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Introduction 

Coffee berry disease (CBD) is an anthracnose of green and ripe 
coffee cherries recorded from Coffea arabica growing area in Africa 
[20]. The CBD pathogen Colletotrichum kahawae is responsible for 
infecting green berries and ripe cherries [31]. The infection induces 
crop losses of between 30-60% if no control measures are taken. 
The identification of C. kahawae has been based on morphological 
and cultural characteristics, such as conidial morphology and pig-
mentation [9]. Morpho-cultural attributes of the CBD pathogen 
shows that when the isolated from host, is characterized by slow 
growing, dark grey to olivaceous green profuse mycelium, and se-

tae are rarely present. However, several sub-culturing may lead the 
colonies of CBD isolates become indistinguishable from the mor-
phologically extremely variable group species of Colletotrichum 
gloeosporioides [32]. This can be confusing and therefore makes 
morpho-cultural criteria not adequate for reliable differentiation 
among Colletotrichum spp. [1,9]. In an attempt to perform different 
approach of characterization, Sreenivasaprasad, et al [27] applied 
restriction fragment length polymorphism (RFLP) to analyze riboso-
mal and mitochondrial DNA, random amplified polymorphic DNA 
(RAPD) to analyze and sequencing of the variable internally tran-
scribed space (TS) 1 region of rDNA used to elucidate variation of 
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Abstract- Strains of Colletotrichum kahawae from different coffee growing areas in Tanzania, Kenya and Cameroon were studied for their 
different characters. Characterization was done through the application of iso-enzyme whereby morphological attributes were studied to de-
termine variability of C. kahawae. Application of iso-enzymes involved extraction of proteins from the mycelia of each of the strain and the 
content was determined using Bio-Rad protein assay kit. The strains were Tanzania (14), Kenya (2) and Cameroon (1), and Colletotrichum 
gloeosporioides. The protein content of C. kahawae strains were compared for their reaction to iso-enzymes based on the activity of ester-
ace, acid and basic phosphotase using the technique of isoelectic focusing electrophoresis (IEF). It was possible to detect a high esterase 
activity portraying many bands per strain of C. kahawae, but lower in the case of basic and acid phosphatase. However all enzymes revealed 
polymorphisms. The data matrices from enzymes pattern were formed by identifying the presence or absence of bands. A phenogram based 
on the estimate similarity coefficients was constructed by un-weighed pair group methods (UPGMA) using the computer software package 
NTSYS-PC version 2.02. The original similarity matrix was compared with the cophenetic value matrix generated from the systems of clus-
ters. The cophenetic coefficient (r) was estimated and used as a measure of the goodness of fit. The results obtained by cluster analysis on 
C. kahawae Cam1 strain shows that iso-enzymatic profile of the strain is different from the rest. In the Tanzania population studied two 
groups were formed and C. kahawae strain T3 seemed to be different from the rest of the strain. Characteristics of Colletotrichum strains 
collected from different coffee growing areas were observed after 10 days of growth on MEA in darkness at temperature ranges between 15°
C to 30°C. The morph cultural characteristics used to study variability of Colletotrichum spp were cultural texture, conidia shape and sizes, 
and growth rate. Out of 30 Colletotrichum spp isolated from diseased green coffee berries, 25 isolates were identified as Colletotrichum ka-
hawae producing dark grey cottony, oval conidia morphology and slow growth rate. Five isolates identified as Colletotrichum gloeosporioides; 
growth rate ranged from 7.3 to 8.8 mm and C. kahawae ranged from 5.0 to 5.5 mm per 24 hr. at 25oC. This shows that the growth rate of C. 
gloeosporioides was always more rapid than that of C. kahawae. This shows that the growth rate analysis is a useful method separating C. 
kahawae from C. gloeosporioides. Conidia sizes of C. kahawae strains were variable even within one strain. However based on this study, 

variability in spore size can not be used to distinguish the strains of C. kahawae.  
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Colletotrichum spp which infect fruits. Beynon, et al [5] and Manga, 
et al [19] performed mutant tests of C. kahawae in the nitrate assim-
ilation pathway and found several vegetative compatibility groups 
(VCGs). Recently, Loureiro, et al [18] applied iso-enzymes to study 
genetic variation of C. kahawae strains by examining differences in 
the mobility of active metabolic proteins. Horvath, et al [14] reported 
that the iso-enzyme analysis provides a broader view of genetic 
variation compared with ribosomal DNA (rDNA) analysis which 

determines differences in fragment sizes. 

A collection of strains of the pathogen from Tanzania, Kenya and 
Cameroon, in addition to C. gloeosporioides isolate from coffee 
were examined using enzyme function (iso-enzymatic characteriza-
tion) to determine the levels of variability. Studies on morphological 
attributes were used to complement the findings obtained on appli-

cation of iso-enzymes. 

Materials and Methods 

Application of Iso-Enzymes 

Culture Preparations of Colletotrichum kahawae Strains 

Strains of C. kahawae from different coffee growing areas in Tanza-
nia [Table-1], Cameroon, Kenya and C. gloeosporioides were se-
lected for iso-enzyme studies. Three agar pieces of 1 cm2 of each 
isolate were used to inoculate 50 ml of liquid medium (Malt Extract 
3% and peptone 0.5%). After 10 days of growth at 25°C without 
agitation, mycelia were used for enzymatic extracts. In order to get 

enough mycelia, each isolate was replicated three times. 

Table 1- List of Colletotrichum kahawae strains from different coffee 

growing areas in Tanzania 

m.a.s.l = metres above sea level 

Enzymatic Extracts Preparation from Mycelia of Colletotrichum  

Ten-day grown mycelia of each isolate was collected on Whatman 
filter paper nº1 using vacuum filtration, washed several times with 
sterile distilled water and sodium acetate buffer (0.05 M pH 4.5) and 
weighed. The filtered mycelia were placed in plastic tubes and fro-
zen at -80ºC. The frozen mycelia were freeze dried for two days, 
then homogenized with sodium acetate buffer (0.05 M, pH 4.5) 
using porcelain mortar and pestle. The homogenate was centri-
fuged at 20 000 g for 50 min at 4ºC. The supernatant obtained was 
filtered using a 0.45 mm polyethersulfone membrane placed on a 
disposable syringe and then dialyzed against sterile distilled water 
at 4ºC overnight. After dialysis the extracts were concentrated with 
polyethylene glycol (6000). The concentrated extracts were stored 

at -80ºC and then used for electrophoresis. The protein content of 
each sample was determined using the commercial Bio-Rad protein 

assay Kit as described by Bradford [6]. 

Iso-Enzymes Electrophoresis 

Three enzymatic activities were studied by iso electro focusing 
(IEF) electrophoresis in a vertical slab 1.5 mm thick with 5% (w/v) 
polyacrylamide gel and 2% ampholytes (various pH) according to 
Robertson, et al [24]: esterase (EST, EC3.1.1.2), alkaline phospha-
tase (ALP, EC3.1.3.1) and acid phosphatase (ACP, EC3.1.3.2). IEF 
was performed on a Mighty Small SE 250 apparatus (Hoefer, Eng-
land) and the electrode solutions used were 25 mM NaOH (catode) 
and 20 mM acetic acid (anode) for all the enzymes. Twenty mg of 
protein was loaded per lane and the electrophoresis was conducted 
at a constant voltage of 200 V for 50 min followed by another 50 
min at a constant voltage of 400 V. After electrophoresis, the gels 
were incubated in different substrate solutions according to the 
enzyme under study; EST [22], ACP [12] and ALP [25], and then 
scanned in an Image Scanner (Amersham Biosciences). The num-
bers of enzymatic bands on zymograms were evaluated using the 

Image QuantTM TL image analysis software (GE Life Sciences). 

Data Analysis 

Data matrices from enzyme patterns were formed by identifying the 
presence (1) or absence (0) of a particular band. A genetic similarity 
matrix was calculated based on Jaccard coefficient [SJ=a/(a+b+c): 
where a are the bands present in both isolates being compared, b 
are the bands present only in the first isolate and c are the bands 
present only in the second isolate]. A phenogram based on the 
estimate similarity coefficients was constructed by UPGMA (un-
weighed pair group methods analysis) using the computer software 
package NTSYS-pc version 2.02. The original similarity matrix was 
compared with the cophenetic value matrix generated from the 
systems of clusters. From the comparison of these two matrixes, 
the cophenetic coefficient (r) was estimated and used as a measure 

of the goodness of fit. 

Morpho-Cultural Studies of Colletotrichum kahawae Strains 

Collection of Colletotrichum kahawae Isolates 

Surveys were made in three coffee growing areas in Tanzania rep-
resented by the Lake zone and Kigoma (Tarime, Ngara and Kigo-
ma), Northern (Kilimanjaro and Arusha) and Southern highlands 
(Mbeya and Ruvuma) [Fig-1]. Green coffee berries infected with 
CBD at the black lesion stage were collected from each coffee 
growing areas mentioned above and preserved in a paper bag. 
Inside the paper bag, green infected berry samples were sandwich 
between layers of newspaper and kept in a cool box at 18°C to 20°
C for the pathogen to be viable for successful subsequent isolation 

[16]. 

Isolation of Colletotrichum kahawae from Infected Coffee 
Green Berries 

Colletotrichum kahawae was isolated from the survey samples us-
ing the method described by Beynon, et al [5]. Infected green coffee 
berries with CBD lesions were surface sterilized by immersing in a 
5% solution of sodium hypochlorite (available chlorine 0.5% W/V) 
for 15 min and rinsed in three changes of sterile distilled water. 
Infected coffee berry tissues were then removed aseptically and 
incubated on distilled water agar at 22oC. Hyphae from advancing 
edges of the tentative C. kahawae colonies were then transferred to 
Malt Extract Agar (MEA) [5]. The cultures were incubated at 22°C 
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Coffee ecosystem Strain code Altitude (m a.s.l) 

Northern coffee growing area  

Kibosho-Kombo T3 1350 

Machame Foo T16 1600 

Lyamungu T18 1268 

Rombo Mokala Juu T23 1500 

Marera Mwika T29 1500 

Kerio T10 1500 

Lake Zone & Kigoma  

Tarime Kimusi T14 1450 

Kigoma T22 1380 

Southern Highlands  

Mbinga Mkumbi T30 1610 

Mbozi Mahenje T28 1450 

Mbinga Myanje T13 1570 

Mbinga Ngima T17 1700 

Mbeya Lunji 4 T20 1600 

Mbozi General T25 1475 
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for 10 days to allow colony growth. Preliminary confirmatory tests of 
colony texture of C. kahawae isolates on MEA were based on my-

cological colour chart developed by Rayner [23].  

Morphological Studies of Colletotrichum kahawae Strains 

Spore Morphology on Malt Extract Agar 

Using a sterile loop, tentative C. kahawae spores were scraped 
from 10-day-old cultures grown on MEA. The spores were mounted 
on glass slides in cotton blue for microscopic examination as de-
scribed in the Plant Pathologists’ Pocket Book [16]. Dimensions 
(length and width) of five conidia per isolate were measured using 
an eye piece micrometer with an Olympus microscope at a magnifi-
cation of x 40. The spore shape was also determined as described 

by Funder [10]. 

Morphology of Spores Detached from Green Coffee Berries 

Spores of each C. kahawae isolate were also obtained after 10 day 
incubation of 20 green infected coffee berries of a susceptible varie-
ty N 39. Tentative spores of C. kahawae were collected from coffee 
berries by putting the 20 sporulating berries into conical flasks con-
taining 10 ml of sterilized distilled water. Spores were detached 
from the berries by shaking the berries for 5 seconds and the result-
ing suspension was then filtered to get spores. Drops of 0.02 ml of 
spore suspensions were put on sterile glass slides and observed 
under the compound microscope [29]. The dimensions (mm) of five 
conidia per tentative C. kahawae isolate were determined using an 
eye piece micrometer with an Olympus microscope at a magnifica-
tion of x 40. The spore shape was determined as described by Fun-

der [10]. 

Fig. 1- Map of Tanzania showing areas where Colletotrichum iso-

lates were collected March to July 2006 

Locations where Colletotrichum kahawae isolates were collected 

are shown with Red oval. 

Growth Rate of Presumed Colletotrichum kahawae Strains 

All isolates presumed to be C. kahawae were grown on MEA in 85 
diameter glass petri dishes, replicated six times and incubated in 
the darkness at 25°C. After eight days of incubation, the diameters 
of the fungal colonies were recorded; six replicates and two meas-
urements per replicate were taken. Growth rate at Lyamungu was 
determined at 25°C. At Centro de Investigação das Ferrugens do 
Cafeeiro (CIFC) tentative isolates of C. kahawae were evaluated at 

15°C, 20°C, 25°C and 30°C. The C. kahawae strains Ca1 from 
Cameroon and Que2 from Kenya which were considered as stand-
ard (control) strains for comparison were also included in the cur-
rent study. Mean diameter of the fungal colony growth per each 
isolate and the rate of colony growth in mm/24 hr. were determined 
and the differences between means were determined using the 

Duncan’s Multiple Range Test [11]. 

Results and Discussion 

Application of Iso-Enzymes 

Out of the three enzymatic systems studied by the IEF electropho-
resis technique, only EST and ACP activities were consistently 
detected and bands easily visualized for all strains of Colletotrichum 

[Fig-2a] to [Fig-2c] and [Fig-3a to [Fig-3c].  

Fig. 2a to 2c- Zymograms of esterases isoenzymes of C. kahawae 
strains from Tanzania (3, 10, 13, 14, 16, 17, 18, 20, 22, 23, 25, 28, 
29, 30), Cameroon (Cam), Kenya (Q71 and Q72) and one Colleto-
trichum gloeosporoides strain from China (Chi). Std-IEF standards 
broad Range pl 4,45-9,6 (Bio-Rad)-. Twenty mg of protein was 
loaded per lane. 
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Fig. 3a to 3c- Zymograms of acid phosphatase isoenzymes of 
Colletotrichum kahawae strains from Tanzania (3, 10, 13, 14, 16, 
17, 18, 20, 22, 23, 25, 28, 29, 30), Cameroon (Cam), Kenya (Q71 

and Q72) and one Colletotrichum gloeosporoides strain from China 
(Chi). Std – IEF standards broad Range pl 4,45-9,6 (Bio-Rad)-. 

Twenty mg of protein was loaded per lane. 

The alkaline phosphatase (ALP) pattern showed a very low activity 
among Tanzanian Colletotrichum kahawae strains; this was in con-
trast to what was observed for the other strains of the fungus 
(Kenya and Cameron C kahawae and C. gloeosporioides strains) 
[Fig-4a] [Fig-4b] [Fig-4c]. EST zymograms of Tanzanian C. kaha-
wae strains had the highest activity producing many bands per 
strain and showing a high degree of polymorphism, although by 
cluster analysis it was not possible to separate the two species 
(phenogram [Fig-5]). ACP zymograms showed few and clear bands 
per strain but with a low degree of polymorphism [Fig-3a], [Fig-3b]. 
In the case of ALP zymograms, the activity was detected only in 
some of the Tanzanian strains [Fig-4a], [Fig-4b]. On the other hand, 

by cluster analysis, both phosphatases (ACP and ALP alone) clear-
ly differentiated C. kahawae from C. gloeosporioides (phenogram 
[Fig-6] and [Fig-7]). Cluster analysis of all Colletotrichum strains 
based on the banding patterns obtained for the three enzymes, 
established two main clusters (similarity coefficient of 42%) 
(Phenogram [Fig-8]). Cluster I with all the C. kahawae strains 
(except Cam1) and cluster II with the C. gloeosporioides and C. 
kahawae Cam1 strain. Within cluster I, two different groups were 
formed, cluster Ia only with Tanzania strains (similarity coefficient of 
61%), and cluster Ib with Tanzania and Kenya strains (similarity 

coefficient of 65%). 

Fig. 4a to 4c- Zymograms of alkaline phosphatase isoenzymes of 
Colletotrichum kahawae strains from Tanzania (3, 10, 13, 14, 16, 
17, 18, 20, 22, 23, 25, 28, 29, 30), Cameroon (Cam), Kenya (Q71 

and Q72) and one Colletotrichum gloeosporoides strain from China 
(Chi). Std – IEF standards broad Range pl 4,45-9,6 (Bio-Rad)-. 

Twenty mg of protein was loaded per lane. 
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Iso-enzymes were used successfully to detect genetic variation 
among Fusarium species in Sorghum, Colletotrichum graminicola 
strains from Sorghum species, Zea mays L and in the analysis of 
some wood decay fungi [4,14,15,17] also used iso-enzymes to 
study variation among Phytopthora coloeasiae strains from South-
east Asia and the Pacific whereby clear bands allowed differention 
of distinct strains that are genetically variable within and between 
countries. The use of isoenzymes made it possible also to detect 
and analyze inter and intra specific diversity of Pratylencus species 
[2]. Mohamed, et al [21] used isoenzymes to identify genetic diversi-
ty of Fusarium oxysporum. Although the result obtained in this study 
using isoenzymes are preliminary, the presence or absence of 
bands per enzyme and strain, suggests of being variation of C. 

kahawae strains within and between countries. 

Fig. 5- Phenogram resulting from cluster analysis based on ester-
aces zymogram for Colletotrichum kahawae strains from Tanzania 

(3, 10, 13, 14, 16, 17, 18, 20, 22, 23, 25, 28, 29, 30), Cameroon 
(Cam), Kenya (Q 71 and 72) and one Colletotrichum gloeospori-

oides strain from China (Chi), using Jaccard’s similarity coefficient 

(correlation coefficient, r+0.83859) 

Fig. 6- Phenogram resulting from cluster analysis based on acid 
phosphatase zymogram for Colletotrichum kahawae strains from 
Tanzania (3, 10, 13, 14, 16, 17, 18, 20, 22, 23, 25, 28, 29, 30), 

Cameroon (Cam), Kenya (Q71 and Q72) and one Colletotrichum 
gloeosporoides strain from China (Chi), using Jaccard’s similarity 

coefficient (correlation coefficient, r=0.85014) 

Fig. 7- Phenogram resulting from cluster analysis based on alkaline 
phosphatase zymogram for Colletotrichum kahawae strains from 
Tanzania (3, 10, 13, 14, 16, 17, 18, 20, 22, 23, 25, 28, 29, 30), 

Cameroon (Cam), Kenya (Q71 and Q72) and one Colletotrichum 
gloeosporoides strain from China (Chi), using Jaccard’s similarity 

coefficient (correlation coefficient, r=0.98117)  

Fig. 8- Phenogram resulting from cluster analysis based on ester-
ase, acid and alkaline phosphatases zymograms for Colletotrichum 
kahawae strains from Tanzania (3, 10, 13, 14, 16, 17, 18, 20, 22, 
23, 25, 28, 29, 30), Cameroon (Cam), Kenya (Q71 and Q72) and 
one Colletotrichum gloeosporoides strain from China (Chi), using 

Jaccard’s similarity coefficient (correlation coefficient, r=0.86367)  

The results obtained by cluster analysis on C. kahawae Cam1 
strain are similar to the ones obtained previously by Loureiro, et al 
[18]. The isoenzymatic profile of this strain is different from all the 
others and reported to be one of the most virulent on C. arabica 

genotype in Africa [30]. 

Fourteen C. kahawae strains were studied for their variability 
whereby, two groups were formed. Accordingly, the bands of C. 
kahawae strain T3 seemed to be different from the rest of the Tan-
zanian strains [Fig-2a] and [Fig-3b]. C. kahawae strains Que 
(Kenyan), Cam (Cameroon) and that of C. gloeosporioides beared 
distinctive patterns [Fig-2a] to [Fig-2c], [Fig-3a] to [Fig-3b] and [Fig-
4a] to [Fig-4b]. The fact that C. kahawae strain T3 shows distinctive 
patterns and at the same time being the most pathogenic, may 
suggest that variability in polymorphisim of C. kahawae strains can 

be linked to virulence characteristics. 
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Table 2- Morphocultural characteristics of Colletotrichum isolates collected from different coffee ecosystems in Tanzania 

Means followed by a common letter within a column do not differ significantly according to DMRT (P £ 0.05). 

Table 3- Conidial sizes of Colletotrichum kahawae strains collected from different coffee ecosystems in Tanzania 

Means followed by a common letter within a column do not differ significantly according to DMRT (P £ 0.05). 

Strains Location Host Colony texture Conidial morphology Conidia size (mm) Growth rate (mm/24 hrs. at 25°C) Identity 

2006/25 Lyamungu SL 28 Dark grey cottony Oval L 10.5-13.5 x W 2.7-4.8 5.1 D C. kahawae 

2006/26 Lyamungu SL 34 Dark grey cottony Oval L 9.0-15.0 x W 3.8-4.8 5.4 D C. kahawae 

2006/27 Lyamungu N 39 Dark grey cottony Oval L 12.0- 21.0 x W 4.5-5.1 5.5 D C. kahawae 

2006/28 Lyamungu KP 423 Dark grey cottony Oval L 10.5-19.5 x W 3.8-4.5 5.3 D C. kahawae 

2006/29 Lyamungu Catimor Dark grey cottony Oval L 9.0-21.0 x W 3.0-5.1 5.5 D C. kahawae 

2006/14 Kibosho-Kombo SC 12 Dark grey cottony Oval L 9.0-21 x W 4.4-6.0 5.4 D C. kahawae 

2006/15 Marera Mwika N 39 Dark grey cottnony Oval L 12.0-24.0 x W 4.5-6.0 5.2 D C. kahawae 

2006/16 Machame Foo N 39 Dark grey cottony Oval L 9.0-18.0 x W 3.0-4.5 5.2 D C. kahawae 

2006/17 Maua Seminary N 39 Pale grey flucose Cylindrical L 11.8-17.2 x W 3.2-4.8 7.3 C C. gloeosporoides 

2006/18 Kinyamvuo N 39 Pale grey flucose Cylindrical L 10.2-18.2 x W 2.7-3.8 8.1 AB C. gloeosporoides 

2006/19 Rombo Mokala Juu N 39 Dark grey cottony Oval L 6.0-15.0 x W 2.7-4.5 5.0 D C. kahawae 

2006/20 Kerio N 39 Dark grey cottony Oval L 10.5-19.5 x W 2.7-5.1 5.8 D C. kahawae 

2006/21 Babati Haraa N 39 Dark grey cottony Oval L 15.0-22.5 x W 3.3-4.5 5.3 D C. kahawae 

2006/22 Karatu Ngorongoro N 39 Dark grey cottony Oval L 12.0-21.0 x W 3.6-4.8 5.0 D C. kahawae 

2006/2 Mbozi-Itepula N 5 Pale grey cottony Cylindrical L 12.0-19.0 x W 3.0-4.0 8.8 A C. gloeosporoides 

2006/3 Mbozi-Msia N 5 Pale grey cottony Cylindrical L 11.5-17.0 x W 2.6-3.5 7.5 BC C. gloesporoides 

2006/4 Mbozi-Mahanje N 5 Dark grey cottony Oval L 6.0-15.0 x W 2.1-4.5 5.5 D C. kahawae 

2006/5 Mbozi-Malenje N 5 Dark grey cottony Oval L 6.0-15.0 x W 2.7-4.5 5.5 D C. kahawae 

2006/6 Mbozi-General N 5 Dark grey cottony Oval L 9.0-12.0 x W 2.4-3.6 5.3 D C. kahawae 

2006/7 Mbinga-Mbuji KP 423 Dark grey cottony Oval L 9.0-18.0 x W 1.2-3.9 5.5 D C. kahawae 

2006/8 Mbinga-Mkumbi KP 423 Dark grey cottony Oval L 12.0-24.0 x W 3.6-5.4 5.1 D C. kahawae 

2006/9 Mbinga-Ngima KP 423 Dark grey cottony Oval L 9.0-18.0 x W 2.7-4.5 5.0 D C. kahawae 

2006/10 Mbinga-Lugari KP 423 Dark grey cottony Oval L 9.0-18.0 x W 3.0-4.5 5.0 D C. kahawae 

2006/11 Mbinga-Myanje KP 423 Dark grey cottony Oval L 3.0-12.0 x W 1.5-3.6 5.3 D C. kahawae 

2006/1 Mbeya Lunji N 39 Dark grey cottony Oval L 9.0-18.0 x W 3.0-4.5 5.4 D C. kahawae 

2006/23 Mbeya Lunji 4 N 39 Dark grey cottony Oval L 13.5-18.0 x W 2.7-4.5 5.5 D C. kahawae 

2006/24 Tarime- Kimusi KP 423 Dark grey cottony Oval L 15.0-21.0 x W 3.6-4.5 5.4 D C. kahawae 

2006/12 Kigoma-Kalinzi KP 423 Dark grey cottony Oval L 6.0-18.0 x W 2.1-4.5 5.0 D C. kahawae 

2006/13 Kigoma KP 423 Dark grey cottony Oval L 12.0-18.0 x W 3.6-4.5 5.0 D C. kahawae 

2006/30 Muleba KP 423 Pale grey cottony Cylindrical L 13.5-17.5 x W 3.5-4.0 8.5 A C. gloeosporoides 

DMRT (P £ 0.05) 0.72   

Mean 5.74   

S.D 1.1   

S.E + 0.2   

Strain Location 
Mean spore sizes (µm) 

Malt Extract Agar Green berries 

2006/25 Lyamungu SL 28 L 11.7 ± 0.2 x W 3.8 ± 0.1N L 13.5 ± 0.2 x W 4.8 ± 0.1J  

2006/26 Lyamungu SL 34 L 12.6 ± 0.2 x W 4.4 ± 0.1K L 12.9 ± 0.2 x W 5.9 ± 0.1 H 

2006/27 Lyamungu N 39 L 16.9 ± 0.2 x W 4.7 ± 0.1 C L 14.0 ± 0.2 x W 5.8 ± 0.1 G 

2006/28 Lyamungu KP 423 L 15.0 ± 0.2 x W 4.3 ± 0.1 H L 14.4 ± 0.2 x W 5.9 ± 0.1 E 

2006/29 Lyamungu Catimor L 13.5 ± 0.2 x W 4.3 ± 0.1 J L 14.4 ± 0.2 x W 5.9 ± 0.1 E 

2006/14 Kibosho-Kombo L 15.0 ± 0.2 x W 4.9 ± 0.1 E L 14.7 ± 0.2 x W 5.9 ± 0.1 D 

2006/15 Marera Mwika L 18.0 ± 0.2 x W 5.0 ± 0.1 A L 9.9 ± 0.2 x W 2.9 ± 0.1 N 

2006/16 Machame Foo L 13.8 ± 0.2 x W 4.0 ± 0.1 K L 15.0 ± 0.2 x W 5.9 ± 0.1 C 

2006/19 Rombo Mokala Juu L 10.8 ± 0.2 x W 3.9 ± 0.1 P L 11.4 ± 0.2 x W 5.3 ± 0.1 K 

2006/20 Kerio  L 15.6 ± 0.2 x W 4.4 ± 0.1 G L 15.0 ± 0.2 x W 6.0 ± 0.1 B 

2006/21 Babati Haraa L 17.4 ± 0.2 x W 3.9 ± 0.1 G L 14.7 ± 0.2 x W 4.4 ± 0.1 J 

2006/22 Karatu Ngorongoro L 16.8 ± 0.2 x W 4.2 ± 0.1 F L 15.0 ± 0.2 x W 5.8 ± 0.1 D 

2006/4 Mbozi Mahenje L 12.0 ± 0.2 x W 3.5 ± 0.1 P L 15.0 ± 0.2 x W 5.9 ± 0.1 C 

2006/5 Mbozi Malenje L 11.4 ± 0.2 x W 3.8 ± 0.1 O L 14.4 ± 0.2 x W 5.6 ± 0.1 G 

2006/6 Mbozi General L 10.8 ± 0.2 x W 3.1 ± 0.1 S L 14.1 ± 0.2 x W 4.1 ± 0.1 L 

2006/7 Mbinga Mbuji L 13.2 ± 0.2 x W 3.0 ± 0.1 R L 12.6 ± 0.2 x W 3.8 ± 0.1 M 

2006/8 Mbinga Mkumbi L 18.5 ± 0.2 x W 4.6 ± 0.1 B L 18.3 ± 0.2 x W 6.0 ± 0.1 A 

2006/9 Mbinga Ngima L 14.4 ± 0.2 x W 3.8 ± 0.1 K L 15.0 ± 0.2 x W 5.9 ± 0.1 C 

2006/10 Mbinga Lugari L 12.0 ± 0.2 x W 4.0 ± 0.1 M L 15.2 ± 0.2 x W 5.9 ± 0.1 B 

2006/11 Mbinga Myanje L 8.4 ± 0.2 x W 2.6 ± 0.1 T L 14.4 ± 0.2 x W 5.7 ± 0.1 F 

2006/1 Mbeya Lunji L 13.8 ± 0.2 x W 3.8 ± 0.1 L L 15.0 ± 0.2 x W 5.7 ± 0.1 E 

2006/23 Mbeya Lunji 4 L 15.6 ± 0.2 x W 3.9 ± 0.1 I L 15.0 ± 0.2 x W 5.9 ± 0.1 C 

2006/24 Tarime Kimusi L 18.6 ± 0.2 x W 4.1 ± 0.1 D L 15.0 ± 0.2 x W 6.0 ± 0.1 B 

2006/12 Kigoma Kalinzi L 12.0 ± 0.2 x W 3.4 ± 0.1 Q L 12.3 ± 0.2 x W 5.5 ± 0.1 I 

2006/13 Kigoma L 15.0 ± 0.2 x W 3.9 ± 0.1 J L 15.0 ± 0.2 x W 6.0 ± 0.1 B 

DMRT (0.05)    

S X   0.82 0.82 
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Morpho-Cultural Studies of Colletotrichum kahawae Strains 

Morpho-Cultural Attributes of Colletotrichum kahawae Strains 
from Tanzania 

The morpho-cultural characteristics of the strains collected from 
Tanzania were observed after 10 days of growth on MEA in dark-
ness at 25°C. The results showed that out of 30 isolates, 25 were 
identified as C. kahawae and produced dark grey cottony colonies 
[Fig-9], oval conidia morphology and slow growth rate [Table-2]. 
Five isolates 2006/2, 2006/3, 2006/17, 2006/18 and 2006/30 were 
identified as C. gloeosporoides, based on colony texture [Fig-10], 
conidia morphology and size, and growth rates ranging from 5.0 to 
5.5 mm per 24 hr. at 25°C [Table-2]. Conidia of 25 strains of C. 
kahawae varied in size [Table-3]. Growth rates of the 30 Colleto-
trichum species varied significantly (P £ 0.05) [Table-2]. The growth 
rate of C. gloeosporoides was always more rapid than that of C. 

kahawae. 

Morpho-cultural characteristics used to study variability of C. kaha-
wae strains were cultural texture, conidial shape and sizes, and 
growth rates. These characters have been reported by other schol-
ars in distinguishing variability of Colletotrichum species [3,8,9,26]. 
In these studies, dark grey cottony colonies was a distinctive char-
acteristic observed on the 25 C. kahawae strains grown on MEA, 
and this distinguished it from other Colletotrichum species isolated 
from diseased coffee berries. Similar observations reported by Hin-
dorf [13], Waller[31], Waller, et al [32]. The morpho-cultural charac-
teristics of the five strains 2006/2, 2002/3, 2006/17, 2006/18 and 
2006/30 were closely related to C. gloeosporioides [Table-2]. These 
fungal colonies of C. gloeosporioides strains were found to grow 

faster than 25 strains of C. kahawae [Table-2].  

Fig. 9- Growth of Colletotrichum kahawae 15 days on Malt Extract 

Agar (2 %) 

It can be suggested that colony growth rate analysis can be used to 
separate the two Colletotrichum species [7,18,32] and assist to 

reveal the true identity of C. kahawae strains. 

Conidia Size of Colletotrichum kahawae Strains 

The conidia sizes of C. kahawae strains were variable even within 
one strain [Table-3]. Comparisons of conidia size using DMRT test 
showed that conidia of C. kahawae strains 2006/15, 2006/8, 
2006/27, 2006/23, 2006/24 and 2006/14 were significantly larger 
(P<0.05) than the rest of the strains on MEA [Table-3]. The strains 
from green berries (2006/8, 2006/13, 2006/24, 2006/23, 2006/1, 

2006/10, 2006/9, 2006/20, 2006/16 and 2006/14) were significantly 
larger than that of the other C. kahawae strains. On the other hand, 
strains 2006/8, 2006/14, 2006/23 and 2006/24 were consistent in 
spore production on both MEA and green berries. Conidia lengths 
of C. kahawae were more variable when grown on MEA and green 

coffee berries. 

Fig. 10- Growth of Colletotrichum gloeosporioides 8 days on Malt 

Extract Agar (2%) 

Spore morphology of the 25 C. kahawae strains was oval, but their 
sizes varied both within and between the strains. The spore length 
ranged from 8 to 18 mm and width ranged from 2 to 6 mm. Howev-
er, C. Kahawae strains 2006/8, 2006/9 and 2006/10 all from Mbinga 
coffee ecosystem had significantly larger spores on green berries 
than was the case with the rest of the strains [Table-2]. The range 
of spore size tended to overlap between the isolates thus, making it 
difficult to distinguish the strains of C. kahawae by spore size [Table
-2] and [Table-3]. Talhinhas, et al [28] indicated variability in conidia 
size within and between strains when studying the diversity of 
Colletotrichum species in olive anthracnose and concluded that it is 
difficult to distinguish fungal strains using spore size. Despite their 
variation the spore size of 25 C. kahawae strains in this study fell 
within the range of 10.8-23.0 x 3.4-4.7 um as described by Hindorf 
[13]. Based on these studies, variability in spore size of C. kahawae 
strains on green coffee berries can not be used to distinguish the 
strains because there was no correlation between these two fac-

tors. 

Conclusion 

Reaction of C. kahawae strains from Tanzania to iso-enzymatic 
systems showed high polymorphism by EST, but low in ACP. The 
existence of polymorphism variability on the iso-enzymatic may 
suggest variability in pathogenic characteristics, an area which 

need to be further studied.  

This study has indicated that texture characteristic of dark grey 
cottony colonies, oval conidia morphology and slow growth rate are 
the key preliminary morpho-cultural attributes in the identification of 
C. kahawae from other Colletotrichum isolates. Also the study found 
that growth rate analysis is a useful method of separating C. kaha-
wae from C. gloesporoides, and therefore obtaining a true identity 
of C. kahawae strains. However, based on the findings of this study, 
spore size can not be used to distinguish the strains of C. kahawae 
because there is no distinct spore sizes related to each of the 

strains. 
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