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ABSTRACT
A survey on the incidence and severity of Cercospora leaf spot of okra was conducted in
Ardo Kola and Donga Local Government Areas of Taraba State during the 2024
cropping season. The disease, caused by Cercospora species, is a major foliar infection
characterized by greyish-white lesions with dark margins, often leading to defoliation
under warm and humid conditions. Five farms were randomly selected in each location,
and disease assessment was carried out using a 2 m² quadrat. Percentage disease
incidence and severity were determined using standard formulae. Donga LGA recorded
higher mean incidence (72.40%) and severity (53.54%) compared with Ardo Kola LGA
(53.36% and 41.08%, respectively). Higher soil pH, organic carbon, total nitrogen,
available phosphorus, and greater rainfall (550 mm in Donga compared with 334 mm in
Ardo Kola) likely contributed to the increased disease prevalence in Donga. Laboratory
analysis identified Cercospora abelmoschi and Cercospora malayensis as the causal
agents. The disease significantly reduces okra production, highlighting the need for
improved management practices to minimize economic losses and enhance yield in the
study area.
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INTRODUCTION
Cercospora leaf spot (CLS), caused by the fungal pathogen Cercospora species, is a
significant disease affecting various crops, including soybeans, peanuts, and sugar beets,
leading to substantial yield losses globally (Chukwu et al., 2023). The disease manifests
as small, greyish-white lesions with dark borders on leaves, often progressing to
defoliation under favourable warm, humid conditions (Garcia and Patel, 2023). It is a
highly virulent fungal disease affecting multiple crops (Jardine, 2020), with severity
influenced by environmental conditions (Garcia and Patel, 2023), pathogen virulence
factors (Ebert et al., 2021), and host susceptibility (Ebert et al., 2021). Its
destructiveness stems from necrotic lesions reducing photosynthetic capacity, leading to
defoliation, lower yields, and reduced quality (Chukwu et al., 2023). Key virulence
factors include cercosporin, a light-activated toxin, and effector proteins such as CbNip1,
which enhance necrosis, particularly in sugar beets (Ebert et al., 2021).

In okra, a vital vegetable crop in tropical and subtropical regions, Cercospora leaf spot,
primarily caused by Cercospora abelmoschi or Cercospora malayensis, can reduce
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yields by up to 60% in severe infections (Bolie et al., 2021a). Okra (Abelmoschus
esculentus) is a nutrient-rich vegetable crop of the Malvaceae family, which is widely
cultivated in tropical and subtropical regions for its edible pods (Kumar et al., 2022). Its
global production reached 10.8 million tonnes in 2021, with India leading at 60% and
Nigeria contributing 2 million tonnes (FAO, 2021). Economically, okra generates
significant income for smallholder farmers, with Nigeria’s yield declining from 27,275
kg/ha in 2010 to 8,735 kg/ha in 2011 due to biotic stresses, including Cercospora leaf
spot (CLS) (Adebayo and Okon, 2025).

The two leading causes of CLS are Cercospora malayensis and Cercospora abelmoschii.
They infect okra leaves, leaving them with irregular brown or angular black spots,
resulting in reduced photosynthesis and defoliation (Singh et al., 2019). The CLS disease
is responsible for a 60% reduction in the yield of okra in severe cases, impacting pod
quality and marketability (Bolie et al., 2021b). Although there are no reports of resistant
okra cultivars, continued efforts are being put in place by breeders (Sanwal et al., 2020).
However, there have been reports of biological control of CLS alongside the use of
botanicals (plant extracts) (Choudhary et al., 2017; Al mamun et al., 2019). The disease
thrives in warm regions (25–35°C) and humid conditions, exacerbating defoliation and
economic losses (Singh et al., 2021; Oyelade et al., 2023). Current control relies on
synthetic fungicides, but resistance and environmental concerns necessitate sustainable
alternatives (Persley and Anthony, 2024; Kumar et al., 2023).

Cercospora leaf spot is a globally prevalent fungal disease caused by species of the genus
Cercospora, primarily affecting a wide range of crops including sugar beet, soybean, and
leafy vegetables (Abbas et al., 2020). Cercospora beticola, the most studied species, is
notorious for affecting sugar beet and is transmitted through airborne conidia, crop
residue, and infected seeds (Li et al., 2023). Environmental conditions such as high
humidity, leaf wetness, and moderate temperatures favour the development and spread
of the pathogen (Nouri et al., 2019). Effective disease management relies heavily on
integrated approaches, including the use of resistant cultivars, fungicide application,
crop rotation, and sanitation practices (Zhang et al., 2021). However, resistance to
common infection has been increasingly reported, complicating control measures
(Fernandez et al., 2021).

Recent advances in molecular diagnostics have enhanced early detection and
identification of Cercospora species, allowing for timely intervention (Singh et al.,
2020). Furthermore, genome editing tools such as CRISPR are being explored to
develop resistant crop cultivars (Chen et al., 2021). Biological control agents, including
Trichoderma spp. and Bacillus subtilis, have also shown promise in reducing disease
incidence under field conditions (Rahman et al., 2022). Climate change may influence
disease dynamics by altering host–pathogen interactions and expanding the
geographical range of the pathogen (Oluwafemi et al., 2023). Therefore, continuous
monitoring and adaptive management strategies are crucial for sustainable disease
control (Nguyen et al., 2024). Collaborative research and extension services are key to
ensuring farmers can effectively combat Cercospora leaf spot (Adekunle et al., 2019).
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The primary aetiological agents, such as Cercospora abelmoschi and Cercospora
malayensis, are filamentous fungi characterised by their ability to produce conidia on
conidiophores, which serve as infectious propagules (Ojo et al., 2020). These pathogens
thrive in warm, humid environments, with optimal temperatures ranging from 25 to
30 °C, making Nigeria’s Guinea Savannah zones particularly conducive to disease
outbreaks (Ibrahim and Bello, 2022). The pathogenesis of Cercospora leaf spot begins
with spore dispersal via wind, rain splash, or contaminated plant material, leading to
primary infection on okra leaves (Sharma and Kumar, 2021). Upon landing on the leaf
surface, the spores germinate under high humidity, producing germ tubes that penetrate
the host through stomata or direct epidermal invasion (Singh et al., 2023). The fungus
then colonises the mesophyll, causing necrotic lesions characterised by greyish-white
centres and dark margins, which impair photosynthesis and reduce yield (Adebayo and
Musa, 2021). Studies have shown that Cercospora spp. produce cercosporin, a
phytotoxin that induces oxidative stress in host cells, exacerbating tissue damage (Musa
et al., 2022).

Host susceptibility varies, with some okra cultivars showing partial resistance due to
thicker cuticles or biochemical defenses, though complete immunity is rare (Olanrewaju
et al., 2023). The pathogen’s ability to survive on crop debris or alternate hosts between
seasons contributes to its persistence, complicating disease management (Bello and
Usman, 2020). Environmental factors, such as prolonged leaf wetness and high relative
humidity (>90%), significantly enhance disease severity (Kumar and Sharma, 2022).
Recent genomic studies have identified virulence genes in Cercospora spp., offering
insights into their pathogenicity and potential targets for control (Patel and Singh,
2024). Understanding the etiology and pathogenesis of Cercospora leaf spot is critical
for developing effective biocontrol strategies, such as plant extracts, to mitigate its
impact on okra production in Nigeria.

MATERIALS ANDMETHODS
Study Area
This study was carried out in Ardo Kola and Donga local government areas of Taraba
state in the year 2024. Ardo Kola is in the northern part and Donga is in the southern
part of Taraba State.

Disease Assessment
Five okra farms from each of the two local government areas were randomly selected. A
quadrat (5 m²) was laid randomly at different locations within each farm, and all plants
within the quadrats were assessed for the incidence and severity of CLS. The prevalence
of Cercospora leaf spot disease was determined by visually observing and recording the
presence or absence of okra plants showing disease symptoms within the quadrats.
Disease incidence (DI) per farm for each LGA was estimated as the percentage of plants
within the quadrats showing disease symptoms. The plants were scored for severity of
CLS based on a 1–5 visual scale adopted from Okechukwu et al. (2023), as indicated in
Table 1. Disease incidence and disease severity were determined using the appropriate
formulae.
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Table 1. Disease Severity Scale (1-5).

Disease scale Description
1 No visible Symptom
2 Disease symptom covering 25% of leaves
3 Disease symptom covering 25 to 50% of total leaves
4 Disease symptom covering between 50 to 75% of

total leaves
5 Disease symptom covering between 75 to 100%

total leaves.
Source: Okechukwu et al., (2023).

Disease Incidence

Disease incidence (DI) (%) = Total number of diseased plants × 100
Total number of plants assessed

Disease incidence was obtained by counting the total number of plants and number of
infected in all the quadrats and the percentage disease incidence worked out.

Disease Severity

Disease severity was also determined as the severity scores recorded on plants; this was
calculated using the formula;

Disease severity (DS) = Sum of individual ratings × 100
Total number of plants examined

Data Analysis
Data obtained from the field survey were analyzed using the Statistical Package for
Social Sciences (SPSS) version 27.0. Descriptive statistics, including means and
standard deviations, were used to summarize disease incidence and severity. Differences
between Ardo Kola and Donga Local Government Areas were assessed using an
independent samples t-test, while the relationship between disease incidence and
severity was determined using Pearson’s correlation coefficient when Statistical
significance was set at p ≤ 0.05.

RESULT AND DISCUSSION

Table 2: Incidence and Severity of CLS in Ardo Kola LGA
Number of
Farms

Incidence
(%)

Severity
(%)

Pearson
Correlation (R)

T
Statistics

DF P
Value

1 53.5 39.2 - - - -
2 56.7 42.3 - - - -
3 56.2 42.5 - - - -
4 57.3 41.2 - - - -
5 58.1 40.2 - - - -

Mean 56.36 41.08 0.42 0.81 3 0.47
Standard
Deviation

1.75 1.40
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Table 3: Incidence and Severity of CLS in Donga LGA
Number of
Farms

Incidence
(%)

Severity
(%)

Pearson
Correlation (R)

T
Statistics

DF P
Value

1 69.2 50.7 - - - -
2 73.1 57.3 - - - -
3 76.2 58.5 - - - -
4 70.2 50.2 - - - -
5 78.3 51.0 - - - -

Mean 72.40 53.54 0.37 0.69 3 0.54
Standard
Deviation

3.87 4.01

Table 4. Physicochemical Soil Analysis of Ardo Kola and Donga LGA.

Parameters Values
Ardo-kola Donga

PH 5.60 6.20
Organic Carbon (g kg-1) 11.0 13.00
Total Nitrogen (g kg-1) 0.45 0.56
Available P (mg kg-1) 8.00 10.00
Potassium (cmol/kg) 0.18 0.16
Calcium (cmol/kg) 2.00 2.00

Magnesium (cmol/kg) 0.20 0.40
Bulk density (Mg/m-3) 1.56 1.48
Particle size (g/kg)

Sand 894 440
Silt 58.00 360
Clay 48.00 20.00

Textural class Sandy loam Loam
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Figure 1: Year 2024 Mean monthly Rainfall of Ardo-kola LGA and Donga LGA (Source:
Nimet, 2024)

Table 1 presents the baseline field assessment of Cercospora leaf spot (CLS) conducted
in five randomly selected okra farms across Ardo Kola and Donga Local Government
Areas of Taraba State. The incidence of CLS ranged narrowly from 53.5% to 58.1%, while
severity fluctuated slightly between 39.2% and 42.5%, resulting in grand means of
56.4% and 41.1%, respectively.

The relatively low standard deviations (1.75% for incidence and 1.40% for severity)
indicate that the pathogen is well established and evenly distributed throughout the area.
This uniformity suggests that no sampled farm deviated significantly from the average
infection level. A Pearson correlation coefficient of 0.42 revealed a weak-to-moderate
positive association between incidence and severity; however, this relationship was not
statistically significant (t = 0.47). With t = 0.81, df = 3, and p = 0.54, the proportion of
plants showing symptoms cannot therefore be considered a reliable predictor of the
extent of leaf damage.

Incidence and Severity of CLS in Ardo Kola and Donga Local Government
Areas of Taraba State
Table 2 shows a markedly higher level of Cercospora infection in Donga LGA compared
with Ardo Kola. The mean incidence reached 72.4%, while severity averaged 53.5%.
Standard deviations of 3.87% (incidence) and 4.01% (severity) indicate considerable
variation among farms, suggesting that local management practices, varietal differences,
or microclimatic conditions influence disease expression.

Despite the higher overall infection rates, the correlation between incidence and severity
remained weak (r = 0.37) and statistically insignificant (t = 0.69, df = 3, p = 0.54). This
implies that even under higher inoculum pressure, the proportion of plants infected
does not necessarily determine the degree of leaf tissue damage. These findings
underscore the importance of employing resistant okra cultivars, fungicides, and
effective plant-based fungicides as biocides for sustainable disease management.

The consistently higher CLS incidence in Donga compared to Ardo Kola, observed in the
field, suggests that environmental factors play a significant role in disease development.
Donga’s higher humidity, poor air circulation, or prolonged leaf wetness likely created a
more conducive environment for CLS, as Cercospora spp. thrive under warm, moist
conditions, as reported by Praveen et al. (2020). This is consistent with microclimatic
studies by Ojo et al. (2022), who noted that localised humidity and temperature
significantly influence foliar disease severity. These findings highlight the need for
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location-specific disease management strategies, particularly in high-risk areas such as
Donga, where tailored interventions, including increased application frequency of
fungicides and plant extracts, may be necessary (Adebayo and Okon, 2025).

Climatic and soil analyses revealed that Donga, located in southern Taraba (Guinea
savanna), received higher rainfall (peaking in September) and had more fertile, loamy
soil (pH 6.2, higher organic carbon, nitrogen, and phosphorus) compared with Ardo
Kola in northern Taraba (Sudan savanna; pH 5.6, sandier loam, and higher bulk
density). These conditions contributed to higher CLS incidence and severity in Donga
due to prolonged leaf wetness and favourable fungal growth conditions.

The 2024 monthly rainfall pattern for Ardo Kola and Donga LGAs, as presented in
Figure 4.2, followed a unimodal trend typical of the Sudan savanna zone. The highest
rainfall in Ardo Kola was recorded in September (334 mm).

Unlike Ardo Kola Local Government Area, Donga LGA received considerably more
rainfall in 2024, consistent with its ecological location in southern Taraba. The rainy
season reached a peak in August (550 mm), compared with 334 mm in Ardo Kola Local
Government Area. These values highlight the wetter and more sustained rainy season
experienced in Donga, a derived savanna zone characterised by lusher vegetation,
deeper soils, and prolonged rainfall. The distinct disparity between Ardo Kola and
Donga Local Government Areas underscores the agro-ecological contrast between
southern and northern Taraba.

CONCLUSION
The study demonstrated a higher incidence and severity of Cercospora leaf spot in okra
within the Donga local government area compared with the Ardo Kola local government
area, located in the southern and northern parts of Taraba State, respectively. The two
species isolated and identified were Cercospora abelmoschi and Cercospora malayensis.

The rainfall pattern was higher in Donga compared with Ardo Kola, which accounted for
the greater incidence and severity rates of Cercospora leaf spot, due to the prolonged
wetness of okra foliage in the area. Higher relative humidity is a known predisposing
factor for the disease. Donga recorded higher mean incidence and severity rates of
72.40% and 53.54%, respectively, while Ardo Kola had corresponding means of 56.36%
and 41.08%. The soil pH was also higher in Donga at 6.2, compared with 5.6 in Ardo
Kola.

Other factors observed in Donga local government area that contributed to the higher
incidence and severity included poor sanitation, a lack of crop rotation, inadequate plant
spacing, poor irrigation methods that encouraged water splash between plants, and
insufficient disease management by farmers.

There is a need to educate farmers on basic agronomic practices to reduce the spread of
the disease. These include improved sanitation through the destruction of crop debris,
correct plant spacing, and the application of fungicides or plant extracts for disease
management.
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