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ABSTRACT 
 
Some mango fruits marketed in Yola and environs show some anthracnose diseases symptoms.  
Aims: Therefore, the aim of this study was to identify fungal organisms associated with Anthracnose 
disease of mango in Yola, Adamawa state, Northeastern Nigeria and to test their pathogenicity.  
Study Design: Laboratory based controlled experiment. 
Methodology: Naturally anthracnose infected mango fruits and leaves were purposely sampled 
from different home gardens, farms, and markets in Yola. The symptomatic plant parts were 
immediately taken to the laboratory for direct isolation, characterization, identification and 
pathogenicity testing of fungal isolates.  
Results: A total of 19 fungal colonies were obtained from the anthracnose infected mango fruits and 
leaves. Based on similarity of morphological features (colony colour, texture presence of septate 
mycelia or not, spore shape and number of septa), fungal colonies were grouped into 3 species and 
were identified as Colletotrichum gloeosporioides, Aspergillus niger and Rhizopus oryzae. C. 

Original Research Article 



 
 
 
 

Haruna et al.; APRJ, 4(1): 43-50, 2020; Article no.APRJ.57037 
 
 

 
44 

 

gloeosporioides had the highest percentage (66.7%) (77.8%) frequency of occurrence in infected 
fruits and leaves respectively, compared to A. niger which recorded 11.1% and 20.0% and R. oryzae 
with 22.2% and 10%. Pathogenicity test revealed only C. gloeosporioides was found pathogenic 
while the remaining two; A. niger and R. oryzae were non-pathogenic.  
Conclusion: Findings of this study has indicated that C. gloeosporioides is the etiological agent of 
anthracnose of mango in the area. 
 

 
Keywords: Disease; frequency of occurrence; fungal isolates; morphological characteristic; 

pathogenic isolates. 
 

1. INTRODUCTION 
 
Mango (Mangifera indica L.) is grown throughout 
the tropics and subtropics of the world being one 
of the most popular and commonly consumed 
fruit among millions of people in the tropics [1,2].  
It is considered the king of fruits due to its wide 
ecological range, delicious state, excellent 
flavour, very high nutritive and medicinal values 
of great Religio-historical significance [3].  
Production, trade and consumption of mango 
fruits have increased significantly both 
domestically and internationally [4]. According to 
[5], mango is commercially cultivated in more 
than 103 countries worldwide and production is 
increasing each year due to increasing consumer 
demand. 

 
Mango production is seriously marred by 
anthracnose disease in all mango production 
areas. This wide spreading fungal disease of 
mangos presently recognized as the worldwide 
most important field and postharvest disease of 
mongo [6,7]. The disease is capable of causing 
30-60% yield losses across different countries of 
the world [8]. Anthracnose disease is 
characterized by black or dark brown sunken 
lesions on ripening fruits (postharvest phase) 
which directly affects quality of marketable fruit 
rendering it worthless, hence the most damaging 
and economically significant phase of the 
disease worldwide [9]. The initial infection (field 
phase) which usually starts on young twigs and 
leaves then spread to the flowers causing 
blossom blight and destroying the inflorescence 
and even preventing fruit set [10]. According to 
[11,10], mango anthracnose is caused by 
Colletotrichum gloeosporioides Penz. On the 
other hand, [6] reported Botryodiplodia 
theobromae, Fusarium semitectum, Papulaspora 
sp. and Pestalotiopsis guepinii being associated 
with anthracnose in Bangladesh. C. 
gloeosporioides as causal agent of anthracnose 
of mango was first reported in South Western 
Nigeria by [12].   

However, not much has been done in the 
establishment of etiological agent of the disease 
in Northern part of the country. Presently in Yola, 
Adamawa State, Northeastern Nigeria, the 
disease has been observed in almost all mango 
growing areas, and has become a threat to both 
home gardeners and farmers, making mango 
production unattractive. It causes huge economic 
losses due to considerable reduction in fruit 
setting /production. Infected flowers get dried up 
and emerging small fruits aborted while the post-
harvest phase of the disease appears as dark 
brown or black depressions of indefinite border 
that expand rapidly on ripening fruits thereby 
making them lose their economic value. 
Therefore, this study was focused on isolation, 
identification, and pathogenicity testing of 
organisms associated with Anthracnose disease 
of mango in Yola, Adamawa state, Nigeria. Such 
information about disease causal agent is 
fundamental to development of an effective 
disease control strategies. 
 

2. MATERIALS AND METHODS 
  
2.1 Sampling Sites 
 

Purposeful sampling of anthracnose naturally 
infected mango fruits and leaves (Fig. 1) were 
carried out from three locations each and at each 
location, sampling was replicated three times. All 
locations are in Yola, Adamawa state Nigeria. 
Yola is located between latitude 9°11’N and 
9°19’ and longitude 12°12” and 12°31 E [13]. 
Anthracnose naturally infected mango fruits and 
leaves were collected from six different home 
gardens, farms, and market in Yola, Adamawa 
state, Nigeria. They include Ngurore, Bole, 
Kasuwan-Gwari, and Gerio. 
 

2.2 Experimental Site 
 

The experiment was conducted at the Pathology 
Laboratory of the Department of Crop Protection 
of Modibbo Adama University of Technology 
Yola.  
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Fig. 1. Symptoms of anthracnose disease of mango; A and B on leaves showing irregular 
brown spots, while C and D is showing dark brown sunken lesions on fruit 

 
2.3 Fungal Isolation  
     
Potato dextrose agar (PDA) (Difco) was used for 
the isolation and it was prepared according to 
manufacturer’s specification (at 39 g L-1) 
autoclaved at 121°C for 15 min, then 0.1% of 
streptomycin was added to the sterilized media 
just before pouring into petri dishes to prevent 
bacterial growth [14]. Sampled infected plant 
parts were thoroughly washed with sterile 
distilled water.  Fungi were isolated using direct 
isolation method described by [15], where 5 mm2 
pieces of symptomatic crown tissue were excited 
from the advancing lesion margins, sterilized with 
70% ethanol for 2 min, then with 10% sodium 
hypochlorite for 1 minute and lastly rinsed in 3 
changes of sterile distilled water. The cut 
sterilized tissues were placed between 2 pieces 
of sterile tissue papers to blot-dry [16]. Three-
points plating was used, where 3 pieces of the 
sterilized lesion cut piece were placed on each 
petri dish containing the solidified PDA, sealed 
and incubated at 27 ± 2°C and 80-85% RH [15]. 
Fungal growth/colonies were looked out for after 
4 days of incubation. Each visible colony was 
sub-cultured using fungal hyphal tips growing to 
obtain a pure culture and lastly, single spore 
isolation procedure was performed to further 
purify the colonies.  Each experiment was 
replicated 3 times [17]. 
 

2.4 Morphological Characterization of the 
Isolates 

 

All fungal colonies obtained were subjected to 
morphological characterization and identification. 

Seven days old growing cultures were opened 
and viewed under the light microscope. Colony 
colour, texture, mycelia being septate or non-
septate hyphae, spore shape and number of 
septa of 30 spores per each plate were studied 
using Nikon, ECLIPSE E200, light microscope.  
A plug of sporulating mycelia was taken from 
each plate, mixed with 2 drops of Lactophenol 
cotton blue “RM” stain, (Biolution Resources), 
covered with a slide cover, making sure air was 
expelled by flaming was used for determining 
spore shape and number of septa [18,19].  
Colonies having same features were grouped 
together and identified as same species [20].  

 
2.5 Pathogenicity Test 
 
To prove pathogenicity of fungal isolates, freshly 
harvested healthy matured mango fruits were 
collected from kasuwan gwari market, thoroughly 
washed under running tap water then surface 
sterilized by washing with 10% sodium 
hypochlorite solution for 3 min then rinse in 3 
changes of sterile distilled water to get rid of 
Chlorox solution on the surface of the fruits as 
described by [6]. The surface sterile fruits were 
blot dried. Suitable sized plastic containers were 
sterilized with 70% ethanol lined with moistened 
sterile tissue papers to maintain humidity. Before 
inoculation, small holes of about 2-3 mm were 
made on the fruits using sterilized 5 mm cock 
borer, then 50 µL of 10

5
 spore mL

-1
 suspension 

of C. gloeosporioides spores earlier adjusted 
using hemocytometer was placed in the holes 
[21,22].  Inoculated mangoes were placed in the 
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sterile plastic container lined with moistened 
tissue papers to maintain high humility and kept 
at temperature 27 ± 2°C for 7 days. Observation 
for a typical characteristic symptoms of 
anthracnose lesion on the artificially inoculated 
fruits was made after 7 days. Organisms were re-
isolated from the developed lesions of the 
artificially inoculated fruits and compared with the 
previous isolated from the naturally infected fruits 
(samples). 
  
For the leaf experiment, matured healthy leaves 
were detached from mango tree, surface 
sterilized as in fruits. Then sterilized leaves were 
scratched with a pin before being inoculated with 
20 µL of 10

5
 spore mL

-1
 of suspension.  Sterile 

distilled water was inoculated onto the control 
experiments (mango fruits and leaves). All 
experiments were replicated 3 times and 
arranged in a completely randomized design 
(CRD), then kept at 27 ± 2°C in a moist chamber 
maintained under high humidity for 7 days. After 
the 7

th
 day, typical anthracnose disease 

symptoms were looked out for and fungi were re-
isolated from those experiment (mangoes) that 
displayed anthracnose symptoms only then 
compared with the original isolates from the 
samples [23,24]. 
 

2.6 Statistical Analysis 
 
All experiments were in triplicates and data on 
frequency of occurrence of isolates from leaves 
and fruits at different locations were statistically 
analyzed using One-way ANOVA, using the 
statistical software SAS version 9.4 (SAS 
Institute, Cary, NC, USA). Least significant 
difference (LSD) was employed to compare 
significant means of isolates’ occurrence and 
was expressed as mean percentage score.  
 

 

3. RESULTS AND DISCUSSION 
 
Total of 19 fungal colonies were isolated from the 
sampled anthracnose naturally infected mango 
fruits and leaves collected from 6 Locations in 
Yola Adamawa state (sampling site). There was 
highly significant difference between the 
frequency of occurrence of isolates in both 
mango fruit and leaves (P<0.001). Colletotrichum 
gloeosporioides was isolated 13 times and was 
the most frequently isolated fungus, it was found 
in all samples from all locations (Table 1). Other 
fungal isolates with low frequency were 
Aspergillus niger and Rhizopus oryzae, they 
were isolated 3 times each.  In a similar study 
reported [6], saprophytic fungi; Aspergillus flavus, 

A. japonicas, A. niger, A. parasiticus, Rhizopus 
arrhizus were also isolated from anthracnose 
infected mango in Bangladesh. 
 

3.1 Percentage Frequency of Occurrence 
of Fungal Isolates from Mango Fruit 
and Leaves 

 

From the samples of infected plant parts, highly 
significant difference (P<0.0001) exist between 
the mean percentage frequencies of occurrence 
of isolates from both fruits and leaves in a 
location.  From the samples of mango fruits, C. 
gloeosporioides, R. oryzae and A. niger recorded 
66.7, 22.2, and 11.1%, respectively. Similarly, C. 
gloeosporioides, A. niger and R. oryzae had 
77.8%, 20.0% and 10.0% frequency of 
occurrence from the infected mango leaves. In 
both plant parts thus, mango fruits and leaves, C. 
gloeosporioides had the highest frequency 
occurrence (Fig. 2). 
 

3.2 Morphological Description and 
Identification of Isolates 

 

Based on similarities that exist among the 
morphological characteristics of the 19 fungal 
colonies; colony colour, texture and shape of 
spores, isolates were grouped in to three. All the 
three groups were subjected to microscopic 
studies and were identified as C. 
gloeosporioides, A. niger and R. Oryzae.  Fig. 3 
shows the morphological features; colony colour, 
texture and spore shape (A) R. oryzae. (B) C. 
gloeosporioides. (C) A. niger. 
 

R. oryzae: Colonies grow very fast on PDA 
media to cover 90mm petri dish in 2-3 days with 
initially whitish spongy aerial mycelia that 
become brownish with maturity. They produce 
spores after 3-4 days of incubation. Their spores 
are dark brown, smooth, globose to sub-globose 
in shape with no septa [25]. The morphological 
characteristics of R. oryzae described in this 
study are in line with that of [26]. 
 

C. gloeosporioides: The organisms grow 
moderately on PDA media. They have whitish 
grey or white cottony textured mycelia that have 
irregular edges and concentric circles of black or 
brown spots at the center of petri dishes, with 
septate hyphae and have different levels of 
sporulation which starts at the center and grows 
outwardly. It grows slowly to covers 90 mm petri 
dish in 8-10 days. Spores were oblong-cylindrical 
with broaden ends at both sides. These 
morphological description of C. gloeosporioides 
are in agreement with the report of [27]. 
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Table 1. Fungal colonies obtained from samples of anthracnose naturally infected mango 
fruits and leaves from 6 locations in Yola with their frequency of occurrence 

 
Plant parts Location Fungal isolates 

C. gloeosporioides A. niger R. oryzae 
Fruits Bole 2

 a
 1 

b
 0 

c
 

 Ngurore 1 b 0 c 2 a 
 Kasuwan-gwari 3 

a
 0 

c
 0 

c
 

 Total freq. in Fruit  6 1 2 
Leaves Gerio 2 a 1 b 0 c 
 Ngurore 3 

a
 1 

b
 0 

c
 

 Bole 2 a 0 c 1 b 
 Total freq. in Leaf 7 2 1 
Total freq. (fruit & leaves) 13 3 3 
   19 

Values followed by same letter in same row are not significantly different from each other at (P<0.05). Key: 
(Freq.) Frequency 

 

 
 

Fig. 2. Mean frequency of occurrence of fungal isolates from naturally infected mango fruits 
and leaves. n=19 

 
A. niger grows very fast on PDA media. Initially, it 
has white mycelia that turn black after 2-3 days 
and produces radial fissure. They possess 
conidiophore that consists of vesicles, and 
phialide borne on metulae and produce profuse 
chains of globose spores. They mature to 
produce spores in 3-4 days. This is in agreement 
with the report of [28]. 

 
3.3 Pathogenicity Test 
 
Results from the pathogenicity test shows two of 
the isolates; R. oryzae and A. niger isolates were 
not able to produce symptoms typical of 
anthracnose disease as in the initial sampled 

infected mangoes. This suggests that R. oryzae 
and A. niger isolates were not the causal agent 
of anthracnose disease of mango both on field 
and postharvest (fruits, and leaves).  However, 
C. gloeosporioides was able to produce the dark 
brown sunken lesions (anthracnose symptom) on 
both mango fruits and leaves, hence proved to 
be the etiological agent of the disease (Fig. 4). 
Accordingly, [12], C. gloeosporioides is the 
causal agent for Anthracnose of mango in South 
Western Nigeria.  Similar report was made by 
[29] who reported that C. gloeosporioides is a 
common anthracnose pathogen on a variety of 
tropical crops such as mango, avocado and 
papaya.
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Fig. 3. Images of fungal isolates: (A) surface view of Rhizopus oryzae culture plate, (B) image 
of Rhizopus oryzae spores, (C) surface view of Colletotrichum gloeosporioides culture plate, 

(D) the spores of Colletotrichum gloeosporioides, (E) surface view of Aspergillus niger culture. 
While (F) Aspergillus niger spores, all at 40 x magnification 

         

 
 

Fig. 4. Image of pathogenicity tests for C. gloeosporioides isolate (A1) Isolate on mango fruit 
(B1) isolate on mango leaves while (A2) and (B2) were their respective controls after 7 days of 

incubation at room 27± 2°C and RH of 80 - 85% 
 

4. CONCLUSION 
 
The present study has revealed the etiological 
agents of anthracnose disease of mango which 
is threatening production and worthiness of the 

fruits in Yola Adamawa state, Northeastern 
Nigeria. Fungal specie responsible for the 
disease both field and postharvest was found to 
be C. gloeosporioides. Finding of this study will 
serve as a fundamental and initial step for the 
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development of effective anthracnose control/ 
management measure in the state. 
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