Bary are major pathogens on different plants. R.
solani AG 4 is the most common pathogen among
anastomosis groups (AG) worldwide, causing dampingoff, stem rot and root rot on bean, soybean, faba bean,
cowpea and pea (Galindo et al., 1983; Sneh et al., 1991).
AG 4 has been divided into subgroups: AG 4 HG-I, AG 4
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HG-II and AG 4 HG-III (Kuramae et al., 2003). Especially,
among R. solani anastomosis groups, AG 4 and AG
4HG-I subgroup are the most common fungal pathogens
in bean growing areas in the Black Sea Region of Turkey
(Karaca et al., 2002; Cebi, 2009; Erper et al., 2011).
S. sclerotiorum is an agressive and destructive fungal
pathogen that causes rot root and wilting on different host
plants (Bolton et al., 2006), and is known to attact over
480 species of host plants worldwide in many different
soil types and environmental conditions (Boland, 1990;
Dillard and Cobb, 1995). The fungus survives in soil as
sclerotia, which are hardened structures of fungal
mycelium (Ben-Yephet et al., 1993) and a viable source
of inoculum for long periods under unfavorable conditions
(Wu and Subbarao, 2006; Bae and Knudsen, 2007).
In controlling the damage of soilborne pathogens,
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several agronomic practices have been implemented
such as crop rotation, resistant varieties, soil fumigation,
biological control and pesticide applications (Bae and
Knudsen, 2007). Among these practices, the management
of soilborne pathogens with chemicals is most difficult
because of their extremely wide host spectrum and the
high survival rate of resistant forms such as sclerotia
under different environmental conditions (Yangui et al.,
2008). In addition, chemicals have negative side effects
on the environment and their application to soil is difficult
and expensive (Ozkoc et al., 2002). Synthetic fungicides
are used to control soilborne pathogens on vegetable
growing areas all over the world. In recent years, public
demands to reduce pesticide use, stimulated by greater
awareness of environmental and health issues as well as
the development of fungicide resistant strains of
pathogens, have created the need to find alternatives to
pesticides (Arslan et al., 2009).
One way to achieve this aim may be the use of efficient
natural substances such as salt compounds. The main
advantages of using salt compounds include their
relatively low mammalian toxicity, a broad spectrum of
modes of action and relatively low cost (Olivier et al.,
1998). Bicarbonates are widely utilized to regulate pH, to
avoid undesirable fermentation processes, and to
improve texture and taste in the food industry (Aharoni et
al., 1997; Smilanick et al., 1999). They, also have widespectrum antimicrobial properties. Therefore, they have
been successfully tested especially in the control of
postharvest fungal pathogens by different studies. Some
bicarbonates (potassium, sodium or ammonium) and
carbonates have been demonstrated to prevent the
growth of several fungal pathogens after harvest (Palmer
et al., 1997; Olivier et al., 1998; Palou et al., 2001;
Karabulut et al., 2003; Jamar et al., 2007). There are
some investigations that are related to the use of
carbonates against soil pathogens in recent years. In a
study which was carried out in order to evaluate the
efficacy of eight food additives for the control of four
soilborne pathogens, ammonium bicarbonate was used
to control all fungi at 2%, which is the highest concentration used in this study (Arslan et al., 2009). In another
study, the potential benefits of potassium bicarbonate for
controlling both growth and development of S.
sclerotiorum were evaluated, although, it also exerts
negative effects on the Trichoderma strain that is a
natural antagonist to S. sclerotiorum (Ordonez et al.,
2009). Similar assessments were made in vitro against
Botrytis cinerea colony growth in response to ammonium,
potassium and sodium bicarbonates, and bicarbonates
inhibited colony growth at concentrations as low as 20
mM (Palmer et al., 1997). In the same manner, potassium
carbonate and sodium bicarbonate totally inhibited the
growth of crater rot of Daucus carota caused by
Rhizoctonia carotae which were fungicidal (Ricker and
Punja, 1991). In addition, the fungicidal efficacy of salts
and direct and indirect effects of pH on sclerotial germinations were tested in in vitro experiments against a

soilborne pathogen, Sclerotium rolfsii Sacc. (Punja and
Grogan, 1982). As a result, the application of bicarbonates represents an effective technique to control fungal
pathogens for horticultural crops (Aharoni et al., 1997;
Bombelli and Wright 2006).
However, biological control of plant pathogens by
microorganisms has been considered a more natural and
environmentally acceptable alternative to the existing
chemical treatment methods (Eziashi et al., 2007).
Trichoderma is a natural fungal genus that may be
saprophytic or mycoparasitic, producing antifungal
metabolites which may compete, inhibit, or cause lysis of
several structures of plant fungal pathogens (Benítez et
al., 2004). For instance, Trichoderma species are
antagonists that inhibit and parasitize either mycelium or
sclerotia of different Sclerotinia species (Bolton et al.,
2006; Abdullah et al., 2008) and R. solani (Chet and
Baker, 1981; Elad et al., 1983).
Efficient results were obtained in previous studies
carried out on biological control of R. solani and S.
sclerotiorum with Trichoderma species. The efficacy of
bicarbonates to control postharvest and soilborne
pathogens has been successfully tested. But, there is not
enough information especially about the response of both
R. solani AG 4 HG-I and S. sclerotiorum, or their interactions
with Trichoderma sp., when exposed to potassium
bicarbonate.
The objective of this study was to evaluate the effect of
increased concentrations of potassium bicarbonate as
possible alternatives to synthetic fungicides for controlling
R. solani AG 4 HG-I and S. sclerotiorum in vitro. Similarly,
the effect of potassium bicarbonate on Trichoderma sp.
strain was determined.
Firstly, the individual growth of the three fungi and the
interaction of both R. solani AG 4 HG-I- Trichoderma sp.
and S. sclerotiorum-Trichoderma sp. were examined,
secondly de novo sclerotium formation by S. sclerotiorum
was examined.
MATERIALS AND METHODS
Fungal cultures
All fungal cultures used in this study including R. solani AG 4 HG-I,
S. sclerotiorum and Trichoderma sp. were originally isolated from
bean growing areas in Black Sea Region of Turkey during routine
disease surveys in 2006 and 2008. S. sclerotiorum Ss-5 isolate
were isolated from diseased bean plants showing signs of white rot
and identified according to its cultural features. For this study, Thz23 isolate was selected among 24 effective strains belonging to
Trichoderma genus, with in vitro mycoparasitic activity on virulent R.
solani AG 4 HG-I and S. sclerotiorum and it was identified by Dr.
Irina S. Druzhinina, Institute of Chemical Engineering, Vienna
University of Technology, Austria. R. solani AG 4 HG-I, M-62 isolate
used in the experiment, which causes root rot disease on bean
plants was provided by Dr. M. Cebi (Ondokuz Mayis University,
Faculty of Arts and Science, Biology Department, Samsun, Turkey).
Cultures of each of the fungi were maintained on potato dextrose
agar (PDA: Oxoid). The PDA slants were stored at +4°C and served
as stock cultures for further use.
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Assesment of mycelial growth
Different potassium bicarbonate concentrations on the following
basis: 0, 2, 4, 6, 8, 10, 25, 50, 75, or 100 mM (KHCO3, Carlo Erba
Reagenti (Milan-Italy) were added to autoclaved and cooled PDA
medium at 500C for S. sclerotiorum and Trichoderma sp. The pH of
each KHCO3 concentration was 6.0, 7.0, 7.0, 7.1, 7.2, 7.3, 8.0, 8.1,
8.1, and 8.3, respectively For R. solani AG 4 HG-I, potassium
bicarbonate concentrations on the following basis 0, 10, 25, 50, 75,
100, 150, 200, 500, or 750 mM. were used in the experiment and
the pH of each KHCO3 concentration was 6.0, 7.3, 8.0, 8.1, 8.1,
8.3, 8.3, 8.3, 8.4, and 8.4, respectively. The medium was dispensed
aseptically into 9-cm-diameter Petri plates. For three the fungi, a
mycelial disc (5 mm diameter) taken from 7-day-old culture that was
grown on PDA was placed in the center of each potassium
bicarbonate-amended PDA. The plates were then sealed with
parafilm and incubated at 25°C, and an approximate photoperiod of
12 h for 6 days. The growth of each fungal colony was measured
daily. At the end of the experiment, the number of sclerotia on S.
sclerotiorum cultures was also determined (Ordonez et al., 2009).
All experiments were conducted twice.
Experimental design and data analysis
All experiments were conducted in a complete randomized designs
with ten treatments and three replications. Analysis of variance was
implemented using the program MINITAB and Duncan at 0.05
significance level was used to compare treatment means.
Confronted tests in vitro
In this study, R. solani AG 4 HG-I-Trichoderma sp. and S.
sclerotiorum-Trichoderma sp. were evaluated in vitro by placing
both fungi on opposite sides of 9-cm diameter Petri dishes including
PDA amended with several concentrations of KHCO3 as previously
described in triplicate. Fungal cultures were incubated as already
described, and the antagonism of Trichoderma sp. against AG 4
HG-I isolate and S. sclerotiorum isolate was visually examined after
4 days (Ordonez et al., 2009). Also, the interaction between each
fungi was examined by using an Olympus CX-31 compound
microscope at 100 to 400x magnification. All experiments were
conducted twice.
Assesment of sclerotia germination and de novo formation
Sclerotia were obtained from pure cultures of S. sclerotiorum that
were grown on PDA. Sclerotia were collected, placed in sterile
microtubes, and kept at 5°C until they were used. Then, sclerotia
were surface disinfested to avoid proliferation of bacterial
contaminants by placing them in 70% ethanol for 40 s, and rinsed in
sterile-distilled water (SDW), adding a solution of streptomycine
(200 µg/ml), and keeping them at 4°C overnight and blotted dry on
sterile paper towels to eliminate excess antibiotic solution. Then,
once dried, ten sclerotia were placed on 9-cm diameter Petri dishes
containing PDA with the concentrations of KHCO3 as mentioned
earlier.
The Petri dishes were incubated at 25°C for 11 days, and the
number of germinated sclerotia was daily recorded for each
treatment, in addition to the number of newly formed sclerotia
(Ordonez et al., 2009). All experiments were conducted twice.
Similarly, the experiments were conducted in a complete
randomized designs with ten treatments and three replications.
Analysis of variance was implemented using the program MINITAB
and Duncan at 0.05 significance level was used to compare
treatment means.
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RESULTS
Mycelial growth
Potassium bicarbonate significantly inhibited the mycelial
growth of each three fungi (P<0.05). R. solani AG 4 HG-I
(isolate M-62) started growing at 24 h, but its growth
significantly decreased (P<0.05) with the increasing
bicarbonate concentrations (Figure 1), especially at
concentrations greater than 200 mM. At 72 h, it was
observed that complete surface of the PDA was covered
by R. solani AG 4 HG-I at concentrations from 0 to 25
mM. After 48 h, at 50 mM KHCO3, the mycelium growth
of M-62 isolate was reduced 50% as compared to the
control (0 mM). Similarly, after 72 h, the mycelium growth
of M-62 isolate cultured on 75 mM potassium bicarbonate
amended media decreased 60% compared to 0 mM. On
the other hand , no growth was observed at 750 mM
concentration of KHCO3.
Similarly, it was observed that S. sclerotiorum started
growing after 24 h. However the mycelial growth of S.
sclerotiorum significantly reduced with the increasing
concentrations of KHCO3. Its mycelia covered the petri
dishes nearly at 0 and 4 mM concentrations of
bicarbonate after 48 h, whereas it completely covered the
petri dishes after 72 h at 0 to 8 mM bicarbonate
concentrations. Mycelial growth of the fungus was
inhibitited especially at concentrations greater than 25
mM. Moreover, it completely inhibited when exposed to
100 mM bicarbonate (Figure 2).
In this study, it was observed that sclerotium formation
by S. sclerotiorum was also inhibited at increasing
KHCO3 concentrations. At the end of the fifth day,
sclerotia formation was observed at concentrations from
0 to 8 mM, but sclerotia were not formed at other bicarbonate concentrations. Only the presence of white-cotton
structures of aggregate hyphae was observed. At the end
of 144 h, the number of sclerotia formed ranged between
5.3 and 16.7 at concentrations from 0 to 10 mM (Figure
3).
As compared with both fungal pathogens, Trichoderma
sp. started growing after 24 h and its mycelial growth was
dramatically reduced (P<0.05) with the increasing
bicarbonate concentrations. In addition, after 48 h
mycelial growth of Trichoderma sp. cultured on 8 mM
KHCO3 amended media decreased 50% as compared to
control treatment (0 mM) . No fungal growth was
observed at 100 mM bicarbonate (Figure 4).
Confronted tests
According to the results of the fungal confrontation test,
Trichoderma sp. Thz-23 isolate was determined to have
antagonistic effect on both R. solani AG 4 HG-I M-62
isolate and S. sclerotiurum Ss-5 isolate when exposed to
increasing concentrations of KHCO3.
It was determined with microscobic observations that
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Figure 1. Time relevant in vitro mycelial growth of Rhizoctonia solani AG 4 HG-I
exposed to potassium bicarbonate (KHCO3). Vertical lines represent standard
errors of the means.
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Figure 2. Time relevant in vitro mycelial growth of Sclerotinia sclerotiorum exposed to
potassium bicarbonate (KHCO3). Vertical lines represent standard errors of the
means.

Thz-23 isolate growed on hyphae of M-62 isolate and
showed mycoparasitic effect when exposed to 0-25 mM
concentrations of KHCO3. It was observed at 100 to 400´
microscope magnification that hyphae of Thz-23 isolate
form dense coils and tightly encircled the hyphae of M-62
isolate. Hyphae of the M-62 isolate lost its turgor and
cells collapsed, whereas Thz-23 isolate hyphae seemed
to be normal.
In contrast, the interaction between Thz-23 isolate and
M-62 isolate was not observed especially due to inhibition
of Thz-23 isolate when exposed to 100 mM bicarbonate.
As a result of the confrontation test of Thz-23-Ss-5,
almost similar results were obtained. Thz-23 isolate
showed antagonistic effect against Ss-5 isolate with the

increasing bicarbonate concentrations. However, growth
of both fungi inhibited when exposed to 75 mM
bicarbonate. As a result, fungal confrontation between
these fungi was not observed at concentrations of
bicarbonate higher than 75 mM.
Sclerotia germination and de novo formation
Similarly, it was observed that potassium bicarbonate
applications affected sclerotia germination. Firstly, at 48 h
sclerotia germination were determined from 0 to 6 mM
KHCO3
concentrations, but 100% germination was
occurred at conrtol (0 mM) after 4 days (Figure 5).
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Figure 3. Effect of potassium bicarbonate (KHCO3) concentrations on the number of
sclerotia of Sclerotinia sclerotiorum, after 120 and 144 h. Vertical lines represent standard
errors of the means.
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Figure 4. Time relevant in vitro mycelial growth of Trichoderma sp. exposed to different concentrations of
potassium bicarbonate (KHCO3). Vertical lines represent standard errors of the means.

However, at the end of seven days all sclerotia
germinated from at concentration from 0 to 25 mM, but
sclerotia germination did not occur in 100 mM KHCO3
concentration. In addition, the production of de novo
sclerotia by bicarbonate application significantly
decreased (P<0.05). After the sixth day, de novo sclerotia
were formed in the from 0 to 6 mM concentrations. At the
11th day, while the de novo sclerotia formation were
observed from 0 to 25 mM, at between 50 to 100 mM
bicarbonate application did not formed sclerotia (Figure
6).

DISCUSSION
To our knowledge, this is the first report on the antifungal
activity of potassium bicarbonate against isolate of R.
solani AG 4 HG-I which is one of the major fungal
pathogens of bean plants in the Black Sea Region,
Turkey. This study demonstrated that different
concentrations of potassium bicarbonate significantly
inhibited in vitro mycelial growth of R. solani AG 4 HG-I,
S. sclerotiorum and Trichoderma sp.. Among three fungi
isolated from infected bean plants, S. sclerotiorum and
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Figure 5. Germination (%) of the sclerotia of Sclerotinia sclerotiorum exposed to different
concentrations of potassium bicarbonate (KHCO3) after 168 hourtime in vitro. Vertical lines
represent standard errors of the means.
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Figure 6. Effects of increasing concentrations of potassium bicarbonate (KHCO3) on de
novo sclerotium formation by Sclerotinia sclerotiorum after the fifth days of sclerotium
germination. Vertical lines represent standard errors of the means.

Trichoderma sp. were affected from the lower
concentrations of KHCO3 more than R. solani AG 4 HG-I
isolate. Mycelial growth of S. sclerotiorum and
Trichoderma sp. showed nearly 35% and 74% reduction
after 144 h at 75 mM concentration of bicarbonate. Both
fungi showed no sign of growth at 100 mM concentration
of the chemical, while R. solani AG 4 HG-I isolate grew at
500 mM bicarbonate concentration. Thus, these growth
responses indicated that both S. sclerotiorum and
Trichoderma sp. were more sensitive to increasing

KHCO3 concentrations than R. solani AG 4 HG-I isolate.
However, mycelial growth of this isolate was also affected
by the increasing concentrations of bicarbonate and it
significantly decreased especially at concentrations
higher than 200 mM. It was found in the study that
mycelial growth of M-62 isolate cultured on 50 mM
KHCO3 amended media decreased 50% after 48 h,
compared to control treatment (0 mM). Similarly, Arslan
et al.,(2009) reported 50% reduction (ED50) on mycelial
growth of R. solani AG-4 at 0,35% (w/v) concentration of
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KHCO3. Ricker and Punja (1991) evaluated the effects of
nine fungicides and two chemical salts (potassium
carbonate-K2CO3 and sodium bicarbonate-NaHCO3) on
mycelial growth of crater rot agent, Rhizoctonia carotae,
and determined that two chemical salts totally inhibited
the growth of R. carotae at 0,1 M and had fungicidal
effects.
The results of the present study indicated that both
S. sclerotiorum and Trichoderma sp. did not grow at
KHCO3 concentrations greater than 75 mM. Similarly,
Ordonez et al.,(2009) detected the antifungal effect of
increasing potassium bicarbonate concentrations on
Trichoderma sp. strain R39 and S. sclerotiorum. ln the
same study, KHCO3 exerted a substantial inhibitive effect
on the mycelial growth of both fungi, although either
fungus behaved differentially when exposed to the
various concentrations of bicarbonate. Trichoderma sp.
showed a 38.8% reduction of growth at 50 mM after 144
h, when compared to its respective control (0 mM). S.
sclerotiorum had an average growth reduction of 63.9%
at low and intermediate bicarbonate concentrations, but
this pathogen did not show any mycelial growth at 50
mM. This study indicated that Trichoderma sp. (Thz-23
isolate) was more sensitive to high concentrations of
bicarbonate than S. sclerotiorum. It was observed that
Trichoderma sp. growth was inhibited 40% at 50 mM
when compared to control whereas S. sclerotiorum totally
covered the surface of the petri dishes at 144 h at 50
mM. Different results between these similar studies may
be due to variation of virulence or discrepancies of both
S. sclerotiorum isolates. This finding, also, confirmed our
results that increasing KHCO3 concenatractions prevented
the mycelial growth of Trichoderma sp.
Previous
studies
reported
that
potassium
bicarbonate and other bicarbonate salts significantly
inhibited in vitro growth of various plant pathogens (Punja
and Grogan 1982; Punja and Gaye 1993; Palmer et al.,
1997; Mills et al., 2004; Oliver et al., 1998; Arslan et al.,
2009; Ordonez et al., 2009). Punja and Grogan (1982)
reported that bicarbonate salts (KHCO3) prevented
sclerotial germination of Sclerotium rolfsii, but only
carbonate and bicarbonate salts were showed fungicidal
effect. In another study, Punja and Gaye (1993) reported
that ammonium bicarbonate, calcium propionate,
potassium carbonate, potassium sorbate or sodium
bicarbonate reduced black root rot caused by Chalara
elegans on carrots. Oliver et al., (1998) reported that
totally seven potassium bicarbonate salt compounds
reduced the severity of silver scurf caused by
Helminthosporium solani on potato tubers. Similarly,
Arslan et al., (2009), investigated the efficacy of eight
food additives as possible alternatives to synthetic
fungicides for the control of soilborne pathogens;
Fusarium oxysporum f. sp. melonis, Macrophomina
phaseolina, R. solani, and S. sclerotiorum, and the
fungistatic effect of KHCO3 was detected at 0.2-0.8%
(w/v) concentration. Another study evaluated in vitro
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antifungal effect of increasing KHCO3 concentrations on
S. sclerotiorum and Trichoderma sp. strain R39, and
results showed potential benefits of potassium bicarbonate
for controlling S. sclerotiorum, although it also exerted
negative effects on Trichoderma sp. that is a natural
antagonist of S. sclerotiorum (Ordonez et al., 2009).
Soil fungi are more active under acidic pH values
(Ordonez et al., 2009). Previous studies showed that pH
changes of medium due to use of bicarbonates prevented
or stimulated the mycelial growth of fungi (Punja and
Grogan 1982; Palmer et al., 1997). S. rolfsii showed
optimal mycelial growth and sclerotial germination at low
pH (3.0-5.5), while no growth occur above pH (8.0).
Preventive effect of potassium bicarbonate on mycelial
growth of soil pathogens may be partially explained by
pH changes, which became more alkaline as bicarbonate
concentration increased. Our result showed that S.
sclerotiorum could not grow at pH 8.3 (at 100mM
KHCO3), and R. solani could not grow at pH 8.4 (at
750mM KHCO3). Increasing concentrations of KHCO3
caused growth reduction of both fungal strains. Similar
inhibition effects were observed for B. cinerea when
exposed to 20 mM of KHCO3 (Palmer et al., 1997).
Bicarbonates may also affect membrane permeability and
change physiological processes such as oxidative
phosphorylation (Olivier et al., 1998).
In the previous studies, effects of bicarbonate on
both sclerotia germination and de novo sclerotia
formation were investigated (Punja and Grogan 1982;
Ordonez et al., 2009). Germination of S. rolfsii sclerotia
were found to be inhibited when exposed to water agar
enriched with 50 mM NH4HCO3 (Punja and Grogan
1982). In another study, sclerotium germination of S.
sclerotiorum showed 18% decrease with 50 mM KHCO3.
Also, increasing concentrations of bicarbonate resulted in
limited de novo sclerotium formation, which was strongly
inhibited when KHCO3 was applied at 50 mM (Ordonez et
al., 2009). These findings confirmed our results which
both sclerotia germination and de novo sclerotia formation significantly inhibited increasing concentrations of
bicarbonate.
As a result, our results indicated that application of
KHCO3 effectively inhibited R. solani AG 4 HG-I and S.
sclerotiorum which are the major fungal pathogens of
bean plants. This study points out the possibility of using
potassium bicarbonate controlling soil pathogens. But,
further studies are needed to assess the effectiveness of
KHCO3 against pathogens in agricultural soils inoculated
with antagonist fungi. In addition, for effective application
of bicarbonate or other salts, there is a need to
understand the chemical and biochemical basis of
pathogen-plant-salt interactions, and to determine the
effect of salts on plant tissues, since some salts including
aluminium chloride and potassium phosphate are known
to induce systemic resistance or plant defences including
the production of phytoalexins (Mucharromah and Kuc
1991; Mecteau et al., 2002).
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