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Abstract
Phytophthora spp. fungi are the major causal agents of the brown rot of
cocoa pods in Côte d'Ivoire. Six fungicides including essential oil of
Ocimum gratissimum, Oxathiapiprolin, Mandipropamid, Copper oxide +
Mefenoxam, Copper oxide, Dimetomorphe+Copper Oxychloride, have
been evaluated in vitro and in vivo to test their antifungal efficacy on the
radial mycelial growth of Phytophtora palmivora. Radial mycelial growth
was totally inhibited by almost all fungicides. Only Copper oxide +
Mefenoxam and Copper oxide could not reach the maximum threshold
inhibition, they have reached respectively 91 % and 50 % of inhibition at
4000 ppm. The inhibiting concentrations at 50 % (IC50) and 90 % (IC90)
were found at 100 and 200 ppm for Oxathiapiprolin and 150 and 190
ppm for essential oil, the lower values. They have been shown fungicides
at 3000 ppm for Oxathiapiprolin and 200 ppm for essential oil. The in
vivo study revealed the sensitivity of the pathogen face to these two
fungicides. The lowest severity of the disease is attributed to essential oil
(18 %) and next to Oxathiapiprolin (20 %) at the highest dose. The
essential oil and the synthetic fungicide Oxathiapiprolin could be
recommended to control P. palmivora in field.
Key words: Biological control, Phytophthora palmivora, brown rot, Cacoa,
Cote d’Ivoire.
INTRODUCTION
Cocoa is originated from Latin America and it was introduced in West Africa in the 19th
century. The species cultivated in the world is Theobroma cacao L. (1753). There are
three main varieties of this species, Forastero, Criollo and Trinitario [1]. Cocoa is
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cultivated for its beans from which chocolate and cocoa butter are extracted, which
have a very important economic value. It is therefore a very important source of income
for farmers and producing countries [2]. The cocoa tree has been the main cash crop for
Côte d'Ivoire for more than 30 years. Its national production of 1,429 244 tons, certified
by the Chamber of Commerce and Industry of Côte d'Ivoire (CCI-CI) in 2012, makes it
the world's leading producer and exporter [3]. Exports have increased by 23.3% since
2012, bringing production to 1.9 million tons in 2017. This record production has
improved the overall gross income of producers by 28.6% to 2.013 billion of francs CFA,
compared to 1.565 billion of francs CFA in the 2015-2016 season [4].
In Côte d'Ivoire, cocoa orchards are not free of pathogens or insect pests despite the
high production of cocoa beans [5]. Attacks due to Phytophthora sp could not be
controlled by sanitary crops alone. New diseases have been observed in the cocoa
orchard in Côte d'Ivoire such as swollen shoot and brown pod rot, which cause losses of
more than 30% of the crops in Côte d'Ivoire and Ghana [6]. Swollen shoot is caused by a
virus of the genus Badnavirus of the family Caulimoviridae. Cocoa pod brown rot, on the
other hand, is caused by fungi of the genus Phytophthora and the most virulent fungi
found in orchards to date have been Phytophthora palmivora and Phytophthora
megakarya. The latter species was observed in Côte d'Ivoire in the early 2000s [6]. The
cocoa orchard in Côte d'Ivoire is heavily affected by Phytophthora fungi, which greatly
compromise national cocoa bean production [7].
In order to consolidate its position as the world leader in cocoa bean production, it is
imperative for Côte d'Ivoire to implement new strategies to combat brown pod rot. The
main objective of this study was to evaluate the efficacy of Ocimum gratissimum
essential oil-based biofungicide compared to chemical formulations of Mefenoxam +
Copper Oxide, Mandipropamide, Copper Oxide, Copper Oxychloride and Oxathiapiprolin
against Phytophthora palmivora. The specific objectives were to :
- test the efficacy of biological fungicide and synthetic fungicides in vitro against the
radial mycelial growth of Phytophthora palmivora ;
- test the efficacy of the biological fungicide and synthetic fungicides in vivo against
brown rot of mature pods caused by Phytophthora palmivora in greenhouses.
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2. MATERIAL AND METHODS
2.1. Material
2.1.1. Plant material
The plant material used in this study consisted of mature healthy pods showing no symptoms of
the disease. Two hundred pods were collected from a field in Azaguié locality one week after the
orchard survey.

2.1.2. Fungi material
The fungal material used is a pathogenic strain of Phytophthora palmivora obtained from the
Laboratory of Plant Physiology of Félix Houphouët-Boigny University of Abidjan. It was isolated
from inoculated cocoa pods and kept at the Laboratory for the Improvement of Agricultural
Production of Jean Lorougnon Guédé University (UJLoG) in Daloa.

2.1.3. Fungicides
Five fungicides and one biofungicide were used to control Phytophthora palmivora in this study
(Table 1).

Table 1 : Fungicides tested
Code of
products

Nature of
fungicide

Chemical
group

Name of active
material

Dose of
formulation
(g/L)
90

P1

Synthesic
fungicide

Acetamid

25 %
Mandipropamid

P2

Synthesic
fungicide

Metals
Acylamine

60 % Copper Oxide
+ 6 % Mefenoxam

72
+ 72

P3

Synthesic
fungicide

Cinnamic
acid Metals

6 % Dimetomorphe
+ 40 % Copper
oxychloride

45
+ 72

P4

Synthesic
fungicide
Synthesic
fungicide

Metals

86 % Copper Oxide

72

Azole,
oxazole and
thiazole
Essential oil
of Ocimum
gratissimum

25 %
Oxathiapiprolin

250

30 % Thymol

30 mL/L

P5
P6

Biofungicide
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2. Methods
2.1. In vitro control of Phytophthora palmivora
2.1.1. Multiplication of Phytophthora palmivora strain
The Phytophthora palmivora strain was provided by the Laboratory of Plant Physiology of Félix
Houphouët-Boigny University of Abidjan. The fungus was grown on a PDA culture medium in
Petri dishes. Petri dishes were then sealed with adhesive plastic and placed in an oven
memmert at 27 ± 2 °C for 10 days.
The resulting P. palmivora strain was propagated on pea medium. The fungus was transplanted
into the centre of ten Petri dishes containing the culture medium, sealed and placed in the same
conditions.

2.1.2. Production of the biofungicide
The essential oil of Ocimum gratissimum has been produced using a Clevenger-type
device. It is based on the method of distillation and steam distillation. As essential oils
are insoluble in water but soluble in steam, when steam is applied to the plant, it is
charged as the essential oils pass through. In this Clevenger apparatus, the water vapour
ballasted with these essences is sent to a compartment to cool down. At this level, the
steam becomes liquid again and the oils are dissociated from it. They are then recovered
by decantation [8].

2.1.3. Test for inhibition of Phytophthora palmivora in vitro with fungicides
A preliminary test was conducted to determine the minimum and maximum inhibitory
concentrations. A stock solution was prepared for each fungicide. From these different
fungicides stock solutions, eight different concentrations (0, 100, 250, 500, 1000, 2000, 3000,
4000 ppm) were prepared for each product. These different concentrations of fungicide were
added to the small weight culture media with a micropipette when they were cooled down to
about 40 °C before being poured into the Petri dishes. The fungus was inoculated into the Petri
dishes containing the various culture media after the media solidified. The Petri dishes were
sealed and stored in an oven memmert at 29 ± 2 °C. These operations took place under the
laminar flow hood in the presence of a flame.

2.1.4. Measurement of mycelial growth inhibition rate
Measurements were taken daily along two perpendicular axes XXˊ and YYˊ plotted on the
underside of the Petri dishes. Measurements were stopped as soon as the fungus invaded the
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control petri dish. The measurement taken was the average of those taken on the two axes after
subtracting the diameter of the inoculum. Measurements were taken on all petri dishes for each
fungicide concentration. The inhibition rate was calculated according to the formula below:

I (%) =

(1)

With:
I: Inhibition rate
D0: Control diameter
Dc: Diameter of the test.

2.1.5. Measurement of the fungicides minimum inhibitory concentration (MIC)
The Minimum Inhibitory Concentration (MIC) is determined from the lowest concentration that
inhibits mycelial growth of the fungus for both essential oil and synthetic fungicides. The 50%
(Ci50) and 90% (Ci90) inhibitory concentrations were calculated for each fungicide [8].

2.1.6. Measurement of the minimum fungicide concentration (MFC)
The minimum fungicidal concentration (MFC) is determined from the lowest concentration at
which no mycelial growth and no mycelial recovery is observed on the small weight culture
medium at the end of the 7-day incubation period [8, 9, 10]. Minimum inhibitory or fungicidal
concentrations were assessed at the end of the experiment for the fungus and for each fungicide.

2.2. In vivo control of Phytophthora palmivora
2.2.1. Level of infection of plantations by brown pod rot
A survey of the orchards took place at Azaguié (5°32'09'' N and 4°04'04'' W), Agboville
(5°55'40'' N and 4°12'47'' W) and Bouaflé (6°59'25'' N and 5°44'39'' W) before harvesting the
pods. Visits took place during the short rainy season in October 2018 to assess the severity of
the disease and the best area to harvest.

2.2.2. Harvesting of cocoa pods
The harvest took place one week after the prospecting of the orchards in the locality of Azaguié.
The pods were harvested at the stage of physiological maturity. They were harvested with
pruning shears and transported in three glaciers with 50 pods per one. The pods were covered
with polystyrene foam to reduce transport shock. They were transported to the Laboratory of
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the African Centre of Excellence for Climate Change, Biodiversity and Sustainable Agriculture
(CEA-CCBAD) in Bingerville where the experiment took place in a greenhouse.

2.2.3. Treatment of cocoa pods in greenhouses
The pods harvested, once they arrived in the greenhouse, were washed and rinsed with tap
water. They were placed on the metal racks. There were 10 pods on each rack, with 5 pods per
elementary repeat. Each rack was previously marked following the treatments as below:
T0: Control pods treated with water;
Ti: Pods not treated with fungicides and inoculated;
Tx: Pods treated with fungicides and not inoculated;
Txi: Pods treated with fungicides and inoculated.
The inoculum of P. palmivora consisted of a suspension of zoospores. It was obtained from a 10day-old culture on a small weight medium. A volume of 10 mL of water was added to each
culture. It was placed in the refrigerator for 45 minutes, then removed and placed at room
temperature for 15 minutes. This process was done to create a thermal shock to allow the
zoospores contained in the zoosporangia to be released. The zoospore suspension was scraped
off the surface of the culture medium using a pasteur pipette.
The resulting zoospore suspension was inverted into the test tubes and enumerated using a
Malassez cell and adjusted to a concentration of 2.104 zoospores/mL for pod inoculations.
The two best fungicides tested in vitro were used to control the fungus in greenhouses. The
essential oil-based biological fungicide was used at a rate of 1 mL/L compared to the synthetic
fungicide Oxathiapiprolin at 0.5 mL/L. Application was made using a 500 mL capacity handheld
sprayer.
The inoculation of the pods took place one hour after the treatment of the pods with the
different fungicides. A volume of 1 mL of the 2.104 zoospores/mL concentration of the inoculum
was deposited on the peduncle of the pod. The observations of the pods were made for 30 days
in the greenhouse and the experiment was repeated three times.

2.3. Measured parameters
2.3.1. Incidence of brown pod rot
The incidence of cocoa pod brown rot is the ratio of the number of infected pods to the total
number of pods per tree (Aka et al., 2009). The average incidence per orchard was calculated
according to the following formula :
Inc = Nci / Nct * 100
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With :
Inc: Incidence;
Nci: Number of infected pods;
Nct: Total number of pods.

2.3.2. Pod brown rot severity index
The severity index in farm or in the greenhouse was measured through scores that were taken
during harvest and in the greenhouse for 30 days after inoculation of the pods. It is based on a
rating scale for diseased pods, the scale of which was modified according to the formula of Djidji
et al. (2010) :
- 0: Healthy pod;
- 1: 1 to 10% of the pod is infected;
- 2: 11 to 25% of the pod is infected;
- 3: 26-50% of the pod is infected;
- 4: 51-75% of the pod is infected;
- 5: 76-100% of the pod is infected.
The severity index was calculated according to the following formula:
Is (%) =

(3)

With :
- Is: Disease severity index;
- ni: Number of pods in class i with the same score (0 to 5);
-  Score assigned to the pod;
- 5*N: Highest score (5) * total number of pods (N).

2.3. Statistical analysis
The data obtained were entered into the Microsoft Excel 2010 spreadsheet, which was also used
to obtain the various graphs. Data analysis was carried out using Statistica 7.1 software. A onefactor analysis of variance (ANOVA) was performed followed by the Newman-Keuls test at the
5% probability threshold for classifying treatments into homogeneous groups.

3. RESULTS
3.1. In vitro antifungal activities against Phytophthora palmivora
Oxathiapiprolin shows 100% at all concentrations tested. After three weeks, very little growth
of the fungus was observed. Only the concentration of 3000 ppm was fungicidal because after
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transplanting to a neutral medium, the fungus could not grow again. As for Mandipropamid, the
rate varies from 95 to 100%. It was fungicidal at 2000 ppm. Inhibitory concentrations at 50%
and 90% were determined for Mandipropamid at 150 and 240 ppm respectively. For
Oxathiapipiprolin, 50% and 90% inhibitory concentrations were observed at 100 and 200 ppm
respectively.
Copper Oxide+Mefenoxam showed at the first concentration an inhibition rate of more than
50% and reached about 91% at 4000 ppm. Dimetomorph+Copper oxychloride showed less than
50% inhibition at 1000 ppm, however, the inhibition rate increased to 100% at 4000 ppm.
Copper oxide has 50% inhibition at the highest concentration (4000 ppm). For each product,
the concentrations used were fungistatic. No product was found to be fungicidal at the highest
dose used in this study. The 50% and 90% inhibitory concentrations were obtained at 1200 and
1800 ppm for Dimetomorph+Copper oxychloride. For Copper Oxide+Mefenoxam, they were
obtained at 600 and 2800 ppm. Finally for Copper Oxide, only the 50% inhibitory concentration
was observed and it was 3900 ppm.
The essential oil proved to be quite interesting on the inhibition of mycelial growth of P.
palmivora. At 100 ppm the rate of growth inhibition was less than 10%. At 200 ppm it totally
inhibited the mycelial growth of the fungus. This value was found fungicidal for the fungus after
transplanting on a neutral medium. The inhibitory concentrations at 50% and 90% are 150 and
190 ppm respectively (Figure 2).

Figure 2 : Mycelial growth inhibition rate of Phytophthora palmivora
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3.1. Biological Control in vivo against Phytophthora palmivora
3.1.1. Infection level of cocoa pods in the plantation
The level of incidence of fungus attacks on pods observed in the plantations at Agboville,
Azaguié and Bouaflé shows that the average incidence of infection remains below 25%. Only
orchards in the Bouaflé area showed an average infection threshold above 25% (Figure 3).

Figure 3 : Infection threshold for brown pod rot in cocoa pods in the Agboville, Azaguié and
Bouaflé cocoa plantations
Diagrams with the same letters are not significantly different according to the Newman-Keuls test at the
5% threshold.

3.1.2. Infection level of cocoa pods treated in the greenhouse
The in vivo test was carried out with two fungicides in the greenhouse; a synthetic fungicide
with 25% of the active ingredient Oxathiapiprolin and a biological fungicide based on Ocimum
gratissimum essential oil. No uninoculated treated pods showed disease in the control.
Incidence rates and disease severity indices were lower on treated and inoculated pods.
The highest incidence as well as the highest severity index were attributed to untreated
inoculated (Ti) pods with rates of about 63% and 46% respectively.
The last dose (T5 and T5i) applied to the Oxathiapiprolin pods had a lower incidence and
severity index than the first four doses, which were lower. The 5th dose of Oxathiapipiprolin
applied to the uninoculated treated pods (T5) gave an incidence of 30% and a severity index of
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20.20% of the disease. The 5th dose of Oxathiapiprolin on treated and inoculated pods (T5i)
gave an incidence of 45% and a severity index of 32.20%.
Pods treated with the essential oil and not inoculated (H) showed a zero incidence of the
disease. Pods treated with Ocimum gratissimum and inoculated (Hi) showed an incidence of
40% and a disease severity index of 34% (Figure 11).

Figure 11 : Incidence and severity index of the disease on greenhouse pods
T0 : Control ; Ti : Inoculated ; T1 : Treated with Mandipropamid ; T1i : Treated with Mandipropamid and
inoculated ; T2 : Treated with Copper Oxide + Mefenoxam ; T2i : Treated with Copper Oxide + Mefenoxam
and inoculated ; T3 : Treated with Dimetomorphe + Copper oxychloride ; T3i : Treated with
Dimetomorphe + Copper oxychloride and inoculated ; T4 : Treated with Copper Oxide ; T4i : Treated with
Copper Oxide and inoculated ; T5 : Treated with Oxathiapiprolin ; T5i : Treated with Oxathiapiprolin and
inoculated ; TH : Treated with O. gratissimum ; THi : Treated with O. gratissimum and inoculated.

4. DISCUSSION
During this study, the fungicides tested in vitro on the mycelial growth of the fungus, all
had an inhibitory effect on the mycelial growth of Phytophthora palmivora, both
essential oil and synthetic fungicides. The rate of inhibition of the radial mycelial growth
of P. palmivora evolves according to the nature of the fungicide and the concentration
applied. The 50% (Ci50) and 90% (Ci90) inhibitory concentrations differ according to
the fungicide.
The essential oil of Ocimum gratissimum has been shown to be effective against the
pathogenic strain. The relationship between the inhibition rate and the different
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concentrations of the essential oil demonstrates the antifungal properties of the latter
on the fungus. The 50% (Ci50) and 90% (Ci90) inhibitory concentrations were
observed at 150 and 190 ppm. The maximum inhibition threshold (100%) is reached at
the inhibitory concentration of 200 ppm. The total inhibition of radial mycelial growth
of the fungus at 200 ppm and even after transfer to the small weight culture medium
reflects the fungicidal activity of Ocimum gratissimum. This is due to its chemical profile.
This result is in agreement with the work of some authors who showed the efficacy of
Ocimum gratissimum on soil fungi and epiphytic fungi in vegetable and horticultural
crops [8, 9].
The

synthetic

fungicides

Oxathiapipiprolin

and

Mandipropamid

tested

at

concentrations ranging from 250 to 2000 ppm were effective in inhibiting the
pathogenic strain. Indeed, Ci50 and Ci90 were observed for Oxathiapipiprolin at 100
and 200 ppm; for Mandipropamid at 150 and 240 ppm, in addition concentrations of
2000 ppm for Oxathiapiprolin and 3000 ppm for Mandipropamid were fungicidal. These
results reveal the efficacy of the antifungal activity of these molecules used against
Phytophthora. The synthetic fungicides Dimetomorph+Copper Oxide), Copper Oxide and
Copper Oxide + Mefenoxam were tested at concentrations ranging from 1000 to 4000
ppm. Only Dimetomorphe+Copper Oxide reached the maximum inhibition threshold
(100%) at 4000 ppm. Copper Oxide+Mefenoxam and Copper Oxide achieved 91% and
50% inhibition at 4000 ppm respectively. The concentrations were not fungicidal.
Inhibitory concentrations Ci50 and Ci90 were observed at 1200 and 1800 ppm for
Dimetomorphe+Copper Oxide, and 600 and 2800 ppm for Copper Oxide+Mefenoxam.
Copper Oxide only showed Ci50 at 3900 ppm.
Oxathiapiprolin and Mandipropamid were found to be more effective in inhibiting
Phytophthora palmivora. The effectiveness of fungicides is said to be linked to their
active ingredient. The low efficacy of Dimetomorph+Copper Oxychloride, Copper
Oxide+Mefenoxam and Copper oxide would be linked to the common presence of the
Copper oxide molecule in their active ingredient. These results are different from those
of [3] which revealed the efficacy of copper oxide in the control of Phytophthora sp. This
difference would be due to the nature of the molecule associated with Copper oxide [3].
As Oxathiapiprolin proved to be more interesting than the other four synthetic
fungicides in this study, it was tested in greenhouses in vivo with the essential oil of
Ocimum gratissimum.
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In vivo testing of the fungicides Ocimum gratissimum and Oxathiapiprolin, confirmed
their antifungal activity against P. palmivora. The inhibitory effect is observed on high
doses of fungicides applied to the pods. Indeed, Ocimum gratissimum tested at 1000
ppm revealed a brown pod rot severity index rate equal to 18.5% for uninoculated
treated pods and equal to 34% for inoculated treated pods. Oxathiapiprolin, tested at
the highest rate of 500 ppm, showed a Pod Brown Rot Severity Index of 20.20% for
uninoculated treated pods and 32.20% for inoculated treated pods. In vivo testing with
the fungicides Ocimum gratissimum and Oxathiapiprolin, confirmed their fungitoxicity
against brown pod rot caused by P. palmivora. Ocimum gratissimum is as effective as
Oxathiapipiprolin in reducing the incidence of P. palmivora brown pod rot. These results
would be consistent with those of [8, 11], which showed the efficacy of Ocimum
gratissimum in reducing the incidence of Fusarium on tomato in greenhouse.

CONCLUSION
The in vitro test revealed the inhibitory capacity of different fungicides on the radial
mycelial growth of the pathogen Phytophthora palmivora. Of the five fungicides,
Mandipropamid, Oxathiapiprolin, Copper oxide, Dimetomorph+Copper Oxychloride,
Copper Oxide+Mefenoxam, only Oxathiapiprolin and Mandipropamid were more
effective at 2000 and 3000 ppm respectively. Dimetomorph+Copper Oxychloride was
able to achieve maximum inhibition (100%) at 4000 ppm in vitro, but was not
fungicidal. Ocimum gratissimum essential oil was effective against the fungus by totally
inhibiting the radial mycelial growth of the fungus and was fungicidal at 200 ppm.
Oxathiapiprolin and O. gratissimum tested in vivo, their efficacy was confirmed with a
disease severity index of 34% at 1000 ppm for O. gratissimum and 32.20% at 448 ppm
for Oxathiapiprolin.
This study showed that the essential oil of Ocimum gratissimum as a biofungicide as
effective as the synthetic fungicide Oxathiapiprolin in the sustainable management of
cocoa pod brown rot.
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