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A B S T R A C T

Cassava brown leaf spot (BLS) is among the most damaging diseases that significantly reduce 
cassava root yields and quality. In this study, drought-resistant cassava varieties were screened on 
an experimental farm in Kitui County, Kenya. One variety, Kasukari, exhibited abnormal 
morphological aberrations suggesting BLS and necessitated systematic studies to establish the 
causal agents. Fungi were isolated from symptomatic leaves and purified on Potato Dextrose Agar 
(PDA) with antibiotics. Fungal pathogens were identified using morpho-cultural characteristics 
and molecular characterization through polymerase chain reaction (PCR) amplification and 
sequencing of the internal transcribed spacer (ITS). 162 Kasukari samples were used to determine 
the prevalence and severity of the disease, while 15 samples were used to determine the effects of 
the disease. Pathogenicity tests of ten isolates were conducted in vitro using detached leaves of 
the healthy Kasukari variety. The results indicated that the prevalence within the plots had no 
significant difference (χ2 = 6, p-value = 0.1991). However, there was a significant difference in 
severity (χ2 = 53.013, p-value = 1.166e-09). PCR with the ITS marker identified the fungal 
pathogens from the genera Alternaria, Epicoccum, Preussia, and Cladosporium. Epicoccum spp. had 
colonies of white clusters that formed concentric rings, while the reverse had grey-brown colonies 
and a regular margin. Conidia produced on PDA were oval, hyaline, unicellular, and aseptate, 
consistent with Epicoccum morphology. Based on ITS identification and pathogenicity assays, this 
study provides a preliminary report of an Epicoccum sp. associated with brown leaf spot (BLS) 
disease in cassava in Kenya. However, due to the absence of multi-locus sequence data and the 
limited number of isolates tested, the causal role of Epicoccum remains suggestive. These findings 
form the basis for future studies to confirm the causal role of Epicoccum spp. and clarify its 
epidemiology. The study will also help inform prevention and management strategies, including 
breeding programs and targeted control measures.
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1. Introduction

Cassava (Manihot esculenta Crantz) is one of the most significant tropical root crops and a source of carbohydrates. Cassava is the 
only domesticated species of the genus that is native to the Western Amarizonian rim [1] and is a member of the family Euphorbiaceae 
of the perennial shrubs [2]. In Kenya, especially in the arid and semi-arid lands (Asals) of Eastern Kenya, cassava has been used as one 
of the traditional staple foods [3]. Common cassava preparation methods in Kenya involve roasting and boiling the ‘sweet’ cassava 
roots or making stiff dough by combining boiling water and cassava flour over a low-heat fire. Cassava is the world's fourth most 
important staple food behind rice, wheat and maize [4]. Cassava remains a climate-smart crop in Asals, which is characterized by 
fluctuating weather patterns and unsuitable terrain that results in irregular rainfall and prolonged drought. Biotic constraints impact 
cassava growth and yield, among which pathogenic diseases are significant [5]. Further, the global climate change phenomenon is 
differentially exacerbating disease occurrences in cassava.

Cassava brown leaf spot (BLS) is caused by Cercospora henningsii Allesch in China [6]. Lozano and Booth [7] also identified Cer
cospora as the causative agent of BLS in Asia. In Kenya, BLS has been reported to be caused by fungi from the genera Alternaria, 
Cladosporium, and Colletotrichum, working in synergy to cause the disease [8]. The key symptom of brown leaf spot disease is the 
appearance of a few to several brown spots on the upper surface of the leaves of diseased plants of susceptible cassava varieties [9]. The 
edges of the diseased leaves are brown and irregular, and the middle could split, creating little holes. Farmers mistake these for signs of 
crop maturity. Brown leaf spot leads to losses in root yield due to the extensive defoliation of the plants, which affects photosynthesis 
[10].

Since infected cassava leaves are the primary host of the fungus, it has been demonstrated that BLS is disseminated by cassava 
leaves that have fallen to the ground or onto other plants. In addition, planting materials that have been infected with the disease 
facilitate the spread of cassava disease [11]. Dissemination is further propagated by wind or rain splashing from plant to plant or weed 
to weed, and the new plants become infected from the sources; weeds that harbour the pathogen can also facilitate the spread [12]. The 
fungus thrives in soil or plant debris in winter, serving as an inoculum for subsequent infections. After planting, the disease can be 
observed after five to six months. The disease becomes more severe under warm and humid conditions in which the fungus produces 
spores on the underside of the leaves. Other cassava diseases that result from fungal infections include white leaf spot, cassava 
anthracnose disease (CAD), and root rot disease. The outbreak of white leaf spot disease caused by Passalora manihotis is characterized 
by white lesions that may appear circular or angular in shape [13]. Cassava anthracnose disease, caused by Colletotrichum gloeo
sporioides, is characterized by the development of cankers or sore-like features on the stem [14]. Root rot disease caused by Polyporus 
sulphureus, a parasitic mushroom, has been reported to be attacking cassava plants repeatedly [15].

While agronomically screening drought-resistant varieties in lower eastern Kenya, one variety in the plots, commonly called 
Kasukari, exhibited abnormal morphological aberrations whose cause necessitated systematic investigation. Very little information is 
known about the identity of pathogens associated with the brown leaf spot in this region, where cassava is cultivated to enhance food 
security, owing to the prevailing harsh climatic conditions that do not favour other crops. Identification of the causal agent(s) of BLS on 
cassava in lower eastern Kenya facilitates the development of effective management and control strategies and resistant breeding 
programs for BLS in cassava. Based on the fact that early identification of the causal agent(s) of any plant disease in the field is a critical 
initial step in the development of effective management and control strategies [16], it was important to initiate this study to determine 
the causative agent(s) of BLS on cassava and the effects of the implicated pathogen on the cassava.

2. Materials and methods

2.1. Experimental site and plant materials

The study was conducted at an experimental site at the South Eastern Kenya University (SEKU) in Kitui County, Kenya. This county 
is located between longitudes 37040′ East and 39010′ East and latitudes 00 10′ South and 3010′ South [17].

Kitui experiences semi-arid climatic conditions with about 201 to 500 mm annual rainfall [18]. Rainfall is distributed over two 
rainy seasons: a short one around October, November, and December and another long one around March and April. Kitui experiences 
a varying temperature range between a minimum of 14◦C to 22◦C and a maximum of 26◦C to 34◦C, and it is in a sub-humid agro-
ecological zone [19]. The soil dominant in the area is described as well-drained, sandy clay to clay, friable to firm, dark reddish brown 
to dark yellowish brown, moderately deep, with a topsoil of loamy sand to sandy loam.

The cassava variety used in this study was Kasukari, a drought-resistant cassava among the common varieties grown in the South- 
Eastern Kenya region. The Kasukari variety, along with other varieties used in this study, was sourced from local farmers in Kitui 
County. This variety was of interest since it displayed morphological aberrations that were suggestive of fungal disease manifestations. 
Other varieties—Makueni mixed, Machakos mixed, Kitwa, Makueni Kituaa, and Bitter cassava were used as controls because they 
appeared healthy. When planting, planting materials were only visually inspected, and no molecular or microscopic tests were per
formed due to logistical constraints.

2.2. Experimental design

The experiment was conducted between 2020 and 2023. Land preparation was carried out in 2020, planting occurred in 2021, data 
collection was conducted in 2022 and 2023, and data analysis was performed in 2023.

A randomized, complete block design was used to lay out the field experiment. The Kasukari variety was replicated three times 
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within the experimental site, making three Kasukari plots. The plots measured 10 m by 20 m, with ridges measuring 3 m apart. Each 
plot contained 18 rows with 200 seedlings and 1.0-m spacing between plants within the rows. Weeding was done uniformly in the 
three plots. Plants established in the experimental farm were regularly monitored using visual observations to assess for any disease 
infection. Six cassava plants were selected from every two rows using a simple random sampling (SRS) method to determine the 
prevalence of disease infestation in each block, and data were collected. Cassava leaves of selected plants were inspected based on the 
symptoms of BLS as described by Ng'ang'a et al. [20].

2.3. Prevalence and symptom severity of cassava BLS in the fields

Field observations for BLS foliar symptoms were performed in March 2022. Eighteen rows in each plot were grouped into two, 
forming nine rows. Data for the BLS prevalence were randomly collected from 6 plants within the nine rows, totaling 54 cassava plants 
per plot. The leaves were sampled from the three plots for the Kasukari variety, thus totaling 162 samples for the study. Disease 
prevalence (%) was calculated by dividing the total number of plants infected by the total number of plants observed, multiplied by 
100 [21].

The same cassava plants used to collect data on disease prevalence were also used to estimate disease severity.
Brown leaf spot severity was assessed using a modified visual rating scale based on the proportion of infected leaves. Severity was 

scored as 1/S1 = no visible symptoms, 2/S2 = light infection (up to 25% infected leaves), 3/S3 = moderate infection (up to 50% 
infected leaves), 4/S4 = severe infection (up to 75% infected leaves), and 5/S5 = very severe infection (75–100% infected leaves). The 
scale was informed by established visual and diagrammatic disease rating methods for leaf spot diseases [22,23].

2.4. Sampling and fungal isolation

Necrotic lesions from diseased cassava leaves (Fig. 1a) were cut into small pieces and surface sterilized using 1.3% sodium hy
pochlorite for 3 min, then rinsed twice with sterile distilled water for 1 min. The cut sections (Fig. 1b) were air dried under sterile 
conditions and inoculated on a sterile Potato Dextrose Agar (PDA, HiMedia, Mumbai, India) that contained streptomycin sulphate 0.03 
gL-1. The inoculum was then kept at room temperature for 12 h of darkness and 12 h of daylight cycle (Fig. 1b). Morpho-cultural 
characteristics of pure fungal isolates were used for fungal identification, as guided by previous studies in the identification man
uals [24–26].

2.5. Morphological identification of fungal isolates

Slides were prepared from pure colonies and observed under a light microscope (Leica DM5OO) for morphological characteriza
tion. A small piece of sterile PDA media was cut and placed on a sterile slide using a sterile needle. A little piece of mycelium was picked 
up using a sterile needle and smeared around the media within the slide. A clean cover slip was gently placed on top and kept in a dark 
room at room temperature. A little piece of mycelium was used to quickly introduce fungi into the starvation period after the depletion 
of nutrients. This procedure was repeated for all the fungal isolates. The inoculated samples were left for 7 to 21 days to produce 
conidia. A little piece of mycelia from each colony was then taken, and a drop of lactophenol cotton blue dye was placed on a sterilized 
glass slide using a sterile isolation needle. The mycelia were then entirely covered with a clean cover slip gently placed on top. For 
every sample, this process was repeated while sterilizing the needle. Each colony was first observed with an ×10 objective lens and 
subsequently at a higher magnification of ×40. The Features used for the morpho-cultural identification of the isolates were colony 
colour, surface appearance, margin, and shape. The observed microscopic characteristics included the type of hyphae, septate or 
aseptate, and the type of spore formed.

Fig. 1. Illustration of the necrotic lesion and cut sections from the symptomatic leaf of the Kasukari cassava variety plant: (a) part of the cassava leaf 
with a brown spot shown with a red arrow; (b) Petri dish containing cut leaf sections grown in PDA.
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2.6. Molecular identification of fungal isolates

2.6.1. DNA extraction
The CTAB-SDS method of DNA isolation, as described by Osena et al. [27], was used. CTAB extraction buffer (0.2 M EDTA (pH 8), 

1.4 M NaCl, 100 mM Tris-HCl (pH 8), 2% (w/v) CTAB, and 4% (w/v) PVP) was preheated in a water bath for 15 min at 60◦C. Mycelia 
and fungal spores were scraped from the PDA medium and transferred into a centrifuge tube. In the presence of pre-warmed CTAB 
extraction buffer and 1% PVP, 200 mg of mycelia and spores were ground at room temperature using pre-chilled rods. The homogenate 
was incubated at 60◦C in a water bath for an hour. The tubes were centrifuged at 4◦C for 10 min at 10000 rpm, and the supernatant was 
transferred into new tubes. Samples were mixed for 15 min by inversion after adding the same amount of chloroform and isoamyl 
alcohol (24:1). The tubes were then centrifuged at 4◦C for 10 min at 10000 rpm. This step was repeated, and the supernatant was 
decanted and transferred into new microtubes. To precipitate the DNA, chilled isopropanol was added, then incubated for 30 min at 
− 20◦C. The microtubes were centrifuged for 10 min at 10,000 rpm to pellet down the DNA. 70% ethanol was used to wash the pellet 
two times by centrifuging for 15 min at 14,000 rpm, then air drying at room temperature. Nuclease-free water (45 μl) was used to 
dissolve the DNA pellet. RNA was digested by adding 5 μl of RNAse to the DNA solution, incubating at 37◦C for 30 min in a water bath, 
and stored at − 20◦C for further use.

2.6.2. Polymerase chain reaction
A 25 μl reaction volume containing 5 μl of 10 μm primers, 0.75 μl of 10 mM dNTP, 0.5 μl of 50 mM MgCl2,5 μl of 10× buffer, 0.2 μl 

of Taq DNA polymerase, and 1 μl of genomic DNA was used for the PCR amplification [28]. The final volume was then adjusted using 
sterile distilled water. The internal transcribed spacer (ITS), amplified with primer pairs of ITS1 (F) (TCCGTAGGTGAACCTGCGG) and 
ITS4 (R) (TCCTCCGCTTATTGATATGC), was used for PCR amplification. The thermal cycling conditions were: initial denaturation at 
94◦C for 5 min, followed by 35 cycles of denaturation, annealing, and extension at 94◦C for 30 s; 54◦C for 40 s; and 72◦C for 30 s, 
respectively, and a final extension at 72◦C for 5 min.

Other primers that were used for the amplification of fungal isolates targeted the partial sequence of the translation elongation 
factor 1α (EF1-α), EF1-688F (CGGTCACTTGATCTACAAGTGC) and EF1-1251R (CCTCGAACTCACCAGTACCG); glyceraldehyde 3- 
phosphate dehydrogenase (GAPDH), GDF (GCCGTCAACGACCCCTTCATTGA) and FDR (GGGTGGAGTCGTACTTGAGCATGT); and 
chitinase synthase (CHS), CHS-79F (TGGGGCAAGGATGCTTGGAAGAAG) and CHS-354R (TGGAAGAACCATCTGTGAGAGTTG). The 
primer pairs were expected to amplify about 500 and 600 bp regions.

2.6.3. Gel electrophoresis
The amplified PCR products were analyzed by electrophoresis on a 1% agarose gel and compared to a 1 kb DNA ladder (DNA Ladder 

Mix 1 kb, 1st Base Company, Singapore). The PCR products were post-stained with the ethidium bromide dye and loaded into the wells 
[29]. Aliquots of 3 μl PCR products with 1 × DNA loading dye and a 45-min run at 100 V were used for gel electrophoresis. The gels 
were examined under ultraviolet light using the Gel-Doc ™ XR + Imaging System (Bio-Rad, GmbH – FeldKirchen, Germany).

2.6.4. Sequencing and phylogenetic analysis
The amplified PCR products were sequenced by Macrogen Europe BV Laboratory (Amsterdam, Netherlands) using an Applied 

Biosystems 3730XL DNA Analyzer platform.
The obtained ITS sequences were edited using the BioEdit analysis software. The sequences were then compared against sequences 

available at the National Center for Biotechnology Information (NCBI) using the Basic Local Alignment Search Tool (BLASTn) data
base. Phylogenetic analysis of sequences of fungal isolates, along with reference sequences obtained from the NCBI BLASTn database, 
was carried out in MEGA X Software, where the sequences for the top 10 similar species were used for phylogenetic analysis. The 
sequences were aligned using the ClustalW alignment tool in MEGA X version 11. The phylogenetic trees were rooted using the 
midpoint rooting method since there were no outgroups, and bootstrap replicates were set to 100. Phylogenetic trees were generated 
using the maximum-likelihood (ML) model in MEGA11 and edited in FigTree v. 1.4.4 software.

2.7. Pathogenicity of fungal isolates on cassava leaves

2.7.1. Preparation of the inoculum suspension
Using a modified procedure of Aberkane et al. [30], the pure fungal isolates were utilized to create a spore solution for detached leaf 

pathogenicity testing. A tiny piece of the innermost fungal mycelia, about 1 cm by 1 cm, was carefully scraped off each plate using a 
sterilized nichrome wire loop. Care was taken to remove as little of the media as possible. One millilitre of sterile distilled water was 
added to each of the labelled sterile Eppendorf® tubes containing the scraped pieces. The fungus mycelia were macerated to make a 
suspension with sterile microfuge pestles. For 1 min, the suspension was thoroughly stirred using a vortex mixer. Next, the Eppendorf 
Minispin® Plus centrifuge was used to centrifuge the Eppendorf® tubes for 15 min at 500 rpm. A volume of 500 mL of the supernatant 
was cautiously and aseptically moved to an additional pair of sterile Eppendorf® tubes with the appropriate labels. Both hyphal and 
spore suspensions were present in the samples. In order to remove the hyphal fragments and preserve just the conidial suspension, each 
suspension was strained through a sterile syringe connected to a sterile filter with a pore diameter of 10 μm (Tisch Scientific) [30]. The 
concentration of the spore suspensions of 1 × 106 spores/mL of water, measured using a hemocytometer, was used for each fungal 
isolate.
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2.7.2. In vitro detached leaf pathogenicity test
Fifty fully developed and healthy leaves were used for the pathogenicity test, with each fungal isolate replicated five times. The 

leaves were detached from a healthy, susceptible Kasukari variety established in the greenhouse and used to test for the pathogenicity 
of all the fungal isolates. The Kasukari variety, with fully developed and healthy leaves, was detached from the parent plants grown and 
maintained in a greenhouse at the University of Nairobi. The leaves were sterilized by running tap water on them first to remove any 
dirt on the surface, then washed for 30 s in 70% ethanol, and finally rinsed once with sterile distilled water. The leaves were then 
placed in 1.3% sodium hypochlorite for 1 min and subjected to three cycles of washing in sterile distilled water. For controls, the water 
from the last wash of each leaf was utilized.

Sterile paper towels were used to line sterile Petri plates. Six hundred microliters of sterile distilled water were applied to the paper 
towels using a micropipette. This was done to ensure that the relative humidity of the Petri dishes was more than 70%. After the leaves 
were sterilized, leaflets were cut and distributed to the petri dishes using a random number generator (RANDOM.ORG, True Random 
Number Service). With the adaxial leaf surface facing the bottom of the plates, the leaflets were positioned on a sterile wire gauze on 
top of the paper towels in the Petri dishes. Five tiny puncture holes were made transversely along the equator of each leaf using sterile 
inoculation needles. This was done to enable a possible fungal pathogen to invade the leaf's cuticle and cause an infection.

Ten microliters of the prepared 106 spores/mL spore suspension were added to each leaf puncture site. Additionally, sterile paper 
towels soaked in 400 μl of sterile distilled water were used to line the Petri dish covers. Following inoculation, the Petri dishes 
containing inoculated leaflets were wrapped in parafilm, sealed, and incubated for seven days at 23 ± 2◦C with 12 h of darkness and 
12 h of daylight. Two sets of controls were established with the leaves from the Kasukari variety, and they received the same treatment 
except that the first set of controls was inoculated with the last rinse water and the second with sterile distilled water. Any inoculated 
leaves that differed from the features of the control were considered to have been treated with pathogenic fungal isolates. Based on the 
descriptions provided by Imathiu et al. [31], the usual symptoms were chlorosis, necrosis, leaf colouration, and leaf discolouration on 
the affected leaves.

After an in vitro detached leaf pathogenicity test, Koch's postulate procedure was used to confirm the causative agent of the disease. 
Symptomatic in vitro infected leaves were used for fungal re-isolation and later inoculated on detached healthy Kasukari leaves. The 
resultant morphological characteristics were compared to the initial result and confirmed to be similar. Using a random number 
generator (RANDOM.ORG - True Random Number Service), representative pathogenic isolates of each type of symptom were chosen at 
random based on the unique symptoms that appeared on leaves following in vitro pathogenicity tests. These particular symptomatic 

Fig. 2. Images of cassava leaves showing disease severity of brown leaf spot in the experimental farm at South Eastern Kenya University (SEKU), 
Kitui County. Leaf (a) represents a healthy leaf with no visible symptom (S1), leaf (b) shows moderate disease symptoms (S3), leaf (c) shows severe 
symptoms (S4), and leaf (d) shows very severe symptoms (S5).
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leaves were utilized for the re-isolation of fungi for morpho-cultural characterization, whereby they were grown on new PDA Petri 
dishes and pure cultures inoculated on cassava leaves. The re-isolation procedure and confirmation of fungal pathogens were the same 
as those used in the inoculation.

2.8. Statistical data analysis

Microsoft Excel was used to summarize the data. R-GUI (version 4.2.2.0) software was used for the analysis of Chi-square for BLS 
prevalence and severity at a confidence interval of p ≤ 0.05.

3. Results

3.1. Prevalence and severity of BLS on Kasukari germplasm in the Kitui experimental farm

From field observations, fungal disease infestations were identified upon comparing the symptoms with those found in the Pacific 
Pests and Pathogen Fact Sheets. Detection and inspection of brown leaf spots were done on the older leaves by checking for the 
appearance of round and angular light brown spots with yellow margins. Thus, the disease infection was identified as brown leaf spot 
disease (fungal) for all the assessed plants.

Severity scores were based on a 5-point scale S1 = no visible symptom, S2 = light, S3 = moderate, S4 = severe, S5 = very severe. 
Few to several brown spots on the upper surface of leaves, especially on old and mature leaves, were observed (Fig. 2 b, c, and d). In 
some leaves, the margins were irregular, and the middle of the leaves had small perforations, which further suggested brown leaf spot 
disease caused by a fungal pathogen. The identified infections matched the descriptions of fungal disease as described in the literature, 
in contrast to Fig. 2a, which illustrates healthy bitter cassava leaves.

Different prevalence levels were obtained in the three randomized blocks. For blocks 18, 9, and 2, there were prevalence levels of 
27.7%, 32.9%, and 29.4%, respectively. However, these variations were not statistically significant (p-value = 0.1991, χ2 = 6).

Similarly, variations in severity scores within the blocks were also found (Fig. 3). However, the differences in this instance were 
statistically significant (p-value = 1.166e-09, (χ2 = 53.013).

3.2. Morphological characteristics of fungal isolates on PDA medium

Ten pure fungal cultures were obtained. Generally, the fungal colonies were from four genera: Alternaria, Cladosporium, Epicoccum, 
and Preussia. The morphological and cultural characteristics of the four cultures indicated that all four fungal pathogens had septate 
hyphae. The identified Epicoccum spp. had colonies of white clusters that formed concentric rings, with the reverse having grey-brown 
colonies and a regular margin (Fig. 4a–c). Conidia produced on PDA were oval, hyaline, unicellular, and aseptate, the typical 
morphology of Epicoccum species. One of the Alternaria spp. had muriform conidia (Fig. 5c and d), along with woolly, grey colonies that 
had a regular margin (Fig. 5a and b). Another Alternaria strain had woolly white colonies with red pigment on the medium 
(Supplementary Fig. S3). Another Alternaria spp. had a septate spore, as shown in the Supplementary Fig. S3. Cladosporium spp. Fig. 6d 
displayed macro- and microconidia with tapering ends; the colonies had a velvety to suede-like texture with an olive-green colour and 

Fig. 3. Cassava brown leaf spot severity score within Kasukari plots [18,9,and2]] in the South Eastern Kenya University (SEKU) experimental farm 
in Kitui County.

E.A. Onyango et al.                                                                                                                                                                                                    Heliyon 12 (2026) e45093 

6 



a regular margin (Fig. 6a and b). Micronidia were observed to be produced in chains (Fig. 6c). The other Cladosporium spp. are pre
sented in Supplementary Fig. S4. Preussia species had brown to grey clusters with irregular margins and ellipsoidal to oval conidia 
(Fig. 7a–d). The other Preussia spp. is shown in Supplementary Fig. S2, which had a cream-white and brown colony at the centre.

3.3. Polymerase chain amplification of fungal isolates

The polymerase chain reaction performed by a universal primer, internal transcribed spacer (ITS) 1 and 4 partial sequences, gave 
the expected amplicon size of approximately 550 bp (Supplementary Fig. S1). A 1 Kb Plus DNA Ladder was used as a marker. A 
negative (-ve) control containing nuclease-free water was used to confirm specific amplification. The EF1-α, GAPDH, and CHS regions 
were also amplified and sequenced.

3.4. Sequencing and phylogenetic analysis

The ITS sequences identified 10 fungal isolates. The close fungal species identified belonged to the genera Alternaria, Epicoccum, 
Preussia, and Cladosporium. (Fig. 8, Table 1). Based on the nucleotide BLAST search, the similarity of the most 10 fungal isolates to the 
closest species available in the NCBI was 100% (Table 1). The nucleotide sequences of the ITS region for 10 fungal isolates were 
submitted to the NCBI database and were assigned the accession numbers from PP471615 to PP471624 (Table 1).

Fig. 4. Cultural and morphological characteristics of Epicoccum spp.: (a) and (b) top and bottom view of culture on PDA, respectively; (c) hy
phal swelling.

Fig. 5. Cultural and morphological characteristics of Alternaria spp.: (a) and (b) top and bottom views of culture on PDA, respectively; (c) and (d) 
show mature spores.
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The GAPDH and EF1-α sequences had less than 50% coverage and, therefore, were not used in genetic analysis to identify the fungal 
isolates. The CHS sequences had coverage of about 75% but the sequences were not used in the identification of the isolates since the 
ITS sequences had the highest coverage of 100%.

For phylogenetic analysis, the maximum-likelihood (ML) tree based on the datasets of ITS sequences was constructed and includes 
the 10 isolates from this study and several referenced fungal strains from the database. Phylogenetic analysis revealed that the 10 
isolates clustered with the Alternaria spp., Epicoccum spp., Preussia spp., and Cladosporium spp. (Fig. 8), which were consistent with the 
homology search results that were conducted using BLASTn.

Fig. 6. Cultural and morphological characteristics of Cladosporium spp.: (a) and (b) top and bottom view of culture on PDA, respectively; (c) chains 
of microconidia; (d) conidiophores bearing conidia.

Fig. 7. Cultural and morphological characteristics of Preussia spp., (a) top view; (b) bottom view; (c) and (d) conidiophore bearing conidia with an 
arrow showing conidia born from the conidiophore on PDA medium.
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3.5. Pathogenicity of fungal isolates on cassava leaves

Results of in vitro detached leaf assays delineated the eight isolates as fungal pathogens of cassava BLS (Fig. 9). Preussia spp. did not 
produce disease symptoms as the inoculated leaves remained the same as the controls inoculated with distilled water. The onset of the 
disease symptoms was characterized by enlarged holes, which were followed by the manifestation of grey lesions on the leaf surface. 
After 5 days, most inoculated leaves developed necrotic lesions, except inoculated samples with Preussia spp. As the days progressed, 
two samples that were inoculated with Alternaria spp. developed a dark colour around the centre of inoculation. The controls remained 
symptom–free during the entire period of inoculation.

4. Discussion

Cassava has been mainly used as a staple food in arid and semi-arid lands (ASALs), as demonstrated by El-Sharkawy [32], with a 

Fig. 8. A phylogenetic tree shows fungi identification using the ITS marker. The support values of the associated taxa are shown on the branches. 
The isolates and the identified genus are highlighted in red. The accession numbers of the samples are: Sample_1a1 = PP471615; Sample_1a2 =
PP471616; Sample_1b = PP471617; Sample_1c = PP471618; Sample_1d = PP471619; Sample_1e = PP471620; Sample_1f = PP471621; Sample_2a 
= PP471622; Sample_6b = PP471623; and Sample_7a = PP471624.

Table 1 
Similarity of ITS partial sequences of fungal species isolated from cassava plants of Kasukari variety with BLS in lower eastern Kenya, compared with 
that of the accessions in the GenBank database.

Isolate ID Code ITS Accession Number Closest Match in BLASTn Similarity (%)

1a1 PP471615 Alternaria alternata 100
1a2 PP471616 Alternaria alternata 100
1b PP471617 Cladosporium spp. 100
1c PP471618 Alternaria alternata 99.41
1d PP471619 Alternaria alternata 99.20
1e PP471620 Cladosporium cladosporioides 99.62
1f PP471621 Cladosporium colombiae 100
2a PP471622 Preussia spp. 99.03
6b PP471623 Epicoccum sorghinum 100
7a PP471624 Preussia minima strain 100

Fig. 9. Pathogenicity of the fungal isolates and controls using in vitro detached leaf assays. Alternaria spp.: 1a1, 1a2, 1c, 1d; Cladosporium spp.: 1b, 
1e, 1f, Epicoccum spp.: 6b; Preussia spp.: 2a, 7a.
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high content of carbohydrates in the roots and leaves used as a source of minerals, vitamins, and proteins. However, cassava leaf 
diseases remain a significant constraint in cassava production in Kenya. This study investigated the possible cause, effect, and severity 
of some morphological aberrations observed in the Kasukari cassava variety in experimental farms in Kitui County, Kenya.

Data from our study shows BLS as the disease responsible for the observed morphological aberrations in the Kasukari variety. 
Morphological characteristics identified by microscopy, pathogenicity tests, and genetic analysis indicated the presence of fungal 
pathogens belonging to Alternaria spp., Cladosporium spp., and Epicoccum spp.

The isolate identified as being from genus Preussia was a fungal endophyte since it did not produce any disease symptoms. Preussia 
sp. has been reported as an endophyte fungus [33]. However, further studies need to be conducted to determine the role of Preussia spp, 
when in synergy with pathogenic fungal pathogens isolated in the current study, potentially influencing disease development.

The three pathogens from the genera Alternaria, Colletotrichum, and Cladosporium have been reported to cooperate to cause BLS on 
cassava leaves [8]. The identified pathogens in this study are thought to be working in synergy and via interaction to generate 
phytotoxins, which play a significant part in the colonization of the plant [20]. The advancing mycelia release toxins responsible for 
the yellow halo around the lesions. Shi et al. [34] describe Epicoccum sorghinum as an emerging and notorious fungal pathogen with a 
broad host spectrum that causes a reduction in crop quality and leads to devastating crop losses. Epicoccum sorghinum is pathogenic to a 
wide variety of crops, including sorghum [35], and also causes ring spot disease of sugarcane [36]. Epicoccum spp. has also been 
reported to be associated with brown leaf spot disease in tea in China [37,38] and in the United States [39]. Although our ITS-based 
analysis suggests Epicoccum spp is associated with BLS symptoms in cassava in Kenya, the lack of multi-locus sequencing and the 
limited pathogenicity assays make it a preliminary report. To the best of our knowledge, this study provides the first indication of 
Epicoccum spp., potentially playing a role in cassava BLS in Kenya, warranting further comprehensive investigation. Chang et al. [35] 
confirm that Epicoccum sorghinum leads to fungal contamination upon infection by producing mycotoxins such as tenuazonic acid 
(TeA) and polyketide epicorepoxydon B, chemicals that are harmful to animal and human health and result in economic losses.

Although only Epicoccum spp. was re-isolated, Alternaria spp. and Cladosporium spp. were also identified as having an association 
with symptomatic leaves. Alternaria spp. had the highest prevalence with four isolates, followed by Cladosporium spp. with three 
isolates. Orina et al. [40] demonstrated that Alternaria spp. prevails in many regions of the world in the grain microbiome. In Egypt, 
Alternaria spp. is pathogenic in various crops, including tomatoes and potatoes, where they cause severe early blight in leaves [41]. 
Alternaria also causes leaf spots on rapeseed [42], ornamental plants [43], and leaf blight on bananas [44]. Alternaria tenuissima was 
reported to be causing the Luobuma leaf spot in China [45]. The pathogenicity of Alternaria spp. relies on the susceptibility or 
resistance of the host plant and the large production of host-specific and non-specific toxins [46].

Cladosporium spp. is a causal agent of leaf spot disease in maize, peach, ornamental flowers, cucumber, oats, peanuts, and spinach. 
Cladosporium produces conidiophores in chains or singly and is usually tall and upright, with branching at the apex [47]. Cladosporium 
spp. is considered one of the heterogenous complexes and the largest hyphomycete genera that settle on lesions made by phyto
pathogenic fungi as secondary infections. Certain species of Cladosporium can cause lesions, leaf spots, or hyperparasite growth on 
other fungi [48]. These phenomena explain why Alternaria and Cladosporium spp. were prevalent in the current study.

Molecular identification through amplification of the ribosomal internal transcribed spacer DNA (ITS rDNA) region using primers 
ITS1/ITS4 was used to support morphological characterization. PCR amplification with ITS, a universal barcoding marker for iden
tifying fungi [49], revealed that the sequences were homologous to Epicoccum, Alternaria, Cladosporium, and Preussia species. Harnelly 
et al. [50] confirmed the ITS gene as an accurate DNA barcode for identifying fungi and can clearly distinguish between species. In our 
study, ITS-based identification provides preliminary evidence on the presence of Epicoccum genera in symptomatic cassava tissues. 
However, the absence of multi-locus sequencing the resolution of species-level identification. In a study, Saleem and El-Shahir [51] 
used ITS rDNA to characterize isolates of Alternaria species molecularly.

There was no significant difference in BLS prevalence across the three Kasukari plots. This suggests that the source of the infection 
was the germplasm. Since the germplasm used was the same, if all were infected, the result would have been shown in all three 
Kasukari plots, which was observed in this study. This also concurs with the reports suggesting that cassava disease occurrence is 
primarily facilitated by infected cuttings [11]. The high incidence of the disease perpetuated through infected cuttings is dangerous 
since it can lead to increased severity, incidence, and decreased cassava yield if combined with the consistent use of diseased planting 
materials [52].

The high prevalence of BLS infection in Kasukari can cause significant losses to farmers in arid and semi-arid lands like Kitui. This is 
because reduced production rates due to diseases and low rainfall can lead to food insecurity in ASALs. For instance, in Kitui County, 
Kenya, crop failure affects household income and availability of food at least once every five years [53]. Since Kasukari is a 
drought-resistant cassava, farming with adequate control of diseases can help increase both the income and food supply within ASALs, 
as the farmers sell their roots to generate income and consume them. Generally, the highest severity scores for BLS disease were 2 
(mild/light) and 3 (moderate). A few Kasukari plants had traces of BLS leaf symptoms. This clearly shows that the increased occurrence 
of diseased cassava plants may limit the number of asymptomatic plants selected for planting. On the same note, severely infected 
plants cannot provide healthy planting materials for propagation. [52]. Brown leaf spot significantly affected the growth of the 
Kasukari variety, mainly affecting leaves. The infection affected leaves, causing distortion and defoliation. Moreover, distortion of 
leaves has been shown to negatively affect yield due to too much defoliation [10]. Depending on the surface area of the leaf affected, 
farmers can harvest small roots if the microbial infection is severe. Robson et al. [54] showed a positive correlation between a decrease 
in storage roots and the severity of the symptom.

Furthermore, the occurrence of the brown leaf spot disease in the Kasukari variety in Kitui is a phenomenon that can result in high 
yield losses in cassava. For example, BLS is responsible for enormous annual losses of cassava in the tropics and subtropics [5]. 
Additionally, the infection caused by BLS may lead to mycotoxicity, and affected cassava, upon consumption, can be poisonous. This 

E.A. Onyango et al.                                                                                                                                                                                                    Heliyon 12 (2026) e45093 

11 



can threaten Kitui's economy since significant funding is directed toward the control of the disease.

5. Study limitation

Pathogenicity was assessed using a limited number of isolates and was conducted on only one cassava variety (Kasukari), which 
may not fully represent the broader cassava population or variability across other varieties. Future studies including multiple varieties 
and a larger number of isolates are recommended to generalize these findings. Additionally, the lack of multi-locus sequencing limited 
the accuracy of species-level identification; therefore, further molecular characterization is needed to better support the generalization 
of the findings.

6. Conclusions

Our study suggests that the morphological aberrations observed in the Kasukari variety resulted from brown leaf spot infection, 
with Epicoccum spp. among the fungal genera potentially contributing to the symptoms. ITS sequences and phylogenetic analysis 
showed that the fungal isolates causing BLS on cassava were identified as belonging to the genera Alternaria, Epicoccum, Preussia, and 
Cladosporium. However, due to limitations inherent in single-locus ITS identification, further molecular characterization of the 
identified Epicoccum spp. using multi-gene sequence data is necessary. The findings from the study confirmed the high prevalence and 
severity of BLS in cassava in lower eastern Kenya. Therefore, the study recommends that most farmers in the region practice field 
sanitation practices, such as burning unhealthy plant parts and disinfecting farm equipment, to minimize the spread of the disease. 
Improved farming practices and effective disease monitoring can help reduce the impact of the disease on the plant. As a control 
mechanism, most farmers need to scout for early disease indicators on their farms regularly. Thus, a need to accurately inform farmers 
on the best farming and management practices and create control and eradication programs to enhance cassava yield in Kenya. 
However, the research was conducted when the rains were scanty, and the cassava had not been established well. Thus, the effects of 
climate change variations might have facilitated the occurrence of the observed diseases.
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