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Abstract 
Coconut (Cocos nucifera L.) is an important oilseed and a multipurpose pe-
rennial plantation crop. It is mostly grown in humid and coastal areas of 
Ghana. In June 2019, leaf spot disease was observed on coconut seedlings in 
10 coconut growing Districts in Ghana. The Initial symptoms appeared as el-
liptical, brown-dark-red lesions, 4 - 6 mm on affected leaves. Lesions reached 2.0 
cm and gradually developed into spindly, dark brown spots with a light tan 
centre. A study including survey and laboratory work was carried out to as-
sess disease prevalence and to identify the causal agent of the disease on co-
conut seedlings, in order to formulate effective management strategies against 
it. A total of 250 symptomatic leaves were picked from ten selected Districts 
for laboratory analysis. Additionally, the ribosomal internal transcribed spac-
er (ITS) region and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) of 
the isolated pathogen were amplified using ITS1 and ITS4, gpd1 and gpd2 
primers respectively. The disease incidence peaked at 95%. Fungal colonies on 
PDA grew to 50 - 70 mm in diameter in one week at a temperature of 28˚C ± 
1˚C with an even to undulating, immersed striated, mycelium; aerial myce-
lium being dark velvety green and sometime woolly-cottony. Acervuli formed 
on the aerial mycelium and contained black powderish conidial masses. Hy-
phae characteristics were similar to that of Curvularia pseudobrachyspora. 
Pathogenicity tests were done following Koch’s postulate. For molecular con-
firmation, the combined ITS (MT075719) and GAPDH (MT075720) se-
quences were compared with published sequences of 52 Curvularia isolates 
and eight Bipolaris isolates using phylogenetic analysis. This is the first report 
of C. pseudobrachyspora as a causal agent of leaf spot on coconut seedlings in 
Ghana and possibly Africa but the pathogen has been reported on other crops 
in China, Florida and India. 
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1. Introduction 

The coconut palm (Cocos nucifera L.) is one of the world’s most important 
oil-producing plants second to oil palm and provides a substantial export in-
come for many tropical countries, as well as food, drink, fuel and shelter [1]. It is 
reported that the coconut trade is a major source of export revenue thus, con-
tributing more than 50% of export income as well as accounting for about 1.5% 
of Gross National Product (GNP). Generally, global coconut production con-
tinues to indicate a relatively flat rate of growth after attaining approximately 62 
million metric tonnes in 2007 [1] [2].  

In Ghana, the coconut subsector used to be limited to the coastal areas where 
about 80% of the total land area under coconut cultivation, estimated at 44,000 
ha, is found [3]. Currently, due to increased demand for coconut products glo-
bally and the favourable political climate created for the cultivation of coconut 
through the government flagship programme of “Planting for Export and Rural 
Development” the subsector is rapidly expanding into the hinterland across all 
the regions of Ghana which have suitable climatic conditions for coconut culti-
vation. This rapid expansion has led to high demand for coconut planting mate-
rials. Quality planting material free of diseases is critical for this expansion.  

According to Rawal [4], coconut production is estimated to increase by at least 
28% globally if the crop is protected against various diseases at the nursery. In 
Ghana, the main nursery disease currently of concern to coconut growers is leaf 
spot disease.  

The disease is characterised by small, circular brown to black spots with 
tan/necrotic centre on leaves in the nursery and very young plants. Spots gradu-
ally turn brown, with the centre of the spot drying up with a sunken appearance. 
The disease turns serious in neglected ill-drained gardens and in nurseries raised 
under heavy shade [5].  

Aside from reports and control measures to combat some diseases on coco-
nut, very little is known about the cause of leaf spots on coconut seedlings in 
Ghana. Appropriate disease diagnosis and management strategies are yet to be 
identified. This work, therefore, sought to identify effective management strate-
gies against the disease through assessing disease prevalence, identification and 
confirmation of causal agent of the disease on coconut seedlings in Ghana. 

2. Materials and Methods  
2.1. Study Site  

The study was carried out in ten selected coconut growing Districts in Ghana 
with farmers’ reports on leaf spot disease occurrences as the criteria for selection 
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of the Districts. The areas surveyed include Kwaebibirim, Denkyembour, West 
Akim, East Akim, Bonsu, New Akyem Tafo, Keta, Aseibu, Axim and Eji-
su-Besease. These areas lie on latitude 001˚45West and longitude 0.6˚00 North 
and are located within the coastal and semi-deciduous forest zone of Ghana. The 
areas are characterized by double maxima rainfall pattern followed by a pro-
longed dry season. The minimum temperature during the first three months of 
the study period (April to June 2019) ranged between 21.6˚C and 24˚C and 
maximum varied between 32.3˚C and 34.1˚C. The relative humidity varied from 
50% to 70%.  

2.2. Disease Assessment  

Disease incidence was assessed as percentage of plants infected with at least one 
leaf spot or visible symptomatic number of coconut seedlings found in the nur-
series per plot using disease index/sheet. A total of 5000 coconut seedlings were 
assessed using 500 seedlings per area/District. 

2.3. Percentage Disease Intensity and Severity  

Disease severity was evaluated using the method described by Lekete et al. [6] 
and Khan and Hosain [7]. The scale used is detailed in Table 1.  

Percentage disease intensity (PDI) was calculated using the formula given be-
low. 

( ) Sum of the score 100
Number of Rat

% Percentage disease intensity PD
ing maximum score per plot

I ×
×

=  

Twenty-five leaflets of disease symptoms from each location were collected 
into 229 mm × 324 mm sterilized Ziploc bags, labelled and brought to the Plant 
Pathology laboratory of CSIR-Oil Palm Research Institute (OPRI), Kusi for fur-
ther clinical analysis and examination. Possible insect vector involvement was 
also checked.  

2.4. Disease Isolation 

Disease isolation was done following a method described by Lekete et al. [6]. Symp-
tomatic leaf samples were surface washed thoroughly under running tape water and 
later cut into 1 cm pieces, surface sterilized with 10% of Sodium-Hypo-Chloride  
 
Table 1. Scale used for scoring coconut leaf spot disease severity. 

% leaflet area covered Severity Score 

0 0 

1 - 5 1 

5.1 - 12 2 

12 - 25 3 

25.1 - 50 4 

50.1 and above (>50) 5 
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(NaOCl) for 30 sec and transferred into 15% Hydrogen Peroxide solution (H2O2) 
and serially washed in three changes of sterile distilled water, blotted dry, and 
then placed excised pieces of leaves from the lesion margin onto Water Agar and 
then potato dextrose agar (PDA). Plates were incubated at 28˚C ± 1˚C for 4 days. 

2.5. Morphological Identification 

Isolates from various damaged symptoms found in coconut leaflets were examined 
under microscope with 40× magnification after staining. Fungi were identified by 
conventional method based on the colony characters, nature of growth, spores 
shape, size, colour and septation of different fungal parts.  

2.6. Molecular Identification and Confirmation 

Fresh mycelium (0.6 g) was scraped from the surface of a colonised Potato Dex-
trose Agar plate and transferred to 1.5 ml micro centrifuge tubes. The mycelium 
was ground for 3 - 5 min with a sterilised glass pestle after adding 600 μl of pre-
heated (60˚C) 2 × CTAB extraction buffer (2% (w/v) CTAB, 100 mM Tris–HCl, 
1.4 M NaCl, 20 mM EDTA, pH8.0) and 0.2 g sterilised quartz sand. The solution 
was incubated at 60˚C with a gentle swirling. The mixture was subsequently 
centrifuged at 12,000 rpm for 15 mins at 25˚C followed by chloroform iso-amyl 
extraction repeatedly. DNA was precipitated with isopropanol and centrifuged at 
12,000 rpm for 15 mins at 25˚C. The precipitate was treated with 70% ethanol 
centrifuged at 12,000 rpm for 3 - 5 min at 25˚C. DNA was dried under a regular 
air flow for 15 mins, re-suspended in 70 μl TE buffer and stored in −20˚C.  

The identity of the isolates was confirmed via sequence analysis of the internal 
transcribed spacer (ITS) gene amplified using primers ITS1/ITS4 [8], glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) gene amplified using gpd1/gpd2 
[9], and translation elongation factor 1-alpha (EF1a) gene amplified using 
983F/2218R [10]; sequence data were deposited in GenBank as (MT075719 and 
MT075720). 

2.7. Artificial Inoculation  

It is believed that foliar diseases including coconut leaf spots are mostly reported 
from neglected nurseries raised under shed. Therefore, to confirm pathogenicity 
test, 24 bags of two-year old apparently healthy coconut seedlings raised at 
CSIR-OPRI nursery were selected for pathogenicity test. Four seedlings were in-
fected with each of five fungal isolates while leaves/seedlings sprayed with sterile 
distil water were set aside as control. The exercise took place behind CSIR-OPRI 
plant pathology laboratory. Surfaces of three leaflets of each selected seedlings 
were disinfected with 70% ethanol [11]. Then 10-μl conidia suspension (1 × 105 
spores/mL) of 7-day old culture of the isolated fungus was sprayed on the 
cleaned leaves. The entire setups were covered with transparent polythene bags 
to artificially induce symptoms. The seedlings were kept in an improvised green 
house at temperature of 29˚C - 32˚C for 14 days. The pathogen was re-isolated 
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from inoculated leaves. To validate the results, pathogenicity test was repeated 
three times but the same results were obtained in each case.  

2.8. Experimental Data Analysis 

The data on different parameters were compiled and analyzed using R-Stat ver-
sion 2018.  

3. Results 
3.1. Field Observation and Examination 

Preliminary investigation on seedling diseases of coconut in different localities 
including the five selected coconut nursery communities visited revealed that 
leaf spot was the most common disease. Detailed examination and disease as-
sessment performed on infected coconut seedlings showed high incidence of leaf 
spot disease. A total of 4755 (95.1%) out of the 5000 infected seedlings examined 
showed leaf spot with disease incidence significantly (P < 0.005) higher during 
the wet season. Disease severity score ranged between 3 and 5 in the selected 
study plots (an epidemic situation) (Figure 1). Incidence of leaf spot disease in 
coconut seedlings varied significantly depending on season and location.  

The highest incidence (95.1%) of leaf spot was observed in May, 2019 at 
Kwaebibirim, followed by Denkyembour (80.3%); the lowest (28.0%) was ob-
served in June, 2019 at Ejisu Juaben District.  

3.2. Material Examined 

Leaf spot disease symptom on coconut first appeared as fusiform or elliptical, 
brown-red, with light tan center and then dark brown (Figure 1). The lesions 
gradually expand across the leaf vein to the leaf apex (Figure 2) at the later stage 
of the infection.  

3.3. Diagnostic Results 

Portion of symptomatic leaf samples were collected and cultured on PDA me-
dium. Mycelial growth started emerging from the infected leaf portion from the 
third day (Figure 3(A)). For the purpose of identification, a portion of the 
emerging mycelial growth was sub-cultured. Pure culture of fungi thus ob-
tained was used to identify the respective fungus using standard taxonomic 
references.  

The percentage occurrences of most common fungi isolated in this study were 
Curvularia sp. (78.0%), Pestaloptiopsis sp. (8.4%), Bipolaris sp. (6.8%) and Fusa-
rium sp. (4%) with the remaining 2.8% being saprophytes. The suspected fungi 
identified to cause coconut leaf spot disease are listed Table 2. 

3.4. Morphology and Molecular Identification 

Asexual morphology on PDA: Fungal colonies on PDA grew to 50 - 70 mm di-
ameter in one week at a temperature of 28˚C ± 1˚C with an even to undulating,  
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Figure 1. An Epidemic situation of leaf spots disease on coconut seedlings. 
 

 
Figure 2. Symptomatic leaf sample examined. 
 

 
Figure 3. (A & B) Initial isolation, (C) Sub-culture in growth medium, (D) Final pure 
culture obtained.  
 
striated, glabrous, villous, greenish margin; immersed stranded mycelium was 
dark green to black; aerial mycelium appeared dark velvety green and sometime 
woolly-cottony (Figures 3(B)-(D)). Acervuli formed on the aerial mycelium and 
contained black, powderish conidial masses (Figure 3(D)). 
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Table 2. Fungal isolates identified. 

Leaf spot Disease Incidence 

Fungal Isolates identified based on morphology in decreasing order 

Fungal sp. No. of occurrence Percentage incidence (%) 

Curvularia sp. (Leaf spot) 195 78.0 

Pestalotiopsis sp. 21 8.4 

Bipolaris sp. 17 6.8 

Fusarium sp. 10 4 

Others (saprophyte) 7 2.8 

Total 250 100 

 
Asexual morphology on PDA  
Morphology characteristics (Micrograph): Hyphae hyaline to pale brown, 

branched, septate, 2 - 4 (-5) μm diam (Figure 4). Conidiophores arising singly or 
in groups, septate, straight or flexuous, sometimes geniculate at upper part, size 
of cells rarely decreasing towards apex, sometimes branched, cell walls thicker 
than those of vegetative hyphae, mononematous, semi- to macronematous, pale 
brown to brown, paler towards apex, sometimes swollen at the base, 110 - 420 × 
(2.5-) 3.5 - 6 (-7) μm (Figure 4 & Figure 5). 

Conidiogenous cells smooth-walled, terminal or intercalary, proliferating sym-
podially, pale brown to brown, subcylindrical to slightly swollen, 7 - 24 (-26) × 4 
- 6.5 μm. Conidia verruculose, mostly curved, ellipsoidal to obovoid, pale brown 
to brown, apical and basal cells paler than the middle cells, (3-)4-distoseptate, 
(16-) 21.5 - 27 (-28.5) × 8 - 14 μm; hila protruding, darkened, thickened, 2 - 3 
(-4) μm. Microconidiation, chlamydospores and sexual morph not observed. 
Based on the symptoms and morphological (mycelial and conidial) characters 
above, the fungus was identified as Curvularia pseudobrachyspora, and con-
firmed through molecular amplification of internal transcribed spacer regions 
generated using ITS1 and ITS4. The sequencing results (Figure 6) were submitted 
to Genbank via National Center for Biotechnology Information (NCBI) and acces-
sion numbers are assigned as (MT075719; MT075720) respectively.  

BLAST analysis demonstrated that the above sequences were 99% to 100% sim-
ilar to the ITS (MH819562) and (NR164423.1) sequences of C. pseudobrachyspora.  

3.5. Proof of Pathogenicity Test (Artificial Inoculation) 

In all, a total of 20 seedlings were inoculated with four used as control treatment. 
After 14 days, seedlings inoculated with Curvularia sp. showed typical symptoms 
similar to those observed on the field (Figure 7(A) and Figure 7(B)). The same 
fungus was re-isolated from the lesions with morphological characteristics iden-
tical to the original isolated fungus (Figure 7(C)), confirming Koch’s postulates. 
No symptoms appeared on the control leaves sprayed with sterile water (Figure 
7(D)). 
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Figure 4. Septate, straight/flexuous conidiophores and conidia of Curvularia sp. 

 

 
Figure 5. Curved, ellipsoidal to obovoid conidia of Curvularia sp. 

 

 
Figure 6. Sequence results of leaf spot pathogen on coconut seedlings. 
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Figure 7. (A and B) Pathogenicity on coconut seedlings; (C) Conidia from re-isolated 
colony; (D) Control for pathogenicity test. 
 

Pathogenicity test confirmed that Curvularia pseudobrachyspora could cause 
leaf spot disease on coconut seedlings. 

4. Discussion 
4.1. Field Observation and Examination 

Although high rainfall and humidity are noted to favour the development and 
spread of most fungal diseases, in this study, high humidity and low rainfall were 
found to favour the disease, thus disease severity was recorded in early April to 
May when these conditions existed, whilst low disease severity was observed in 
June and July, 2019. Similar observation was made by Islam [12] on disease pre-
valence of leaf spot disease caused by Pestalotia palmarum. He also observed that 
coconut mainly suffered from leaf spot and bud rot disease in the nurseries. 

4.2. Diagnostic Results 

Fungal isolates of Pestalotiopsis and Curvularia are important phytopathogens 
of members of Poaceae. The diseases symptoms that these taxa cause include leaf 
spots, blight, melting out, root rot and foot root, among others. Several isolates 
belonging to both genera were isolated from these disease symptoms of different 
members of Poaceae in Ghana. Based on morphological characterization and 
analysis of individual micrographs of these isolates, one new fungus (Bipolaris) 
was also identified. Bipolaris was also a known member of Poaceae believed to 
be a causal agent of leaf blight on coconut [13]. Thus, result in mixed infections 
as observed on some of the infected seedlings. 

4.3. Morphology and Molecular Identification 

The conidia verruculose, mostly curved, ellipsoidal to obovoid, pale brown to 
brown, apical and basal cells paler than the middle cells, (2-)3-distoseptate, pro-
truding, darkened, thickened, showed exact characteristics and very similar to 
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Curvularia pseudobrachyspora and what was identified by Manamgoda et al. 
[13], Marin-Felix et al. [14] and Wang et al. [15].  

Curvularia spp. have been reported causing diseases on both annual and pe-
rennial crops including coconut, but Curvularia pseudobrachyspora was not pre-
viously reported on coconut. So far, this is the first report of Curvularia pseudo-
brachyspora causing leaf spot disease on coconut seedlings in Ghana. Thus, 
three months of investigation in 10 coconut nursery plots enabled further un-
derstanding of infection, expression of a range of symptoms, and epidemiology 
of the disease. 

4.4. Molecular 

The ribosomal internal transcribed spacer (ITS) region and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) were amplified using the primers ITS1 
and ITS4 [8]. The sequence results of ITS1 (MT075719) and ITS4 (MT075720) 
were compared with published sequence of 52 Curvularia isolates by phyloge-
netic analysis. The ceiba_1_/ceiba_2_ isolates from Cocos nucifera from Ghana 
showed 100% similarity with isolate (MH819562.1) of Curvularia pseudobra-
chyspora from Bulb Rot of Lily from China and 99.81% similarity with isolate 
(NR164423.1) of C. pseudobrachyspora from Areca palm leaf spots from Hainan 
Province, China [15] respectively. Surprisingly, ceiba 1 and ceiba 2 which were 
coconut isolates from Ghana, showed distinct characteristics from Curvularia 
oryzae strain (CBS169.53) which was isolated and identified causing leaf spot 
disease on coconut seedlings in China [16].  

4.5. Pathogenicity 

Considering the difficulties usually faced in testing pathogenicity of leaf diseases 
in coconut, two-year old apparently healthy coconut seedlings were used. None 
of the five fungi isolated apart from Curvularia sp. showed any infection of leaf 
spot. However, only Curvularia isolate, developed necrotic spot on the test 
seedlings. Out of five fungi isolated and identified only one produced the exact 
leaf spot symptom which was initially observed on the field. Report from early 
researchers [17] showed that Pestalotiopsis sp. could not establish pathogenicity 
on coconut leaves in inoculation experiments conducted in Sri Lanka.  

Although Ram [18] found Pestalotiopsis sp. as the most prevalent coconut leaf 
pathogen in a survey of four sites at Sergipe province of Brazil, he could not con-
firm pathogenicity under the conditions tested. However, Sugata Ghose [19] 
who worked on coconut leaf diseases in Orissa, confirmed pathogenicity of 
Curvularia sp. to cause leaf spot in coconut after conducting three series of pa-
thogenicity in India, thus supporting the result obtained from the present study. 
It was reported that most of the fungi causing leaf diseases on coconut are weak 
parasites, Pestalotiopsis and Bipolaris spp. which were known to cause leaf 
spot/grey blight symptoms on coconut in Brazil, as observed by Cardoso et al. 
[20], could not produce similar symptom on coconut leaves in this study. 

https://doi.org/10.4236/ajps.2022.137064


E. Lekete et al. 
 

 

DOI: 10.4236/ajps.2022.137064 982 American Journal of Plant Sciences 
 

5. Conclusions  

Based on morphological characteristics, pathogenicity confirmation and phylo-
genetic sequence analysis, the causal agent of leaf spots on coconut seedlings 
(Cocos nucifera) in Ghana is identified as Curvularia pseudobrachyspora. This is 
the first report of Curvularia pseudobrachyspora causing leaf spots disease on 
coconut seedlings in Ghana and West Africa. 

Pathogenicity test results showed that Curvularia pseudobrachyspora could 
infect coconut seedlings, which developed the same symptoms observed natu-
rally in the field after artificial inoculation.  
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