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SUMMARY

The objective of this study was therefore to develop a formulation of conidia of T, aspereilum with the
aim of improving its efficacy. The farmulations developed were cily dispersions. It was a combination of
solvents consisting of groundnut oil or palm oil with structural agents and emulisifying-dispersing agents.
Emulsification tests were carried out and the stability of the emulsions evaluated. The evaluation of the
effect of co-formulants on the growth of conidia of T, asperellum was done by reading the optical densities
of the formutated samples on multi-plates using a plate reader. The test on detached cocoa pods was
dene by treating the cocoa pods with selected formulations at 1.107 conidia/ml and incculaticn of the
treated cocea pods was done 24 hours later with zoespores of P. megakarya at 1.10° zoospores/ml. The
growth of necrosis on the fruits was measured daily. The screening of co-formulants and emulsification
tests ended up with the selection of two formulations. The first composed of conidia of T. aspereffum,
groundnut cil, Tensiofix NTM® and Tensiofix 869°. The second differed from the first by utilisation of paim
oil as the solvent. Thase formulations proved stable when diluted in water with 1% and 0.5% of sedimen-
tation respectively after 24 hours. The viability test of the conidia indicated that the different fermulaticns
selected did not have a fungitoxic effect. The test on detached cocoa pads showed an improved efficacy
of T, asperellum to control the disease. The growth rates of necrosis were 6.29 mm/day, 7.25 mm/day
and 31.6 mm/day for treatment with formulation 1, pure conidia and control treated with water respec-
fively.

Hey words: Formulation, black pod disease, Trichoderma asperelfum
INTRODUCTION

Cocoa hlack pod disease caused by fungi of the genus Phytophthora is one of the major dis-
eases from which this plant suffers. Losses vary from 30 to 40% at global level, but can reach
100% in the absence of control measures (Ndoumbe-Nkeng et al.,, 2004}. The species Phy-
tophthara megakarya is the principal pathogenic agent in Cameroon.

The control measures implemented by cocoa farmers to reduce the incidence of black pod
disease vary considerably, and are more or less effective depending on the climatic conditions
and the virulence of the strains of P. megakarya, Chemical controt is the most common
method.

in southern Cameroon, more than 50% of producers use fungicides to combat cocoa black pod
disease. However, the cost and unavailability of fungicides have been cited by producers as
the main constraints on the use of fungicides (Sonwa et al,, 2008). Chemical control also in-
volves high risks associated with pollution of the environment, the intoxication of operators
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and the presence of unwanted residues for consumers, Furthermore, the over-use in Came-
roon of metataxyl and the failure to comply with application doses (Sonwa et of,, 2008} raise
the problem of the risk of strains of P. megakarya appearing that are resistant to these chem-
ical molecules. As for genetic control, no genotype of the cocoa tree that is totally resistant to
P. megakarya and P. palmivora (Nyasse et al,, 2007) has yet been identified. Certain clones
show a potential talerance or resistance to these pathogenic agents, but are largely unavaila-
hle to cocoa farmers.

Cukivation methods aimed at reducing initial inoculation through sanitary harvesting and
meodifying the microclimate in plantations to create conditions that discourage the develop-
ment of the disease cannot alone guarantee the total protection of the cocoa orchards
(Ndoumbe-Nkeng et al., 2004).

Biological control through the use of micro-arganisms that help manage black pod disease
produced promising results in earlier work in Cameroon {Tondje et al., 2007; Deberdt et al.,
2008).

However, the level of efficacy of biological contro agents has remained below that of chemica
molecules {Deberdt et af, 2008). Several factors may be behind this, natably environmental:
factors, biotic factors and the inadequacy of the formulation of the spores of T. asperelum,
which is not conducive to the best expression of antagonistic activity. The main aim of thi
study is to develop a formulation of conidia of Trichoderma asperefium that could be used i
the biofogical contrel of cocoa black pod disease.

MATERIALS AND METHODS

Formulation of conidia of Frichodesma asperefium and evaluation of the
stability of the formulations

The formulation developed consisted of dispersing conidia of T. aspereffum in a vegeta
{groundnut oil or palm oil] to which are added emulsifying-dispersing agents and 3 st
agent. In total, six dispensable formulations in the form of emulsions in water (ECY Wwer
duced and tested. The evaluation of the stability of the dispersion of the formulatic
was done using the CIPAC MT 36 test. 95 ml of water of medium hardness (CIPAC DY

medium PDB (Potato Dextrose Broth, 24 g/f). 50 pl of each sample of form la
conidia/ml are then added to the wells that have first been filled with th
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and a blance treatment consisting solely of the culture medium, to which 50 yl of sterile dis-
tilled water had been added. Each treatment was repeated twelve times and the optical den-
sity of the cultures in the multiwall piate was read using a plate reader every 24 hours at 630
nm. This experiment was repeated twice.

2, the over-use in Came-
Sonwa et al., 2008) raise
resistant to these chem-
that is totally resistant to
dentified. Certain ciones
but are largely unavaila-

Test of the efficacy of the formulations on detached pods

The test consisted of pulverising cocoa pods from a sensitive clone (SNK10) with formulae at
1,107 conidia/ml, For each pod, 10 ml of formutation was used. The “negative control” treat-
ments consisted of pods treated with the different formulations without conidia and cocoa
fruit treated with water. The “positive control” treatment consisted of pods treated with a
chemical fungicide, RIDOMIL GoOLD PLUS 66 WP (6% metalaxyl + 60% copper oxide}. A treatment
hased on pure conidia of T. asperelfum had also been carried out.

The treated pods were placed in moistened trays to create conditions favourable to the de-
velopment of the disease. The inoculation of the pods with a suspension of zoospores of the
strain NKOM IH of P. megakarya at 1.10° zoospores/ml was done 24 hours after treatment.
The trays were incubated at 2512 eC and the diameter of the necrosis on the fruit was meas-
ured each day, for five days. These measurements were taken in both directions of the pod
“3nd the mean value was calculated. Ten pods were used for each treatment.
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Formulations 1 and 2 were subsequently selected for the biological and antagonism tests on
the plant material.

Table 1. Composition {in g) and characteristics of the formulations tested

Ingredients Number of the formulation
1 2 3 4 5 6

Conidia 0.10 0.10 0.10 0.10 0.10 0.10
Groundnut oil 75.50 0 7550 0 7550 75.50
Palm oil 0 75.50 0 7550 ¢ 0
Tensiofix NTM 15.00 1500 1500 1500 ¢ ¢
Tensiofix DBOS 0 il 0 i 3.50 9.50
Tensiofix IWE0 0 0 ] ¢ 5.50 550
Tensiofix OCE53 0 0 0 ¢ 1.00 1.00
Tween 20 0 0 3.00 3.00 0 0
Tensiofix 869 3.00 3.00 ¢ 0 250 0
Water 0 0 0 0 1000 10.00
Characteristics
Colour Dark Yelowish Green  Light Light  Greyish

brown brown  brown
Homogeneity Homogenous Heterogenecus
pH 6.1 5.2 53 5.2 6 54
Nensity (glem?) Q75 0.66 0.83 0.82 0.79 0.83
v,.cosity (cps) 866 3849 183 2250 1620 9250

Figure 1. Emulsification: {est:
the formulations develd
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Effect of the different co-formulants on the viability of the conidia of
Trichoderma aspereflum

The inoculation of the multiwail plates containing the liquid culture medium PDB (Potato Dex-
trose Broth) with formulations 1 and 2 allowed us to highlight the lack of effect of the different
co-formulants an the viability of the conidia of T. gsperelfum. Indeed, the growth of T. asperel-
furm in the wells resulted in an increase in optical density over time (Figure 2).

This figure shows that the three curves describe a sigmoid with an initlal phase that is a growth
start-up phase for the dry conidia or a 48-haur lag phase for the formulated conidia, followed
by an accelerated growth phase and finally a last phase during which growth becomes almast
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Figure 2. Optical densities of the formulae as a function of time

Effect of the different formulations on the development of cocoa black pod

disease

Analysis of the variance in daily growth of the necrosis on the cocoa pods {Table 2} shows that
the conidia of T. aspereflum have an effect on the development of the disease.
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Table 2. Analysis of the variance in growth speeds of necrosis on the cocoa fruit

Source of variation  d.o.f S.8. Mean F Pr>F  Progression of the
square necrosis (mmid)

Treatment 6 8840806 1473484 115921 <0.001

Error 63 8.008

Total 65 8848.914 0127

Water control H8la

Control formutation 2 2520b

Control formulation 1 2392¢

Pure conidia 7.25d

Formufation 2 6.8%e

Fomulation 1 6291

Fungicide 0.00g

Treatments: i) Formelation 1 (groundnut oif, Tensioftx NTM, Tensiofix 869, conidia); if) Formulation 2 (palm oil, Ten-
siofix NTM, Tensiofix 869, conidia); iii) Gontro! formulation 1; iv) Control formulation 2; v) Simple water control;
vi) Pure conidia; vii) Chemical fungicide.

This effect results in a reduction in the speed of growth of the necrosis compared with that of
pods treated with simple water, The formulations allow the efficacy of the strain of T. asperel-
fum PR11 to be improved. The speed of development of the nacrosis was 6.29 mm/d for the
treatment with formula 1 and 6.89 mm/d for the treatment with formula 2, whereas it was
7.25 mm/d for the treatment with non-formulated conidia. The co-formulants had an effect
an the development of the necrosis. Compared with the control treated with simple water, a
significant difference was noted between the speeds of development of the disease. Chemical.
treatment was the best under the conditions of this study.

Figure 3. Development of necrosis on cocoa fruit three days after inoculation of P. megakarya
treated with simple water; B: Pod treated with the co-formutants of farmulation 1; C: Pod treat
the co-formulants of formulation 2; D: Pod treated with formutation 1) :
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fruit DISCUSSION

Oily dispersions are not generally used for the formulation of biofungicides. The most common
formulations are inverse emulsions, granules or tablets for dispersion in water, soluble pow-
ders or granules and capsule suspensions {Lewis and Lumsden, 2001%; Batta, 2004; 2007; Sunil
et al., 2009). However, these various foermulae do not show excellent properties upon dilution
compared with aily dispersions, which are more stable. In this study, the resuits of the emul-

F  Progression of the
necrosis {mmid)

1

g;%ﬁ sification tests showed that none of the formulae was appropriate for the formulation of co-
23982¢ nidia of T. aspereflum. Several parameters may be behind the instability of the formulae, The
7.25¢d first source of instability could be attributed to the incomgatibility of the emulsifying-dispers-
689e ing agents and the vegetable oils tested (groundnut oil and palm oil}. The second source of
ggg; instability of the formulations upon dilution in water could relate to the nature of the active

substance. The conidia cannot be dissolved, as is the case with the active substance in chem-
ical formulations. These conidia must remain suspended in the emulsion. But this was nat
always the case with the formulations tested. Thus, for example, the ra pid sedimentation ob-
served with certain formulae could be due to the fact that the structural agents used do not
aflow the conidia to remain in suspension. The characteristics of the formulae developed in
this study showed that the viscosities ranged from 185 to 9250 ¢ps. These viscosities are high
compared with those obtained with the inverse emulsions developed by Batta (2004; 2007),

which range from 15 to 27 cps. This difference is due to the camposition of the two types of
formulation.

The evaluation of the effect of the co- -formufants on conidia growth revealed a 48-hour lag
time for the formulated conidia compared with the dry conidia. This lag time is apparently due
e fact that the oil forms an envelope around the conidium and slows down the diffusion
ater within the fungal cell. Conversely, when the dry conidia are in contact with water,

ermination is faster. The optical density variation curves all describe a sigmoid. The first
‘corresponds to the iag time, the germination of the conidium and the start of growth;

second phase represents the active growth of the fungus and the Jast phase shows a slow-
gwn in growth, probably following the depletion of nutrients in the culture medium. The
ﬁ_of the fungus in the formulation based on groundnut oil remains greater than that of
“onidia and of the conidia formulated with palm ail. Trichoderma asperelfum appar-
finds nutrients in the groundnut oil that enable it to better pursue its development.

ris ation of T. aspereffum on the cocoa pods allowed the size of the necroses due ta
arye to be reduced. This reduction in necrosis translates the antagonistic potential
strain of T. asperelfum. Similar results were obtained by Tondje et af,, {2006} and

009) These authors demonstrated that the application of propagules of Tricho-
nd Geniculosporium spp. on pieces of cortex or cocoa pods allowed the number
sions caused by P. megakarya or P. palmivora to be reduced. The inhibitory ac-

: ro vth of P. megakarya by T. asperellum apparently results from the ability of this

itrol agent to germinate and release onto the pod enzymes capable of interven-

he breakdown of the celt wail of the pathogen. The research carried out by

2007} in the study of the mechanisms of action used by T, aspereffum vis-a-vis

‘enabled two types of enzyme to be identified, laminarinases and caboxymethyi-

vene in this wall breakdown function. The reduct;on ln necrasis on the

lii} Formulation 2 {palm oil, Ten-
2, v) Simple water control;

osis compared with that of
¢ of the strain of T. asperel-
sis was 6.29 mm/d for the
formula 2, whereas it was
r-formulants had an effect
eated with simple water, a
nt of the disease. Chemicat

ation of P. rﬁégdkﬂ_ _ L e pod: This survival j in the tISSUES of the plant could then induce activation
‘that would make the pod less sensitive to infection by P. megakarya.
- defence mechanisms was demonstrated by Bigirimana et al,, (1997},
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Howell et o/, (2000), Std Ahmed et af,, 2000 and Harman et af,, (2004) in haricot beans, cotton,
peppers and corn pre-inoculated with strains of T. virens and T, harzionum, subjected to at-
tacks by Rhizoctonia sp., Colletrotrichurn sp. and Phytophthora sp.

The oil formulations enabled the efficacy of T, asperelfum to be improved. These results are
similar to those obtained by Rogério et al. (2009), who showed during their research into the
biological control of . paimivora that the formulated conidia of T, martiale had a greater ten-
dency to reduce the incldence of the disease compared with non-formulated conidia. This im-
provement in efficacy is apparently due to the fact that the co-formulants used allow a better
distribution of the conidia in solution in water and therefore a better cover of the pod during
treatment. Oll-based media could also allow the ability to germinate of the conidium to be
maintained, since oil dries out less quickly than water, and is a source of nutrients for the
conidium. This difference in efficacy between formulated conidia and dry conidia could be
further amplified in naturally infected fields. Indeed, the work carried out by Ndoumbe-Nkeng
et al.,, (2009) into the epidemiology of black pod disease in Cameroon showed that rain is the
main factor triggering the disease on cocoa farms. Thus, the intensity of the rain not only en-
courages leaching of the conidia onto the fruit, but also a greater dispersion of the disease In
the plot. With the oil formulations, the adhesiveness of the conidia on the pods is greater and
the risks of leaching fewer.

CONCLUSL Y

The aim of this study was to formulate conidia of 7. asperelfum, a biological control agent
against cocoa black pod disease in Cameroon. The grading of the various co-formulants and
the evaluation of the stability of the formulae upon dilution resulted in the selection of two
oily dispersions. The first combines the conidia of T. gspereffum with groundnut oil and Ten-
stofix 869 and NTM, while the second oily dispersion is a mixture of conidia with palm oil and
Tensiofix 869 and NTM. The test of the viability of the conidiz of T, asperellum showed that
the different co-formulants involved in the compasition of the two selected formulze do not )
inhibit the growth of T, asperefium. A reading of the optical density of the formulated samples
showed that groundnut oil improves the growth of 7. aspereffum. The test of the efficacy of .
the different formulae that was carried out on the detachad pods showed an improverment in
the antagonistic ability of T. asperelium vis-a-vis P. megakarya. This improverment in antago-
nistic ability resufted in a reduction in the speed of development of necroses on the cocod
pods treated with the various formulae, compared with treatment with non-farmulated ¢
nidia. The different results ohtained in this study represent a significant advance in the deve _
opment of a strategy of biological control of cocoa black pod disease. :
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