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This study was conducted to investigate the causal agent of brown leaf spot (BLS) of cassava in Kenyan
fields. Infected cassava leaf samples showing BLS disease symptoms were collected from Kenya Agricultural
and Livestock Research Organization (KALRO) experimental fields in central and western Kenya. Fungal
pathogens associated with the disease were isolated from the cassava leaf samples on potato dextrose agar
amended with antibiotics. Three fungal isolates, belonging to the genera Colletotrichum, Alternaria, and
Cladosporium, were identified as the causative agents of BLS with relative prevalence of 41%, 24%, and 18%,
respectively. Susceptible cassava variety TME 204 was inoculated with single and combinations of purified
isolates of the three pathogens in a randomized design in the greenhouse. The combination of the three isolates
resulted in typical BLS symptoms as observed in the field. The findings of this study would help to understand
the disease, contribute to its better management, and eventually alleviate food insecurity, especially in the

regions where cassava is a major staple food and a source of income.

1. INTRODUCTION

In tropical and subtropical regions, cassava (Manihot esculenta
Crantz) is ranked as the fourth most important food crop after
rice, wheat, and maize providing source of livelihood for over
700 million people [1,2]. Recently, cassava has gained popularity
among smallholder farmers due to its unique characteristics, such
as adaptability to diverse environmental conditions, high nutrient
and water use efficiency, low cost of propagation materials,
tolerance to sporadic pest attack, and ability to be harvested
piecemeal upon maturity [3].

Despite the vast production and utilization of cassava, biotic and
abiotic factors form part of the constraints that limit full realization
of the crop’s immense potential. The main biotic factors associated
with cassava are pests (insects and mites), viral, bacterial, and
fungal diseases. Fungal diseases form part of constraints that cause
significant yield losses [4]. In spite of these adverse effects caused
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by phytopathogenic fungi, current research activities in cassava
are focused more on viral and bacterial diseases as delineated in
heightened research work on these diseases [5,6].

One of the most important fungal diseases in cassava is brown
leaf spot (BLS) [7]. The disease is characterized by large, brown,
necrotic spots appearing on older leaves, and the infected leaves
have a tendency to drop early [8]. The disease is of worldwide
distribution and is found in the most cassava fields in the lower
canopy of crops that are more than 5-month old and is spread to
new leaves and plants by wind or rain splash. The importance of
BLS disease may be underestimated due to its being confined to
the lower canopy leaves. However, the disease causes defoliation
which may have a significant effect on yield, especially in the areas
where cassava is extensively grown for commercial production.
The disease covers a great surface area of the leaves and this could
significantly reduce photosynthetic activities, thus reducing yields
[9]. Losses in root yield in Africa are up to 30%, 23% in South
America, and 17% in India [10]. Studies have been carried out
in various regions, including China, Thailand, Asia, North- and
Latin America, and some parts of Africa, showing etiology and
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epidemiology of BLS disease [11]. The disease is reported to result
from infection by the fungus Cercospora heningsii. However, little
has been done in Kenya to understand the causative pathogen(s) of
the disease. The aim of this study was, therefore, to determine the
causative agent for BLS disease in Kenya.

2. MATERIALS AND METHODS

2.1. Description of the study site and experimental materials

The study was conducted at the Kenya Agricultural and Livestock
Research Organization (KALRO), Biotechnology Research
Institute (BRI), Kabete. Infected leaf samples of field-grown cassava
cultivars TME 204, TME 14, NASE 14, TME 7, and Ebwanateraka
were obtained from KALRO BRI, KALRO Kakamega (Western
Kenya), and KALRO Kandara (Central Kenya).

2.2. Collection of infected cassava leaf samples

Fifteen leaf samples showing strong symptoms were randomly
collected from each of the cassava genotypes established at the
study sites. Additional five samples were collected from healthy
non-symptomatic cassava genotypes (TME 204, TME 14, TME
7, NASE 14, and Ebwanateraka) established in KALRO-BRI
greenhouse to serve as negative controls. Samples were separately
conserved in khaki envelopes which were appropriately labeled
prior to transportation from the field to the laboratory. Five
replicates of leaf samples per variety were maintained.

2.3. Isolation and purification of fungi

In this study, a modified version of fungal isolation procedure
by Thilagam et al. [12] was used, in which potato dextrose agar
(PDA) was used as the culturing medium The medium was
prepared by mixing 39 g of PDA powder in 1,000 ml distilled
water and autoclaved at 121°C for 20 minutes. To avoid bacterial
contamination, 20 ml of 50 mg/ml streptomycin and 12 ml of 10
mg/ml neomycin were added to 1,000 ml cooled medium (42°C).
Approximately, 20 ml of medium was dispensed under laminar
flow hood into sterile plastic petri dishes to form a layer of about
2 mm deep before isolation of fungal pathogens was performed.

Fungi were isolated by first washing the leaf samples with tap
water and surface sterilizing in 70% ethanol for 30 seconds.
Margins of necrotic leaf lesions were obtained using sterile scalpels
and disinfected with 1.3% (v/v) sodium hypochlorite for 1 minute
followed by rinsing three times in sterile distilled water. The leaf
sections were dried using sterile blotting paper. The exercise was
performed under aseptic conditions in which three leaf disks per
plate for each sample were cultured on the medium. The plates
were incubated at room temperature (23 + 2°C) for 7 days after
which fungal colonies which had emerged from the leaf sections
were individually sub-cultured on new PDA medium and incubated
at room temperature for 21 days to allow for sporulation. This
procedure yielded pure cultures that helped delineate both colony
and morphological characteristics for each isolate.

2.4. Identification of fungal isolates

Microscopic slides of each pure fungal isolate were prepared and
viewed under light microscope for morphological characterization

and identification. Using a sterile isolation needle, a small portion of
each colony was picked and placed on a drop of lactophenol cotton
blue dye on a sterilized glass slide. A clean cover slip was then placed
gently on top to completely cover the sample and dye avoiding air
bubbles. Microscopic features included type of spores produced
and the fruiting body, and the form of hyphae, whether septate or
aseptate, branching or non-branching. To aid identification, colony
color, basic shape of colony, elevation, and the surface appearance
were also used. Fungal pathogens were identified according to
Barnett [13], Dugan [14], and Humber [15]. Five replicates per
isolate were maintained for other downstream processes.

2.5. Inoculum preparation and plant inoculation for
pathogenicity tests

The pathogenicity experiment was performed in the KALRO BRI
greenhouses where plants were established and maintained. One
cassava variety, TME 204 susceptible to BLS, was selected for this
study; five plants were inoculated with each isolate. To achieve a
completely randomized design, random numbers were generated
using the “RAND” function of Microsoft excel and assigned to
each plant such that each treatment was placed at random position
within the greenhouse.

Inoculum was prepared following a modified version of the
guidelines by Kirkhouse Trust [ 16]. The identified isolates, namely,
Colletotrichum, Alternaria, and Cladosporium were separately
scraped off the medium while being careful to avoid medium
inclusion. The isolates were then homogenized through blending
in sterile distilled water followed by straining through a sterile 0.9
mm pore strainer to obtain a spore suspension excluding much of
the mycelia. The number of spores in the inoculum was ascertained
using a hemocytometer, then adjusted to 1 x 106 spores/ml before
dispensing in appropriately labeled hand sprayers in readiness for
inoculation. The inoculum was prepared as single isolates as well
as in combinations. Five cassava plants were spray-inoculated with
fungal isolates 4 weeks after planting. Each inoculated plant was
covered with a clear humidity bag for 48 hours to allow a conducive
microenvironment for fungal infection. Assessment for symptom
onset and disease development was done once a week for 4 weeks.

3. RESULTS

3.1. Identification of fungal pathogens causing cassava brown
leaf spot disease

A total of 80 samples were collected from the fields: 25 from
KALRO BRI, 25 from KALRO Kakamega (Western Kenya), and
30 KALRO Kandara (Central Kenya). From the entire population
of the isolated and purified cultures, three fungal pathogens,
Colletotrichum sp., Alternaria sp., and Cladosporium sp. were
the most prevalent (Table 1), with no difference in regional
prevalence of the three pathogens. These pathogens were selected
as possible causative agents for brown leaf spot disease in cassava.
Selection was based on three key factors: (i) culture characteristics
delineated through microscopy and guided by identification
manuals (ii) relative incidence of the isolates, and (iii) common
isolate prevalence through the sampled areas. The cultural and
morphological characteristics of the isolated fungi are listed in
Table 2. Colletotrichum: Colonies were white in color and upon
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maturity; they appeared as white cottony clusters throughout the
media. The spores were borne on dark clusters of fruiting bodies
more evident on the back side of the culture (Fig. 1). Conidiophores,
which emanated from a rather weak stroma, each bore septate
conidia which appeared crescent shaped upon their release.

Cladosporium: The isolate in this study grew rather moderately and
it matured to produce large amounts of non-septate macro and micro
conidia. The colony was olive-green and velvety to suede-like in
texture. Cladosporium produces erect, septate hyphae. Conidiophores
were also septate and showed tree-like branching (Fig. 2).

Alternaria: Colony was rapidly growing, woolly, and covered
with grayish, short hyphae. The back side of the culture was
typically black due to production of pigment (Fig. 3). The fungus
possessed hyphae and conidiophores that were septate with

muriform conidia (transverse and longitudinal septation). The
conidia were produced singly or in acropetal chains at the apex of
the conidiophores.

3.2. Development of symptoms on cassava plants

Inoculation of cassava plants with Colletotrichum sp. yielded
typical chlorotic or necrotic spots for brown leaf spot disease
(Figs. 4A and B) though the spot size was smaller compared
to that observed in the field. Inoculation of cassava plants with
Cladosporium sp. (Figs. 4C and D) also resulted in small leaf
spots which were lumpy, thus giving the leaf a rough texture to
touch. Alternaria sp. on the other hand showed yellowish spots
with brown borders, almost similar to BLS symptoms but not as
observed in the fields (Figs. 4E-G).

Table 1. Relative prevalence of brown leaf spot disease fungal pathogens isolated from infected leaves of field-grown cassava.

Fungal pathogen Cumulative relative incidence (%) from 80 samples
Colletotrichum sp. 41
Alternaria sp. 24
Cladosporium sp. 18
Others (identified as mostly non-pathogenic, saprophytic or secondary pathogens) 16

Table 2. Cultural and morphological characteristics of fungal pathogens isolated from infected leaves of field-grown cassava.

Fungi Cultural characteristics on PDA

Colletotrichum sp.

Cladosporium sp. texture

Alternaria sp. Greyish, woolly colonies

White colonies; white cottony clusters upon maturity

Colonies olive-green and velvety to suede-like in

Microscopic characteristics

Spores Hyphae
Borne on dark clusters of fruiting bodies Septate
Micro-and macroconidia with tapering ends Septate
Muriform conidia Septate

Figure 1. Cultural and morphological characteristics of Colletotrichum sp.: (A and B)
front and back sides of culture on PDA medium; (C) fruiting bodies as seen under light
microscope; (D) conidiophores bearing conidia; and (E) released
crescent-shaped conidia.
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Figure 2. Cultural and morphological characteristics of Cladosporium sp.:
(A and B) front and back side of culture, respectively; (C and D) Conidiophores
bearing conidia; and (E) Micro- and macroconidia upon release
from conidiophores.

Figure 3. Cultural and morphological characteristics of Alternaria sp.: (A and B) front and back side of culture, respectively; (C) spores
borne at the conidiophore terminus (arrow); and (D) mature spores.

Upon inoculation of healthy cassava plants with a combination
of two of the fungal pathogens, Colletotrichum and Alternaria,
Colletotrichum and Cladosporium (Figs. 5A-E), and Alternaria
and Cladosporium (Figs. 6A—C), foliar disease symptoms
appeared similar to infections with either of the combination,
consisting of chlorotic or necrotic spots. The spots produced were
not quite typical of BLS leaf spots since most appeared as plain
brown necrotic lesions with a yellowish border as contrasted to
BLS symptoms in which spots are brown with dark borders and
often surrounded by indistinct yellow halo.

Inoculation of healthy cassava plants with a combination of all the
three pathogenic fungi yielded symptoms typical of BLS disease as
observed in the field (Fig. 7). Spots were brown with dark borders
and often surrounded by an indistinct yellow halo, an indication
that the three fungi are involved in BLS disease development.

4. DISCUSSION

Cassava brown leaf spot has been shown to be an important fungal
disease of cassava due to the root yield losses reported globally

[17]. This study has shown the causative agents of the disease in
Kenya to be Colletotrichum sp., Alternaria sp., and Cladosporium
sp. acting in synergism to produce brown leaf spots on the cassava
leaves. The three pathogens produce phytotoxins which play an
important role in plant colonization [18-20]. The indistinct yellow
halo produced around the brown spot is due to the toxins produced
by the advancing fungal mycelia [21].

The three pathogens have been shown to cause leaf spots in
various plants including cassava (Manihot esculenta) [22,23,24].
The genus Colletotrichum comprises major and diverse plant
pathogens and has been described as the main cause of anthracnose
diseases in many plant crops globally. The genus has a diverse
range of plant-pathogen interactions which is dependent on the
Colletotrichum species, host species and physiological maturity
and environmental conditions. There is a large number of species
in the Colletotrichum species complexes, with many new species
being described and many more likely to exist. Studies have shown
that the same Colletotrichum species can be isolated from different
hosts, as first reports in some hosts [24]. Colletotrichum has been
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Figure 4. Foliar symptoms upon inoculation of cassava cultivar TME 204 with (A and B) Colletotrichum; (C and D) Cladosporium;
(E, F, and G) Alternaria; (H) water; and (I) non-inoculated plants.

Figure 5. Foliar symptoms upon inoculation of cassava cultivar TME 204 with combinations of (A, B, and C) Colletotrichum and Alternaria
and (D and E) Colletotrichum and Cladosporium symptoms.

reported to cause significant crop failure leading to food shortages
especially for the poor subsistence farming population that depends
on the crop for their livelihood [25].

Cladosporium sp. has also been implicated as an important
pathogen causing leaf spots in plants, including spinach, pecan
nuts, cucumber, and peach [26]. It can also exist as a saprophyte,
living on decaying plant tissue. Conidiophores are usually tall and
upright with branching at the apex. Conidia are produced singly
or in chains. Studies conducted on Cladosporium were limited

on the role of Cladosporium in cassava brown leaf spot disease
but its implication in other plant leaf spots and high prevalence
in this study made it deserve a deeper investigation. Inoculation
of cassava leaves with Cladosporium yielded tiny, sunken spots
on the upper side of leaf which were rough to touch on the leaf
underside. The exhibited symptoms were similar to spots caused
by the fungus on cucumber plant [27].

There were no detailed studies on the role of Alternaria sp. in
cassava brown leaf spot disease reported in literature nonetheless,
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Figure 7. Foliar symptoms (A—E) in cassava cultivar TME 204 upon inoculation with a combination of the three isolates of: Colletotrichum,
Alternaria and Cladosporium. (A and B) Front side of leaf and (C, D, and E) back side of leaf.

it was prevalent in cassava samples studied and produced typical
BLS symptoms upon single or mixed inoculation on healthy
cassava leaves. Alternaria species have been shown to be
important pathogens of a wide variety of crops such as potato
and tomato where they cause severe blight [28]. It can, therefore,
be concluded that synergism of the three isolates is required for
development of BLS disease symptoms.

5. CONCLUSION

The results from the study indicate that cassava BLS disease
results from the combination of Colletotrichum, Cladosporium,
and Alternaria pathogens and that the symptoms are a result of
synergistic effect of three pathogens. This information is important
in designing BLS disease management programs in Kenya.
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