Assessment of bacterial biocontrol agents formulations
against anthracnose of cashew (Anacardium occidentale
L.) in COte d’lvoire

ABSTRACT

The cashew tree (Anacardium occidentale L.) is of vital importance to the Ivorian economy. Céte d'lvoire is
first world producer. However, its cultivation faces several constraints linked to anthracnose. The aim of this
study was to assess the efficacy of two formulated bacterial biocontrol ‘agents against:anthracnose of
cashew. To this end, in vitro confrontation tests were carried out against Colletotrichum gloeosporioides with
two previously formulated bacterial biopesticides. Biocontrol tests were then carried out against anthracnose
in greenhouses and cashew plantations. The results showed that the two bacterial biocontrol agents tested
controlled in vitro the proliferation of Colletotrichum gloeosporioidesresponsible for anthracnose and
significantly reduced the disease severity index on cashew seedlings in the greenhouse. In vitro, inhibition
rates ranging from 70.16+6.9 to 72.65+6.5% were observed on the mycelial growth of Colletotrichum
gloeosporioides. In the greenhouse and in cashew plantations, a sharp reduction in the anthracnose severity
index was observed. In the greenhouse, anthracnose reduction rates by the two bacterial biocontrol agents
ranged from 62.80 + 5.2% to 85.95 +2.8%. In.cashew plantations, the reduction rates varied from 42.24 to
41.05%. . In view of the above, these two bacterial biocontrol agents could be used for biological control of

cashew anthracnose in Cote d'Ivoire.
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1. INTRODUCTION

Cashew is a crop who takes an important role in the Ivorian economy because of its cashew nut and is a
particular strategic resource that generates income for farmers in the north, south, centre and east of the
country (Soro, 2012). Unfortunately, its cultivation is subject to several phytopathological problems that
compromise the qualitative and quantitative yield of cashew nuts (Silué et al., 2017). Indeed, in addition to
insect pests, several diseases caused by fungi and bacteria have been detected in cashew orchards in Cote
d'lvoire. These include downy mildew, leaf rust, bud desiccation, gum blight, bacterial blight and
anthracnose. Anthracnose is one of the main diseases found in cashew orchards in Cote d'lvoire (Soro et
al., 2022). This disease is thought to be one of the reasons for the low yield per hectare, estimated at 414.3
kg/ha (FIRCA, 2018). Anthracnose is caused by the fungal Colletotrichum gloeosporioides. It generally

attacks all parts of the plant, with an average severity index of 28.48%. It causes brown spots on the leaves



and premature fruit drop (Soro et al., 2022). Yield losses due to this disease were around 40% in Brazil, 50-
70% in Mozambique and 40-56% in Uganda (Mathur et Kongsdal, 2003; Kiwuso et al., 2013).

This disease is generally combated by adopting good cultivation practices and using chemical products.
However, the application of these cultivation techniques is still very time-consuming. Chemical products,
when used incorrectly by growers, have harmful effects on their health and the plants, and even on the
environment (Kouassi, 2012).

To mitigate the harmful effects of chemical pesticides, biological control agents are emerging as promising
alternatives for managing crop pathogens. Among these biological agents, microbial biopesticides (bacteria,
fungi, viruses) are the most suitable. They offer the advantages of greater selectivity and lower toxicity than
conventional chemical pesticides. Recent studies have shown their importance in the biocontrol of diseases
(Pérez-Garcia et al., 2011). Over the last decade, numerous studies on greenhouse and. field trials have
demonstrated the potential interest of rhizosphere bacteria, particularly Pseudomonas. fluoreseens and
Bacillus subtilis, as biological agents for controlling plant pathogens (Akram, 2008). Work by Kouaet al.
(2020) has shown that B. subtilis strains isolated from the rhizosphere of cocoa.trees.in Cote d'lvoire are
effective bioinoculants for controlling greenhouse cocoa diseases such as swollen shoot. The aim of this
study was to assess the efficacy of two formulations of bacterial biocontrol agents based on bacteria isolated

from the rhizosphere of cashew trees against cashew anthracnose in Céte d'lvoire.

2. MATERIAL AND METHODS

2.1 Material

The material used in this study consisted of two biocontrol agents already formulated and named Biobact 1
for the Pseudomonas fluorescens based formulation and Biobact 2 for the Bacillus subtilis based
formulation. These two biocontrol agents were formulated during the work of Tehua et al. (2022).
Greenhouse cashew seedlings were also used for the.greenhouse biocontrol trial. For the cashew plantation

trials, disease assessment sheets, sprayers and a cooling cooler were used.

2.2 Méthods

2.2.11n vitro mycelial\growth inhibition test for Colletotrichum gloeosporioides

This test was carried out using the method described by Silué et al. (2018). Thus, for each formulation of
bacterial biocontrol agents, concentrations of 0.0625; 0.125; 0.25; 0.5; and 1% corresponding to
concentrations €5, C4, C3, C2 and C1, respectively, were prepared. PDA (Potato Dextrose Agar) culture
media were.prepared and autoclaved at 121°C for 15 minutes. Once the medium had cooled to 45°C, the
various;, solutions containing the formulated concentrations of bacterial biocontrol agents were each
incorporated. into the PDA medium contained in an Erlenmeyer flask. The media thus prepared were
homogenised and dispensed into 90 mm-diameter Petri dishes, at a rate of 20 ml per dish. Next, 7 mm
diameter mycelial fragments of the pathogenic fungi were cut from 7-day-old cultures and placed in the
centre of the Petri dishes containing the PDA medium with added formulation.

The cultures were incubated in a culture chamber at 30°C for fourteen (14) days. Five Petri dishes were
used for each treatment and the experiment was repeated 3 times. The radial growth of the mycelium of the
fungal colonies was measured every three days using a graduated ruler, until total coverage of the surface of
the culture medium in the control Petri dish, i.e. fifteen days after cultivation. The radial growth of the

mycelium was measured along two perpendicular lines drawn at the bottom of each Petri dish and



intersecting at a point in the middle of the mycelial disc. The effect of biopesticides on fungal growth was
determined from the inhibition rate (Ic) of mycelial growth calculated by the following formula (Hmouni et al.,
1996).

DO_DCXIBB

Ie (%)="—

Ic (%) = Inhibition rate
Do = Radial growth of fungi without formulated product
Dc = Radial growth of fungi with formulated product

2.2.2 Assessment of the in vivo antifungal effect of formulations of bacterial
biocontrol agents against anthracnose of cashew in the greenhouse

2.2.2.1 Preparation of the fungal inoculum

Ten millilitres (10 mL) of sterilised distilled water was added to 28-day-old mycelial cultures of Colletotrichum
gloeosporioides. The surface of these cultures was scraped with a sterilised metal spatula. The resulting
solution was homogenised in a test tube using a vortex. A few drops (200 pL) of this suspension were used
to fill the wells of a Malassez cell in order to estimate the number of spores. This number was adjusted to 10°
spores/ml by dilution or by increasing the spore concentration of the solution by re-suspending the spore
solution on another mycelial culture. One millilitre«(1 mL) of a.1% glucose and agar solution was added to the
spore suspension prior to inoculation. The role of this solution is to facilitate adhesion and germination of the

spores on the leaves (Silué et al., 2018).

2.2.2.2 Inoculation and treatment of seedlings with formulations of bacterial

biocontrol agents

Twenty-seven (27) two-month-old cashew seedlings were used for the experiment, with nine (9) seedlings
for each treatment. The treatments involved inoculated and untreated control seedlings (TO), seedlings
inoculated and treated with the Pseudomonas fluorescens formulation (T1) and seedlings inoculated and
treated with the Bacillus subtilis formulation (T3). Using a sprinkler with a flow rate of 500 pl/jet, the
undersides of the leaves of cashew seedlings were sprayed with 1 mL of fungal inoculum. Six (6) leaves
were inoculated per.cashew seedling, i.e. 6 ml of fungal inoculum per seedling. A total of 162 ml of fungal
inoculum was used for the twenty-seven (27) cashew seedlings. Twenty-four hours after inoculation, both
sides of:the inoculated leaves were sprayed separately with the biopesticide formulations, with nine (9)
inoculated “seedlings for each formulated product. After treatment, the seedlings were placed in a
greenhouse. The experiment was repeated three (3) times. The greenhouse was regularly humidified (2
times a day) by watering with a watering can to keep the humidity level high (95 - 100%). The purpose of the
humidification was to facilitate germination of the fungal pathogen spores. The development of anthracnose

symptoms was monitored regularly for three (3) months (Silué et al., 2018).

2.2.2.3 Assessment of the efficiency of treatments against anthracnose



The evolution of disease symptoms was monitored after each treatment. The ability of the two formulated
bacterial biocontrol agents to protect against or reduce infection by the fungal pathogen was assessed. This
was done by determining the infection rate, the severity index and the anthracnose reduction rate.
Determination of anthracnose infection rate after treatment

The infection rate of cashew seedlings after treatment was assessed by the ratio of the number of leaves

showing symptoms of the disease to the total number of leaves inoculated (Issa et al., 2017).

Ti (%) = %xlﬂ

Ti (%) = Disease infection rate
n = Number of inoculated leaves showing disease symptoms after treatment
N = Total number of inoculated and treated leaves

Determination of anthracnose severity index after treatment

The anthracnose severity index after treatment was determined using avisual rating scale from 0 to 9 (Groth
et al., 1999; Cardoso et al., 2004): 0 = No symptoms; 1 = 1-5%;: 3 = 6-10%; 5 = 11-25%; 7 = 26-50%; 9 >
50% of leaf area infected. The anthracnose severity index was:determined for each trial using the formula of
Kranz (1988).

Is (%) = (5-‘?1;5}’-‘-—‘-’1)}( 100

IS= severity index (%); Xi = disease score; ni = number of leaves with score xi; N = total number of leaves

inoculated and then treated with the bacterial biopesticide<and Z = highest score.

Determination of reduction rate post-treatment anthracnose

The rate of reduction of anthracnose after treatment was determined by the ratio of the difference between
the severity index of the control plants inoculated with the pathogen and untreated and the severity index of
the trials over the severity index of the control plants inoculated with the pathogen and untreated multiplied

by one hundred.

Tr (%) = *%1;: 100

Tr (%) = Reduction rate
lo = Severity index of control plants infected with the pathogen and not treated with biopesticide ;
| = Severity index of plants infected with the pathogen and treated with biopesticides.

2.2.3 Assessment of the efficiency of biocontrol agent formulations against
anthracnose in cashew plantations

2.2.3.1 Choice of experimental sites

The experiments were carried out in three (3) agro-ecological cashew nut production zones, namely Bouaké,
Korhogo and Bondoukou, corresponding to the Central, Northern and Eastern zones respectively. In each

zone, experimental sites were selected according to several criteria. These criteria included the age of the



plot to be treated (10-15 years), the ability to reach cashew tree foliage, the accessibility of the plots, the
homogeneity of cashew plants in the plots to be treated, the spacing between plants in the plot, and the
significant presence of bacterial blight and anthracnose. According to these criteria, one (1) cashew plot was

selected in each zone.

2.2.3.2Plantation experiments

Evaluation of the efficacy of bacterial biopesticides formulated against anthracnose in cashew plantations
was carried out using the method described by Tonon et al. (2017). Thus, the treatment of the selected
experimental plots was carried out with an automated sprayer. The Fisher experimental set-up was used.
Three Fisher blocks were used for three treatments (TO = Untreated control plants T1 = Plants treated with
Biobact 1 formulation at 2.5 L/ha and T2 = Plants treated with Biobact 2. formulations at 2.5!L/ha). Cashew
seedlings were randomly selected to form the three blocks. The experimental unit consisted of five (5)
cashew trees for each treatment, i.e. forty-five (45) cashew trees per 1 ha plet, with.fifteen cashew trees per
Fischer block. The formulated bacterial biopesticides were diluted in the sprayer with tap water. The
concentration chosen was 2.5 L/ha. After mixing the products in the sprayer, the cashew foliage and trunks
were treated according to each Fischer block. Each cashew plant'was treated with 2 L of spray, i.e. 200 L of
spray for one hundred (100) cashew trees. Three (3) treatments were carried out during the vegetative

phase of the cashew plants. The interval between each treatment was three weeks.

2.2.3.3Assessment of the efficiency of the formulations

Assessment of the efficacy of the bacterial formulations in cashew plantations was carried out every fifteen
(15) days after the three (3) treatments until the end of the campaign (four months after treatment). It was
carried out on the old and new leaves.of the treated cashew trees. A total of twenty-seven (27) cashew
plants were evaluated out of forty-five (45), with nine (9) plants for each Fisher block. This assessment
focused on measuring a number of phytopathological parameters, including infection rate, severity index and
anthracnose severity index reduction rate. The assessment of these development parameters was carried
out in four 1 m2 frames;placed on the four north, east, west and south sides of the foliage of treated cashew
plants (Tonon et al-2017).

Determination of the rate of infection of plants by anthracnose after application of the formulations
To assess the rate of infection of plants by anthracnose, a count of the total number of buds and the number
of infected buds was carried out in each 1m? frame. The anthracnose infection rate was determined as the

ratio of,the number of buds showing disease symptoms to the total number of buds in the frame.

Ti (%) = gx 100

Ti (%) = Disease infection rate
n = Number of buds showing disease symptoms

N = Total number of buds in the 1m? frame

Determination of the anthracnose severity index after application of the formulations
The anthracnose severity index was determined on the first five (5) leaves of three buds in the four

quadrants of 1m? showing characteristic symptoms of each disease to be assessed. It was determined by



taking into account the rate of leaf surface infected by this disease. Scores were then assigned to each
diseased leaf, taking into account the scoring scale from 0 to 9 in Cardoso et al. (2004). 0 = No symptoms;
1 =1-5%; 3 = 6-10%; 5 = 11-25%; 7 = 26-50%; 9 > 50% of leaf area infected. The disease severity index

was determined for each trial using the following equation (Kranz, 1988).

. {xxixni
Is (%) = (»»»»»»»»Nz )X 100

IS (%) = Severity index; Xi = Disease score; ni = Number of leaves with score xi ;

N = Total number of trees treated and Z = Highest score.

Determination of the rate of reduction of the anthracnose severity index after<application of the
formulations
The rate of reduction in the anthracnose severity index before and after treatment was determined using the

following formula:

Tr (%) = ——x 100

o

Tr (%) = Reduction rate
lo: Severity index before treatment ;

I: Average severity index after the 3 treatments.

2.2.4 Statistical analysis

The data collected was recorded using.Excell 2016 and analysed using Statistica version 7.1 software.
Analyses of variance (ANOVA) were performed. The normality of the residuals and the homogeneity of the
variances were checked. Comparisons between means were made using the Newman-Keuls test with a
threshold of 5%.

3. RESULTS
3.1In vitro effect of bacterial biocontrol agent formulations on the growth of

Colletotrichum gloeosporioides

The ability of bacterial formulations to inhibit the mycelial growth of Colletotrichum gloeosporioides was
studied in vitro. In general, these formulations effectively reduced the mycelial growth of Colletotrichum
gloeosporioides at different concentrations (Figure 1). The average inhibition rates for the different

formulations were 72.65 and 70.16% for Biobact 2 and Biobact 1 respectively. However, these inhibition



rates were significantly different at the 5% threshold (Figure 2). For both formulations, concentrations of 0.5
and 0.25% did not completely inhibit the mycelial growth of the pathogenic fungus. However, the 1%
concentration (C1) showed complete inhibition of fungal growth for all formulations after an incubation period
of one (1) month. The average inhibition rates as a function of concentration for the different formulations
were 100, 82.55, 73.71, 60.66 and 48.10% respectively at concentrations 1, 0.5, 0.25, 0.125 and 0.0625%,
corresponding to concentrations C1, C2, C3, C4 and C5. Statistical analysis showed a significant difference
between the average inhibition rates of the different concentrations of formulations at the 5% threshold
(Figures 3 and 4).
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at a concentration of 1%. v 4&\@ 0
A- Mycelial growth of the control fungus on PDA medi ithout formulated products
B- Mycelial growth of Colletotrichum gloeos%@id\ X

_PDA me%‘ium with Pseudomonas fluorescens
. o, .
formulation \

C- Mycelial growth of Colletotrichum gloe PDAﬁedium with Bacillus subtilis formulation
Biobact 1: Treatment with Pseudomona o@éns far;@?ﬁ@étion

“ y

%/ % =
Biobact 2: Treatment with Bacillus subtilis fgr{nulati%

> %

/ =
orioides

.

4

.

b
= iz
e = o
% G o, =E b
), v @ s & 0
g
& ) =
A | B 69
U )
= &8
3
=
Riobact 1 Biobact 2 Control
Treatments

Figure 2: Growth inhibition rate of C. gloeosporioides by biopesticide formulations after one month's

incubation

Histograms with the same alphabetical letters are not statistically different (p < 0.05) (Newman and Keuls)



Biobact 1: Treatment with Pseudomonas fluorescens formulation

Biobact 2: Treatment with Bacillus subtilis formulation

C1l: 1% con
C2: 0.5% concentration
C3: Concentration 0.25
C4: Concentration 0.125
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Figure 4: Average cumulative inhibition rate of the concentrations of the ‘two formulations on the mycelial
growth of C. gloeosporioides after one month's incubation

C1: Concentration 1%, C2: Concentration 0.5%, C3: Concentration 0.25%, C4: Concentration 0.125% and
C5: Concentration 0.0625%.

Histograms with the same alphabetical letters are not statistically different (p = 0.05) (Newman and Keuls).

3.2 Pest control activity of formulated biocontrol agents on anthracnose and

bacterial blight of cashew under controlled conditions

3.2.1 Development of anthracnose symptoms on young cashew seedlings

One month after inoculation,stininoculated and untreated plants and plants treated with the formulation
showed no symptoms of anthracnose (Figure:5 A). Those inoculated with Colletotrichum gloeosporioides
spores and untreated ‘showed typical symptoms of the disease, which manifests itself as leaf necrosis
beginning at the edge of the leaf blades (Figure 5 B). Inoculated and treated plants showed no leaf necrosis.
Normal development of the plants‘was also observed, with the appearance of new leaves and an increase in

the green colour of the leaves (Figure 5 C).
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Figure 5: Anthracnose symptoms on cashew seedlings in the greenhouse after applicg//,tion% formulations
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Figure 6: Anthracnose infection rate in cashew seedlings three (3) months after treatment
Histograms with the same alphabetical letters are not statistically different (p < 0.05) (Newman and Keuls)
Biobact 1: Plants inoculated and treated with the Pseudomonas fluorescens formulation

Biobact 2: Plants inoculated and treated with Bacillus subtilis formulation

3.2.4 Average anthracnose severity index as a function of plant treatments



An average severity index of 24.86% was observed for inoculated and untreated control plants. This severity
was higher than that of plants treated with the formulations. The Pseudomonas fluorescens formulation
showed a severity index of 5.55%, while the Bacillus subtilis formulation showed an average severity index
of 9.25%. Plants treated with the Pseudomonas fluorescens (Biobact 1) formulation thus showed a lower
severity index than those treated with Bacillus subtilis (Biobact 2). Statistical analysis also showed a

significant difference between these two values (Figure 7).
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Figure 7: Average severity of anthracnose on cashew seedlings three(3) months after treatment.
Histograms with the same alphabetical letters are not statistically different (p < 0.05) (Newman and Keuls)
Biobact 1: Plants inoculated and treated with the Pseudomanas fluorescens formulation

Biobact 2: Plants inoculated and treated with Bacillus subtilis formulation

3.2.5 Reduction rate in anthracnose severity index after application of the formulations

Average reduction rates of over 50% were observed for both types of formulation. The reduction rates were 85.95 and

62.80% for the Pseudomonas fluorescens (Biobact 1) and Bacillus subtilis (Biobact 2) formulations respectively. These

two values are statistically different at the 5% threshold (Figure 8).
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treatment.



Histograms bearing the same alphabetical letters are not statistically different (p < 0.05) (Newman and
Keuls)

Biobact 1: Treatment with Pseudomonas fluorescens formulation

Biobact 2: Treatment with Bacillus subtilis base formulation

3.3 Efficiency of bacterial formulations on anthracnose and bacterial blight
symptoms in cashew plantations

3.3.1 Evolution of anthracnose symptoms on cashew plants after treatment

Cashew plants not treated with the formulated products showed a progressive increase_in anthracnose
symptoms, manifested by rounded necrotic black spots on the leaf surface (Figure 9 A). However, cashew
plants treated with both formulated products (Biobact 1 formulation and Biobact 2 formulation) showed
normal development. These plants were apparently healthy with the appearance of new:leaves (Figure 9 B
and C).

Figure 9: Level of development of anthracnose symptoms on cashew leaves after application of formulations
one month after treatment

A- Untreated control cashew plant foliage 'showing anthracnose symptoms

B- Cashew plant foliage treated with the Pseudomonas fluorescens (Biobact 1) formulation showing no
anthracnose symptoms

C- Cashew plant foliage treated with the Bacillus subtilis (Biobct 2) formulation showing no anthracnose
symptoms

3.3.2,Level of anthracnose infection in cashew trees after application of the

formulations

The results concerning anthracnose infection levels indicate that, irrespective of the treatment zone, the untreated
control plants showed the highest infection rates in the experiment. These infection rates were 94.06%, 97.24% and
92.64% for the control in the North (Korhogo), Centre (Bouaké) and East (Bondoukou) zones respectively. As for the
infection rates of treated plants, those treated with the product Biobact 1 (Pseudomonas fluorescens) showed infection
rates of 86.33, 82.20 and 72.44% respectively for the North, Centre and East zones. Meanwhile, plants treated with
Biobact 2 (Bacillus subtilis) had infection rates of 81.13, 84.86 and 81.13% in the North, Centre and East zones
respectively. Statistical treatments showed that regardless of the treatment zone, the infection rates observed with the



two biological products did not differ significantly (p < 0.05). However, these infection rates differed from those of the

control plants (Figure 10).
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Figure 10: Anthracnose infection rate of cashew plants four (4) months after treatment
Biobact 1: Plants treated with the Pseudomonas fluorescens formulation
Biobact 2: Plants treated with the Bacillus, subtilis formulation.

Histograms bearing the.same alphabetical letters in each zone are not statistically different (p < 0.05)

(Newman and.Keuls)

3.3.3 _Level of anthracnose severity on cashew plants after application of
formulations

Untreated control plants showed average severities of 31.88, 16.17 and 40.89% respectively for the North,
Centre and East zones. These severities were higher than those of plants treated with the formulations.
Plants treated with the Biobact 1 (Pseudomonas fluorescens) formulation showed average severities of
16.94, 14.93 and 27.53% respectively in the North, Centre and East zones, while those treated with the
Biobact 2 (Bacillus subtilis ) product showed average severities of 15.43, 12.77 and 30.03% respectively in
the North, Centre and East zones (Figure 11). In the central plots, the statistical treatments showed no
significant difference between the average severity of the control plants and the plants treated with the two
formulated products (p < 0.05). However, in the northern and eastern zones, a significant difference was
observed between the severity of the disease in control plants and plants treated with the two formulations at
the 5% threshold (Figure 11).
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Figure 11: Average severity of anthracnose on cashew plants four (4) months after treatment
Biobact 1: Plants treated with the Pseudomonas fluorescens‘formulation

Biobact 2: Plants treated with Bacillus subtilis formulation

Histograms bearing the same alphabetical letters in each zone are not, statistically different (p < 0.05)

(Newman and Keuls)

3.3.4 Reduction rate of anthrachose severity index by bacterial formulations

Reduction rates of 42.24 and 41.05% were observed. in the northern zone with Biobact 1 (Pseudomonas fluorescens)
and Biobact 2 (Bacillus subtilis) respectively. These reduction rates did not differ significantly at the 5% threshold. In
the Centre, a reduction rate of 4.35% was observed with the biopesticide Biobact 1, while the biopesticide Biobact 2
showed a reduction rate of 0%. In the:Eastern zones, rates of 7.63 and 10.25% were obtained with Biobact 1 and

Biobact 2 respectively (Figure 12).
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Figure 12 : Average rate of reduction in anthracnose severity index four (4) months after treatment

Biobact 1: Pseudomonas fluorescens formulation
Biobact 2: Bacillus subtilis formulation



Histograms with the same alphabetical letters in each zone are not statistically different (p < 0.05) (Newman
and Keuls)

4. DISCUSSION

The general objective of this study was to evaluate the efficacy of two formulations of bacterial biocontrol
agents based on bacteria isolated from the rhizosphere of cashew trees against anthracnose. In vitro
antagonism tests were carried out on the fungal Colletotrichum gloeosporioides responsible for cashew
anthracnose. The aim of these tests was to verify the effect of the two biocontrol agent formulations on the
mycelial growth of the pathogenic fungi. The results showed remarkable efficacy of the formulations on the
mycelial growth of Colletotrichum gloeosporioides, with an average inhibition rate of 100% at the 1%
concentration for all formulations. This would appear to be due to the fact that the bacterial isolates used in
the formulation produce antifungal substances that inhibit the growth of pathogenic fungi in. agricultural
environments. These bacteria have broad-spectrum antagonistic activity against phytopathogenic agents.
These activities include direct antibiosis, spatial or nutritional competition and the production of substances
toxic to plant pathogenic microorganisms (Showkat et al., 2012). These antifungal metabolites act by
altering pathogen germination and growth. They may also distort the pathogen's hyphae and alter the
appearance of colonies (Campbell, 1989). As for the Bacillus sp genus; these bacteria produce antifungal
substances such as fengycin and iturin, which inhibit the growth of plant pathogenic fungi (Mora et al.,
2011). Studies by Tan et al. (2013) also showed that Bacillus: subtilis B25 possessing the bacyllomicin
biosynthesis gene had antifungal activities against Aspergillus niger. Inhibition diameters of the supernatant
of B. subtilis isolates greater than 8 mm showed that these isolates were capable of producing inhibitory
substances against Phytophtora palmivora, Lasidiplodia theobromae and Aspergillus niger(Tan et al., 2013).
The results of biocontrol tests for anthracnose onicashew seedlings in the greenhouse using the two
formulations showed beneficial effects in protecting the seedlings. Application of the formulations to cashew
seedlings conferred protection against the pathogen Colletotrichum gloeosporioides. Anthracnose reduction
rates of 85.95 and 62.80% were respectively obtained with formulations based on Pseudomonas fluorescens
(Biobact 1) and Bacillus:subtilis. (Biebact 2). These results show that the bacterial strains used in these
formulations are suitable for biological control of cashew phytopathogenic fungi. This high rate of reduction
and the strong growth of the plants compared with the controls are thought to be linked to their ability to
produce indole-3-acetic acid and to solubilise phosphorus. Indeed, Fatima et al. (2009) also showed that the
high germination rate and strong growth of the plants were linked to the synthesis of indole acetic acid (IAA).
The ability of Bacillus sp. isolates to produce IAA is thought to improve chlorophyll synthesis in the leaves
(Fatima et al., 2009).This would explain the fact that the leaves of plants treated with the biopesticide
formulations were greener than those treated with the phytopathogenic isolates. Similar results were
observed with Bacillus subtilis strains BTP1 and BC25 against Botrytis cinerea in tomatoes and cucumbers
(Akram, 2008). The bacterial formulations demonstrated their ability to significantly reduce the anthracnose
severity index in cashew plantations. This reduction in the anthracnose severity index in cashew by the two
bacterial biocontrol agents formulated could be explained by the capacity of these bacteria involved in the
formulation of biopesticides to produce substances that would induce systemic resistance in cashew trees
against anthracnose and bacterial blight. Isolates of Bacillus sp. andPseudomonas fluorescens are thought
to possess two or three lipopeptide genes (srfAA, fenD and ituC), which are thought to play a major role in

promoting plant growth (Fatima et al., 2009). These strains could play antibacterial, antifungal, antiviral and



systemic resistance inducing roles in plants (Stankovi¢ et al., 2012). Several Bacillus sp. species isolated
from the plant environment have srfAA, fenD and ituC genes (Mora et al., 2011). Studies by Cawoy et al.
(2015)revealed that B. subtlis 98S strains possessed all 3 genes for surfactin, fengycin and iturin
biosynthesis. However, B. subtlis 2504 used by Ongena et al (2007) in their study only possessed the
fengycin biosynthesis gene. Similar results were observed by Koua et al. (2020), who showed that Bacillus
subtilis strains BL 1, BK 1, BL 2, BT 2, BT 5 and BT 10 could induce systemic resistance in cocoa trees
against swollen shoot disease (CSSV). He also showed that these strains offered a good possibility of
biological control against the swollen shoot virus and phytopathogenic cocoa moulds, and that induction of
systemic resistance in cocoa seedlings by B. subtilis isolates reduced the severity of theicocoa diseases
caused by Phytophtora palmivora, Lasiodiplodia theobromae and CSSV. Similarly, work-by Akram in 2008
showed the induction of systemic resistance in tomatoes and cucumbers by strains of Bacillus subtilis BTP1
and Pseudomonas fluorescens against Botrytis cinerea grey mould.

The variation in the efficacy of these two products formulated against anthracnose depending on the
treatment areas could be explained by the fact that these three treatment sites are not.located in the same
agro-ecological zone. This could be explained by the effect of climatic parameters such as temperature and
relative humidity, which are different in these three zones. These results corroborate those of Fofana in
2021. This author, after using the biofungicides NECO, ASTON and FERCA to combat brown pod rot in
cocoa in the Agnéby-Tiassa region, observed variations in'disease reduction rates depending on the

treatment zones.

5. CONCLUSION

We can conclude that the two biocontrol agent formulations (Biobact 1 and 2) significantly inhibited the mycelial
growth of the fungus Colletotrichum gloeosporioidesin vitro. These two formulations also significantly reduced the
anthracnose severity index on cashew plants.in-the greenhouse and in cashew plantations. In view of the above, these

two bacterial biocontrol agents could be used for biological control of cashew anthracnose in Céte d'Ivoire.
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