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ABSTRACT

The antifungal activity of the ethanolic leaf extracts of Dioscorea dumetorum and Moringa oleifera on the
fungal pathogens isolated from infected cocoa pods were investigated in vitro and in vivo. The pathogens
were Botryodiplodia theobromae and Fusarium moniliformes. For the in vitro assay, 5ml of various
concentrations of the extracts ranging from 10g/200ml, 20g/200ml, 30g/200ml, 40g/200ml and 50g/200ml
were separately added to PDA media. The fungal pathogens were separately inoculated into the media
and incubated for seven days. For the in vivo, healthy cocoa pods were properly surfaced sterilized using
99% ethanol and Sodium hypoclorite (bleach). The sterile cocoa pods were then sprayed with the extracts
at different concentrations two hours prior to inoculation with the fungal pathogens. Each cocoa pod after
being treated with different concentration of the extracts at 10g/200ml, 20g/200ml, 30g/200ml, 40g/200ml
and 50g/200ml were dipped into beakers containing dissolved spores of each pathogen and incubated for
twenty eight days. Results of the in vitro studies showed that at 10g/200ml, 20g/200ml, 30g/200ml,
409/200ml and 50g/200ml concentrations, ethanolic leaf extract of D. dumetorum and M. oleifera
completely inhibited the radial growth of B. theobromae and F. moniliformes after seven days observation
period while results of the in vivo studies showed that the extracts had a significant effect (p < 0.05) on the
mycelial growth of the fungal pathogens at all the concentrations tested. Phytochemical screening of the
plant extracts showed that cardiac glycosides, anthraquinones, and reducing compounds were highly
present in D. dumetorum and M. oleifera extracts while saponnins and phlobatannins were absent.
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1. INTRODUCTION main ingredients of chocolate, while the pulp is
used in some countries to prepare refreshing

Theobroma cacao also known as the cacao tree
and cocoa tree, is a small (4 to 8m) (13 to 26ft)
tall evergreen tree in the family Malvaceae [1]
native to the deep tropical regions of central and
South America.

Its seed, cocoa beans, are used to make cocoa
Mass, cocoa powder and chocolate [2]. The fruit
or cocoa pod is in ovoid shape, 15 to 30cm (5.9
to 11. 8 inch) long and 8 to 10cm (3.1 inch)
wide, ripening yellow to orange and weighing
about 500g (1.111b when ripe). The pod
contains 20 to 60 seeds, usually called “bean”,
embedded in a white pulp. The seeds are the

juice, smoothies, jelly and natal [3]. Each seeds
contains significant amount of fat (40 to 50%) as
cocoa butter. Their most noted active
constituent is Leobromine a compound similar to
caffeine.

Cocoa is cultivated on roughly 17, 000,000
acres (27,000 Sq., 69,00km? worldwide [4].
Cocoa production has increased from 1.5 million
tonnes in 1983 -1984 to 3.5 million tonnes in
2003 - 2004, almost entirely due to the
expansion of the production area rather than to
yield increases. Cocoa is grown both by large
agro industrial  plantations and  small
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procedures, the bulk of production coming from
millions of farmers who have a few trees each
[4].

A cocoa tree begins to bear when it is four or
five year old. A mature tree may have 6,000
flowers in a year yet develop only about 20
pods. About 1, 200 seeds (40 pods) are
required to produce Ikg (2.2Ib) of cocoa paste.

Cocoa bean is the dried and fully fermented
fatty bean of Theobroma cacao from which
cocoa solids and cocoa butter are extracted [4].
They are the basis of chocolate, as well as
many Mesoamerican foods such as mole sauce
and legate. Cocoa butter has been described as
the world’'s most expensive fat, used rather
extensively in emollient “lullet” used for
haemorrhoids [5]. A cocoa pod (fruit) has a
rough and leathery rough about 3cm thick
(these vary with the origin and variety of pod). It
is fitted with sweet, mucilaginous pulp inclosing
30 to 50 seeds that are fairly soft and white to a
pale lavender colour. While seeds are usually
white, they become violet or reddish brown
during the drying process [4].

Over the years there have been reports of
fungal attack on cocoa pods rendering the
seeds (beans) unfit for human consumption.
Fungi such as Phytophthora palmivora, P.
Capsici, P. Kevea and Lasiodiplodia
theobromae causative agents of black pod rot
and Lasiodiplodia pod rot, Macrophoma spp
(Macrophoma pod rot), Phytophthora
Cirropthora and P. megarkarya (Phytophthora
pod rot) have been reported to cause depletion
of pods/seeds nutritional value in the field [6].

These diseases are controlled mainly by the
application of Agrochemicals. However, the
worldwide trend towards environmentally safe
methods of plant disease control in sustainable
agriculture calls for reducing the use of these
synthetic chemical fungicides. In an attempt to
modify this condition, some alternative methods
of the control have been adopted. Recent efforts
have focused on developing environmentally
safe, long lasting and effective biocontrol
methods for the management of plant diseases
[7]. Natural plant products are important sources
of agrochemicals for the control of fungal
pathogens [8-13].

Furthermore, botanical pesticides are non-
phytotoxic, systemic, and biodegradable and
contain multiple bioactive metabolites [14-16].
Plant products are now known to reduce
populations of fungal pathogens and control the
diseases development [17].

Phytochemical screening of the two plant
extracts used in this study was carried out to
determine their exact phytochemical contents.
Phytochemicals, as compounds which occur
naturally in plants, form part of plants defense
mechanisms against diseases [18]. They are
classified into primary and secondary, based on
their activity in plant metabolism. The primary
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ones comprise of sugars, amino acids, proteins
and chlorophyll [19], while secondary ones
include the phenolic compounds such as
tannins, flavonoids, alkaloids, saponins,
anthraquinones, phlobatannins,
proanthocyanidins, etc. [20]. These phenolic
compounds have been reported to possess
considerable antimicrobial properties, which is
attributed to their redox properties [21,22]. Thus
the antimicrobial properties of plants have been
attributed to the presence of these secondary
metabolites [23].

In view of the adverse effect of fungi infection on
cocoa pods which depletes the nutritional
contents of the seeds (beans) and seed viability,
this research work, therefore, was carried out to
isolate and identify the fungal pathogens
associated with cocoa pod diseases in the field
as well as evaluate the antifungal effect of
ethanolic Dioscorea dumetorum and Moringa
oleifera leaf extracts in controlling the isolated
fungal pathogens both in vitro and in vivo. This
research is a continuation of our earlier work
titled: Mycoflora associated with cocoa pods
obtained in the field and their effect on seed
nutritional contents.

2. MATERIALS AND METHODS
2.1 Sources of materials

Infected and uninfected cocoa pods were
obtained from major Cocoa Farms at Ajasor in
Ikom and Agbokim in Etung Local Government
Areas of Cross River State, Nigeria and
wrapped in sterile cellophane bags and
transported to the Laboratory. Dioscorea
dumetorum and Moringa oleifera leaves were
obtained from Ugep in Yakurr Local
Government Area of Cross River state, Nigeria.
The research was carried out in the Laboratory
of the Department of Botany, University of
Calabar, Calabar, Cross River State, Nigeria.

2.2 Isolation of fungal pathogens and
morphological identification

Cut sections of the diseased cocoa pods were
surface sterilized with 70% sodium hypochlorite
(bleach) solution for 1min and rinsed quickly in 3
changes of sterile distilled water, blotted dry on
Whatman’s No.1 filter paper and placed on
Potato Dextrose Agar (PDA) in Petri dishes.
Four (4) sections were inoculated per Petri dish.
The plates were incubated at 28 + 1°C until
fungal growth was noticed. After 7 days, the
different isolates were subcultured on freshly
prepared PDA to obtain their pure -culture.
Isolated fungi were microscopically (Olympus
optical, Phillipines) identified as far as possible
using the identification guides of the
International Mycological Institute, Kew and of
[24, 25].

2.3 Pathogenicity test and Koch’s postulates

Pathogenicity test was carried out using the
method of [26]. Healthy cocoa pod were washed
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in distilled water and surface sterilized with 70%
Sodium hypochlorite solution. A 5mm diameter
cork borer was used to cut disc from the fruits
(three discs per fruit) and cultures of the isolates
(four days old) were introduced into pods and
replaced with the discs. The discs portions were
sealed with Vaseline to prevent entry by other
pathogens. They were kept for 24-48 hours
wrapped in sterilized cellophane bags. A sterile
cotton wool was soaked with distilled water and
dropped inside the cellophane bags to enable
the organism to breath (respire). The inoculated
fruits established symptoms after 24 hours,
tissue segment from the healthy and infected
fruit was excised, surface sterilized and plated
into freshly prepared PDA and incubated at
28+1°C for four days. Pure cultures of the
isolate were identified.

2.4 Preparation of plant extracts

Leaves of Moringa oleifera and Dioscorea
dumetorum obtained were washed with distilled
water and oven dried at a temperature of 80°C
for 24 hours grounded into fine powder and
extracted separately using 200 ml of 99%
concentration of ethanol.

2.5 Susceptibility test

The extracts percentage concentrations were
prepared at 10g/200ml, 20g/200ml, 30g/200ml,
409/200ml, and 50g/200ml with ethanol as
solvent.

2.6 In vitro antifungal assay

5ml of each concentration was first poured into
different Petri dishes using sterile syringe. The
sterile Potato Dextrose Agar (PDA) was also
poured into the plates containing the solvent
extracts after which the plates containing the
solvent extracts were gently swirled to ensure
mixing. The media was allowed to solidify and
with a sterilized No.2 cork borer of 5.5mm in
diameter, a disc of the matured culture was
punched out and inoculated at the centre of
plates and incubated at room temperature of
(28+1°C) for 7days. As a control, the dishes
were inoculated on PDA instead of extracts-agar
mix. Three (3) control plates were prepared for
each extract. Measurement of the mycelia radial
growth was done daily for seven days [27].

2.7 In vivo antifungal assay

In vivo antifungal assay of the plant extracts was
carried out using the method described by [28]
with some modifications. Whole healthy cocoa
pods were properly surfaced sterilized using
99% ethanol rinsed with distilled water and
allowed to dry for 2-3minutes. The sterile pods
were then sprayed with the extracts at different
concentrations, two hours prior to inoculation
with the fungal pathogens. Each pod after being
treated with different concentrations of the
extracts of 10g/200ml, 20g/200ml, 30g/200ml,
40g/200ml and 50g/200ml were dipped into
beaker containing dissolved spores of each
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pathogen. The pods were then allowed to dry for
2-5minutes, after which each pod was incubated
at room temperature (28+1°C) for twenty-eight
days. The control which was also dipped in
beakers containing the dissolved spores of each
pathogen was not treated with any of the
extracts. Growth rate were measured after two
weeks of inoculation and was repeated after
every four days for four times.

2.8 Phytochemical screening of plant
extracts

Phytochemical screening of the plant extracts
was carried out in the Department of
Biochemistry, University of Calabar, Cross River
State using standard methods of [29] and [30].

3. RESULTS AND DISCUSSION
3.1 Identified fungal pathogens

The fungal pathogens isolated and identified as
the causative agents of cocoa pod diseases
from this study and used were Botryodiplodia
theobromae and Fusarium moniliformes.

3.2 Pathogenicity test and Koch’s postulates

Result from the pathogenicity confirmed that the
two fungal isolates Fusarium moniliformes and
Botryodiplodia theobromae were responsible for
the diseases of cocoa pods obtained from Ikom
and Etung L.G.A. in Cross River State, Nigeria.
Pathogenicity was established 24 - 48 hours
after inoculation (Plates 1 and 2).

3.3 In vitro effect of the plant extracts on the
radial growth of B. theobromae and F.
moniliformes at the different concentrations

The in vitro effect of the plant extracts at the
different concentrations on the radial growth of
the fungal isolates is presented in (Tables 1 - 4).
Results showed that, at 10g/200ml, 20g/200ml,
309/200ml, 40g/200mlI and 50g/200ml D.
dumetorum and M. oleifera extracts completely
inhibited the radial growth of Botryodiplodia
theobromae and Fusarium moniliformes at the
different concentrations tested when compared
with the control.

3.4 In vivo effect of the plant extracts on the
growth and sporulation of B. theobromae
and F. moniliformes at the different
concentrations

The in vivo effect of the plant extracts at
different concentrations on the growth and
sporulation of the fungal isolates is presented in
(Tables 5-8). Results from the study showed
that extracts of D. dumetorum and M. oleifera
had significant effect on the isolated pathogens
at all concentration levels (10g/200ml,
20g/200ml, 30g/200ml,  40g/200ml  and
509/200ml) tested when compared with the
control. Results (Table 5) showed that at
20g/200ml and 30g/200ml concentrations the
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Plates 1 & 2. Infected cocoa pods x 400 showing
moniliformes and Botryodiplodia theobromae after ten days post inoculation (dpi).

¢ . . "
symptoms of rot and mycelia growth of Fusarium

Table 1. In vitro effect of ethanolic D. dumetorum leaf extract on the radial growth of B. theobromae (cm).

Concentrations

Days of incubation

10g/200ml
20g/200ml
30g/200ml
40g/200ml
50g/200m|
Control

1
0.00
0.00
0.00
0.00
0.00
0.60

2
0.00
0.00
0.00
0.00
0.00
0.90

S
0.00
0.00
0.00
0.00
0.00
4.40

4
0.00
0.00
0.00
0.00
0.00
4.50

5
0.00
0.00
0.00
0.00
0.00
4.50

6
0.00
0.00
0.00
0.00
0.00
4.50

7
0.00
0.00
0.00
0.00
0.00
4.50

Table 2. In vitro effect of ethanolic D. dumetorum leaf extract on the radial growth of F. moniliformes (cm).

Concentrations

Days of incubation

10g/200ml
20g/200ml
30g/200ml
40g/200ml
50g9/200ml
Control

1
0.00
0.00
0.00
0.00
0.00
0.40

2
0.00
0.00
0.00
0.00
0.00
0.60

S
0.00
0.00
0.00
0.00
0.00
0.90

4
0.00
0.00
0.00
0.00
0.00
1.50

5
0.00
0.00
0.00
0.00
0.00
2.20

6
0.00
0.00
0.00
0.00
0.00
3.00

7
0.00
0.00
0.00
0.00
0.00
3.80

Table 3. In vitro effect of ethanolic M. oleifera leaf extract on the radial growth of B

. theobromae (cm).

Concentrations

Days of incubation

10g/200ml
20g/200ml
30g/200ml
40g/200ml
50g9/200ml
Control

1
0.00
0.00
0.00
0.00
0.00
0.60

2
0.00
0.00
0.00
0.00
0.00
0.90

8
0.00
0.00
0.00
0.00
0.00
4.40

4
0.00
0.00
0.00
0.00
0.00
4.50

5
0.00
0.00
0.00
0.00
0.00
4.50

6
0.00
0.00
0.00
0.00
0.00
4.50

7
0.00
0.00
0.00
0.00
0.00
4.50

Table 4. In vitro effect of ethanolic M. oleifera leaf extract on the radial growth of F

. moniliformes (cm).

Concentrations

Days of incubation

10g/200ml
20g/200ml
30g/200ml
40g/200ml
50g9/200ml
Control

1
0.00
0.00
0.00
0.00
0.00
0.60

2
0.00
0.00
0.00
0.00
0.00
0.90

S
0.00
0.00
0.00
0.00
0.00
1.80

4
0.00
0.00
0.00
0.00
0.00
2.90

5
0.00
0.00
0.00
0.00
0.00
3.20

6
0.00
0.00
0.00
0.00
0.00
3.50

7
0.00
0.00
0.00
0.00
0.00
3.90
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extract completely inhibited the mycelia growth
of F. moniliformes in the first and second day of
incubation. However, at 40g/200ml and
50g9/200ml  concentrations, extract of D.
dumetorum completely inhibited the mycelia
growth of F. moniliformes in the first three days
when compared with the control. While result
(Table 6) showed that D. dumetorum extract

oleifera extract completely inhibited the mycelia
growth of F. moniliformes at 40g/200ml and
509/200ml concentrations in the first, second
and third day of incubation. Result (Table 8)
also showed that M. oleifera extract completely
inhibited the mycelia growth of B. theobromae at
40g/200ml and 50g/200ml concentrations only
in the first day of incubation. Results (Table 5-8)

showed that D. dumetorum leaf extract was
more effective on the growth of F. moniliformes
and B.theobromae than those

of M. oleifera.

completely inhibited the growth of B.
theobromae at 30g/200ml, 40g/200ml and
50g9/200ml concentrations on only the first day
of incubation. Results (Table 7) showed that M.

Table 5. In vivo effect of ethanolic Dioscorea dumetorum leaf extract on the growth of Fusarium
moniliformes (cm).
Days of incubation

Concentrations

4 8 12 16
10g/200ml 1.02+0.25 3.19+3.09 3.06+4.27 3.00£5.27
20g/200ml 0.00 2.53+1.11 3.08+2.25 5.05+1.65
30g/200ml 0.00 0.00 2.90+£3.01 5.10+0.91
40g/200m| 0.00 0.00 0.00 4.34+1.12
50g/200ml 0.00 0.00 0.00 3.55+2.21

Control 3.09+0.04 9.45+1.14 17.36+2.09 26.80+0.31

Note: Values are means of three replicates + standard error.

Table 6. In vivo effect of ethanolic Dioscorea dumetorum leaf extract on the growth of Botryodiplodia
theobromae (cm).
Concentrations

Days of incubation

4 8 12 16
10g/200m 2.11+0.08 5.00+0.06 8.32+1.15 15.14+3.09
20g/200ml 3.34+1.75 4.52+2.75 6.10+2.19 16.11+1.17
30g/200ml 0.00 2.23+0.09 4.35+0.78 8.20+2.78
40g/200ml 0.00 1.23+2.11 3.21+2.11 6.15+3.71
50g/200ml 0.00 1.27+0.76 2.00£0.32 4.34+4.23
Control 5.52+0.10 16.09+2.06 28.01+3.16 45.02+1.07

Note: Values are means of three replicates * standard error.

Table 7. In vivo effect of ethanolic Moringa oleifera leaf extract on the growth of Fusarium moniliformes (cm).
Concentrations Days of incubation

4 8 12 16
10g/200ml 4.16 +3.21 8.32 +1.29 14+0.76 17£3.19
20g/200ml 3.06 +1.29 6.09 +0.09 10+2.25 13+2.17
30g/200ml 3.40 £0.01 6.17 +0.10 9+0.03 12+1.10
40g/200ml 0.00 0.00 4+0.02 6+0.19
50g/200ml 0.00 0.00 0.00 3+0.11
Control 5.15 +0.76 12+2.25 20+2.31 32+0.16

Note: Values are means of three replicates + standard error.

Table 8. In vivo effect of Moringa oleifera leaf extract on the growth of Botryodiplodia theobromae (cm).

Concentrations Days of incubation

4 8 12 16
10g/200ml 6.02 £2.21 10.11+0.09 14.0 +1.13 18.31+2.20
20g/200ml 4.10 +0.01 9.02 £2.23 12.19 +2.17 15.18 +3.19
30g/200ml 4.23 £0.98 8.23 £0.19 9.30 £3.19 11.00 +0.09
40g/200m| 0.00 3.03 £3.25 5.12 +2.61 8.20 £1.12
50g/200ml 0.00 2.45 +1.16 3.01+3.02 5.11 £1.76
Control 9.01 +0.88 20.05 £1.25 35.32 +0.65 48.00 +1.78

Note: Values are means of three replicates + standard error
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3.5 Phytochemical Screening

Phytochemical  screening of  Dioscorea
dumetorum and Moringa oleifera leaves in this
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study showed that they contain secondary
metabolites like cardiac glycosides,
anthraquinones, and reducing compounds as
presented in (Table 9).

Table 9. Phytochemical constituents of ethanolic Dioscorea dumetorum and Moringa oleifera leaf

Phytochemicals D. dumetorum M. oleifera
Alkaloids ++ ++
Cardiac glycosides ++++ ++++
Saponnins - ;
Tannins ++ ++
Flavonoids +++ +++
Reducing compounds ++++ ++++
Polyphenol +++ -
Phlobatannins - -
Anthraguinonones ++++ E—,
Hydroxylmethyl anthraquinones - ++

Note: (++++) strongly present (+++) moderately present (++) highly present (-) absent.

Pod rot disease of cocoa is a major limiting
factor in the production of cocoa worldwide.
Crop losses and cost of controlling this disease
constitute a significant burden in agricultural
enterprise and has serious socio-economic and
environmental consequences. Consequently,
there is an urgent need for effective and
sustainable control of this disease. The current
trend in the effective and sustainable
management of plant diseases requires the use
of botanical pesticides which are non-phytoxic to
human and are environmentally friendly. In this
study, the fungal pathogens isolated as the
causative agents of pod rot disease of cocoa
were Fusarium moniliformes and Botryodiplodia
theobromae. Results of this study revealed that
these fungi were responsible for pod rot of
cocoa obtained from lkom and Etung L.G.A of
Cross River State as evidenced by the
pathogenicity test. The fungal spores of these
pathogens could be spread by water, ants and
other insects and can land on susceptible cocoa
pods [31]. The pathogens (Phytophthora
palmivora, Pythium spp, Collectotricum
gloesporoides, Collectotrcium  capsici and
Pestaloptiopsia spp) were reported by [32] to
cause pod rot of cocoa. [33] reported
Phytophthora magarkarya as the causative
agent of pod rot of cocoa, which is in
disagreement with the finding of this study.

Phytochemical screening of two plant extracts
used in this study was carried out to determine
the exact phytochemical contents.
Phytochemical screening of the plant extracts
(Table 9) showed that alkaloids, cardiac
glycosides, tannins, flavonoids, polyphenols and
anthraquinones were present in ethanolic leaf
extract of D. dumetorum and M. oleifera. These
findings are similar to those of [34] who reported
the presence of alkaloids in the plant extract of
Aframomum melegueta. [35] also reported the
presence of polyphenols, flavonoid, alkaloids,
tannins, saponnin, phylobatannins, phenols,

terpenoids, steroids and glycosides in the
extracts of higher plants. In this study, the
antifungal activity of the two plant extracts was
tested in vitro and in vivo on fungi isolated from
cocoa pod obtained from the field. Results
(Tables 1-4) showed that, the plant extracts
significantly (p<0.05) inhibited the mycelia
growth of the fungal isolates at all the
concentrations levels tested. However, results
(Tables 5-8) showed that, the extracts
significantly (p<0.05) inhibited the mycelial
growth of the fungal pathogens at the different
higher concentrations tested and the rate of
inhibition differed from one extracts to the other.
The differences in the fungitoxic potentials
between these plant extracts may be attributed
to the susceptibility of the fungal pathogens to
the different concentrations of the plant extracts.
This agrees with the work of some workers like
[36-42] who reported that some essential oil and
extracts of various plant have shown remarkable
antifungal effect exhibited by retardation in
mycelial growth and sporulation of fungal
pathogens. Results showed that, the plant
extracts differed significantly in their potential to
inhibit the growth of these fungal pathogens.
Complete inhibition of all the pathogens was
achieved with ethanolic leaf extract of D.
dumetorum and M. oleifera at 20g/200ml,
30g/200ml, 40g/200ml and 509/200ml
concentrations. Also all the tested extracts
concentrations  inhibited  significantly  the
mycelial growth of the pathogens.

It was observed that at all the concentration
tested, ethanolic leaf extract of D. dumetorum
was more effective than M. oleifera extract. The
inhibitory potency of the extract may be
attributed to the phytochemical compounds like
cardiac glycosides, reducing compounds,
polyphenols and anthraquinones. This agrees
with work of [43, 44] and [45] who reported the
bioactive compounds of plant extracts in the
inhibition of spores, mycelial elongation,
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development and spread of fungal pathogens.
The inhibitory effect of ethanolic leaf extracts M.
oleifera and D.dumetorum were evaluated in
order to develop the cheaper methods of
controlling pod rot of cocoa. The greater
efficiency of M. oleifera and D. dumetorum may
be due to the high contents of -cardiac
glycosides, polyphenols, flavonoids, alkaloids
and hydroxylmethyl anthraquinones they
contain, since these compounds are ranked as
the most therapeutically significant plant
substances in the control of fungal pathogens
[46, 47].This results is in disagreement with the
work of [48] on the use of Lippia spp in the
control of pod rot of cocoa. Their result
revealed that, the growth of fungal pathogen
was completely inhibited at a higher
concentration than at a lower concentration.

4. CONCLUSION

The fungal pathogens isolated and identified
from this study as the causative agents of pod
rot diseases of cocoa obtained from Ikom and
Etung L.G.A.in Cross River State were F.
moniliformes and B. theobromae. Pathogenicity
test confirmed that these pathogens actually
caused pod rot disease of cocoa. The efficacy
of the plant extracts (M. oleifera and D.
dumetorum) against cocoa pod rot fungi was
tested in vitro and in vivo. The in vitro results
showed that the extracts significantly inhibited
the mycelia growth of the fungal pathogens at all
the concentrations tested when compared with
the control. However, in vivo assay, the plant
extracts significantly (p< 0.05) inhibited the
mycelia growth of the fungal isolates at the
higher different concentrations tested and the
rate of inhibition differed from each other. The
extracts showed significant effect on the growth
and sporulation of B. theobromae and F.
moniliformes both in vitro and in vivo at all the
concentration levels tested and as such can be
used in the control of pod rot diseases of cocoa
in the field.
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