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ABSTRACT

The present work was aimed to the study of the antifungal activity of essential oils of two aromatic plants against three
strains of Sclerotinia sclerotiorum responsible for white rot of bean. The two essential oils (EO) of the studied plants: Thymus
vulgaris (HET) and Cymbopogon citratrus (HEC), used at different concentrations: C1 (0.75 ml / ml), C2 (1.5 ml / ml) and
C3 (3 ml / ml) presented significant inhibitory activities on the three tested fungal strains namely Bia 1, Bia 2, and Njo 2.
Two control treatments (T-: containing no antifungal substance and T+: synthetic fungicide) were also used. The antifungal
activity here is related to the inhibition of mycelial growth especially with high concentrations of essential oils. Thus, against
S. sclerotiorum, HET showed the highest activity comparable to that of T+ (100% inhibition) at all concentrations on the Bia
1 and Bia 2 strains and at concentration C3 on the Njo 2 strain compared to that of HEC, which certainly inhibited the
mycelial growth of the different strains considerably (with a maximum of 78.15% on the Njo 2 strain) but not completely.
According to their sensitivity, the Bia 2 strain showed a higher sensitivity to essential oils than the others while the Njo 2
strain was more aggressive. On the basis of MICs, and MICg, obtained on the Njo 2 strain, the HET turns out to be the most
efficient with respective lower values of (1.73 and 23.34 ml / ml) against (4.76 and 26.03 ml / ml) for the HEC. These EO
could thus be exploited as biodegradable antifungal substances, likely to control white rot of bean.
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INTRODUCTION

The common bean, with its scientific name Phaseolus
vulgaris L., is the most consumed dry vegetable in the
world. In 2008, for a cultivated area of 26.47 million
hectares in the temperate and tropical regions of America, its
world production was estimated at 20.4 million tons for,
Africa and Asia [1]. In Central, Eastern and Southern Africa,
dry beans are the most important grain legume not only in

includes both the Western and Northwestern regions with
more than 90% of national production [5]; yields of local
and exotic varieties are not clearly delineated.

All rural populations in the Highlands of West Cameroon
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terms of area cultivated but also in terms of consumption [2].
In Africa, small-scale farmers grow about 4 million hectares
of beans each year. These crops are used to feed more than
100 million Africans [3]. Dry beans, also known as the
“meat of the poor”, are an alternative source of protein,
carbohydrates, fiber, vitamins, and minerals in tropical and
subtropical areas [4]. In Cameroon, the Western Highlands
constitute the main common bean production basin. It
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grow several varieties of common bean for food and
commercial purposes, with yields around 1.5 tha-1[6]. Given
the importance of common bean in several aspects, its
national and international demand is increasing year after
year although its production remains low due to losses
caused by diseases and pests.

The cultivation and conservation of common bean is faced
with various phytosanitary problems related to biotic
constraints such as fungi, insect pests and rodents on the one
hand and abiotic constraints such as temperature and
humidity on the other hand [7]. Fungal attacks on P. vulgaris
L. crops cause considerable production losses and damage in
humid tropical biotopes. In Cameroon, the species
Sclerotinia sclerotiorum is the main cause of white rot of the
common bean crop in the field. This pathogen causes white
rot in about 408 plant species (including P. vulagaris L.) of
about 275 different varieties [8]. Despite much work to
control this pathogen, it continues to be a major cause of
yield loss. The use of synthetic fungicides is one of the most
effective methods of controlling this type of pathogen [9].
However, good quality synthetic products are rare and
expensive in rural areas they very often have a harmful
residual effect on human health and the biocenosis; they
disturb ecological balances and pollute the environment [10-
12].
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Currently, various studies focus on the use of plants with
fungicidal and insecticidal properties against diseases and
insect pests of crops [13-15]. To this end, several works
have shown and continue to show the antifungal
potentialities of plant essential oils on the in vitro and in vivo
growth of some fungi. Notably, the work of Yilar [16] on the
in vitro inhibition of the growth of fungi such as Rhizoctonia
solani J.G. Kuhn, S. sclerotiorum (Lib.) de Bary by the
essential oils (EOs) of Vitex agnus-castus L. and Myrtus
communis L; The use of Eucalyptus storigeriana EO on
Alternaria solani [17] and the use of Commiphora molmol
EO on the reduction of mycelial growth of Aspergillus
flavus, Fusarium oxysporum and A. alternata [18]. The
objective of this work is to control the mycelial growth of
three strains of S. sclerotiorum fungi with the EO of two
plants, namely T. vulgaris and C. Citratrus.

MATERIAL AND METHODS
Material
Plant material

For the present work, two species of plants are used, namely
thyme (T. vulgaris) and lemongrass (C. citratrus) (Figure
1). The leaves of T. vulgaris were purchased dry at the local
medicinal plant market (Dakar market, Douala-Cameroon)
while the leaves of C. citratus were harvested manually in
the field and dried for 2 weeks in the air and out of the sun.

Figure 1. Plant materials used: (a) T. vulgaris; (b) C. Citratrus.

Chemical Material

The chemical material used is Banko-Plus 650 SC
(Chlorothalonil at 550 g/L + Carbendazim at 100 g/L).

Fungal material

The fungal material consisted of two strains of fungi from
the Central Region, town of Biakoa (Bia 1 and Bia 2) and
one strain from the Littoral Region, town of Njombé (Njo 2).

Methods
Extraction yield of essential oils

The extraction yields of lemongrass (HEC) and thyme
(HET) essential oils were calculated in relation to the

weights of plant material according to the following
formula: [19].

R(%) = Pe(®) , 100

Pt(g)

Where R: Yield; Pe: Weight of the extract (essential oil) Pt:
Total weight of dried plant material

In vitro evaluation of the effect of essential oils on the
growth of different strains of S. sclerotiorum

Preparation of the culture medium

The preparation of the culture medium was done by taking
65 g of agar (Sabouraud Agar) [20] which are introduced
into 1000 ml of sterile distilled water. The mixture is heated
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on a hot plate equipped with a magnetic stirrer for 10 min to
homogenize the solution. The resulting solution is then
autoclaved for 45min at 120°C and stored in the refrigerator
for future use.

Isolation and purification of pathogen strains

Pure strains were isolated from infected bean leaves showing
symptoms of the disease. The leaves were harvested in the
field and then taken to the laboratory where they were
washed several times with tap water, disinfected with a
cotton soaked in 95% alcohol and then flame dried. The
infected parts of the leaf (bearing the necroses) were
removed using a scalpel and incubated in Petri dishes
containing Sabouraud Agar medium. The Petri dish was then
sealed with food film and incubated in a culture room at 22-
24°C under a 12h photoperiod. Mycelia grew from the
explant and reached sufficient growth after 5 days, ready for
purification. Purification was carried out by successive
subcultures of a fragment taken from the growth front of
mycelium on Sabouraud Agar medium. This operation was
repeated several times until pure cultures were obtained that
will be kept in pill containers, containing sterile distilled
water [21,22]. Identification of the pathogen S. sclerotiorum
was done through the observation of conidia on the
microscope and an identification key [23,24].

Essential oil extraction by hydrodistillation

The extraction of essential oils was carried out by hydro
distillation using a hydro distillation apparatus type
Clevenger [25]. The operation, which lasts 3 h, consists in
introducing 100 g of dried plant material (Thyme and Lemon
grass) in a glass flask, then submerged the plants with a
quantity of distilled water (1L). Using a heating flask, the
mixture is brought to a boil. The water vapors carry away
the volatile essential oils, which are then condensed by a
cold condenser (cooling coil) that transforms them into
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liquid. The essential oil is lighter than water and floats to the
surface. It is recovered, measured and weighed to determine
the yield. The HET and HEC were dehydrated with sodium
sulfate (Na,SQ,) and kept in a refrigerator at 4°C and in the
dark until analysis and future use [26,27].

Determination of the different doses of essential oils

To obtain the different doses of HEC and HET, volumes of
0.23, 0.45 and 0.9 ml were taken with a pipette and then,
introduced respectively in 29.77, 29.55 and 29.1 ml of
nutrient media cooled to 45 °C in order to obtain Sabouraud
Agar media with respective concentrations of essential oils
of 0.75, 1.5 and 3 ml/ml. For the synthetic fungicide, a stock
solution was previously prepared by diluting 1 ml of Banko-
plus 650 SC (550 g/L chlorothalonil + 100 g/L
Carbendazim) in 200 ml of sterile distilled water. From this
stock solution, a volume of 0.2 mL was pipetted into 29.8
mL of Sabouraud Agar nutrient medium. These culture
media were poured into 90 mm Petri dishes. Agar discs of 6
mm diameter, bearing the mycelium of each isolate, were
individually placed in the Petri dishes in the center of the
different solidified culture media. The susceptibility of the
fungus was assessed by measuring the radial growth of the
mycelium every 24 h after two days of inoculation. The
experiment lasted 08 days and was repeated 3 times.

Radial growth

The average growth (D) of S. sclerotiorum mycelium is
determined by daily measurements of necrosis 48 h after
incubation using a graduated scale. Each diameter is
respectively measured on one of two lines forming a right
angle through the center of the seeded explant (Figure 2).
The percentages of inhibition (1%) of the different doses of
EO and of the positive control are calculated after 7 to 9
days of fungal growth.

d

Figure 2. Diagram indicating the method of measuring the radius growth of pathogens.

Mean radial growth and percent inhibition are calculated
using the following formulas: [28].

d, +d
D= 12 Z_do
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Where d,: Diameter of the explant; d, and d: Perpendicular
diameters of the pathogen; D: Mean radial diameter
Dt0 (mm) — Dxi (mm)

*

100
Dto (mm)

1(%) =

Where | (%): Percent inhibition; Dt0: Average diameter of
necrosis in the negative control; Dxi: Average diameter of
necrosis in the HE or positive control

Evaluation of fungicidal or fungistatic activities of
essential oils

After incubation, the treatments in which the growth of the
fungus was completely inhibited are counted and the
explants are transferred to a new culture medium without
EO. The extract is described as fungistatic if mycelial
growth restarted and as fungicidal if not [29,30].

Determination of minimum inhibitory concentrations

The values of the different inhibition percentages were used
to determine the minimum inhibitory concentrations from
the formula of [28]. From the linear regression equation
between the neperian logarithms of the concentrations on the
x-axis and the growth inhibition percentages on the y-axis,
the concentrations reducing growth by 50 and 90% are
determined [31].
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Correlations between concentration and inhibition

The correlation between concentration and percentage
inhibition was determined from the equation y = ax + b with
X = concentration, and y = percentage inhibition. In this
case, if a < 0, the slope is negative; if a > 0, then the slope is
positive; if r is between 0.8 and 1, then the correlation is
perfect and positive; if r is between -0.8 and -1 then the
correlation is perfect and negative; if r < 0.8 then the
correlation is positive but imperfect; if r > -0.8 then the
correlation is negative but imperfect [32].

Data analysis

Data used were subjected to one-way analysis of variance
(ANOVA) wusing SPSS 20.0 software. The multiple
comparisons of means were performed using the Last
significant difference (LSD) test at P < 0.05 to separate them
when the analysis of variance was significant. The graphs
were presented and the average grouping tables were
produced in the Excel 2013 spreadsheet.

RESULTS
Extraction yield of essential oils

The two extractions having been made by hydrodistillation,
yields of 1.5 + 0.25% and 0.5 + 0.1% were obtained with C.
citratus and T. vuglaris respectively (Table 1).

Table 1. Extraction yield (%) and characteristics of lemongrass and Thyme Eos.

Leaves Type of extraction Solvent Yield (%) Color
C. citratus Hydro distillation Water 15+0.25 Yellow-orange
T. vuglaris Hydro distillation Water 05+£0.1 Yellow-orange

Effect of essential oils on the growth of different strains
of S. sclerotiorum

Virulence of the strains used

The data in Table 2 show the growth rate of the three strains
of S. sclerotiorum used in this work regardless of the

extracts and concentrations used. It appears that the Njo 2
and Bia 1 strains are the most virulent during 8 days of
culture with respective radial growth diameters of 7.12 and
5.95 cm against 4.88 cm for the Bia 2 strain which thus
proves to be the least virulent during the 8 days of culture.

Table 2. Radial growth of S. sclerotiorum strains (cm), whatever the extracts and concentrations used.

Period; Strains Bia 1
Day 2 1.10a
Day 3 1.84b
Day 4 2.35b
Day 5 3.94b
Day 6 426 b
Day 7 5.41b
Day 8 5.95b

Bia 2 Njo 2
0.88 b 117 a
143c 212a
2.06 c 315a
297c 4.10 a
3.58¢c 551a
411c 6.23 a
4.88c 712a

*Values of the same line followed by different letters are significantly different for p < 0.05 (LSD test)
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Effects of lemongrass essential oils (HEC) on the growth
of different strains

The results on the effect of HEC on the radial growth of the
different strains of S. sclerotiorum tested show a
considerable inhibition of the said radial growth at the
different concentrations. A significant difference was
observed between these 3 concentrations (C1, C2 and C3)
which show different behaviors at the 5% threshold
according to the LSD test. However, the Njo 2 strain proved
to be more resistant to the different concentrations of HEC
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because, after 8 days of treatment, a high mycelial growth
was observed at concentrations C1= 0.75ml/ml and C2= 1.5
ml/ml, i.e.7.12 and 7.07 cm respectively; these results are
not significantly different from the one observed in the
control treatment (T-= Oml/ml) which showed a growth of
7.3 cm at the same time. On the other hand, the
concentration C3 =3ml/ml showed a considerable inhibition
(3.75 cm) which is statistically different from the previous
three (Figure 3). The results also show in general that the
strains of the Bia 1 and Bia 2 Center have almost the same
behavior towards HEC.

(2]
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Figure 3. Effects of HEC on different strains of S. sclerotirum at different concentrations: A- Bia 1, B- Bia 2, C-Njo 2.
*Values for the same day with different letters are significantly different at p < 0.05 (LSD test)

SciTech Central Inc.
BioMed Res J (BMRJ)

619



BioMed Res J, 7(3): 615-626

Effect of essential oils of thyme (HET) on the growth of
strains

The HET presented a very high antifungal property with, in
most cases, a percentage of inhibition of the order of 100%.
A total inhibition of the growth of Bia 1 and Bia 2 strains
and this at all concentrations (C1, C2 and C3) was observed.
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The Njo 2 strain showed a slight resistance to HET at
concentrations C1= 0.75 ml/ml and C2= 1.5 ml/ml, with
radial growths of 7.12 and 6.5 cm respectively after 8 days
of treatment. This strain, on the other hand, underwent a
total inhibition of its growth at the concentration C3=
3ml/ml (Figure 4).
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Figure 4. Effects of HET on different S. sclerotirum strains at different concentrations: A- Bia 1, B- Bia 2, C- Njo 2.
*Values of the same day with different letters are significantly different at p < 0.05 (LSD test)

The effect of HET evaluated on the Littoral strain (Njo 2),
showed a significant repression of the fungus development.
Compared to the control (0 ml/ml),
concentrations used (C1: 0.75 ml/ml; C2: 1.5 ml/ml and C3:

3 ml/ml) showed significant inhibition of mycelial growth of

the different

the S. sclerotirum strain at each observation period. The

inhibition here is proportional to the different
concentrations, as it increases with EO concentration
(Figure 5).
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Figure 5. Mycelial growth of the Njo 2 strain in the HET treatment, 4 days after seeding.

The results of the inhibition percentages obtained after 5
days of treatments show that the different essential oils
significantly inhibited the mycelial growth of the strains at
the different concentrations tested. A significant difference
on the efficacy of the different concentrations within the
same EO was observed for the three tested strains. As an
illustration, a significant difference was observed between
the percentages of inhibition obtained at the concentrations
C1, C2 and C3 tested on the Njo 2 strain with the EO; we

have respectively 9.82; 20.63 and 54.18 % (Table 3).
Moreover, between the two HE, the results obtained show
that HET are more effective than HEC. A significant
difference is observed between these two EO when
comparing the behavior of the same concentration on the
same strain. Taking as an example the Bia 1 strain, a
significant difference at the different concentrations (C1, C2
and C3) is observed: HEC (3.57; 14.55 and 16.29%) versus
HET (100; 100 and 100%) respectively (Table 3).

Table 3. Percentage inhibition of EH on mycelial growth 5 days after treatments.

Strains Concentrations

C1 (0.75 ml / ml)
C2 (1.5 ml/ ml)
C3 (3 ml/ml)
C1(0.75 ml / ml)
C2 (1.5 ml/ ml)
C3 (3 ml/ ml)
C1(0.75 ml / ml)
C2 (1.5 ml/ ml)

Bial

Bia 2

Njo 2

Percentage of inhibition (%)

HEC HET

3.57 +1.3aA1 100 + 0.0 aB2
14,55 2.2 bAl 100 + 0.0 aB2
16.29 + 1.6 bAl 100 + 0.0 aA2
7.03+0.7 aAB1 100 = 0.0 aB2
15.17 + 3.3 bAl 100 = 0.0 aB2
40.0 £2.1¢cB1 100 £+ 0.0 aA2
9.82+1.1aB1 35.49 £ 1.1 aA2
20.63+1.2bB1 52.38 + 1.4 abA2

*Values in the same row and column followed by different letters and numbers are significantly different for p < 0.05 (LSD
test)

The triplet (a, b and c¢) was used to compare in the same EO
and for the same strain, the behavior of the different
concentrations; the triplet (A, B, C) was used to compare in
the same EO and for the different strains, the behavior of the
same concentration and, the doublet (1, 2) was used to
compare between the different EO and for the same strain,
the behavior of the same concentration.

Fungicidal/fungistatic properties of extracts

For the fungicidal/fungistatic test conducted on the different
strains of S. sclerotiorum, only the concentrations of

essential oils that completely inhibited mycelial growth are
mentioned. The HECs, at all concentrations tested did not
totally inhibit mycelial growth; therefore, this test could not
be performed for these extracts. With the HETS, a fungistatic
activity was observed at concentration C1= 0.75 ml / ml in
the Bia 1 and Bia 2 strains, while concentrations C2= 1.5 ml
/ ml and C3= 3 ml / ml presented a fungicidal activity on
these same strains. Njo 2 strain had complete inhibition of
mycelial growth only at its C3 concentration for fungicidal
activity with HET (Table 4).
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Table 4. Fungicidal or fungistatic activity of different essential oils.

Strains Concentrations HET
C1 Fungistatic
Bial C2 Fungicidal
C3 Fungicidal
C1 Fungistatic
Bia 2 C2 Fungicidal
C3 Fungicidal
Njo 2 C3 Fungicidal

Correlation tests between concentrations and inhibition
percentages

The purpose of this test was to see if there is a linear
relationship between the increase in mycelial growth
inhibition of the pathogen and the different concentrations of
the essential oils. The regression equations obtained with

concentrations and inhibition percentages. All strains tested,
showed regression lines with positive slopes: y= 20.841x -
7.2933; y= 7.4058x + 72.747 and y= 23.594x + 13.173,
respectively for the strains Bia 1, Bia 2, and Njo 2 (Figure
6). For these three strains, the correlation coefficient values:
r=+0.93, r= +0.87, and r= +0.87 were obtained respectively
(Table 5).

HEC showed increasing linear relationships between
i >—o—¢ Bia 1 .

9 100 Bia 2
= 90 1 3 120 4
%J 80 A —
£ % 100 - R
= J
2 y =100 =
a 60 A RZ:#N/A § 80 | V:]-OO
E 50 8 22
g & 60 1 R% = #N/A
5 40 B
= 30 - £ 40 1
a E

20 4 = o 4
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.2 .4
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/ Njo 2
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6
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Figure 7. Regression lines on the growth of the different strains after HET treatments.
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Table 6. Correlation between percentage of inhibition and concentrations of essential oils on the strains tested with the HET.

Strains
Njo 2

Minimum inhibitory concentrations MICso and MICg 0n
some strains used

From the regression lines obtained after the correlation tests,
the concentrations inhibiting by 50% (MICsy) and 90%
(MICy) the growth of the different pathogen strains were
determined.

The lowest inhibitory concentrations were obtained with
HET, justifying their greater efficacy compared to HEC. The
MICs, obtained with HEC on all three strains tested ranged

Correlation coefficient ®
+0.97

Observation

Strongly correlated

from 4.76 ml/ml for the Njo 2 strain to 15.71.106 ml/ml for
the Bia 2 strain. The MICg vary from 20.05 m/ml in the Njo
2 strain to 3.47.109 ml/ml in the Bia 2 strain for the same
treatment. On the other hand, for the treatment of these same
three strains with HET, the MICsp and MICgo could only be
defined for the Njo 2 strain where they were respectively
1.73 ml/ml and 23.34 ml/ml. On the Bia 1 and Bia 2 strains,
growth inhibition was total and therefore it was not possible
to determine them. (Table 7).

Table 7. MICso and MICgy of mycelial growth of the different strains with the tested extracts (ml/ml).

) HEC HET

Strains
MICso MICg MICso MICgo

Bia 1 15,64 106,7 * *

Bia 2 15,71.106 3,47.10° * *

Njo 2 4,76 26,05 1,73 23,34
*Represents values that are not set to be zero statistically

DISCUSSION The fact of obtaining strains more resistant (Njo 2) to EO

The yields obtained after extraction of the essential oils of
the two investigated plants (1.5% for HEC and 0.5% for
HET) show that this parameter varies from one plant species
to another. The yield of HEC obtained in this study is higher
than those obtained by Francois et al. (2009) and which are
respectively 0.67 and 0.7% but, lower than those obtained on
the same plant species by Kanko [33], Konfo [34] and
Kpatinvoh [35] and which are around 4.31%. The difference
in yield of these two plants can be explained by the influence
of some extrinsic factors such as the geographical origin of
the raw material; the cultural conditions such as sowing date,
harvesting date, phytosanitary treatments, fertilizer use, and
harvesting techniques [36,37]. Concerning HET, the results
of the extraction yield agree with those obtained on the same
plant by Rachid [38] who obtained a yield of 0.65%.

Generally speaking, the results of this work show a
significantly positive effect of essential oils, especially HET,
in the various tests carried out on white rot of beans in the
laboratory. The different strains tested showed different
behaviors from each other. The Littoral strain (Njo 2) was
the most aggressive (most virulent) with a necrosis growth
of 7.2 cm at day 8. Such results were obtained by Ngoh
Dooh [39] and Nchare [40] in studies based on the
characterization of some fungal strains from the Central,
Southern and Littoral regions.

than others would be due to the non-specificity that these
different strains would present at the membrane level.
Indeed, antifungals can be contact (the antifungal acts at the
membrane of the fungus) or systemic: the antifungal acts
inside the cell [41]. In either case, specific membrane or
intracellular receptors may be essential for the expression of
the antifungal's biological activity [42].

HET and HEC significantly inhibited the growth of the
different fungal strains tested. However, inhibition
percentages of the order of 100% were obtained with HET at
all concentrations on the strains Bia 1 and Bia 2 and, at the
concentration C3= 3 ml/ml on the strain Njo 1. The work of
Kpatinvoh [35] showed the effectiveness of some essential
oils including those of C. citratus L. of C. nardus L. and
Eucalyptus saligna on the weathering mycoflora of Vignia
unguiculata L. in South-Benin. Similarly, Sirima [43]
showed the efficacy of C. schoenanthus EO with inhibitions
ranging from 26 to 100% at doses of 1%, 5%, 10%, 50% and
100% in vitro conditions.

These results obtained showing considerable inhibition of
mycelial growth (100%) at different concentrations of EO
are in line with those of Rachid [38] who, comparing in their
work the antifungal activity of three essential oils (T.
vulgaris, C. limonum and Mentha spicata), on the growth of
some dermatophytes had a significant effect with the
essential oils of T. vulgaris at concentrations greater than or
equal to 2% against equally significant effects but, at high
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concentrations of 4 and10% respectively for the essential
oils of M. spicata and C. limonum. According to [44], the
antifungal efficacy of EO is related to an active substance
called thymol.

The MICso and MICg of the different EO were determined
with the different strains tested. An important variability was
observed; the HET presenting the lowest values, which
justifies their effectiveness and consequently their fungicidal
potential. This variability could be explained by the fact that
phytopathogenic fungi do not react in the same way to
biopesticides. Such results were obtained by Carlton [45]
who showed that phytopathogenic fungi act differently in the
presence of biopesticides. These results highlighting the
higher efficacy of HET via low MIC (50 and 90) (1.73 and
23.34 ml/ml) compared to HEC: (4.76 and 26.05 ml/ml)
respectively, are in line with those obtained by Kpatinvoh
[35] who obtained high inhibition percentages on cowpea
spoilage mycoflora with MIC values between 0.05 and 1
pl/ml. In addition, Mboussi [46] also obtained similar results
on the radial growth of some fungi with low MIC 50, 90 and
95 of the aqueous extracts of Thevetia peruviana, i.e 2.9; 4.3
and 4.48 ml/ml.

The effectiveness of Banko-Plus 650 SC has been
demonstrated once again by completely inhibiting the
mycelial growth of the different strains of S. sclerotiorum
tested. This product is known to have a direct and toxic
action against some fungi in general and S. sclerotiorum in
particular through a persistence of its active principles,
namely Chlorothalonil and Carbendazim.

CONCLUSION

The objective of this work was to evaluate the antifungal
activity of essential oils of two aromatic plants against three
strains of S. sclerotiorum responsible for white rot of bean.
The different essential oils used showed significantly high
efficacy on the reduction of mycelial growth with a
particularly satisfactory behavior obtained with HET (100%
inhibition) at all concentrations. At different concentrations
and according to the two EO used, the Njo 2 strain proved to
be the most aggressive while the Bia 2 strain was more
sensitive to the different treatments. These different extracts
could be, depending on the efficiencies presented, exploited
as biodegradable antifungal substances able to control white
rot of beans.
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