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Abstract
Colletotrichum kahawae is a causative fungal agent of Coffee Berry Disease 
(CBD) that negatively affects coffee production. Its control relies on use 
of resistant varieties and chemical control. Fungicides used in control of 
CBD are costly and pose a risk to environment and health.  The study was 
aimed at assessing the possible antagonistic potential of fungal isolates 
against Colletotrichum kahawae in in vitro conditions. Five isolates were 
used; one isolate was collected from berries while the rest were collected 
from soil. Testing for antagonism against Colletorichum kahawae was 
done by co-culturing the isolates on Potato Dextrose Agar.  The degree of 
antagonism was determined by measuring and comparing the radial growth 
of pathogen with the bio-agent against the control. Out of the five isolates 
tested against C. kahawae, three isolates Fusarium proliferetum, Penicillium 
and Fusarium ceraneasum significantly inhibited test pathogen growth 
at 60%, 55% and 45.45%, respectively. The other isolates, Fumigatus 
aspergillus and Chaetomium perithecia showed inhibition of growth at 40% 
and 18.18% respectively. It was concluded that there is potential of using 
fungi as bio control of the coffee berry disease.
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INTRODUCTION 
Coffee is one of the highly traded commodities in the 
world, with the current world production estimated 
to be 170 million bags.1 Coffee is a major cash 
crop in Kenya and is ranked fifth contributor to 

GDP after horticulture, tourism, tea, and diaspora 
remittances.1 Coffee production is constrained 
by high cost of production, use of inappropriate 
technology,  prohibitive process of access to credit by 
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the farmers and two major diseases namely Coffee 
Berry Disease (CBD) and Coffee Leaf Rust (CLR). 

The disease causing organisms cannot be eliminated 
from the environment. Management measures 
such as chemical methods, cultural methods and 
biological control are used to control the diseases.2 
Environmental pollution due to inappropriate, 
excessive and/or misuse of agro chemicals, strict 
regulations on chemical pesticide use, has led to 
considerable changes in people’s attitudes towards 
the use of pesticides.3

The use of eco-friendly management of diseases 
and pests such as bio control has been researched 
on as a complementary approach to ecological 
harmful approach.4 Current sustainability involves 
exploitation of microbial activities affecting plant 
growth and development.4 Most biological control 
agents are classified in three categories: Natural, 
classic and augmentative. Natural bio control agent 
describes the effects of the indigenous natural 
enemies present in nature.5 Classical biological 
control (BC), also referred to as introduction bio 
control,6 is introduction of one or more bio control 
agents, mostly from a pest’s origin area, to control 
the pest in an area where it is being introduced. 
Augmentative bio control on the other hand using 
involves the production and release of BC agents 
into specific crop situations, in which they cause 
mortality of the target pest, but are not expected 
to persist from one cropping cycle to the next.4  
Savings in yields due to natural BC are already 
recognised to be greater than those from 
augmentative BC or classical BC.7

There are usually diverse sets of micro-organisms 
which associated with plant pathogens, and 

they negatively interact with the pathogens. The 
interactions include: parasitism, competition, 
and direct antagonism.8 Competition refers to an 
interaction amongst species that require some 
limited environmental growth factors.  An example 
of competition is the suppression of Pythium 
ultimum by Enterobacter cloacae.9 Parasitism is 
an interaction between organisms or populations 
whereby one is harmed and the other benefits. 
A classic model of parasitism is expressed in 
hypovirulenc of Cryphonectria parasitica by a 
virus10 Direct antagonism refers to the interaction 
of organisms in which, activities of one organism  
exert inhibitory effect on progression or survival of the 
other in the same environment. An example of direct 
antagonism is exhibited by Seratia  marcescens in 
controlling Scerotium rolfsii mediated by expression 
of chitanase.11 The study was carried out to assess 
antagonism of various fungal pathogens as potential 
bio control agent in managing Colletotrichum 
kahawae in vitro.

Materials and Methods
Study Site
The study was conducted in Kirinyaga County 
located in central Kenya. The County is located on 
the South-Eastern slopes of Mt Kenya in Central 
part of Kenya. It lies between latitude 0.6591S 
and longitude 37.3827E. The mean temperature 
of the coffee growing zone is 20°C.13 One hundred 
(100) farms were selected from each of the four 
sub counties (Kirinyaga East, West, Central and  
Mwea East). In addition, the farms were selected 
based on 3 different zones i.e. upper midland 1,2 
and 3 the agro ecological zones as indicated in  
Table 1. The farms were randomly selected at an 
interval of 1 km apart.

Table 1: Climatic conditions in the coffee 
agro-ecological zones in Kirinyaga County 

Zones  Height above sea  Average Mean annual
 level (ASL)  Temperature (oC) rainfall (mm)

Coffee tea zone 1520-1820  18.4 1550
Main Coffee zone 1400-1580 19.5 1360
Marginal coffee zone 1310-1400  20.3 1175
 
Source: Farm management handbook of Kenya.14
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Soil Sampling 
Plant residues were removed from the soil surface, 
and a soil auger used to scoop soil from the plough 
layer (0-15 cm in depth). Soil sample from seven 
different points was collected at following a Z-shape 
from each farm following the method described by 
Gaddeyya.15 The sample was then thoroughly mixed 
in a labelled sample bag and transported to the 
laboratory for isolation of microbes.

Sampling of coffee berries
Berries at expanding stage were handpicked from 
coffee plants following a Z-shape pattern around 
the farm. Ten 10 berries were collected from five 
points along the Z pattern in each tree with CBD 
infection, the berries were then put in a plastic bag 
with labels indicating the name of the farmer, farm 
number and date of sampling. These were taken to 
the laboratory in different batches for isolation of the 
surface microbes.

Media Preparation
About 15.6g of commercially prepared dehydrated 
potato dextrose agar (PDA) was weighed into a 
flat bottomed flask. Four hundred (400) mls of 
the distilled water was added in conical flask and  
swirled to dissolve. The solution was then autoclaved 
at a temperature of 121°C for fifteen minutes. The 
solution was then allowed to cool at 27°C. It was then 
dispensed to half fill 9 cm- petri dishes. This was 
done in aseptic condition to avoid contamination.

Isolation of Fungi from Soil.
Fungi were isolated by soil dilution method16  
To obtain stock solution, 1g of the soil was added  
to 9 ml of distilled water in a sterilized McCartney 
tubes and gently shaken for better distribution of 
soil particles. Serial dilutions were prepared from 
the stock suspension to obtain 10-1, 10-2 and 10-3 
but only 10-2 and 10-3 were plated on the culture 
media. Starting with the weakest dilution (10-3),  
1 ml of the medium suspension was drawn into a 
pipette and dispensed onto each of the 3 petri dishes  
(Labelled 10-3) with the solidified PDA media.  
This was spread over the entire surface using a  
L- stirring rod. The procedure was repeated for 10-2 
dilution. The whole procedure was then repeated 
for all the soil samples in three replicates for each 
sample. The petri dishes were then sealed with 
Para film to prevent contamination. The inoculated 
petridishes were incubated at 27°C ten days. 

The colonies were recorded per petri dish for 
each dilution. The microbes indicative of potential 
antagonism were then sub-cultured individually in 
fresh solidified PDA media by scooping the spore 
from each colony and placing it into a separate petri 
dish which was incubated for ten days for further 
identification.

Fungal Isolation from Coffee Berries
Each of the berries were washed using a drop 
of Teepol® detergent and rinsed twice with  
double-distilled water. The berries were placed 
on moist kitchen towel inside plastic lunch boxes 
to promote sporulation and incubated at room 
temperature. Berries with the best lesion were 
selected from the incubated berries for isolation of 
microbes. Isolation was carried out by excising the 
whole lesion and suspending it in 10 mls of sterile 
distilled water in labelled McCartney tube. Serial 
dilution was made by drawing 1ml from the stock 
spore suspension medium and dispensed into 9 ml 
distilled water, plated onto PDA in three replicates 
per dilution then incubated at  27°C for 10 days. 
Colonies were then sub-cultured and incubated for 
ten days for further identification as described by 
Watanabe.17

Identification of the Fungi
The identification of the fungi was based on, 
microscopic and morphological characteristics 
such as colour, furrows, aerial mycelium, and 
pigmentation presence.16 

Bio-Control Assay
The inhibitory ability of the test fungi obtained 
from soil and berries from Kirinyaga was assessed 
against the test pathogen isolates using the dual 
culture method. Pairs of the dual culture technique,  
both the test microorganism and the potential 
antagonist were cultured on the same plate  
3cm apart. This was done by cutting agar discs of  
5 mm from 14 day old fungal isolates earlier isolated 
from soil and berries. These were then inoculated 
individually on one side of the plate. The same 
was done for the test pathogen and it was placed  
3cm apart distance from the preplaced fungal isolate. 
Two Agar plugs of the test pathogen were then 
inoculated in plates just as for the test pathogen 
and the fungal isolate to serve as the control for 
the test. The petridishes were then incubated at 
27°C. The growth diameter of C. kahawae fungi 
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in cultures in presence of antagonist as well as 
in control was obtained by measuring growth 
after every 24 hrs until no further growth of the 
colonies was observed (14 days post- inoculation). 
The inhibitory potential of the antagonists was 
determined in terms of decrease in radial growth 
of C. kahawae in presence of antagonist relative to 
the control. The percentage growth inhibition  was 
categorized on growth inhibition category scale 
from 0 to 4 where 0 indicated  no growth inhibition; 
1,2,3,4 indicated1-25%, 26-50%, 51-71% and  
76-100% respectively.

Data analysis was done using co-stat computer 
software version 2017.  Data values were subjected 
to analysis of variance for a completely randomized 
design (CRD). Differences among treatment 
means were separated using the Least Significant 
Difference at α = 0.05

Results and Discussion
Micro-floral tested in vitro for antagonism potential 
against C. kahawae exhibited different potentials 
(Table 2). Three out of the five tested isolates 
significantly inhibited the growth of C. kahawae. The 
remaining two isolates did not exhibit great potential 
for inhibition of growth. Antagonist showing growth 
inhibition values more than 40% were considered 
potential bio control agents. The magnitude effects of 
the potential antagonist on the growth of C. kahawae 
are shown in table below:

Table 2: Percentage growth inhibition of 
C. Kahawae by fungal isolates

Isolate         Isolate  Growth 
code  inhibition (%)

A Fusarium proliferetum 60
B Penicilliun 55
C Fusarium ceraneasum 45.45
D Fumigatus spp 40
E Chaetomium perthecia 18.18
F Control 0

Fig.1: Fusarium proliferetum and 
Colletotrichum kahawae

Fig.2: Colletotrichum kahawae

The growth morphology and colony-front pattern 
of the isolates observed indicated diffused front 
with overgrown and pigmented aerial mycelium.  
The cultured isolates were as shown in figures 1-6 
below. Figure 1 shows C. kahawae plated on the left 
side of the plate (top side T) and extreme right of 

the plate (in the reverse side R). The plates indicate 
antagonism by Fusarium proliferetum against the 
test pathogen Colletorichum kahawae.

There was even growth of Colletotrichum kahawae 
towards each other and this indicated no inhibition 
of growth of the fungi (Figure 2).

Figure 3 shows the Penicillium co cultured with 
Colletorichum kahawae with Plate top (T) and 
reverse (R). The plates indicate antagonism by 
Penicillium against C. kahawae. The test pathogen 
Colletorichum kahawae showed uneven radial 
growth towards the direction of the Penicillium.

Fig. 4: Chaetomiam perithecia and 
Colletotrichum kahawae

Fig. 3: Penicillium and Colletorichum kahawae
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Colletotrichum kahawae co cultured with Chaetomiun 
perithesia is shown in figure 4. The top side of the 
plate (T) and reverse side (R) show continuous radial 
growth of the test pathogen Colletotrichum kahawae 
towards the test isolate Chaetomiam perithecia.

Figure 5 shows top side of the plate (T) and 
the reverse side (R) of Fusarium ceraneasum  
co cultured with Colletotrichum kahawae. The test 
pathogen as seen in the reverse side of the plate(R) 
showed irregular growth of Colletorichum kahawae 
towards the test isolate Fusarium ceraneasum.

Fig. 5: Fusarium ceraneasum co cultured with 
Colletotrichum kahawae

Irregular growth of Colletorichum kahawae towards 
Aspergillus fumigatus both in the top side of the plate 
(T) and the reverse (R) was observed (Figure 6). 
The reverse side of the plate showed Colletotrichum 
kahawae’s (right) growth away from the test isolate 
Fumigatus aspergillus. Top side of the plate (T) 
showed the test isolate (left) having continuous 
growth whereas the test pathogen has irregular 
growth from test isolate.

Fig. 6: Fumigatus aspergillus against  
C. kahawae

Table 3 : Antagonistic effect of the fungal isolates

ISOLATE Isolate growth Test pathogen Isolate growth Test pathogen growth
 towards the growth towards away from the away from the centre
 centre of the the centre plate centre of the plate of the plate.
 plate (cm)    

  (cm) (cm) (cm)

A 4.80 ab 4.59 b 5.85 ab 5.51 ab
B 5.31ab 4.99b 5.44abc 5.38ab
C 4.90ab 5.13a 4.97abc 5.28ab
D 4.21ab 5.13a 4.29bcd 5.71a
E 5.94a 4.23c 6.30a 5.08b
Control 2.93b 5.31a 5.21abc 5.21ab
 LSD (P=0.05) 1.61 0.34 1.17 0.37
CV (%) 23.9 4.62 16.36 4.62

Figures marked by the same letters down the column are insignificantly different at P≤0.05 (LSD).

Significant difference (P≤0.05) was indicated on 
the antagonistic effects of fungal isolates (Table 3). 
On isolate growth toward the centre of the plate, 
the difference between was between isolate E and 
the control. The test pathogen co cultured against 
isolates A and B also indicated notable difference 
cultured alongside E. Growth towards the centre of 
the plate for test pathogen plated did not indicate 
difference with isolates C and D (Table 3). The 

growth of the CBD causative agent away from the 
centre of the plate co cultured with the test isolates, 
had significance (P≤0.05) difference for isolates  
D and E.

In this study, the test pathogen Colletotrichum 
kahawae was isolated from diseased coffee berries 
and candidate isolates were isolated from soil 
and berries from farms which were not sprayed.  
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The use of fungicides against CBD has been 
shown to induce greater levels of disease under 
some circumstances.17 Farms which fungicides are 
not applied did not have high levels of CBD and 
when used intermittently fungicides can make the 
disease worse.17 The negative effect of fungicides 
can be attributed to the removal of microorganisms 
antagonistic to the pathogen and subsequent 
loss of natural biological control mechanism.17 
This effect was studied and indicated that, there was 
a large difference between microflora on sprayed 
and unsprayed coffee.19 This study resulted in the 
primary selection of five potential isolates namely 
Fusarium proliferetum, Penicillium, Fusarium 
ceraneasum, Chaetomium perithecia from soil and 
Fumigatus aspergillus from berries for antagonism 
of CBD based on inhibition of radial growth of the 
pathogen. A fraction of the rhizosphere associated 
fungi isolated from soil and berries for the in vitro 
screening of antagonism against C. kahawae 
showed biological activity in terms of antibiosis. 
This was determined by formation of visibly clear 
difference C. kahawae and clear zone between 
the test pathogen and the candidate fungal isolate 
on the dual culture plate. This indicated that only 
a proportion of the isolate tested have potential of 
inhibition. The inhibition rate varied significantly 
according to the type of antagonist.  These findings 
conquer with previous results by19 for antagonism 
of Colletotrichum kahawae by saprophytic coffee 
surface microflora. This author reported that 
microorganism showing significant antagonism 
towards CBD pathogen (filamentous fungi) were 
present on unsprayed coffee and element of 
micobiota were shown to have a natural bio control 
effect on the disease. Minimal inhibition of growth 
of Colletotrichum kahawae on the culture plates 
indicated no biological activity by the candidate 
isolate alongside the test fungi. 

Findings by Asfaw4 stepwise testing of specimen 
from twigs, leafs and berries for bio control reported 
antibiotic filamentous fungi as bio agents as effective 
bio agents under invitro conditions. This further 
indicates that, should great concern for bio control 
agents be given for CBD management under in vitro 
conditions, effective results will be obtained.

Dual culture assay from this study showed that 
antagonistic isolate Fusarium proliferetum was  
most efficient in pathogen inhibition whereas 
Chaetomia perithesia had the least potential.  
This difference could be due to a number of factors 
which include competition for nutrients, emission 
of compounds from the antagonist hindering 
pathogen development or space competition 
between the pathogen and the antagonist. 
Another possible mechanism by which BCAs  
(Biological control agents) suppress or reduce 
pathogen infections mycoparasitism interactions is 
nutrient competition.20,21 Findings by Masaba further 
indicated significant antagonism towards the CBD 
pathogen (filamentous fungi, yeast and Bacteria) 
present on unsprayed coffee and elements of the 
micro biota shown as natural biocontrol effect on the 
disease. All indicate the hope for using antagonistic 
microorganism for CBD management.9

Conclusion and Recommendation
Fungal isolates have the potential of controlling CBD. 
Following indication of potential antagonism of the 
pathogen by the identified isolates, further research 
should be done to investigate the other modes of 
antagonism. In addition, in vivo tests on antagonism 
should be conducted.
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