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In this study, the effect of crude extract of cocoa infected with Phytophthora palmivora were tested for 
and their ability to confer protection on cocoa pods in the field against black pod disease/pod rot. 
Dichloromethane was used to extract the phytochemicals from infected cocoa pods. The extract was 
concentrated using rotatory evaporator at 40°C. Three categories of matured unriped and uninfected 
cocoa pods were used in the field trial in a cocoa farm in Iworoko – Ekiti, near the University of Ado – 
Ekiti campus. The first category were made up of 3 sets of cocoa pods sprayed with 100 mg/ml, 200 
mg/ml and 300 mg/ml of the crude extract respectively. The second category were also made up of 3  
sets sprayed with 3 different conventional fungicides (Ridomil, Funguran and Copper Sulphate) used 
for the control of black pod disease. The third category of cocoa pods were not sprayed with either the 
induced crude extract or conventional fungicides. These served as the control. The categories were 
later sprayed with a 10 day old standardized mycelial suspension of P. palmivora  (0.600 absorbance at 
450 nm). Daily observations of the three categories of cocoa pods were made for 14 days. It was 
observed that the first and second categories of cocoa pods showed no symptoms of black pod 
disease while the third category (control) showed symptoms of black pod disease after the fifth day of 
the experiment. From this field trial, it could be concluded that the induced crude extract from infected 
cocoa pods compare favourably with conventional fungicides in prevention of black pod disease of 
cocoa in the field. 
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INTRODUCTION 
 
Cocoa is cultivated on over 700,000 km

2
 worldwide and it 

has been a major cash crop in some African countries 
and the world. The product is affected by so many factors 
such as temperature, rainfall, humidity, altitude, light and 
shade, soil type and so on (Tahi et al., 2007). Cocoa 
production in the world has increased from 1.5 million 
tones in 1983 to 1984 to 3.5 million tones in 2003 to 2004. 
However, yield and production of cocoa based products 
for export have been seriously affected by many diseases 
and pests and the estimated loss is as high as 30 to 40% 
of global cocoa production in Nigeria (Asogwa et al., 
2009). Some diseases of cocoa are black pod caused  by  
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Phytophthora palmivora (Fagbohun et al., 2008), die-
back caused by Calonectria rigiduscula (Opeke, 1992), 
swollen shoot caused by swollen shoot virus (Strange 
and Scott, 2005), witches’ broom caused by Crinipellis 
perniciosa (ICCO, 2004), frosty pod rot caused by 
Moniliophthora roreri (Evans, 2001), cocoa mirids caused 
by Sahlbergella singularis and Distantiella theobroma 
(Adeyemi, 2000). The methods used for controlling 
diseases and pests of cocoa include phytosanitation 
(Opoku et al., 2007), use of chemicals (Norgove, 2007), 
biocontrol (Schisler et al., 2002). Cocoa is continuously 
subjected to a wide variety of potential disease-causing 
agents and to the stress caused by mechanical injury 
(Grant and Dickinson, 2005). Diseases that afflict plants 
generally result from microbial infections, invasions of the 
plant body by pathogenic bacteria, viruses, fungi or other 
microorganisms. In response to  infections, plants defend 



 
 
 
 
themselves against pathogens by a combination of 
weapons from 2 arsenals: structural characteristics that 
act as physical barrier and biochemical reactions that 
take place in the cells and tissues with the production of 
phytoalexins (Agrios, 2005; Grant and Dickinson, 2005). 
Phytoalexins are toxic substances that are formed by 
plants in response to infections (Pedras et al., 2003; 
Pedras et al., 2006). The antifungal activities of the 
induced extract of cocoa have been reported by 
Fagbohun (2005). The induced crude extract of matured 
uninfected cocoa pods infected with P. palmivora has 
been reported to have antifungal activity against 
pathogenic fungi such as Candida albicans, Trichophyton 
interoligitale, Aspergillus flavus, Aspergillus niger, 
Epidermophyton floccusum, Trichoderma sp., Penicillium 
cambeti (Adaramewa, 1998). Kim and Ben-Yehoshua 
(2001) isolated scoparone (6,7-dimethxycoumarin) from 
tissue of lemon fruits infected with Penicillium digitatum 
and reported the phytoalexin to possess antifungal 
activities against the spores of Cladosporium 
cladosporiodes. Moreover, Philip et al. (2009) and Singh 
et al. (2010) have reported the activities of the induced 
crude extract of different plants and their effectiveness 
against some important phytopathogenic and zoono-
pathogenic microorganisms. There is paucity of 
information on the ability of crude extract of infected 
cocoa pods to confer protection on cocoa pods in the 
field and its potential ability to complement or replace the 
conventional fungicides and their ability to control black 
pod disease, therefore, the aim of this work was to test 
the effectiveness of the crude extract from infected cocoa 
pods to protect pods in the field against black pod of 
phytophthora pod rot (PPR). 
 
 
MATERIALS AND METHODS 
 
Source of plant materials 
 
Fresh matured unripe and uninfected cocoa pods were collected 
from Ado Ekiti Grammar School cocoa plantation and Iworoko – 
Ekiti all in Ekiti State. The pods were washed with distilled water 
and the water was allowed to dry.  
 
 
Source of microorganisms 
 
The pure culture of the fungus P. palmivora was collected from the 
headquarters of cocoa research institute of Nigeria (CRIN), Idi 
Ayunre, Ibadan, Oyo state. 
 
 
Induction and extraction of crude extract  

 
The induction was carried out according to the method of Brasier 
and Griffin (1972) and Fagbohun (2005) whereby a sterile cork 
borer of 8 mm was used to cut the healthy matured unriped and 
uninfected cocoa pod husk. A mycelial disc of 6 mm diameter cut 
for the advancing edge of a 7 to 10 day old pure culture of P. 
palmivora, was placed into the hole made on the cocoa pods. The 
husks were replaced appropriately and sealed with sterile vaseline. 
The infected pods were placed in a sterile cellophane nylon bag and 
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watered daily for 5 to 7 days. After 8 days of infection, the cocoa 
pods showing symptoms of black pod were separated and chopped 
into pieces. About 1200 g of the pieces was weighed and soaked 
into 1500 ml of redistilled dichloromethane (BDH Laboratory 
Supplies Poole, England) for 5 days at room temperature of 28°C.  

The extract was filtered using sintered funnel and sterilized by 
filtering, using a sterile 0.4 mm Millipore membrane filter. The filtrate 
was concentrated using rotatory evaporator at 40°C and stored in 
the refrigerator at 4°C until when required.  
 
 
Determination of the antifungal activity of the crude extract 
 
Preparation of mycelial suspension 

 
Five inoculum plugs each from the advancing edge of 5 to 7 days 
old culture of P. palmivora were inoculated into 30 ml of sterile malt 
extract broth in 60 ml capacity flask and incubated at 28°C for 14 
days. The mycelial mass was harvested, washed with 3 changes of 
sterile distilled water and blended using waring blender (Sonike 
Electrical Appliance Co Ltd, Japan).  
 
 
Standardization of mycelial mass 
 
The mycelial suspension was standardized according to the method 
of Granade and Artis (1980) where by a 14 day old mycelial 
suspension of P. palmivora grown in malt extract broth was 
fragmented using a 16 by 24 mm, 10 ml capacity waring blender 
(Sonike Electrical Appliance Co., Ltd, Japan). The grinding process 
was completed when no clumps or aggregate of the mycelial could 
be visually detected within the grinder. A sample of the fragmented 
mycelium suspension was transferred to a 10 mm light path, 4.5 ml 
capacity disposable polystyrene cuvette (Ultra UV, Fisher Scientific 
Co, Pittsburgh) for determination of density. 

The determination of density was carried out with a Beckman 
model 35 spectrophotometer set at a wavelength of 450 nm. 
Readings of the optical density were made using the absorbance 
scale such that the minimal absorbance density that produced 
100% inoculation efficiency was determined for the isolate and 
0.600 absorbance density was selected. The remaining mycelial 
suspension was appropriately diluted with malt extract broth to the 
desired density based upon the initial absorbance reading. 
 
 
Preparation of commercial fungicides  

 
The three conventional fungicides used as control in this study were 
ridomil, funguran and copper sulphate. They were prepared 
according to the manufacturers’ instructions. 

 
 
Dilution of extracts 

 
About 100, 200 and 300 mg of the crude extract were dissolved in 1 
ml of sterile water to make varying concentrations of 100, 200 and 
300 mg/ml. Three sets of 8 matured unripe uninfected cocoa pods 
in the field were sprayed with 100, 200 and 300 mg/ml, respectively 
and were left for 30 m to dry. Another 3 sets of 8 matured unripe 
uninfected cocoa pods in the field were sprayed with ridomil, 
funguran and copper sulphate, respectively and left for 30 m to dry.  
 
 
Field trial of the crude extract 

 
Standardized mycelial suspension was sprayed on all the 48 cocoa 
pods. They were all covered with sterile nylon bag with perforated 
end and sterile distilled water was sprayed  daily on  pods. However,  
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Table 1. The results of the first week of the field trial of the antifungal activities of crude phytoalexins extracted from infected cocoa. 
 

Days 

  Test 
Commercial fungicides used for controlling black pods 

Control experiment Crude phytoalexins (mg/ml) 

100 200 300 A B C 

1 - - - - - - - 

2 - - - - - - - 

3 - - - - - - - 

4 - - - - - - - 

5 - - - - - - - 

6 - - - - - - + 

7 - - - - - - + 
 

Key: A = ridomil,
 
B = fungura, C= copper sulphate (CuSO4), = no development of black pod +=slight development of black pod disease (40 to 

50% of the cocoa pod surface had been covered with the disease). 
 
 
 

Table 2. The results of the second week of the field of the antifungal activities of crude phytoalexins extracted from infected cocoa. 
 

Days 

Test 
Commercial fungicides used for controlling black pods 

Control experiment Crude phytoalexins (mg/ml) 

100 200 300 A B C 

8 - - - - - - ++ 

9 - - - - - - ++ 

10 - - - - - - +++ 

11 - - - - - - +++ 

12 - - - - - - +++ 

13 - - - - - - +++ 

14 - - - - - - +++ 
 

key: A = ridomil, B  =  funguran, C = copper sulphate (CuSO4), -- = no development of black pod, + = slight development of black pod disease 
(40 to 50% of the cocoa pod surface had been covered with the disease),++ = moderate development of black pod disease (50 to 60% of the 
cocoa pod surface had been covered with the disease),+++ = Heavy development of black pod disease (80% of the cocoa pod surface had 
been covered with the disease). 

 
 
 

another set of 8 matured unripe uninfected cocoa pods in the field 
that was neither sprayed with crude extract nor with conventional 
fungicides but were sprayed with standardized mycelial suspension 
alone. These set served as the control for the experiment.   
 
 

RESULTS AND DISCUSSION 
 

The result of the field trial of crude extracts from matured 
unripe uninfected cocoa pods (infected with P. palmivora) 
and that of the standard fungicides for controlling black 
pod were shown in Tables 1 and 2.  

The first category was the sets that were sprayed with 
crude phytoalexins. The crude phytoalexins which was 
sprayed on cocoa pods prevented the development of 
black pod at the 3 concentrations through out the period 
of the study. This result is similar to the findings of 
Fagbohun et al., (1987) who reported the antifungal 
activities of 2, 3 Dihydroxy – 5 – methoxybibenzyl 
(Batatasin IV) and its dimethyl derivatives 3, 5 – 
dihydroxybibenzyl (dihydropinosylvin) extracted from 
Dioscorea rotundata infected with Botryodiplodia 
theobromae and found that the extract inhibited the 

sporulation process and the germ tube elongation of C. 
cladosporiodes, A. niger, Penicillium sclerotigenum and B. 
theobromae. Alabi and Olorunju (2004) also reported the 
field trial of neem seed extract for the control of 
groundnut leaf spot and found that plants sprayed with 
neem seed extract gave yield higher than the plants that 
were not sprayed with the extract.  

Similarly, Widmer and Laurent (2006) reported the 
antifungal activity of hexane extracts of Rosemary and 
Lavender leaves and found that the extract reduced the 
germination of the zoospores of Phytophthora capsici, 
Phytophthora megakarya and P. palmivora on the 
surface of the cocoa pods in the field. 

Moreover, Onifade (2006) reported the antifungal 
activities of the extract of neem plant (Azadirachta indica) 
and found the extract to cause a significant delay in 
sporulation and inhibition of mycelial elongation in 
Cercospora cruenta, Collectrichum truncatum and 
Fusarium oxysporium. Abd-El-Khair et al. (2007) also 
reported the antifungal activities of methanolic extract of 
8 plants against the growth of Phytophthora infestans   
and Aspergillus solani  on  potato  roots  in  the  field  and 



 
 
 
 
reported the 8 plants extract to inhibit the growth of the 2 
test fungi. 

Amienyo and Ataga (2007) also reported the antifungal 
activities of the ethanolic extract of Alchornea cordifolia, 
Annona muricata, Allium sativum, Garcinia cola and 
Zingiber officinale on the organisms causing potato root 
blight in the field and found the extracts of the plants to 
inhibit the growth of Botrydiplodia theobromae, Fusarium 
solani, Fusarium oxysporum, Aspergillus niger and 
Rhizopus stolonifer.  

Varaprasad et al. (2009) reported the antifungal 
activities of the solvent extracts of 49 different plants 
used in traditional medicine against A. niger and found 
86% of the extracts to exhibit antifungal properties 
against A. niger by inhibition of the mycelia, which made 
the extracts effective against diseases caused by the test 
organisms both in plants and in animals. 

The second sets were the cocoa pods that were 
sprayed with the commonly used conventional fungicides 
such as ridomil, funguran and copper sulphate (CuSO4) 
used for controlling black pod disease of cocoa. The 
cocoa pods reported in Tables 1 and 2 showed no 
symptoms of black pod disease for the 40 days of the 
experiment or observation. The result of this study is 
similar to the findings of Adeyemi (2000) who reported 
the use of copper and metalaxyl-based fungicides for the 
control of black pod disease on young matured cocoa 
pods and found the fungicides to prevent the growth of 
Phytophthora spp.; causing black pod disease on the 
cocoa pods.  

Furthermore, Matthews et al. (2003); Norgrove (2007); 
Opoku et al. (2007) and CRIN (2009) reported the field 
trial of Ridomil, Funguran, Champ and Nordox on the 
level of development of black pod disease on matured 
cocoa pods and found the fungicides to prevent the 
development of the fungus P. palmivora on the matured 
cocoa pods and concluded that Ridomil was more 
effective for the control of black pod diseases of cocoa. 

On the other hand, the third category or set that served 
as the control showed no development of symptoms of 
black pod disease for the first five days of the experiment. 
However, when they were observed on the 6th day of the 
experiment, the cocoa pods were seen to have 
developed a brownish spot which tend to progress in a 
concentric form, expanding to other part of the pods. This 
result is similar to the findings of Adegbola (1989) and 
Opeke (1992) who reported that cocoa develops 
symptoms of black pod disease after 4 days of infection 
with P. palmivora. Moreover, they observed the appear-
ance of brownish spots on the sets of infected cocoa 
pods surface and reported the increase of the disease 
through the concentric growth of the pathogens resulting 
to mummified pods.  
 
 

Conclusion 
 
The  application of  conventional fungicides  has  been an  
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effective tool in the control of black pod disease but the 
chemicals pose a detrimental effect on the health of the 
cocoa loving individuals because of the accumulation of 
copper in the cocoa juice called “Theobromine” which has 
been found to be carcinogenic.  

More so, the excess chemicals, when leached into the 
nearby water bodies lead to depletion of the nutrients in 
the aquatic life.  

However, this study has confirmed the potency of the 
infected cocoa extract in controlling the devastating effect 
of P. palmivora on young cocoa pods in the field. From 
this field trial, it could be concluded that the induced 
crude extract from infected cocoa pods was compared 
favourably, but not better than the conventional 
fungicides in the prevention of black pod disease of 
cocoa in the field. 
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