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ABSTRACT

The cocoa tree (Theobroma cacao L.), also called "food of the gods", is a plant mainly cultivated for its
beans. However, the cultivation of this plant is confronted with many parasitic attacks among which, attack due
to Phytophthora megakarya which causes the most yield loss. The Control of this pathogen consisted in
involving the use of aqueous and ethanolic extracts of pepper and two strains of Phytophthora megakarya in
order to improve cocoa tolerance against the attack of this pathogen. These aqueous and ethanolic extracts
were prepared in the laboratory and incorporated into Potato Dextrose Agar and Small Pea Agar culture media
at concentrations (g / ml) of 10, 10, 10 and 10, each containing a strain of Phytophthora megakarya. The
results obtained revealed that all pepper treatments significantly inhibited the growth of Phytophthora
megakarya with a 100% inhibition rate in the aqueous extract regardless of the strain used and inhibition rates
of 89.33%. ; 63.35%; 54.39%; 42.86%; 100%; 70.22% and 57.54% for the ethanolic extract depending on the
concentrations applied. In vivo treatment of leaf discs and pods detached prior to infection with Phytophthora
megakarya resulted in significant inhibition, thereby reducing the incidence rate of disease severity. The values
of this incidence vary from 0.1 to 1.2 for a percentage ranging from 0.5% to 20% of the severity of the disease
depending on the nature of the extract of applied pepper. At concentrations (g / ml) 10, 10?2, 10" and 107, the
aqueous extract completely inhibited the growth of mycelium and the development of Phytophthora
megakarya spores while the ethanolic extract of pepper showed its inhibitory power at the concentration 10
g/ml. The use of crude aqueous extracts or even diluted of pepper can therefore be considered in the fight
against black pod desease in Cameroon.
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INTRODUCTION

Cocoa (Theobroma cacao L. is a
perennial tropical plant of the family
Malvaceae and native to the Amazon
rainforest (Pokou et al., 2019). It is mainly
grown in the tropics of West and Central
Africa, Southeast Asia, and Central and South
America. This diploid tropical fruit species
(2n = 2x = 20) is an economically important
agricultural product for millions of people
around the world (Anushka and Dunwell
2018; Morrissey et al., 2019). This plant is
grown by about 6 million farmers around the
world and the livelihood of more than 40
million people depends on cocoa (Anushka et
al.,, 2018). The majority of world cocoa
production (about 80% to 90%) comes from
smallholders whose main activity is the
production of the beans that are the source of
raw material for the chocolate and
confectionery industry (Squicciarini  and
Swinnen, 2016 ; Navarro et al., 2017).

In Cameroon, more than 80% of
cocoa is grown by smallholders (Duguma et
al., 2001). Cameroonian cocoa farming has a
great phenotypic and morphological diversity.
This crop is confronted with several problems,
among which is attacks of bio-aggressors
such as diseases and pests. Among the
diseases, the black pod desease due to
Phytophthora megakarya constitutes the
major constraint to this crop (Ndoumbé,
2001), this disease causes more than 50% of
losses in Central Africa , while in some cocoa
plantations in Cameroon, field losses is of the
order of 50-80% and can even reach 100% if
no control measures are taken.

To fight against this plague, producers
resort to chemical treatment by the use of
fungicidal molecules proposed by
phytosanitary firms. But the use of fungicides
remain constraining because of its expensive
prices and and the practical aspect of the work
which is very difficult for the farmer (Ahoudi
et al., 2018; Konate et al., 2018; Ouattara et
al.,, 2018). To this, must be added the
requirements of the quality of cocoa that must
be preserved and the protection of the
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environment which does not encourage the
unrestrained  application of  fungicides
(Bowers et al., 2001). The assessment of
cocoa resistance to Phytophthora sp from
organs other than pods significantly reduced
breeding time and increased the genetic
improvement of cacao. However, selected
clones or hybrids have tolerance only against
parasite rather than complete resistance. The
strategy used is the less restrictive integrated
pest management method, which is less costly
for peasants and respectful of the
environment. This strategy includes good
cultural practices, selection of Phytophthora
megakarya tolerant varieties, use of
antagonistic organisms and natural substances.
The evaluation of the activity of the aqueous
and ethanolic extracts of pepper against
Phytophthora megakarya the causal agent of
black pod desease is part of the search of
natural control methods against this disease.
The present work aimed at contribuing to the
improvement of cocoa tolerance against attack
of Phytophthora megakarya with the use of
aqueous and ethanolic extracts of pepper. The
results obtain will allow to evaluate the
effectiveness of the various pepper extracts on
the Phytophthora megakarya isolates through
in vitro and in vivo tests.

MATERIALS AND METHODS
Description of the study area

The study was conducted in the
phytopathology laboratory of the Agricultural
Research Institute for Development (IRAD),
located at Nkolbisson a district in Yaounde
found in the Mfoundi division in the Central
region of Cameroon.

Biological material

The plant material consisted of 4
months old leaves of eight hybrid genotypes
from a hybrid family of cocoa (UPA134 X
SNK13) and pods of clone SNK64 produced
by IRAD Nkolbisson where the work took
place as well as a variety of pepper (Capsicum
annuum) obtained at a market in Yaounde.
The fungal material consisted of two
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Phytophthora megakarya strains isolated on
mature pods naturally affected by black pod
obtained both from the Awae locality in the
Central Region and Mbanga locality in the
Littoral region respectively

Methodology
Isolation and characterization
Phytophthora megakarya
Isolation of Phytophthora megakarya
Strain isolation was done according to
the modified methodology of Rubini et al.
(2005). Infected pods were collected from two
agro-ecological zones with bimodal and
monomodal rainfall and brought to the
laboratory. The surfaces of the pods were
previously washed with tap water and
disinfected with 70% ethanol for 30 seconds
in order to eliminate the microorganisms
present on the cortex. The pods were then
rinsed three times with sterile distilled water
to remove any traces of disinfectant. The
sampling was done at the level of growth front
of the fungus. The superficial tissues were
stripped with a sterile scalpel. 7mm sided
pieces of cubic shape were removed under the
cortical tissues of each pod. Collected
fragments were cultured on agar medium
contained in petri dishes. The incubation was
done for 7 days for Oomycetes in the dark, in
a tray respecting growth conditions .

of

Purification of different strains

Purification was carried out by transfer
of colonies grown after 5 days in dishes
containing PDA (Potato Dextrose Agar) and
SPA (Small Pea Agar) culture media. The
recovery of each colony in a dish was carried
out three times successively. Incubation was
carried out at a temperature of 26 °C for 10
days. This method was repeated until pure
colonies were obtained.

Macroscopic and microscopic observation
and pathogenicity test

Macroscopic observations were made
after incubation 24 hours each day. After 14
days of incubation, the observation was made
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under a microscope using an identification
key.

The pathogenicity test was performed
to verify whether the strains obtained were
Phytohthora  megakarya  strains.  The
apparently healthy pods harvested early in the
morning were used for the pathogenicity test.
They were washed with distilled water and
disinfected with 70 ° alcohol for 3 minutes.
Then, a cookie cutter of 0.5 cm of diameter
was used to make a 1 cm deep hole in the
center of each pod. Then, a fungal disk
inoculum removed from a mycelial colony
from 10 days old of culture was introduced
into the opening made on the pods (Assiri et
al., 2017).

Test of the best growth substrate
Culture medium of SPA (Small Pea Agar)

This culture medium is selective for
the trapping and purification of Phytohthora
megakarya (Huguenin and Boccas, 1971). On
a scale, 70 g of pea were weighed and ground
with a mortar until a paw was obtained. Then,
a small amount of distilled water was added to
make it liquid. After filtration, 15 g of agar
and 250 mg of chloramphenicol were added to
the solution and the volume was made up to
1000 ml with distilled water. After
homogeneity, the medium was autoclaved at
115 ° C for 30 min.

Culture medium of PDA (Potato-Dextrose-
Agar)

It is used for transplanting and
collecting mushrooms. (Benhanou and Chet,
1996). During the preparation of the PDA
culture medium, 200 g of potatoes previously
washed and cut were weighed on a balance,
and boiled for 45 minutes with distilled water
on a hot plate. Then, the boiled potato solution
was collected and introduced into a graduated
Meyer Erlenmeyer. 15 g of agar and 20 g of
dextrose were added to the solution. The
volume was completed to 1000 ml with
distilled water. After homogeneity, the
medium was autoclaved at 115 ° C for 30 min.
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In vitro evaluation of the effectiveness of the
various pepper extracts on Phytophthora
megakarya isolates
Obtaining aqueous extracts (AQE) and
ethanolic extracts (ETHE) from pepper in
the laboratory

The extracts were prepared according
to the modified method of Nguessan et al.,
2007. The work was carried out with two
different extracts of pepper. The selected
pepper variety was sorted, washed and oven-
dried at 55 °C for 15 days (Koffi et al., 2014).
The dried fruits were crushed in an electric
mixer (3000 rev/min). The resulting mixture
was sieved (mesh about 1-2 mm in diameter).
The powder obtained was used to make the
extracts. Two solvents (sterile distilled water
and ethanol) were used. The aqueous extract
was obtained by dissolving 40 g of powder in
400 ml of boiling distilled water and boiling
for 15 minutes. The resulting homogenate was
filtered through Whatman paper N° 2. The
resulting filtrate was transferred to a vial and
evaporation was done at 50 °C. The filtrate
obtained constituted the total aqueous extract
(AQE).

Ethanolic extract (ETHE) was
obtained by dissolving 20 g of pepper powder
in 200 ml of a 70% ethanol solution and then
homogenized for 24 hours with the aid of a
magnetic stirrer. After filtration on Whatman
paper N° 2, the filtrate collected was
evaporated in an oven at 50 °C. The resulting
mixture constituted the ethanolic extract.
These two extracts were tested separately on
the growth of the different isolates.

Preparation of the different concentrations
of extracts
Dilutions made with the aqueous extract

The stock solution of aqueous pepper
extract was prepared from 40 g of pepper
powder in 400 ml of distilled water. The mass
concentration (C) of 0.1 g / ml was obtained.
Four different concentrations (CO, C1, C2,
C3) were obtained by dilution. The first
concentration was CO 01 g / ml,
representing the stock solution. The second
concentration (C1 = 0.01 gm / I), obtained
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from 5 ml of the first concentration (CO0)
which were introduced into a tube containing
45 ml of distilled water for a final volume of
50 ml. The third concentration (C2 =0.001 g /
ml), obtained from 5 ml of C1 which were
introduced into 45 ml of distilled water for a
final volume of 50 ml. The fourth
concentration (C3 = 0.0001 g / ml), obtained
from 5 ml of C2 which were introduced into
45 ml of distilled water for a final volume of
50 ml.
Dilutions made with the ethanolic extract
The stock solution of ethanolic extract
of pepper was prepared from 20 g of pepper
powder in 200 ml of a 70% ethanol solution.
The mass concentration (C) of 0.1 g / ml was
obtained. Four different concentrations (CO,
C1, C2, C3) were also obtained by dilution.
The first concentration was CO = 0.1 g / ml
representing the stock solution. The second
concentration (C1 = 0.01 g / ml), obtained
from 5 ml of the first concentration (CO),
which were introduced into a tube containing
45 ml of distilled water for a final volume of
50 ml. The third concentration (C2 = 0.001 g /
ml), obtained from 5 ml of C1, which were
introduced into 45 ml of distilled water for a
final volume of 50 ml. The fourth
concentration (C3 = 0.0001 g / ml), obtained
from 5 ml of C2, which were introduced into
45 ml of distilled water for a final volume of
50 ml. The tubes containing the solutions
were stored in aluminum foil to optimize the
potency of its active ingredient (capsaicin) in
the oven at 40 °C.

Preparation of chemical
positive control

Following the doses prescribed by the
manufacturer, 20 g of the fungicide powder
was diluted in 6.7 liters of distilled water at a
mass concentration of 2.9 g/ I.

fungicide or

Amendments of pepper extracts to culture
media and transplanting

Under a horizontal laminar flow hood,
various amendments were made to verify the
effectiveness in vitro culture of different
extracts. After having prepared the extracts at
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different concentrations, 5 ml of each
concentration of extract were introduced
respectively into the tubes containing 45 ml of
culture media (PDA, SPA). These culture
media were then poured into the Petri dishes
of 90 mm diameter and inoculated with the
randomly arranged isolates in a solidification
and subculture incubator according to the
Table 1. The diameter of the mycelium was
measured 48 hours after incubation using a
graduated ruler on each Petri dish. The level
of infection was evaluated by calculating the
area of necrosis according to the formula of
Blaha and Lotode (1976).

Mycelial growth is estimated every 24
hours by measuring the average of the most
dissimilar perpendicular diameters of each
colony. Three replicates were performed for
each concentration and for each isolate. The
percentage of inhibition (PI) relative to the
control is calculated according to the
following formula of Mboussi et al. (2016).

Fungicidal and fungistatic tests of different
extracts

The Petri dishes having the different
extracts showing no growth of the mycelium
after several weeks of incubation were
selected. The explants of these Petri dishes
were transferred into a new culture containing
only essentially the PDA medium for
observation.
In vivo evaluation of the effectiveness of
pepper extracts on Phytophthora megakarya
Leaf disc test
Leaf collections and record making

Leaves of healthy green hybrid
genotypes of approximately 4 months old
were collected at 6:30 am (Tahi et al., 2007).
The leaves of each plant were placed in each
plastic bag numbered 1 to 8 into which were
introduced a few drops of distilled water. In
the laboratory, the sheets placed in bags were
thoroughly washed with distilled water and
stored in the dark until the next morning
(Tahi, 2003). Very early of the next morning,
after cutting them using a Cork Borer, we
applied the treatments on each corresponding
leaf disc.
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Treatments of leaf discs

Four treatments (ETHE, AQE, positive
control and negative control) were performed
per bin for 8 hybrid genotypes and 10
replicates for each treatment (4 treatments x
10 repetitions x 8 genotypes) for a total of 320
leaf discs distributed in the 8 plastic tubs.
These leaf discs were sprayed with extracts
and chemical fungicide and kept moist. The
320 leaf discs were randomly arranged in up
to 10 abaxial discs (Nyasse et al., 1995) and
each bin contained a hybrid genotype for 4
treatments each having a row of 10 leaf discs
on the wet paper towels in each bins with
dimensions of 30 x 30 x 15 cm (length x
width x height) numbered from 1 to 8.
Preparation of the inoculum  of
Phytophthora megakarya

The preparation of the Phytophthora
megakarya inoculum was made with 20-day-
old isolates. To determine the number of
spores produced by the strain used, a spore
suspension was prepared by adding 5 ml of
distilled water to the Petri dishes containing
the isolates on PDA medium at 26 °C. Once
the distilled water was added to the Petri dish,
a Pastor pipette was used to scrape the surface
to collect the resulting solution and to contain
it in a beaker. The solution was then
transferred to a refrigerator (4 °C) for 30
minutes and then in a dark place for one hour.
This operation was performed to cause a
thermal shock favorable to the release of
zoospores of sporocysts. The Malassez cell
was used to count the number of zoospores
produced and released. @ The final
concentration of zoospores in the inoculum
was adjusted to 5.5 x 10° zoospores per ml at
the objective x 10 (Nyasse et al., 1995).

Infection of leaf discs

The surface of the abbey leaf, through
which  natural infections occur more
frequently was infected by depositing in its
middle, using a micropipette, 10 microliters of
zoospore suspension. The disks of each plant,
placed in rows, were infected transversely to
the rows so as to successively infect one disc
per row (Nyasse et al, 1995) and to



C. SIMO et al. / Int. J. Biol. Chem. Sci. 13(4): 1938-1959, 2019

randomize any effect of the zoospore batch on
the different hybrid genotypes. The trays
containing the infected leaf discs were sealed
with a pane to maintain darkness in the
interior and 100% relative humidity. Covered
batches were placed in the laboratory in a
dark, sterile room for a healthy disk
incubation for 14 days, avoiding direct
sunlight at a controlled temperature of
approximately 26-28 °C using a air
conditioner (Nyasse et al., 2002, tahi et al.,
2007). The development of leaf symptoms
was monitored over a two-week period and
the disease severity index (SI) was calculated
according to the following formula: (El
Kaissoumi et al., 2016).

Znb
(N-1)x T

x 100

Sl =

n = number of leaves for each degree of the
scale;

b = degree of the arbitrary scale representing
the severity;

N = number of dearees used in the scale;

The infection coefficient (IC) of the disease is
determined according to the following
equation (El Kaissoumi, 2016): IC = Severity
x Incidence.

Test on cocoa pods detached
Sample collection and processing of pods
Healthy pods with clone SNK64 at
physiological stage young pod, were collected
in the field very early in the morning in
disease-free areas, then taken to the laboratory
where they were washed and placed in the
plastic bins. The pods were divided into eight
plastic tubs previously containing paper towel
impregnated with distilled water to keep the
moisture inside the bins and allow the
development of Phytophthora megakarya.
Four labeled pods were placed per tray and 3
replicates for each treatment. The three
treatments (ethanolic extract, aqueous extract,
chemical fungicide) were applied to 3 pods
per tray and the fourth pod was used as a
negative control. These bins were covered and
left for 24 hours for the treatments to have
their effect.
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Preparation of the inoculum and infection of
the pods

To determine the number of zoospores
produced by the retained strain, a solution
with zoospores of Oomycetes was prepared by
removing the white powder containing the
sporocyst with a spatula and introduced into a
beaker containing 10 ml of distilled water.
The solution was then transferred to a
refrigerator (4 °C) for 30 minutes and then in
a dark place for one hour. This operation was
performed to cause a thermal shock favorable
to the release of zoospores of sporocysts.
Malassez's cell was used to count the number
of zoospores released. The final concentration
of zoospores in the inoculum was adjusted to
5.5 x 10° zoospores / ml.

The next morning, 20ul of suspension
of zoospore solution were removed using a
micropipette and deposited in the notches of
each pod of 8 plastic tubs. These cuts were
then covered with cotton soaked in distilled
water. The bins were then maintained under
relative humidity conditions for 14 days to
promote and observe the development of
Phytophthora megakarya from the Nyasse et
al. 1995 scale.
In vivo experimental device

A complete randomized device was
used. From 8 bins of pods, each contains 4
pods of clone SNK64 and from 8 bins of leaf
dics, each contains 80 leaf discs for each of
the 8 hybrid genotypes according to Table 2.
Applications of water, aqueous extract,
ethanolic extract, and chemical fungicide were
sprayed on the eve of infection on each organ
contained in the bins (one organ treatment
with 03 replicates on the pods and 10
replicates on the leaves).

Statistical analyzes

The data obtained from the various
tests of this study were compiled in the
Microsoft Excel spreadsheet and analyzed
using the XLSTAT 2014 software. The data
underwent a general linear regression model
with one and two-factor analysis of variance
(ANOVA) followed by the Student Newman-
Keuls (SNK) multiple comparison tests at the
5% threshold.
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Table 1: In vitro experimental setup.

Codes Treatments Concentrations Repetitions x culture
(g/ml) media (SPA, PDA)
AQE Aqueous extract 10" 03x02
10 03x02
10° 03x02
10 03x02
ETHE Ethanolic extract 10" 03x02
10” 03x02
10° 03x02
10" 03x02
C+ (Positive control) Chemical fungicide 2.7 03x02
C- (Negative control) Distilled water 0 03x02
Table 2: Experimental device in vivo.
Codes Treatments Organs Concentrations
AQE Agueous extract -04x03 (pods) 0.1g/ml
-10x8 (leaf discs)
ETHE Ethanolic extract -04x03 (pods) 0.1g/mi
-10x8 (leaf discs)
C- (Negative control)  Distilled water -04x03 (pods) -
-10x8 (leaf discs)
C+ (Positive control)  Chemical fungicide -04x03 (pods) 2.9g/1

-10x8 (leaf discs)

RESULTS
In vitro evaluation of the effectiveness of the
various pepper extracts on Phytophthora
megakarya isolates
Evaluation of the effectiveness with aqueous
extract

The results of Figure 1 showed the
effect of the aqueous pepper extract on the in
vitro growth of Phytophthora megakarya.
These results (1a and 1d) show a complete
inhibition of the growth of the mycelium in
the presence of the aqueous extract and
consequently, a total absence of the growth of
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the mycelium under in vitro conditions (0%)
in the presence of the aqueous extract when
the control at Day 8 is 100% of the
development of the necrotic surface. These
results (Figure 1) reveal an important
difference between the necrotic surfaces
observed in the different treatments and
controls. Results (1c and 1f) also showed a
complete inhibition of Oomycete in the
presence of the chemical fungicide (0%) used
as a positive control. By comparing the results
(1a and 1d) with the others (1b and 1e) which
represent the negative control, and where the
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growth was normally carried out until the 7th
day, the aqueous extract of the pepper has an
inhibiting power on the growth of
Phytophthora megakarya under in vitro
conditions.

The results in Figure 2 showed the
daily evolution of the necrotic surface of the
Center strain under in vitro conditions in the
presence of the aqueous extract at the different
dilutions (0.1 g/ ml, 0.01 g / ml, 0.001 g / ml
and 0.0001 g / ml) of the aqueous pepper
extract. No growth of the mycelium was
observed in the presence of the aqueous
extract  irrespective  of the dilution
(concentration) of the aqueous extract of the
pepper used. The same results were also
observed in the presence of the positive
control (d +) which is the chemical fungicide.
The percentage of inhibition is therefore
100% irrespective of the dilution of aqueous
extract. The only growth that occurred during
this step was in the negative control (DO),
where growth was complete after 7 days of
incubation.

The results of the study of the Littoral
strain (Figure 3) also showed the absence of
mycelium growth at different dilutions (0.1 g/
ml, 0.01 g / ml, 0.001 g / ml and 0.0001 g /
ml) of the aqueous pepper extract as well as to
the positive control. However, at the level of
the negative control having media containing
no extract, the growth was complete after 7
days of incubation.

Evaluation of the efficiency with ethanolic
extract in petri dish

Results 4a, 4b and 4c of Figure 4
represent Central strain whereas results 4d, 4e
and 4f represent Littoral strain. A few days
after incubation, dishes (4c) and (4f) showed a
production of spores on the whole surface of
the petri dish. On the other hand, the dishes
having the ethanolic extract (4b and 4e)
slightly produced spores in relation to the
concentrations of the ethanolic extract.
However, the disches (4a) and (4d) containing
the chemical fungicide (positive control) did
not have any growth of the mycelium.
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The graphs in Figure 5 and Figure 6
showed the effect of ethanolic pepper extract
on the Central and Littoral strains of
Phytophthora megakarya as a function of the
necrotic surface (cm?). For the dilutions di,
d2, d3 and d4 representing the concentrations
of the ethanolic extract. The growth of the
fungus depends on the concentration of the
extract. The higher the concentration (d1 = 0.1
g / ml), the smaller the necrotic surface.
However, at the dO dilution (negative control),
the growth of the mycelium is maximum
(13.35  cm?). Whereas at different
concentrations of ethanolic extract, the growth
of the mycelium is maximum when it reaches
6.5 cm? (Center) and 5.8 cm? (Littoral) which
corresponds to a difference of 48.15% for
Central strain and 43.44% for Littoral strain.
These results reflect the inhibitory effect of
the ethanolic extract on the growth of
Phytophthora megakarya (Figures 5 and 6).

Results of Figure 6 also show the
effect of ethanolic extract on the growth of
Littoral strain. The results observed showed
that there is no growth of the mycelium at the
dilutions d1 and d2 (0 cm?). At dilutions d3
and d4, a slight growth of the mycelium is
observed. This slight growth is estimated as a
function of the growth of the mycelium in the
negative control. Between dO and d3, the
percentage of difference is 71.85%, while
between dO and d4 the difference is 53.03%.
These percentages show a big difference
between the negative control and the dilutions
which allowed a slight growth of Oomycete.

Inhibitory effect of pepper extracts in in
vitro culture

The results in Table 3 showed that (all
two) both strains (Center and Littoral) of
Phytophthora megakarya are sensitive to
certain concentrations of ethanolic extracts
and to all concentrations of aqueous extracts.
Concentrations C1 and C2 inhibited (100%)
the growth of the P. megakarya strain of the
Center. The C1, C2, C3 and C4 concentrations
of the ethanolic extract showed important
differences for the two strains (Center and
Littoral).
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The variance analysis of the data
showed a significant effect of the different
dilutions of ethanolic extract applied in vitro
on Central and Littoral Strains of
Phytophthora megakarya (P <0.05). The
results also showed significant differences in
the ethanolic extract depending on the
different dilutions in both P. megakarya
strains (Figures 7a and 7b). In general, the
aqueous extract treatments for all dilutions
and ethanolic extract for 0.1 g / ml and 0.01 g
/ ml dilutions significantly (P <0.05) reduced
Oomycete growth compared to negative
control.

Minimum inhibitory concentration at 50
and 90

The results obtained show that the
minimum inhibitory concentration (MIC) of
the ethanolic extract varies according to the
strains (Center and Littoral) whatever the
level considered. At MIC 50, the MIC of the
ethanolic extract is 0.0108 g / ml for the
Littoral strain and 0.035 g / ml for the Central
strain. At MIC 90, the MIC of the ethanol
extract is 0.137 g / ml for the Littoral strain
and 0.52 g / ml for the Central strain (Figure
8).
In vivo evaluation of the effectiveness of
pepper extracts on Phytophthora megakarya
Leaf disc test

After treatment and infection of the
leaf discs with a zoospore suspension at 5.5 x
10 5 per ml, the data were taken after 48 hours
of incubation for 14 days (Figure 9).
Leaf discs that received no pre-infection
treatment showed significant signs of necrosis
at a very high percentage (95%). On the other
hand, the discs which have received the
application of the agqueous extract treatment
(5%) and the chemical fungicide (0%) showed
almost no sign of necrosis. However, the
ethanolic treatment applied on the leaf discs
allowed a slight development of the necrosis
(25%) on one hand and on the other hand, the
cell damaged of the leaves.

The shape of the different curves of the
Oomycete attack index (Figure 10) is a
function of the treatment applied to the leaf
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discs as a function of the period. The
parameters were taken after 48 h of incubation
for 14 days.

Treatment from the aqueous extract
from day 2 to day 6 showed no development
of necrosis. However, on the 8th day, the
development was very weak (5%). A
significant difference between the aqueous
extract treatment and the negative control was
observed during the 14 days (P <0.05). The
treatment of leaf discs from the ethanolic
extract showed signs of necrosis development.
From the 8th day of taking parameters, a
slight increase in the severity index was noted
until the 14th day, representing 25% of the
attack as a whole was observed. Chemical
fungicide treatment did not develop foliar leaf
necrosis (0%). On the other hand, the leaf
discs having received no treatment application
had a significant attack index of 5 after 14
days (100%) thus showing a total recovery of
the leaf by the necrosis. These results also
showed that the aqueous extract was very
effective given the almost total absence of
growth of Phytophthora megakarya on hybrid
genotypes. In fact, the average attack index
for all bins was 0.05 versus 2.7 for the average
of the negative control. Treatment with
ethanolic extract, however, showed a slight
inhibition on the growth of the fungus, but
still less important than the result obtained
with the treatment of the negative control
(Figure 10).

Test on pods detached in the laboratory
The mature pods were pretreated
according to the treatment and each of them
was infected with the Phytophthora
megakarya strain and after 48h, the
parameters were taken. Three days after
infection of the pods, points of infection were
observed (Figure 1l1a) on untreated pods.
While in the same bin, pods pretreated with
ethanolic extract 4 days after infection showed
signs of black pod desease but no spore
development on the pods surface (Figure 11b).
On the other hand, on the same date, the pods
pretreated with aqueous extract did not
develop any sign of infection. (Figure 11b).
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Observations made on the 7th day after
infection for untreated pods and those that
received the application of the ethanolic
extract, developed slightly greater signs of
necrosis on the surface of these pods (Figure
11b). The pods on the 14th day had an even
more important aspect. Untreated pods were
invaded by symptoms of black pod desease
followed by spore formation on the pods
surface. (Figure 11c).

The application of extracts treatments
on the pods allowed to notice the antifungal
power of these extracts. Table 4 illustrates the
effectiveness of all treatments on pods from
the averages reported. This table shows a
significant difference between treatments
(aqueous extract and ethanol extract) and
controls  (distilled water and chemical
fungicide). The treatment with the aqueous
extract is not significantly different from that
of the chemical fungicide (P<0.05).

The pods on which the aqueous extract
was applied from day 2 to day 8 showed no
evidence of necrosis development. However,
from the 10th day, a slight development of the
necrosis representing 5% of the attack

appeared. Treatment with ethanolic extract
also showed a significant difference from the
control (Figure 12). At day 14, the necrosis
attack index is 1.2 on pods pretreated with
ethanolic extract when it reaches 5.2 on pods
treated with distilled water.

The application of the aqueous pepper
extract to the pods had a significant effect as a
function of days (P<0.05). From day 2 to day
14, no evidence of necrosis development was
observed on the surface of infected pods. The
treatment of the pods with the ethanolic
extract also showed a significant difference
compared to the negative control at the 5%
threshold. From day 2 to day 14, there was a
slight sign of necrosis ranging from 0.05 to
1.3. The average attack index estimated for
the ethanolic extract was 0.196. The
application of the ethanolic extract did not
allow the formation of spores on the surface
of the pods, but rather a brown patch that
developed on the pod. Untreated pods showed
significant signs of necrosis from day 2 to day
14. The estimated average for control pods
was 2.304.

Figure 1: Petri dishes after 7 days: (a) and (d) petri dishes containing positive control; (b) and (e)
negative control petri dishes; (c) and (f) Petri dishes containing aqueous extract.

1947



C. SIMO et al. / Int. J. Biol. Chem. Sci. 13(4): 1938-1959, 2019

16

14 +

10 -+

Necrotic surface (Cm?)

D1 D2 D3 Da DO D+

Treatments (g/ml)

= Dayl = Day Dayd  =——Dayd  ====Day5 ===Dayb Day?

Figure 2: Radial growth of Phytophthora megakarya, Central strain in the presence of treatment
doses with aqueous extract of pepper and controls (C- and C+).
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Figure 3: Radial growth of Phytophthora megakarya, Littoral strain in the presence of aqueous
extract treatment doses and controls (C- and C+).
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Figure 4: Petri dishes after 7 days of culture in the presence of ethanolic extract of pepper: (a) and
(d) petri dishes containing positive control; (b) and (e) petri dishes containing ethanolic extract; (c)
and (f) Petri dishes containing negative control.
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Figure 5: Daily radial growth of Phytophthora megakarya from the Central strain in the presence of
ethanolic extract. Values of the same parameter with different letters are significantly different at P
<0.05.

1949



C. SIMO et al. / Int. J. Biol. Chem. Sci. 13(4): 1938-1959, 2019

16
E 1a ]
S
8
g 12 +
g 10 + def
o
g s 41 def
2 b

6 + bed bcd a < =

a a a
a + a a
a
> 4+
o + t + t + t
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Doses of ethanolic extract

I m Dose-D1 @ Dose-D2 mDose-D3 mDose-D4 m@mDose-DO mDose-D+ I

Figure 6: Daily radial growth of Phytophthora megakarya from Littoral strain in the presence of
ethanolic extract. The values of the same parameter with different letters are significantly different
at P <0.05.

Table 3: Percentage inhibition at different concentrations.

Central strain Littoral strain
Concentrations (g/ml) ETHE AQE ETHE AQE
C;(0.2) 100 100 89.33 100
C,(0.01) 100 100 63.35 100
C5(0.001) 70.22 100 54.39 100
C,(0.0001) 57.54 100 42.86 100
Control 0 0 0 0
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Figure 8: Ethanolic extract inhibitory concentrations.

Figure 9: Infected leaf discs: (a) one day after infection; (b) 14 days after infection.
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Figure 10: Average growth of leaf disc necrosis for four treatments: (AQE) Aqueous extract
treatment; (ETHE) Ethanolic extract treatment; (CF) chemical fungicide or positive control

treatment; (NC) negative control.

Figure 11: Containers containing infected pods: (a) 3 days after infection; (b) 7 days after infection;

(c) 14 days after infection.

Table 4: Phytophthora megakarya pod attack index according to treatments.

Modalities Estimated averages
AQE 0.036a
CF 0.196a
ETHE 1.750b
Control 2.304c

The values of the same parameter with different letters are significantly different at P <0.05 according to the Student

Newman-Keuls test.
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Figure 12: Average growth of pod fecrosis for four treatments: (AQE) aqueous extract treatment;
(ETHE) Ethanolic extract treatment; (CF) chemical fungicide or positive control treatment; (NC)

negative control.

DISCUSSION

In order to make a contribution to
reduce problems caused by Phytophthora
megakarya, pathogen of black pod desease on
cacao (T. cacao), the preparation and use of
two extracts of pepper (Capsicum annuum)
have been performed under in vitro and in
vivo conditions to evaluate their antifungal
effect on the causative agent of black pod
desease.

Evaluation of the antifungal activity of
different doses of pepper extracts on
Phytophthora megakarya isolates in vitro

The evaluation of the antifungal
activity of pepper extract doses on
Phytophthora megakarya isolates revealed the
best applied concentration and the best pepper
extract against Phytophthora megakarya after
7 days under in vitro conditions.

1953

Growth of the two strains of Phytophthora
megakarya on SPA and PDA media

The first observation made is the radial
growth of Phytophthora megakarya on PDA
medium compared to SPA medium. The two
isolates (Center and Littoral) of Phytophthora
megakarya grow, but denser and faster on
PDA medium. At day 8, the growth of
Oomycete was 55.8% for both strains on SPA
medium when it reached 97% on PDA
medium. These results showed that PDA
medium is the best culture medium for
Phytophthora megakarya. These results are
due to the presence of nutrients that would
allow very good growth for Oomycete isolates
in the PDA culture medium. This PDA
medium is also rich in energy element in
relation to the presence of the carbon source
(dextrose) that would promote the rapid
growth of this pathogen. These results
corroborate the work of Kra et al. (2009) who
showed under in vitro culture that PDA
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medium was the best medium for the growth
of Fusarium spp. However, Coulibaly et al.
(2013) in their work on the morphological and
molecular characterization of Phytophthora
spp isolates from cocoa orchards in Cote
d’Ivoire found that the suitable medium for
the growth of Phytophthora spp was the SPA
medium after testing several isolates. The
results obtained are also different from those
obtained by Mpika et al. (2009) who showed
that the best medium for the growth of
Phytophthora spp was the SPA medium
during their work on the inhibition of
Phytophthora palmivora, a black pod desease
agent of cocoa in Coéte d’Ivoire by the
antagonist agent Trichoderma sp under in
vitro culture.

Test of the antifungal activity of C. annuum
extracts

The antifungal activity test with
pepper extract was carried out on two isolates
(Center and Littoral). Four different
concentrations (g / ml) (C1 = 0.1, C2 = 0.01,
C3 =0.001, C4 =0.0001) were used for each

of the two extracts. Statistical analysis
revealed that the effect of medium
concentrations in  pepper extract was

significant at the 5% threshold; these results
are similar to those of Fondio et al. (2015)
who studied the agronomic and health
behavior of new pepper lines (Capsicum sp) in
southern Cote d’Ivoire. Their work has
highlighted the fungicidal and antibacterial
potency of pepper against pests. These results
are also similar to those obtained by Fening et
al. (2014) who evaluated the effectiveness of
pepper in controlling diseases of Brassica
oleraceae L., and Phaseolus vulgaris L. in
two agro-ecological zones in Ghana. Their
work has shown that the aqueous pepper
extract used under in vitro culture
significantly reduces the action of pests
attacking natural enemies on the seedlings
used.

In addition, the ethanolic extract of
pepper under in vitro and in vivo cultures has
a weak action on Phytophthora megakarya
compared to aqueous extract which acts
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considerably to all the concentrations used.
However, the work of Koffi et al. (2014) on
the activity of the extracts of six varieties of
peppers (Capsicum) used in Cote d’Ivoire
have shown that the use of ethanolic extract of
Capsicum have a higher antifungal activity
than the aqueous extracts. The absence of the
development of the mycelium in the Petri
dishes containing the extracts is due to the
fungicidal power that the pepper possesses
through its active ingredient which is
Capsaicin. The work of Kouassi (2012) has
shown that Capsicum annuum and Capsicum
frutescens  varieties  contain  alkaloids,
flavonoids, tannins, steroids and polyphenols
with antimicrobial properties.

Evaluation of inhibition percentages and
MIC

Based on inhibition percentages of
pepper extracts (ethanolic and aqueous) on the
growth of Phytophthora megakarya, it was
observed that the aqueous extract significantly
reduced mycelium growth compared to the
negative control for all concentrations of
aqueous extract (100%). However, with the
ethanolic extract, variations in inhibition
percentages are observed considering the
concentrations and the source of the isolate.
The Littoral strain showed at concentrations
0.1 g/ ml; 0.01 g/ ml; 0.001 g/ ml and
0.0001 g / ml, the percentages of inhibitions
respectively  89.33%; 63.35%; 54.39%;
42.86%. On the other hand, the Central strain
showed complete inhibition (100%) at the
first two concentrations (0.1 g / ml and 0.01 g
/ ml) and respective percentages of inhibition
of 70.22% and 57.54% at concentrations
0.001 g / ml and 0.0001 g / ml. These results
show that the higher the concentration of
ethanolic extract, the greater the inhibitory
effect. However, the percentages of inhibition
obtained with the ethanolic extract is not
greater than the percentages of inhibition
obtained with the aqueous extract whatever
concentration used. These results are different
from those obtained by Traoré et al. (2012)
who showed that ethanolic extracts of the
same plant species are more active than the
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aqueous extracts when the concentration is
important during their work on the search for
antifungal and antibacterial activities of
Annoma senegalen leaves. Moreover, these
results are similar to those obtained by
Zouaoui et al. (2018) who worked on the
contribution to the study of the antifungal
power of the seeds of Chenopodium quinoa
Wild against two phytopathogenic fungi
Pyrenophora tritici-repentis and
Rhynchosporium secalis. These authors,
during their work, showed that the antifungal
effect of plant extracts would be related to the
previously used concentrations.

Evaluation of the effect of pepper extracts
on leaf discs

The antifungal activity of pepper
extracts (aqueous and ethanolic) was tested by
evaluating the development of necrosis caused
by strains of Phytophthora megakarya on leaf
discs in the laboratory. Growth of
Phytophthora megakarya occurred on control
leaf discs. The Phytophthora megakarya
isolates tested can be considered as
pathogenic on Theobroma cacao plants
(Minyaka et al., 2017). The isolates were able
to penetrate the leaf cells and colonize them
by inducing symptoms specific to
Phytophthora megakarya. These results are in
agreement with those of Djocgoue et al.
(2010), Efombagn et al. (2011) and Ondobo
et al. (2014) who studied the development of
necrosis on pods and leaves of this same plant.
The evolution of Phytophthora megakarya
necrosis on leaf discs of hybrid families
showed a progressive increase in the severity
of the disease and foliar alterations in the
untreated control as a function of time (95%
infected). The evaluation of the necrosis
showed a disease attack index of less than 0.2
in the presence of aqueous extract and less
than 1.2 in the presence of ethanolic extract.
These low average foliar sensitivity values of
Phytophthora megakarya compared to the
control reflect the inhibitory action of pepper
extracts. These extracts significantly reduce
the size and frequency of necrotic lesions due
to Oomycete. These studies are similar to
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those obtained by Bowers et al. (2001) and
Mpika et al. (2009), who showed that the use
of antagonists such as Trichoderma sp reduces
the development of the disease caused by the
pathogen. The use of pepper would stimulate
the defense mechanism of the plant and
therefore enhance resistance to penetration
and spread of the pathogen. Similar results
were obtained through the work of Bigirimana
et al. (1997), Howell et al. (2000), Sid Ahmed
et al. (2000) and Harman et al. (2004)
respectively in pre-infected bean, cotton,
pepper and maize of T. virens and T.
harzianum and attacked by Phytophthora sp.
In addition, 40% of leaf disks treated with
ethanolic extract had the wall of their cells
destroyed. These results would be due to the
effect of alcohol that would have been used in
large quantities on the leaves.

Evaluation of the effect of pepper extracts
on pods

The antifungal activity of aqueous and
ethanolic pepper extract was observed on
pods. The results revealed heterogeneity on
the attack index of the action of each
treatment (aqueous extract, ethanolic extract,
distilled water, chemical fungicide). This
difference is due to the ability of each extract
to produce the active ingredient responsible
for the antifungal properties of pepper as
confirmed by the work of Koffi et al. (2014)
who worked on the in vitro evaluation of the
antifungal activity of three extracts of pepper
(Capsicum) used in Coéte d’Ivoire (agqueous
extract, 70% ethanolic and acetal) on the
growth of Penicillium sp. Fusarium sp.,
Alternaria sp., Aspergillus flavus and
Aspergillus niger. Treatment with the aqueous
extract significantly reduced (P<0.05) the
attack of Phytophthora megakarya (5%
attack) on pods compared to negative control
pods. This reduction is due to the direct
contact between the aqueous pepper extract
and Oomycete. Capsaicin of pepper, would
certainly act by interaction on several cellular
processes of Oomycete, such as respiration,
permeability, and cell division and would
therefore cause a fatal effect to the
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germination of spores (sporocyst and
zoospores) which are at the origin of
epidemics. These observations help to
understand the effect of the extracts used to
reduce black pod desease due to Phytophthora
megakarya as confirmed by Pohe et al., 2012
who worked on the action of cupric salts and
the periodicity of their application on the
black pod desease in Cote d’Ivoire.

Conclusion

The objective of this work was to
evaluate the antifungal activity of two pepper
(Capsicum annuum) extracts (aqueous and
ethanolic) in Theobroma cacao against the
pathogen Phytophthora megakarya. From the
results obtained, the leaf disc tests showed an
attack index greater than 5 for the negative
control, when it reached 1.2 for the ethanolic
treatment and 0.1 for the aqueous extract.
These results showed that the aqueous and
ethanolic pepper extracts have antifungal
power on foliar discs of Theobroma cacao
infected with Phytophthora megakarya. On
pods, Phytophthora megakarya has also
proved to be sensitive to the application of
pepper extracts. This test showed a significant
difference between the ethanolic and aqueous
extracts of pepper and the negative control.
The Averages of attack observed for each
treatment were 2.304 (negative control), 0.196
(aqueous extract), 1.750 (ethanolic extract)
and 0.036 (chemical fungicide). The aqueous
pepper extract could therefore be used as a
biofungicide against Phytophthora
megakarya, the causal agent of black pod
desease in Cameroon.

COMPETING INTERESTS

The authors have the honor to inform
the editorial team that there is no conflict of
interest in this work.

AUTHORS’ CONTRIBUTIONS

CS and AVTI designed the study;
RNA, VL and SAN-N collected samples;
LCNT performed experiment, analysed result
and wrote the first draft of manuscript; PFD

1956

critically review the first draft. All authors
read and made input to the final draft.

ACKNOWLEDGMENTS

The authors would like to thank the
General Director of the |Institute of
Agricultural Research for Development

(IRAD) of Nkolbisson for allowing this
research work to be done in the
phytopathology laboratory.

REFERENCES

Ahoudi H, Gnandi K, Tanouayi G, OURO-
SAMA K, Yorke J, Creppy EE, Moesch
C. 2018. Assessment of pesticides
residues contents in the vegetables
cultivated in urban area of Lome
(southern Togo) and their risks on public
health and the environment, Togo. Int. J.
Biol. Chem. Sci., 12(5): 2172-2185. DOI:
https://dx.doi.org/10.4314/ijbcs.v12i5.19

Anushka MW, Dunwell JM. 2018. Cacao
biotechnology: current status and future
prospects. Plant Biot. J., 16:4-17. DOI:
10.1111/pbi.12848

Assiri KP, Koutoua S, Assi ST. 2017.
Champignons responsables de
pourritures de 1’igname Dioscorea

cayenensis-rotundata variété kponan en
post-récolte. J. Appl. Biosc., 111: 10957-
10968. DOl :
http://dx.doi.org/104314/jab.v111i1.12

Benhamou N, Chet I. 1996. Parasitism of
sclerotia of Sclerotium rolfsii by
Trichoderma harzianum: ultrastructural
and cytochemical aspects of the
interaction. Phytopathol., 86: 405-416.
DOI: 10.1094/Phyto-86-405

Bigirimana J, De Meyer G, Poppe J, Elad Y,
Hofte M, 1997. Induction of systemic
resistance on bean (Phaseolus vulgaris)
by Trichoderma harzianum. Med. Fac.
Landbouww. Univ. Gent, 62: 1001-1007.

Blaha G, Lotode R. 1976. Un caractere
primordial de sélection du cacaoyer au
Cameroun: la résistance a la pourriture
brune des cabosses. Café Cacao Thé,
20(2) : 97-116.



C. SIMO et al. / Int. J. Biol. Chem. Sci. 13(4): 1938-1959, 2019

Bowers JH, Sanogo S, Tondje PR, Hebbar
PK, Lumsden RD. 2001. Developing
strategies for biological control of black
pod, monilia pod rot, and witches’broom

on cacao. In : Proceedings of the 1st
West and Central Africa training
workshop on biocontrol of plant

diseases, with special reference to cacao
black pod diseases. 25-29 June, 2001.
Douala (Cameroon). pp. 10-16.

Coulibaly K, Kebe 1B, Koffi NK, Mpika J,
Kone D. 2013. Caractérisation des isolats
de Phytophthora spp du verger
cacaoyers de Cote d’Ivoire. J. Appl.
Biosci.,,  70:  5567-5579. DOl :
http://dx.doi.org/10.4314/jab.v70i1.9875
7

Djocgoue PF, Simo C, Mboubda HD,
Boudjeko T, Nankeu DJ, Omokolo ND.
2010. Assessment and heritability of
productivity and tolerance level to
Phytophthora megakarya in two hybrid
populations of Theobroma cacao. J.
Plant Pathol., 92 (3): 609-619.

Duguma B, Gockwski J, Bakala J. 2001.
Smalholder cacao (Theobroma cacao)
Cultivation in agroforestry systems of
west and Central Africa: Challenges and
opportunities. Agrof. Syst., 51: 177-188.
DOI: 10.1023/A:1010747224249

Efombagn MIB, Bieysse D, Nyassé S, Eskes
AB. 2011. Selection for resistance to
Phytophthora pods rot of cocoa
(Theobroma cacao L.) in Cameroon:
Repeatability and reliability of screening
tests and field observations. Crop
Protect., 30: 105-110.
DOI:10.1016/j.cropro.2010.10.012

El Kaissoumi H, Khirallah W, Ouazzani TA,
Chliyeh M, Benkirane R, Selmaoui K,
Douira  A. 2016. Comparative
pathogenicity of Verticillium dahliae
against two strawberry plant varieties
widely cultivated in Morocco. Int. J.
Innov. Scientific Res., 21(2) : 255-264.

Fening KO, Adama I, Teghe RE. 2014. On-
farm evaluation of homemade pepper
extract in the management of pests of
cabbage, Brassica oleraceae L., and

1957

french beans, Phaseolus vulgaris L., in
two agroecological zones in Ghana. Afr.
Entomol., 22(3): 552-560. DOLl:
10.4001/003.022.0306

Fondio Lassina, N’zi Jean-Claude, Kobenan
Kouman. 2015. Comportement
agronomique et sanitaire de nouvelles
lignées de piment (Capsicum sp) dans le
Sud de la Cote d’Ivoire. J. Appl. Biosc.,
92: 8594-86009. DOI:
http://dx.doi.org/10.4314/jab.v92il.4

Harman EG, Howell RC, Viterbo A, Chet I,
Lorito M. 2004. Trichoderma species —
opportunistic, avirulent, plant symbionts.
Nat. reviews, Microbiol., 2: 43-56. DOI:

10.1038/nrmicro797

Howell CR, Hanson LE, Stipanovic RD,
Puckhaber LS. 2000. Induction of
terpenoid synthesis in cotton roots and
control of Rhizoctonia solani by seed
treatment with Trichoderma virens.
Phytopathol., 90: 248-252. DOI:
10.1094/PHYTO0.2000.90.3.248

Huguenin G, Boccas B. 1971. Réle de
quelques facteurs dans la formation et la
germination des zoospores chez le
Phytophthora palmivora Bult. Ann.
Phytopathol., 3(3): 353-71.

Koffi AC, Koffi-Nevry R, Kouassi KC,
Loukou YG. 2014. Activité des extraits
de six variétés de piment (Capsicum)
utilisés en Cote d’Ivoire. J. Appl. Biosci.,
82: 7379-7388. DOl :
http://dx.doi.org/10.4314/jab.v82i1.8

Konate Z, Abobi HDA, Soko FD, Yao-
kouame A. 2018. Effets de la fertilisation
des sols a I’aide des déchets ménagers
solides compostés dans les décharges sur
le rendement et la qualité chimique de la
laitue (Lactuca sativa L.). Int. J. Biol.
Chem. Sci., 12(4): 1611-1625. DOI:
https://dx.doi.org/10.4314/ijbcs.v12i4.9

Kouassi C. 2012. Potentialités bioactives et
activité antimicrobienne des variétés de
piment (Capsicum) cultivées en Cote
d'Ivoire. Thése de Doctorat ; Université
d'Abobo-Adjamé, Abidjan, Cote
d’Ivoire, 161p.


http://dx.doi.org/10.4314/jab.v82i1.8

C. SIMO et al. / Int. J. Biol. Chem. Sci. 13(4): 1938-1959, 2019

Kra KD, Diallo HA, Kouadio YJ. (2009).
Activités antifongiques de l’extrait de
Chromolaena odorata (L.) King &
Robins sur deux isolats de Fusarium
oxysporum (E.F. Sm.) responsables du
jaunissement mortel des feuilles des
bananiers. J. Appl. Biosc., 24: 1488 —
1496.

Mboussi SB, Ambang Z, Ngoh Dooh JP.
2016. Aqueous extracts effects of seeds
of Thevetia peruviana and Azadirachta
indica on the development of
Phytophthora megakarya in locality of
Biakoa (Cameroon). J. Appl. Biosc.,
105:10042 -10054. DOl:
http://dx.doi.org/10.4314/jab.v105i1.1

Minyaka E, Simo C, Kusznierewicz B,
Madina BCV, Mouen PJC, Niemenak N,
Omokolo ND. 2017. Flavones in Cocoa
Defence against Phytophthora
megakarya. J Bot Sci., 6(3): 50-63.

Morrissey J, Stack Conrad J, Valls R,
Motamayor CJ. 2019. Low-cost
assembly of a cacao crop genome is able
to resolve complex heterozygous
bubbles. Hort Res., 6(44): 16-13. DOI :
https://doi.org/10.1038/s41438-019-
0125-7

Mpika J. 2009. Inhibition de Phytophthora
palmivora , agent de pourriture brune des
cabosses de cacaoyer en Cote d’ivoire ,
par Trichoderma sp. Sci Nat., 6(1): 49-
62.

Navarro RAJ, Phillips-Mora W, Arciniegas-
Leal A, Mata-Quirds A, Haiminen N,
Mustiga G, Livingstone Ill D, van Bakel
H, Kuhn ND, Parida L, Kasarskis A,
Motamayor CJ. 2017. Application of
Genome Wide Association and Genomic
Prediction for Improvement of Cacao
Productivity and Resistance to Black and
Frosty Pod Diseases. Frontiers Plant Sc.,
98: 1-17. DOl:
https://doi.org/10.3389/fpls.2017.01905

Ndoumbé M, Bieysse D, Cilas C. 2001. Multi-
trait selection in a diallel crossing
scheme of cocoa. Plant Breed., 120: 365-
367.DOI: https://doi.org/10.1046/j.1439-
0523.2001.00590.x

1958

N’Guessan R, Corbel V, Akogb'eto M,
Rowlands M. 2007. Reduced efficacy of
Insecticide-treated nets and indoor
residual spraying for malaria control in
pyrethroid resistance area. Benin. Emerg.
Infect. Dis., 13(2): 199-206. DOI:
10.3201/eid1302.060631

Nyasse S, Cilas C, Herail C, Blaha G. 1995.
Leaf inoculation as early screening test
for cocoa (Theobroma cacao L.)
resistance to Phytophthora black pod
disease. Crop Prot., 14: 657-663. DOI :
https://doi.org/10.1016/0261-
2194(95)00054-2

Nyasse S, Despréaux D, Cilas C. 2002.
Validity of a leaf inoculation test to

assess the resistance toin cocoa
(Theobroma cacao L.) diallel mating
design. Euph., 123: 395-399.

DOI:10.1023/A:1015028131988
Ondobo ML, Effa OP, Djocgoue PF, Manga
NJ, Boudjeko T, Omokolo ND. 2014.
Phenolic content and heritability of
resistance in four hybrid populations of

Theobroma cacao L. after Leaves
inoculation with Phytophthora
megakarya Bras. and Grif. Int. J. Plant
Physiol. Biochem., 8: 17-30. DOI:

http://dx.doi.org/10.4314/ijbcs.v8il.3

Ouattara VT, Konate Z, Messoum GF, Kassin
EK, Tahi MG, Koko LA, Kone B, Dick
EA, Camara M. 2018. Effets de la
fertilisation organo-phosphatée sur la
fertilité en matiére organique et
complexe adsorbant d’un ferralsol sous
cacaoyers dans la région de Divo (Cote
d’Ivoire). Int. J. Biol. Chem. Sci., 12(6):
2901-2921. DOI:
https://dx.doi.org/10.4314/ijbcs.v12i6.33

Pohe J. 2012. Action du dosage en cuivre des
sels cupriques et de la périodicité de leur
application sur la pourriture brune des
cabosses de cacaoyer en Cote d’Ivoire. J.
Ani. Plant Sci., 15(3): 2243-2251.

Pokou ND, Fister SA, Winters N, Tahi M,
Klotioloma C, Sebastian A, Marden HJ,
Maximova NS, Guiltinan JM. 2019.
Resistant and  susceptible  cacao
genotypes  exhibit  defense  gene


http://dx.doi.org/10.4314/ijbcs.v8i1.3

C. SIMO et al. / Int. J. Biol. Chem. Sci. 13(4): 1938-1959, 2019

polymorphism and  unique early
responses to Phytophthora megakarya
inoculation. Plant Mol. Biol., 99:499-
516. DOI: 10.1007/s11103-019-00832-y

Rubini MR, Silva-Ribeiro RT, Pomella AWV,
Maki CS, Aratjo WL, dos Santos DR,
Azevedo JL. 2005. Diversity of
endophytic fungal community of cacao
(Theobroma cacao L.) and biological
control of Crinipellis perniciosa, causal
agent of Witches' Broom Disease. Int. J.
Biol. Sci., 1:24-33.

Sid Ahmed A, Sanchez PC, Candela EM
2000. Evaluation of induction systemic
resistance in pepper plants (Capsicum
annuum) to Phytophthora capsici using
Trichoderma harzianum and its relation
with capsidiol accumulation. Europ. J.
Plant Pathol., 106: 824-824.
DOI:10.1023/A:1008780022925

Squicciarini MP, Swinnen, J. 2016. The
Economics of Chocolate.  Oxford
University Press: Oxford.

Tahi M. 2003. Evaluation sur feuilles de
cacaoyer (Theobroma cacao L.) de la
résistance a Phytophthra palmivora
(Butler) Butler, agent de la pourriture
brune des cabosses influence de
certains facteurs et étude de I’héritabilité

1959

du caractére. Doctorate thesis, University
of Cocody, Abidjan, Cote d’Ivoire, 133p.

Tahi GM, Kebe BI, Sangare A, Cilas C, Eskes
AB. 2007. Foliar resistance of cacao
(Theobroma cacao) to Phytophthora
palmivora as an indicator of pod
resistance in the field: the effect of light
intensity and time of day of leaf
collection. Plant Pathol., 56: 219 - 226.
DOI: https://doi.org/10.1111/j.1365-
3059.2006.01547.x

Traoré Y, Ouattara K, Yéo D, Doumbia I,
Coulibaly A. 2012. Recherche des
activités antifongique et antibactérienne
des feuilles d’Annona senegalensis Pers.
(Annonaceae). J. Appl. Biosc., 58: 4234—
4242,

Zouaoui SA, Megherbi-Benali A, Toumi BF,
Ouaar D. 2018. Contribution a I’étude du
pouvoir antifongique des graines du
Chénopodium quinoa Wild vis-a-vis de
deux champignons phytopathogéne de
I’orge: Pyrenophora tritici-repentis et
Rhynchosporium secalis. Bul. Soc. Roy.
Sci.  Liég.,, 87: 100-111. DOL:
10.25518/0037-9565.8127



