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Assessment of bacterialbiocontrol 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 Ivorianeconomy. Cote d’lvoire is
first world producer. However, its cultivation faces severalconstraintslinked to anthracnose. The aim of
thisstudywas to assess the efficacy of twoformulatedbacterialbiocontrol agents against anthracnose of
cashew. To this end, in vitro confrontation tests werecarried out
againstColletotrichumgloeosporioideswithtwopreviouslyformulatedbacterialbiopesticides. Biocontrol
testswerethencarried out against anthracnose in ‘greenhouses and cashew plantations. The
resultsshowedthat the twobacterialbiocontrol agents testedcontrolledin vitro the proliferation of
Colletotrichumgloeosporioidesresponsible- for:-anthracnese and significantlyreduced the diseaseseverity
index on cashew seedlings in the greenhouse. [In vitro, inhibition rates rangingfrom 70.16+6.9 to 72.65+6.5% |
wereobserved on the mycelialgrowth of Colletotrichumgloeosporioides. In the greenhouse and in cashew
plantations, a sharpreduction, in the anthracnose severity index wasobserved. In the greenhouse,
anthracnose reduction rates by the twobagcterialbiocontrol agents rangedfrom 62.80 + 5.2% to 85.95 + 2.8%.
In cashew plantations;, the reduction rates variedfrom 42.24 to 41.05%. . In view of the above,
thesetwobacterialbiocontrol .agents couldbeused for biological control of cashew anthracnose in Cote
d'lvoire.
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1. INTRODUCTION

[Cashew is a cropwhotakes an important role in the Ivorianeconomybecause of its cashew nut and is a
particularstrategicresourcethatgeneratesincome for farmers in the north, south, centre and east of the

country ](Soro, 2012). Unfortunately, its cultivation issubject to severalphytopathologicalproblemsthat
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compromise the qualitative and quantitative yield of cashew nuts(Siluéet al., 2017). Indeed, in addition to
insectpests, severaldiseasescaused by fungi and bacteria have been detected in cashew orchards in Cote

d'lvoire. Theseincludedownymildew, leafrust, buddesiccation, gumblight, bacterialblight and anthracnose.
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Anthracnose is one of the main diseasesfound in cashew orchards in Cote d'lvoire (Soro et al., 2022). This
diseaseisthought to be one of the reasons for the lowyield per hectare, estimated at 414.3 kg/ha (FIRCA,
2018). Anthracnose iscaused by the fungalColletotrichumgloeosporioides. It generallyattacks all parts of the
plant, with an averageseverity index of 28.48%. It causes brown spots on the leaves and premature fruit drop
40-56% in Uganda (Mathur et Kongsdal, 2003;Kiwusoet al., 2013).

This diseaseisgenerallycombated by adopting good cultivation practices and usingchemicalproducts.
However, the application of these cultivation techniques isstillvery time-consuming. Chemical products,
whenusedincorrectly by growers, have harmfuleffects on theirhealth and the plants, and even on the
environment(Kouassi, 2012).

To mitigate the harmfuleffects of chemical pesticides, biological control agents aresemerging-as promising
alternatives for managingcroppathogens. Amongthesebiological agents, microbial biopesticides (bacteria,
fungi, viruses) are the mostsuitable. Theyoffer the advantages . of . greaterselectivity and
lowertoxicitythanconventionalchemical pesticides. Recentstudies have showntheir importance in the
biocontrol of diseases(Pérez-Garcia et al., 2011). Over the last decade; humerousstudies on greenhouse
and field trials have demonstrated the potentialinterest of rhizospherebacteria, particularlyPseudomonas
fluorescens and Bacillus subtilis, as biological agents for controlling plant pathogens(Akram, 2008). Work by
Kouaet al. (2020) has shownthatB. subtilisstrainsisolatedfrom the rhizosphere of cocoatrees in Cote d'lvoire
are effective bioinoculants for controllinggreenhousecocoadiseasessuch as swollen shoot. The aim of

thisstudywas to assess the efficacy of two formulations of bacterialbiocontrol agents based on

2. MATERIAL AND METHODS

2.1 Material

The materialused in thisstudyconsisted of twobiocontrol agents alreadyformulated and namedBiobact 1 for
the Pseudomonas fluorescensbased formulation and Biobact 2 for the Bacillus subtilisbased formulation.
Thesetwobiocontrol agents wereformulatedduring the work of Tehuaet al. (2022). Greenhouse cashew
seedlingswerealsoused for the ‘greenhousebiocontrol trial. For the cashew plantation trials,

diseaseassessmentsheets, sprayers and a coolingcoolerwereused.

2.2 Méthods

2.2.1Invitramycelialgrowth inhibition test for Colletotrichumgloeosporioides

[This test wascarried out using the methoddescribed by Siluéet al. (2018). Thus, for eachformulation jof
bacterialbiocontrol agents, concentrations of 0.0625; 0.125; 0.25; 0.5; and 1% corresponding to
concentrations C5, C4, C3, C2 and C1, respectively, wereprepared. PDA (Potato Dextrose Agar) culture
media wereprepared and autoclaved at 121°C for 15 minutes. Once the medium hadcooled to 45°C, the
various solutions containing the formulated concentrations of bacterialbiocontrol agents
wereeachincorporatedinto the PDA medium contained in an Erlenmeyer flask. The media
thuspreparedwerehomogenised and dispensedinto 90 mm-diameter Petri dishes, at a rate of 20 ml per dish.
Next, 7 mm diametermycelial fragments of the pathogenic fungiwerecutfrom 7-day-old cultures and placed in

the centre of the Petri dishescontaining the PDA medium withadded formulation. ]
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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-Dc
Do

x100

Ic (%)=

Ic (%) = Inhibition rate
Do = Radial growth of fungiwithoutformulatedproduct
Dc = Radial growth of fungiwithformulatedproduct

2.2.2 Assessment of the in vivoantifungaleffect ‘of formulations of
bacterialbiocontrol agents against anthracnose of cashew. in the greenhouse

2.2.2.1 Preparation of the fungal inoculum

Ten milllitres (10 mL) of steriliseddistilled <water. wasadded to 28-day-old mycelial cultures of
Colletotrichumgloeosporioides. The surface of these cultures wasscrapedwith a sterilisedmetal spatula. The
resulting solution washomogenised in a test tube using a vortex. A few drops (200 pL) of this suspension
wereused to fill the wells of a Malassez cell in order to estimate the number of spores. This
numberwasadjusted to 10° spores/ml by dilution or, by increasing the spore concentration of the solution by
re-suspending the spore solution:-on anothermycelial culture. One millilitre (1 mL) of a 1% glucose and agar
solution wasadded to the 'spore suspension prior to inoculation. The role of this solution is to

facilitateadhesion and germination of the spores on the leaves(Siluéet al., 2018).

2.2.2.2 Inoculation and- treatment of seedlingswith formulations of

bacterialbiocontrol agents

eachtreatment. The treatmentsinvolvedinoculated and untreated control seedlings (TO0), seedlingsinoculated
and treatedwith the Pseudomonas fluorescens formulation (T1) and seedlingsinoculated and treatedwith the
of cashew seedlingsweresprayedwith 1 mL of fungal inoculum. Six (6) leaveswereinoculated per cashew
seedling, i.e. 6 ml of fungal inoculum per seedling. A total of 162 ml of fungal inoculum wasused for the
twenty-seven (27) cashew seedlings. Twenty-four hoursafter inoculation, bothsides of the
for eachformulatedproduct. Aftertreatment, the seedlingswereplaced in a greenhouse. The
experimentwasrepeatedthree (3) times. The greenhousewasregularlyhumidified (2 times aday) by

wateringwith a watering can to keep the humiditylevel high (95 - 100%). The purpose of the humidification
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was to facilitate germination of the fungalpathogen spores. The development of anthracnose

symptomswasmonitoredregularly for three (3) months(Siluéet al., 2018).
2.2.2.3 Assessment of the efficiency of treatmentsagainst anthracnose

The evoluton of diseasesymptomswasmonitoredaftereachtreatment. The ability of the
twoformulatedbacterialbiocontrol  agents to  protectagainst or reduce infection by the
fungalpathogenwasassessed. This wasdone by determining the infection rate, the severity index and the
anthracnose reductonrate],
Determination of anthracnose infection rate aftertreatment

The infection rate of cashew seedlingsaftertreatmentwasassessed by the ratio of the number of

leavesshowingsymptoms of the disease to the total number of leavesinoculated(lssa et al.;2017).

Ti (%) = gxma

Ti (%) = Disease infection rate
n = Number of inoculatedleavesshowingdiseasesymptomsaftertreatment
N = Total number of inoculated and treatedleaves

Determination of anthracnose severity index aftertreatment

The anthracnose severity index aftertreatmentwasdeterminedusing a visual rating scalefrom 0 to 9 (Grothet
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 wasdetermined for each trial using the formula of
Kranz (1988).

is (%) = (W}X 100

IS= severity index (%);.Xi = disease score; ni = number of leaveswith score xi; N = total nhumber of

leavesinoculated and thentreatedwith the bacterial biopesticide and Z = highest score.

Determination of reductionrate post-treatment anthracnose ]

[The rate of reduction of anthracnose aftertreatmentwasdetermined by the ratio of the differencebetween the
severity index of the control plants inoculatedwith the pathogen and untreated and the severity index of the
trials over the severity index of the control plants inoculatedwith the pathogen and untreatedmultiplied by one
hundred].

fo-1

Tr (Yo )= ?X 100

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

2.2.3 Assessment of the efficiencyof biocontrol agent formulations against
anthracnose in cashew plantations
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2.2.3.1 Choice of experimental sites

The experimentswerecarried 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 wereselectedaccording to severalcriteria. Thesecriteriaincluded the age of the plot
to betreated (10-15 years), the ability to reach cashew treefoliage, the accessibility of the plots, the
homogeneity of cashew plants in the plots to betreated, the spacingbetween plants in the plot, and the
significantpresence of bacterialblight and anthracnose. According to thesecriteria, one (1) cashew plot

wasselected in each zone.

2.2.3.2Plantation experiments

Evaluation of the efficacy of bacterial biopesticides formulatedagainst anthracnose in._cashew. plantations
wascarried out using the methoddescribed by Tononet al. (2017). Thus, the treatment of the
selectedexperimental plots wascarried out with an automatedsprayer. The Fisher experimentalset-
upwasused. Three Fisher blocks wereused for threetreatments (TO = _Untreated control-plants T1 = Plants
treatedwithBiobact 1 formulation at 2.5 L/ha and T2 = Plants treatedwithBiobact 2. formulations at 2.5 L/ha).
Cashew seedlingswererandomlyselected to form the three blocks. The experimental unit consisted of five (5)
cashew trees for eachtreatment, i.e. forty-five (45) cashew trees per 1 ha plot, withfifteen cashew trees per
Fischer block. The formulatedbacterial biopesticides werediluted::in the sprayerwithtap water. The
concentration chosenwas 2.5 L/ha. Aftermixing the products in the sprayer, the cashew foliage and
trunksweretreatedaccording to each Fischer block. Each gashew plant wastreatedwith 2 L of spray, i.e. 200 L
of spray for one hundred (100) cashew trees. Three (3) treatmentswerecarried out during the vegetative

phase of the cashew plants. The intervalbetweeneachtreatmentwasthreeweeks.

2.2.3.3Assessment of the efficiency of the formulations

Assessment of the efficacy of the bacterial formulations in cashew plantations wascarried out everyfifteen

(15) daysafter the three (3) treatmentsuntil the end of the campaigri(four monthsaftertreatment). It wascarried «»'“"{Comment [CR15]: Use the synonym

out on the old and new:leaves of the treated cashew trees. A total of twenty-seven (27) cashew plants
wereevaluated out of forty-five (45), withnine (9) plants for each Fisher block. This assessmentfocused on
measuring a number of phytopathologicalparameters, including infection rate, severity index and
anthracnose.severity index reduction rate. The assessment of thesedevelopmentparameterswascarried out
in four 1:m2 frames placed on the four north, east, west and southsides of the foliage of treated cashew

plants (Tonanet 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 infectedbudswascarried out in each 1m? frame. The anthracnose infection rate wasdetermined as the ratio

of the number of budsshowingdiseasesymptoms to the total number of buds in the frame.
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N = Total number of buds in the 1m? frame

Determination of the anthracnose severity index after application of the formulations

The anthracnose severity index wasdetermined on the first five (5) leaves of threebuds in the four quadrants
of 1mzshowingcharacteristicsymptoms of eachdisease to beassessed. It wasdetermined by
takingintoaccount the rate of leaf surface infected by thisdisease. Scores werethenassigned to
eachdiseasedleaf, takingintoaccount the scoringscalefrom 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 diseaseseverity index

wasdetermined for each trial using the followingequation(Kranz, 1988).

Is (%) = (%} X 100

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

N = Total number of treestreated 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 aftertreatmentwasdeterminedusing the

following formula:

Tr (%)= fx 100

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

I: Averageseverity index after the 3 treatments.

2.2.4 statisticalanalysis

The data collectedwasrecordedusing,Excel 2016 and analysedusingStatistica version 7.1 software. Analyses
of variance (ANQVA) wereperformed. The normality of the residuals and the homogeneity of the variances

werechecked. Comparisonsbetweenmeanswere made using the Newman-Keuls test with a threshold of 5%.

3. RESULTS
3.1In vitroeffect of bacterialbiocontrol agent formulations on the growth of

Colletotrichumgloeosporioides



h’he ability of bacterial formulations to inhibit the mycelialgrowth of
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inhibition rates for the different formulations were 72.65 and 70.16% for Biobact 2 and Biobact 1 respectively.
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fungus. However, the 1% concentration (C1) showedcomplete inhibition of fungalgrowth 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.
Statisticalanalysisshowed a significantdifferencebetween the average inhibition <rates®.of:-the. different
3 and 4).
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Figure 1: Inhibition of mycelialgrowth of Colletottichumgloeosporioides by Biobact 1 and Biobact 2 products
at a concentration of 1%. ’

A- Mycelialgrowth of the control fungus on:-PDA medium withoutformulatedproducts

B-  Mycelialgrowth  of  [Colletotrichumgloeosporioideson PDA  medium  withPseudomonas .,»-/’"{Comment [CR21]: Italic
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Figure 2: Growth inhibition rate of C. gloeosporioides by biopesticide formulations after one month's
incubation

Histogramswith the samealphabeticalletters are not statisticallydifferent (p < 0.05) (Newman and Keuls)
Biobact 1: TreatmentwithPseudomonas fluorescens formulation

Biobact 2: TreatmentwithBacillus subtilis formulation
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A- Mycelial of the control fungus on PDA medium withoutformulatedproducts

B- Mycelialgrowth of Colletotrichumgloeosporioides fungus on PDA medium withPseudomonas fluorescens
(Biobact 1) formulation

C- Radial growth of the fungus Colletotrichumgloeosporioides on PDA medium withBacillus subtilis
formulation (Biobact 2).
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C3: Concentration 0.25
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Figure 4:Average cumulative inhibition rate of the concentrations of  the two  formulations on the

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

3.2 Pest control activity of formulatedbiocontrol agents on anthracnose and

bacterialblight of cashew undercontrolled conditions

3.2.1 Development of anthracnese symptoms on young cashew seedlings

bne monthafter inoculation, uninoculated and untreated plants and plants treatedwith the formulation

spores and untreatedshowedtypicalsymptoms of the disease, whichmanifestsitself as leafnecrosisbeginning
at the edge of the leafblades (Figure 5 B). Inoculated and treated plants showed no leafnecrosis. Normal
development of the plants wasalsoobserved, with the appearance of new leaves and an increase in the

green colour of the leaves(Figure 5 C).
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[Figure l5:Anthracnose symptoms on cashew seedlings in the greenhouseafter application of formulations .-

one monthaftertreatment

A- Uninoculated and untreated control plants showing no symptoms of anthracnose on the |leaves

B- Control plants inoculatedwithcolletotrichumgloeosporioidesand not treatedwithformulatedproductsshowing -

anthracnose symptoms

C- Plants inocuIatedwith[CoIIetotrichumgIoeosporioideéand treatedwithformulatedproductsshowing no

anthracnose symptoms

3.2.3 Infection rate of anthracnose-treated plants

Threemonthsaftertreatment, a 100% infection rate wasobservedwith plants
inoculatedwithColletotrichumgloeosporioides spores and not " treatedwith the formulations. Plants

inoculatedwith the fungus spore suspension andtreatedwith the formulations recorded infection rates of
44.44 and 57.42% respectively for the Pseudomonas fluorescens (Biobact 1) and Bacillus subtilis (Biobact 2)

lowest infection rate (Figure 6).

g
Y 1%,
£ a
S awm
i)
E 20
» b
= &0 ¢ .
§ 49 D 5 ‘:"
g i ot 3& |
& : v w18
= 28 g ] x4
- P /2y o ‘
g o s A -
@
& Témoin inoculé Biobact I Biobaer 2
E et non traité
-

Treatments

[Figure ]6: Anthracnose infection rate in cashew seedlingsthree (3) monthsaftertreatment

Histogramswith the samealphabeticalletters are not statisticallydifferent (p < 0.05) (Newman and Keuls)
Biobact 1: Plants inoculated and treatedwith the Pseudomonas fluorescens formulation

Biobact 2: Plants inoculated and treatedwithBacillus subtilis formulation
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3.2.4 Average anthracnose severity index as a function of plant treatments

An averageseverity index of 24.86% Jwasobserved for inoculated and untreated control plants. This
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showed a severity index of 5.55%, while the Bacillus subtilis formulation showed an averageseverity index of
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index thanthosetreatedwithBacillus subtilis (Biobact 2). Statisticalanalysisalsoshowed a
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Figure 7: Averageseverity of anthracnose on:cashew seedlingsthree (3) monthsaftertreatment.
Histogramswith the samealphabeticalletters are not statisticallydifferent (p < 0.05) (Newman and Keuls)
Biobact 1: Plants inoculated and treatedwith the Pseudomonas fluorescens formulation

Biobact 2: Plants inoculated and treatedwithBacillus'subtilis formulation

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

%veragereduction rates of over 50% wereobserved 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.
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Histogramsbearing the samealphabeticalletters are not statisticallydifferent (p < 0.05) (Newman and Keuls)
Biobact 1: TreatmentwithPseudomonas fluorescens formulation

Biobact 2: TreatmentwithBacillus subtilis base formulation

3.3 Efficiency of bacterial formulations on anthracnose and
bacterialblightsymptoms in cashew plantations

3.3.1 Evolution of anthracnose symptoms on cashew plants aftertreatment

Cashew plants not treatedwith the formulatedproductsshowed a progressive increase in anthracnose
symptoms, manifested by roundednecrotic black spots on the leaf surface (Figure 9 A). However, cashew
plants treatedwithbothformulatedproducts (Biobact 1 formulation and Biobact 2 formulation) showed normal

development. These plants wereapparentlyhealthywith the appearance of new leaves (Figure 9 Band C).

Figure 9: Level of development of anthracnose symptoms on cashew leavesafter application of formulations
one monthaftertreatment

A- Untreated control cashew:plant foliageshowing anthracnose symptoms

B- Cashew plant foliagetreatedwith the:Pseudomonas fluorescens (Biobact 1) formulation showing no
anthracnose symptoms

C- Cashew plantifoliagetreatedwith the Bacillus subtilis (Biobct 2) formulation showing no anthracnose

symptoms

3.3.2 Level of anthracnose infection in cashew treesafter application of the

formulations

The resultseoncerning anthracnose infection levelsindicatethat, 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, thosetreatedwith the productBiobact 1 (Pseudomonas fluorescens) showed infection rates of
86.33, 82.20 and 72.44% respectively for the North, Centre and East zones. Meanwhile, plants treatedwithBiobact 2
(Bacillus subtilis) had infection rates of 81.13, 84.86 and 81.13% in the North, Centre and East zones respectively.
Statisticaltreatmentsshowedthatregardless of the treatment zone, the infection rates observedwith the
twobiologicalproductsdid not differsignificantly (p < 0.05). However, these infection rates differedfromthose of the

control plants (Figure 10).
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Figure 10: Anthracnose infection rate of cashew plants four:(4) monthsaftertreatment
Biobact 1: Plants treatedwith the Pseudomonas fluorescens formulation
Biobact 2: Plants treatedwith the Bacillus subtilis formulation.

Histogramsbearing the samealphabeticalletters.in each zone are not statisticallydifferent (p < 0.05) (Newman

and Keuls)

3.3.3 Level ‘of anthracnose severity on cashew plants after application of
formulations

Untreated controliplants showedaverageseverities of 31.88, 16.17 and 40.89% respectively for the North,
Centre and East zones. Theseseveritieswerehigherthanthose of plants treatedwith the formulations. Plants
treatedwith the Biobact 1 (Pseudomonas fluorescens) formulation showedaverageseverities of 16.94, 14.93
and 27.53% respectively in the North, Centre and East zones, whilethosetreatedwith the Biobact 2 (Bacillus
subtilis ) productshowedaverageseverities of 15.43, 12.77 and 30.03% respectively in the North, Centre and
East zones (Figure 11). In the central plots, the statisticaltreatmentsshowed no significantdifferencebetween
the averageseverity of the control plants and the plants treatedwith the twoformulatedproducts (p < 0.05).
However, in the northern and eastern zones, a significantdifferencewasobservedbetween the severity of the

disease in control plants and plants treatedwith the two formulations at the 5% threshold(Figure 11).
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Figure 11: Averageseverity of anthracnose on cashew plants four (4) monthsaftertreatment
Biobact 1: Plants treatedwith the Pseudomonas fluorescens formulation
Biobact 2: Plants treatedwithBacillus subtilis formulation

Histogramsbearing the samealphabeticalletters in each zone are not statisticallydifferent (p < 0.05) (Newman

and Keuls)
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more than 90%. What might be the reason for
higher rate of efficacy of biocontrol agent in
Centre, a reduction rate of 4.35% wasobservedwith the biopesticide Biobact 1, while the biopesticide Biobact 2 showed the field condition

Biobact 2 (Bacillus subtilis) respectively: Thesereduction rates did not differsignificantly at the 5% threshold. In the

a reduction rate of 0%. In the Eastern zones, rates of 7.63 and 10.25% wereobtainedwithBiobact 1 and Biobact 2

respectively (Figure 12).
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Figure 12 : Average rate of reduction in anthracnose severity index four (4) monthsaftertreatment

Biobact 1: Pseudomonas fluorescens formulation

Biobact 2: Bacillus subtilis formulation

Histogramswith the samealphabeticalletters in each zone are not statisticallydifferent (p < 0.05) (Newman
and Keuls)



4. DISCUSSION

[The general objective of thisstudywas to evaluate the efficacy of two formulations of bacterialbiocontrol
agents based on bacteriaisolatedfrom the rhizosphere of cashew treesagainst anthracnose. In
vitroantagonism tests werecarried out on the fungalColletotrichumgloeosporioidesresponsible for cashew
anthracnose. The aim of these tests was to verify the effect of the twobiocontrol agent formulations on the
mycelialgrowth of the pathogenic fungi. [The resultsshowedremarkableefficacy of the formulations on the

mycelialgrowth of Colletotrichumgloeosporioides, with an average inhibition rate of 100% at the 1%

formulation produceantifungal substances thatinhibit the growth of pathogenic fungi in agricultural
environments. Thesebacteria have broad-spectrumantagonisticactivityagainstphytopathogenic agents.
Theseactivitiesinclude direct antibiosis, spatial or nutritionalcompetition and the production of substances
toxic to plant pathogenicmicroorganisms(Showkatet al., 2012). Theseantifungalmetabolitesact by
alteringpathogen germination and growth. Theymayalsodistort the pathogen'shyphae and alter the
appearance of colonies (Campbell, 1989). As for the [Bacillusspgenuﬁ, thesebacteriaproduceantifungal

Studies by Tan et al. (2013) alsoshowedthatBacillus subtilis B25 possessing the
bacyllomicinbiosynthesisgenehadantifungalactivitiesagainstAspergillus niger. Inhibition diameters of the
supernatant of B. subtilis isolatesgreaterthan 8 mm showedthattheseisolateswere capable of
producinginhibitory substances againstPhytophtora palmivora, Lasidiplodiatheobromae and Aspergillus
niger(Tan et al., 2013).

The results of biocontrol tests for anthracnose on cashew seedlings in the greenhouseusing the two
formulations showedbeneficialeffects in protecting the seedlings. Application of the formulations to cashew
seedlingsconferred protection against the pathogenColletotrichumgloeosporioides. Anthracnose reduction
rates of 85.95 and 62.80% wererespectivelyobtainedwith formulations based on Pseudomonas fluorescens
(Biobact 1) and Bacillus subtilis (Biobact 2). Theseresults show that the bacterialstrainsused in these
formulations are suitable for biological control of cashew phytopathogenic fungi. This high rate of reduction
and the stronggrowth of the plants comparedwith the controls are thought to belinked to theirability to
produce indole-3-acetic acid and to solubilise phosphorus. Indeed, Fatima et al. (2009)alsoshowedthat the
high germination rate and stronggrowth of the plants werelinked to the synthesis of indole aceticacid (IAA).
The ability of Bacillus sp. isolates to produce IAA isthought to improvechlorophyllsynthesis in the
leaves(Fatima et al., 2009).This wouldexplain the factthat the leaves of plants treatedwith the biopesticide
formulations weregreenerthanthosetreatedwith the phytopathogenicisolates.
SimilarresultswereobservedwithBacillus subtilisstrains BTP1 and BC25 against Botrytis cinerea in tomatoes
and cucumbers(Akram, 2008). The bacterial formulations demonstratedtheirability to significantlyreduce the
anthracnose severity index in cashew plantations. This reduction in the anthracnose severity index in
cashew by the twobacterialbiocontrol agents formulatedcouldbeexplained by the capacity of
thesebacteriainvolved in the formulation of biopesticides to produce substances
thatwouldinducesystemicresistance in cashew treesagainst anthracnose and bacterialblight. Isolates of
Bacillussp. andPseudomonas fluorescens are thought to possesstwo or three lipopeptide genes (srfAA, fenD
and ituC), which are thought to play a major role in promoting plant growth(Fatima et al., 2009).

Thesestrainscouldplayantibacterial, antifungal, antiviral and systemicresistanceinducingroles in plants
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(Stankovicet al., 2012). SeveralBacillussp. speciesisolatedfrom the plant environment have srfAA, fenD and
ituCgenes(Mora et al., 2011). Studies by Cawoyet al. (2015)revealedthatB. subtlis 98S strainspossessed all
3 genes for surfactin, fengycin and iturinbiosynthesis. However, B. subtlis 2504 used by Ongenaet al (2007)
in theirstudyonlypossessed the fengycinbiosynthesisgene. Similarresultswereobserved by Kouaet al. (2020),
whoshowedthatBacillus ~ subtilisstrains BL 1, BK 1, BL 2, BT 2, BT 5 and BT 10
couldinducesystemicresistance in cocoatreesagainstswollen shoot disease (CSSV). He
alsoshowedthatthesestrainsoffered a good possibility of biological control against the swollen shoot virus and
phytopathogeniccocoamoulds, and that induction of systemicresistance in cocoaseedlings by B. subtilis
isolatesreduced the severity of the cocoadiseasescaused by Phytophtora  palmivora,
Lasiodiplodiatheobromae and CSSV. Similarly, work by Akram in 2008showed the induction of
systemicresistance in tomatoes and cucumbers by strains of Bacillus subtilis BTP1 and Pseudomonas
fluorescensagainstBotrytis cinereagreymould.

The variation in the efficacy of thesetwoproductsformulatedagainst anthracnose depending on the treatment
areas couldbeexplained by the factthatthesethreetreatment sites are not located in the same agro-ecological
zone. This couldbeexplained by the effect of climaticparameterssuch as temperature and relative humidity,
which are different in thesethree zones. Theseresultscorroboratethose of Fofana in 2021. This author,
afterusing the biofungicides NECO, ASTON and FERCA to combat brownpod rot in cocoa in the Agnéby-

Tiassaregion, observed variations in diseasereduction rates depending on the treatment zones.]

5. CONCLUSION

We can concludethat the twobiocontrol agent formulations (Biobact 1 and 2) significantlyinhibited the mycelialgrowth
of the fungus Colletotrichumgloeosporioidesin vitro. Thesetwo formulations alsosignificantlyreduced the anthracnose
severity index on cashew plants in the greenhouse and in cashew plantations. In view of the above,

thesetwobacterialbiocontrol agents couldbeused for biological control of cashew anthracnose in Céte d'lvoire.
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