Plant o

2026, Vol. 14, No. 4, pp. 72-83 @ SciencePG
https://doi.org/10.11648/j.plant.20261404.11 Science Publishing Group
Research Article

Farmer Management Practices and Cabbage Fungal
Pathogens in Santa, Cameroon: Assessment of Local
Cultivation Habits and Disease Characterization

Boubga Clifford> " @, Tchameni Nguemezi Severin? @,
Totel Hamen Katamssadan® ® @, Chia Genevieve Kain*,
Dikongue Ndondoni Jeannette Fabiola? @, Mbouobda Hermann Desire!:®

'Department of Biochemistry, University of Bamenda, Bambili, Cameroon
2Department of Biochemistry, University of Douala, Douala, Cameroon
3Department of Phytosanitary Protection, University of Bertoua, Belabo, Cameroon
4Department of Plant Sciences, University of Bamenda, Bambili, Cameroon
>Department of Biology, University of Bamenda, Bambili, Cameroon

Abstract

Cabbage plays a crucial role in the livelihoods of small-scale farmers in Cameroon, contributing to both food security and
household income. Nonetheless, its cultivation in the Santa area faces major setbacks due to fungal diseases that lead to
substantial reductions in yield. To try to address these burdens, a comprehensive study was conducted involving a survey of 78
farmers to assess their socio-demographic characteristics and agricultural management practices. Concurrently, 160 symptomatic
cabbage samples were collected from 10 different farms for diagnosis. Fungal pathogens were isolated from these samples and
identified through morphological analysis, pathogenicity tests, and molecular sequencing of the internal transcribed spacer (ITS)
region. The survey indicated widespread use of chemical fungicides such as Balear and Pencozeb, yet highlighted a notable
absence of proper protective gear among growers. A total of 96 fungal isolates were obtained, with 11 showing strong
pathogenicity. Molecular results identified Fusarium species, primarily Fusarium oxysporum as the most common causal agents.
Other harmful fungi detected included Curvularia coatesiae, Colletotrichum kahawae, and Epicoccum nigrum. Disease
incidence was found to be especially severe during the dry season. These results underscore the necessity for integrated disease
control approaches, enhanced training for farmers on safe pesticide application, and ongoing monitoring of pathogens to support
sustainable cabbage production in the region.
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1. Introduction

Vegetables represent vital sources of essential minerals and
vitamins for human health and serve as a significant income-
generating commodity for numerous smallholder farmers [1].
Despite their nutritional importance, vegetable consumption
in Cameroon remains markedly low, with an estimated per
capital daily intake of only 46 grams, equivalent to 11.5% of
the FAO/WHO recommended level, while the sector contends
with systemic production inefficiencies and extensive, multi-
faceted losses [2]. These constraints, coupled with the inher-
ently short post-harvest shelf life of many vegetables, contrib-
ute substantially to price fluctuations in key commodities such
as tomatoes and cabbage [3]. Such volatility undermines both
food security and economic stability in Cameroon, underscor-
ing the necessity for a comprehensive analysis of underlying
determinants to inform effective policy interventions [4].

Among cultivated vegetables, cabbage (Brassica oleracea var.
capitata L.) is globally widespread and particularly favored by
smallholder farmers across Africa [5] Nutritionally, it is a rich
source of dietary fiber, vitamins, and essential minerals. Asa cash
crop, cabbage plays a pivotal economic role for small-scale pro-
ducers in Cameroon, mirroring its significance in countries such
as Ethiopia and Kenya, where it supplies vital nutrients, including
carbohydrates, protein, fiber, and vitamins C and K that support
physiological development and metabolic health [6, 7]. Regular
consumption has also been associated with reduced risk of degen-
erative conditions such as diabetes, cancer, and cardiovascular
diseases, potentially mediated through enhanced hematopoiesis
and immune system modulation [8].

Globally, annual cabbage production is estimated at ap-
proximately 75 million metric tons [9], positioning Cameroon
at 64" worldwide and 12 within Africa in terms of output
[10]. However, domestic cultivation faces persistent impedi-
ments, most notably high vulnerability to pests and pathogens,
which severely diminish yield potential [11]. These biotic
challenges, when combined with non-price-related structural
constraints including deficient infrastructure and limited mar-
ket access frequently result in considerable post-harvest losses
and diminished farm-level profitability [12]. Indeed, global
agricultural systems experience yield reductions of 20% to
40% in major crops due to pest and disease pressures, high-
lighting an ongoing need for adaptive and evolving manage-
ment strategies [13]. Cabbage is especially susceptible to such
threats owing to its vulnerability to a wide array of phytopath-
ogens and insect infestations, which compromise plant vitality
and reduce marketable output [14].

Including farmers’ experiential knowledge into disease man-
agement frameworks enhances the efficacy of plant protection at-
tempts. Of note, smallholder farmers possess practical, context-
specific insights that complement formal scientific research, ren-
dering their participation indispensable for informed decision-
making [15, 16]. By harnessing structured surveys and hands-on
participatory techniques, researchers unlock a powerful way to
map local disease trends and current control strategies-paving the
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way for smart, location-specific solutions. This dynamic collabo-
ration doesn’t just boost stakeholder involvement; it fine-tunes
disease management to match real-world farming environments,
echoing the core ideals of precision agriculture and cutting-edge
decision support systems [17].

Farmers are integral to disease monitoring, early symptom
recognition, and implementation of mitigation measures [18].
Yet, in many smallholder contexts, their understanding of
plant health is derived primarily from informal experience and
peer-based learning, often lacking access to technical diagnos-
tics or expert advisory services [19]. This may lead to misi-
dentification of diseases, inappropriate application of fungi-
cides, and overreliance on anecdotal recommendations, all of
which impede effective management of cabbage and any other
crop pathology. Additionally, socio-economic variables in-
cluding gender, educational attainment, resource accessibility,
and institutional support significantly affect farmers’ ability to
adopt scientifically validated practices [20]. On the other hand,
the integration of cutting-edge diagnostic techniques not only
refines disease control strategies but also reinforces agricul-
tural productivity, positioning accurate identification as a cor-
nerstone of food security in the face of increasing phytosani-
tary challenges. This study, therefore, assessed farmers’
knowledge and practices related to cabbage disease manage-
ment, and characterized the principal causal agents constrain-
ing cabbage production.

2. Materials and Methods

2.1. Survey Study on Cabbage Cultivation in
Santa

As a key agricultural hub in the Northwest Region, Santa
contributes significantly to Cameroon’s status as a major
food-producing country in Central Africa [21]. The choice of
Santa for this study is due to the fact that the market gardening
in the area encompasses a variety of crops, notably carrots
(Daucus carota), leeks (Allium porrum), celery (Apium grav-
eolens), potatoes (Solanum tuberosum), tomatoes (Solanum
lycopersicum), and cabbage (Brassica oleracea) [22]. The
survey was carried out from July to September 2023, during
the rainy season, using a structured questionnaire adapted
from [23]. Before full implementation, the tool was pre-vali-
dated through a pilot study involving farming households in
the target region. This preliminary phase evaluated the ques-
tionnaire’s clarity, relevance, and internal consistency, ena-
bling refinements to improve its reliability and validity. Inter-
views were conducted individually at farmers’ homes or on
their fields, scheduled according to their availability. Survey-
ors received training in ethical protocols to ensure voluntary
participation and maintain confidentiality. The sample size
was determined based on estimates of cabbage-producing
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households and logistical access to the study areas. 78 partic-
ipants were randomly selected from the village. Only farmers
cultivating at least 1 hectare of cabbage or another cruciferous
crop were included. The questionnaire captured data on farm-
ers’ socioeconomic backgrounds (including gender, educa-
tional level, and household size), farm attributes (such as land
area and cabbage production systems), as well as their
knowledge and perceptions regarding major cabbage diseases.
It also examined the pest and disease management practices
employed by smallholders, including cultural methods, chem-
ical applications, and other control strategies.

2.2. Morphological and Molecular
Characterization of Some Fungi Associated
with the Growth of Cabbage in the Field

2.2.1. Study Area

The current study was carried out in the Santa subdivision,
located within the Mezam division of the Northwest Region
of Cameroon. It is geographically positioned between lati-
tudes 5°42 and 553N and longitudes 9°58 "and 10°18"E
[24]. Situated in the Western Highlands geo-ecological zone,
the area benefits from a temperate climate conducive to vege-
table farming. Agricultural activities, including crop cultiva-
tion and livestock rearing, are practiced by approximately 90%
of the local population. The region’s agricultural productivity
is further supported by extensive arable land, reliable water
sources, and access to inputs such as fertilizers and pesticides,
all of which facilitate market gardening [25].

2.2.2. Morphological Characterization of Fungi
Pathogen

Sample collection and pathogen isolation

Ten (10) farms, each at least one hectare in size, were cho-
sen across the Santa Sub-division. These farms were meticu-
lously inspected for signs of cabbage diseases. From each
farm, five cabbage leaves showing symptoms were collected,
placed in labeled sterile ziplock bags, and kept in coolers be-
fore being transported via public transport to the laboratory
for analysis. Approximately 5 mm sections from the infected
areas of the leaves were cut using sterile scissors. These seg-
ments were placed in a small flask and surface-sterilized by
submersion in a 10% sodium hypochlorite solution for three
minutes, then rinsed with distilled water, followed by a one-
minute rinse in 70% alcohol, then rinsed with distilled water.
Additional rinses were carried out using sterile distilled water.
The thus disinfected tissues were transferred onto solidified
PDA (potato dextrose agar) medium in labeled Petri dishes.
The dishes were sealed with parafilm and incubated in the
dark at room temperature (25<C) for seven days. Once colo-
nies developed, after incubation, they were further sub-cul-
tured on fresh PDA medium and incubated under the same
conditions to obtain pure fungal cultures [26].

Pathogenicity test and morphological identification
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Mycelial plugs (5 mm) taken from the margins of repre-
sentative fungal colonies after 7 days of growth were trans-
ferred to freshly prepared PDA plates and incubated at 25 °C
for 14 days. After incubation, conidia were collected by scrap-
ing the colony surfaces with a sterile glass spatula and passed
through four layers of muslin cloth to remove hyphal debris.
A locally susceptible cabbage cultivar was cultivated in a
greenhouse under a 12-hour photoperiod. Leaflets were col-
lected from seedlings at the five true-leaf stage, surface-steri-
lized with 75% ethanol for 30 seconds, and rinsed three times
with sterile distilled water. Sterile needles were used to create
small wounds on the leaf surfaces. Each leaflet was then
sprayed with 10 mL of a conidial suspension (1 > 108 co-
nidia/mL) prepared in 0.01% Tween-80. Control treatments
included spraying with sterile distilled water or 0.01% Tween-
80 alone. Four leaflets were inoculated per isolate. Following
inoculation, leaflets were placed in Petri disches trays covered
with transparent polyethylene bags to maintain high humidity
(approximately 90%) for four days. Development of necrotic
lesions was monitored daily. Pathogenicity was confirmed via
re-isolation of the fungus from infected tissue following
Koch’s postulates, with comparison to the original isolates.
Putative pathogenic and pure isolates were further identified
based on key morphological characteristics, including conidi-
ogenous cell morphology, colony color, texture, margin, and
elevation, as outlined by [27] and reference color charts [28].
Microscopic examination of mycelial structures and spore
morphology was obtained using a light microscope, with ob-
servations verified against established taxonomic descriptions.

2.2.3. Molecular Characterization of the Fungal
Pathogens

The identification of these strains was performed based on
a phylogenetic analysis of the internal transcribed spacer (ITS)
gene of the 5.8S nuclear ribosomal genes. The fungal isolates
were cultured in Potato Dextrose Broth (PDB) medium under
constant shaking (160 rpm; 3 days) and the mycelial mats
were collected by filtration. The mycelia were cultured with
RNase and buffer to allow RNA degradation, and DNAs were
extracted using the commercial kitRed Extract-N-Amp Plant
PCR, Sigma Aldrich, as recommended by the manufacturer.
The Internal Transcribed Spacer (ITS) of nuclear ribosomal
DNA was used and the 1TS1-5.8S rRNA-ITS2 region was am-

plified by PCR  wusing primers ITS4  (5-
TCCTCCGCTTATTGATATGC-3’) and ITSS  (5°-
GGAAGTAAAAGTCGTAACAAGG-3’) (White et al,

1990). The amplification conditions were a start step of 2 min
at 94T, followed by 40 cycles of 30 s at 94<C, 1 min at 58T,
and 1 min at 72<C, followed by a finishing step of 3 min at
72<C. PCR amplicons were sequenced at the DNA sequencing
service of the University of Salamanca (Spain). Sequences
generated were compared with reference sequences in the
GenBank nucleotide database to determine the closest rela-
tives for the phylogenetic studies. The DNA sequences ob-
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tained in this study together with those retrieved from Gen-
Bank were aligned using the ClustalW algorithm included in
the MEGA X software package. For the maximum likelihood
phylogenetic analysis, the best evolutionary model for each
partition was determined using MEGA X and incorporated
into the analyses. The maximum likelihood phylogenetic tree
searches were performed in MEGA X with the tree Bisec-
tion/Reconnection (TBR) algorithm, where gaps were treated
as missing data. The robustness of the topology was evaluated
by 1000 bootstrap replications [29].

3. Results

3.1. Socio-Demographic Characteristics of
Respondents

The survey sample was predominantly male, with men ac-
counting for 55% of respondents, reflecting a notable gender

disparity (Table 1). The largest demographic cohort, repre-
senting 31% of participants, fell within the 30 to 40 years’ age
range, suggesting that young to middle-aged adults constituted
a central segment of the respondents. Regarding educational
attainment, 42% of respondents reported having completed
only basic formal education, while 19% indicated no formal
education, underscoring substantial heterogeneity in educa-
tional levels. A striking 95% of participants identified agricul-
ture as their primary occupation, emphasizing its foundational
role in the community’s economic framework. Furthermore,
over 80% of respondents possessed five or more years of
farming experience, highlighting a sustained engagement and
a high degree of practical expertise in agricultural practices.
Collectively, the surveyed population comprises primarily
working-age males, whose livelihoods are centered on agri-
culture, exhibiting diverse educational profiles but demon-
strating extensive hands-on knowledge in farming.

Table 1. Socio-demographic and Professional Characteristics of Cabbage Growers in Santa, Cameroon.

Characteristic Respondents (n) Frequency (%)
Age

< 20 years 1 13
20 - 30 years 23 29.5
30 - 40 years 31 31.0
40 - 50 years 19 24.4
> 50 years 4 51
Gender

Male 43 55.0
Female 35 45.0
Educational Level

No Formal Education 15 19.0
FSLC (Basic Education) 33 420
O-level 20 26.0
A-level 6 8.0
First Degree 4 5.0
Farming as Main Activity

Yes 74 94.9
No 4 51
Cabbage Farming Experience

0 -5 years 13 16.7
5-10 years 32 41.0
10 - 15 years 17 21.8
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Characteristic

> 15 years 16

3.2. Inventory of Fungal Diseases Identified in
the Fields

Direct observations and farmer reports identified seven fun-
gal diseases affecting cabbage across the surveyed farms.
Fusarium yellows and anthracnose were the most common,
each accounting for 22% of cases (Figure 1a), and occurred

Respondents (n)

Frequency (%)

20.5

throughout the year, with higher incidence during the dry sea-
son (68%) (Figure 1c). Severe outbreaks, whether from a sin-
gle disease or combined infections, led some farmers to stop
growing cabbage altogether. Pathogens can infect all parts of
the plant at various growth stages-starting from seedling pro-
duction in nurseries or hotbeds (5%), through flowering (14%)
and vegetative growth (18%), up to fruiting and maturity,
which saw the highest infection rate at 46% (Figure 1b).

u Cabbage anthracnose

 Brassica leaf spot
Fusarium yellows

® Fusarium root rot and wilt,

® Cabbage ring spot,

® Rhizoctonia root rot

# Powdery mildew

® Germination

u Seeding

u Vegatable
Flowering

® Maturity

® Dry season
¥ rainy season

u Both season

c

Figure 1. Fungi diseases identified in the fields according to their frequency (a), part of plant infected (b) and season (c).

3.3. Pesticide Use and Safety Practices

Most farmers (90%) relied on synthetic pesticides such as

Balear and Pencozeb to control fungal diseases. However, 84%

do not wear gloves or goggles during application, and less than

32% used masks. Subsequently, Post-spray symptoms includ-
ing skin irritation, headaches, and respiratory problems were
frequently recorded. Disposal practices for pesticide contain-
ers were suboptimal, with 28% discarded in fields and 29.5%
near stream. The correlation results indicated that Skin itching
or burning has a p-value of 0.904, indicating no association.
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Similarly, other side effects such as cough (p = 0.859), runny
nose (p = 0.895), and headache (p = 0.320) also showed no
significant associations. While some side effects (toothaches
and bone pains) have higher chi-square values (2.579 and
0.825, respectively), the p-values (0.275 and 0.662) still sug-
gest no meaningful correlation between pesticide use and the

occurrence of these symptoms (Table 2). The data collectively
suggest that there is no statistically significant evidence to
support a link between pesticide use and the variety of side
effects analyzed. Therefore, it can be inferred that the side ef-
fects studied may not be directly influenced by pesticide ex-
posure in the surveyed population.

Table 2. Post-spray toxicity symptoms recorded in surveyed farmers.

Toxicity symptoms

Yes (64)

No (6)

Don’t know (7)
Yes (3)

No (53)

Don’t know (21)
Yes (59)

No (16)

Don’t know (2)
Yes (63)

No (13)

Don’t know (1)
Yes (5)

No (58)

Don’t know (14)
Yes (5)

No (49)

Don’t know (23)
Yes (1)

No (60)

Don’t know (16)
Yes (1)

No (61)

Don’t know (15)

skin itchy or burning

Toothaches

Cough

Runny nose

Nose bleeding

Headache

constipation

Hair loss

Yes (64)

No (6)
Don’t know (7)

Eye irritation

Yes (4)
No (31)

Don’t know (42)

bone pains

Chi Square P-value
0.203 0.9042
2.579 0.275?
0.304 0.859?
0.222 0.895?
0.326 0.8492
2.279 0.3202
0.282 0.8682
0.261 0.8772
0.203 0.9042
0.825 0.662

P-value superscripted with different alphabet are significantly different at P=0.05 Level of probability.
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3.4. Isolation and Taxonomic Identification of Pathogenic Candidates

From 160 samples collected, 96 fungal isolates were obtained and a representative sample of 34 isolates was subjected to
Pathogenicity tests. Results indicated that 11 isolates were highly pathogenic and their identities were confirmed through cultural,

microscopic and sequencing of the ITS gene (Figure 2, Table 3).

Figure 2. Macroscopic and microscopic characteristics of Morphotypes (al) and macroconidia.

G5 33; had rapid-growth fungus characterized by Cotton-
candy like woolly texture. Microscopically, it presence broad,
sparsely septate hyphae. G9 G23 is a dark-pigmented fungus,
presenting macroscopically as fast-growing, greyish-green
colonies. Microscopically, it is characterized by a septate thal-
lus and fruiting body of conidiophores. G14, G16, G17, G22
showed characteristics of filamentous fungi characterized by
rapid growth, cottony white-to-violet/pink aerial mycelium,
with a banana shape multicellular macroconidia. Microscopi-
cally, it presents septate thallus septate hyphae, multicellular
macroconidia with Fruiting bodyphialides. G24 was a fast-
growing fungus characterized by rapid, initially white and

fluffy colonies turning darken to grey-green or black. Micro-
scopically it reveals irregular, and darkly pigmented septate
hyphae. G27 fungi was characterized by white mycelium turn-
ing darker with age, producing irregularly shaped brown-to-
black sclerotia. Microscopically, they septate thallus identi-
fied by right-angle hyphal branching, a slight constriction at
the branch base, and multinucleate cells, with sterile mycelia.
G29 was a filamentous fungus with cotton-like colonies turn-
ing from white to greyish-brown or black. Microscopically,
they present aseptate hyphae, root-like structures called rhi-
zoids, with unbranched sporangiophores.

Table 3. Cultural characteristics of fungal species recovered from cabbage tissues.

Isolate code Colony appearance Colony surface Reverse color
G5 Fluffy White White-orange
G9 Cotonny Black-grey Black

Gl14 Pasty White White

G16 Cotonny White White
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Isolate code Colony appearance Colony surface Reverse color

G17 Pasty Pink White

G22 Cotonny White-rose White

G23 Cotonny Grey Black

G24 Cotonny Black -grey Black

G27 Cotonny white-rose Pink

G29 Filamentous Grey -White White

G33 Cotonny White Pink

3.5. Phylogenetic Analysis

66| MT56038 1-Fusarium oxysporum
100 GKGI7ITS1G111.ab1

MN559983-Fusarium oxysporum

891GK G33I1TS1B11 1.ab1

100

96

MT560323-Fusarium equiseti
MT560337-Fusarium equisefi
GKG16ITST1E11 1.ab1

MT603303-Fusarium fujikuroi
GKG22ITS1H111.ab1

100)GK G271TS1C12 1.ab1

GKG141TS1D12 1.ab1
r MFA495411-Colletotrichum gloeosporioides

100l GK G231TS1A121.ab1
73 MT505868-Curvularia coatesiaeFrom30to841
GKGYITS1B12 1.ab1

100

100

|.|MT3/1'I91 1-Curvularia coatesiaeFrom27t0838
66 IMN756676-Curvulariacoatesiae

9g|GK G24ITS1C111.ab1
MK595659-Dothideomycetes sp.
MTA420622-Epicoccum nigrum

GK G5ITSTF111.ab1

MT582797-Epicoccum nigrumFrom 1to657

MTA20636-Meyerozyma caribbica
| MT508806-Meyerozyma caribbica

0.050

100|GKG291TS1D11 1.ab1

MT508807-Meyerozyma caribbica

Figure 3. Phylogenetic tree of fungal species isolated from diseased cabbage based on ITS sequences.

Phylogenetic analysis grouped the isolates into eight clades,
confirming species identities and evolutionary relationships
(Figure 3). Strong bootstrap support reaching 100% was ob-
served for F. oxysporum, F. equiseti, F. fujikuroi, F. Colleto-
trichum, F. gloeosporioides, C. coatesiae, E. nigrum, Meyer-
ozyma carribica, and a species from the Dothideomycetes

class. The G24 sequence, identified as Dothideomycetes sp.,
could not be assigned to a specific genus but clustered closely
with E. nigrum in a clade supported by a 100% bootstrap value,
indicating a close ancestral link (Table 4).
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Table 4. Genbank characteristics of isolated fungi recovered from cabbage tissues.

Code  Scientific Name Max Score  Total Score
G5 Epicoccum nigrum 1230 1916
G9 Curvularia coatesiae 1031 1270
Gl4 Fusarium asiaticum 909 909
G16 Fusarium clavum 909 909
G17 Fusarium oxysporum 985 985
G22 Fusarium graminearum 924 924
G23 Colletotrichum kahawae 1046 1046
G24 Epicoccum thailandicum 1188 1822
G27 Fusarium asiaticum 917 917
G29 Meyerozyma caribbica 1258 2336
G33 Fusarium oxysporum 905 905
4. Discussion

The predominance of farmers aged 30 to 40 in cabbage
farming appears closely tied to the crop’s high labor demands.
Individuals in this age group generally have the physical ca-
pacity needed for intensive tasks such as repeated pesticide
applications, careful crop monitoring, and sustained manual
work. They also tend to have accumulated practical farming
experience that supports efficient management [11]. Unlike
cereal crops, which often allow for large-scale mechanization,
cabbage cultivation requires continuous human involvement
from transplanting and weeding to harvesting and frequent
chemical treatments making it difficult to automate. The ob-
served male dominance in these systems reflects global trends
where men are more commonly assigned physically strenuous
agricultural roles [30]. This gender inequity can be justified
not only from physical differences but also from long-standing
social norms that assign men to field labor and women more
often to post-harvest activities like processing and selling. Un-
derstanding these demographic dynamics is essential for de-
signing effective, culturally appropriate extension services
and support programs [31].

The increased occurrence and severity of diseases during
dry seasons, aligns with existing knowledge that higher tem-
peratures can accelerate pathogen development [32]. Factu-
ally, warmer conditions often shorten the life cycles of fungal
pathogens, speed up spore germination, and increase meta-
bolic activity. As global temperatures increase and rainfall
patterns grow more erratic due to climate change, the link be-
tween temperature and disease development is becoming a

Query Cov-

Percent Iden-

E-value Accession Number

erage (%) tity (%0)

86 0.0 97.25 KY318482.1
100 0.0 99.82 MT341911.1
100 0.0 100.00 KY466866.1
100 0.0 100.00 PQ782217.1
71 0.0 98.40 KY318502.1
88 0.0 100.00 KY466811.1
99 0.0 97.12 JN222974.1
82 0.0 96.64 OP796488.1
79 0.0 99.80 KY272846.1
97 0.0 96.95 OM523894.1
100 0.0 100.00 KX008382.1
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growing concern. Regions where cabbage is cultivated nowa-
days could experience serious disease risks even in seasons
that were earlier thought to be safer. This situation highlights
the importance of reevaluating conventional planting time-
lines and accelerating efforts to breed cabbage varieties capa-
ble of withstanding both higher temperatures and disease pres-
sures [33].

The frequent application of synthetic pesticides in our
study area-often carried out without adequate protective
equipment-presents significant public health concerns.
Symptoms such as headaches, gastrointestinal issues, dizzi-
ness, skin rashes, and respiratory difficulties have been com-
monly reported, aligning with observations from Cameroon
and other agricultural zones globally [34, 35]. These symp-
toms are consistent with known acute and sub-acute effects
of commonly used pesticides such as organophosphates, car-
bamates, and pyrethroids. Several factors contribute to the
low use of personal protective equipment, including cost,
lack of awareness about health risks, and habitual disregard.
For smallholder farmers in developing countries, acquiring
protective equipment such as chemical-resistant suits, gloves,
boots, face shields, and respirators can represent an unfore-
seen expense [36]. Statistical analyses indicated that symp-
toms like itchy skin (p = 0.904), cough (p = 0.859), runny
nose (p = 0.895), and headache (p = 0.320) were not signif-
icantly associated to pesticide exposure, indicating limited
empirical support for these associations. These results are in
line with [37], who also found no significant relationship be-
tween pesticide exposure and recurring respiratory issues
among farm workers. Although toothaches and bone pain
showed slightly elevated chi-square values (2.579 and 0.825),
their p-values (0.275 and 0.662, respectively) were too high
to confirm meaningful links. Similar findings were reported
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by [38], who noted that self-reported symptoms in farming
populations often lack statistical validation when compared
with objective exposure data. Overall, the statistical evi-
dence suggests that the symptoms studied are unlikely to be
directly caused by pesticide exposure in the study population.
This ties with the conclusions from [39], whose meta-analy-
sis found weak and inconsistent links between pesticide ex-
posure and non-specific health complaints in an epidemio-
logical study.

Morphological and molecular analyses have confirmed the
presence of multiple fungal species associated to cabbage
cropping in Santa locality. Fusarium species were the most
commonly identified, consistent with their known role in
causing Fusarium wilt and root rot in brassica crops [40].
Fusarium includes a complex group of closely related species,
many of which produce toxic metabolites and resilient chla-
mydospores that enable long-term survival in soil.

Beyond Fusarium, the detection of Curvularia coatesiae,
Epicoccum nigrum, and other fungal taxa adds new insight
into the region’s disease landscape. Indeed, Curvularia species
are increasingly seen as opportunistic pathogens capable of
causing leaf spots and blights, especially under environmental
stress. While Epicoccum nigrum is typically considered a
harmless decomposer or weak pathogen, it can become more
aggressive when plants are weakened by other factors. The re-
current presence of multiple pathogens coexisting within the
same agricultural fields, and often within individual host
plants, underscores the necessity of transitioning disease man-
agement approaches from single-pathogen frameworks to in-
tegrated strategies that explicitly consider multifaceted patho-
gen interactions.

Combining molecular tools such as DNA sequencing of the
ITS region with traditional morphological analysis has proven
essential for identifying cryptic species and verifying patho-
genicity. As climate change alters the distribution and com-
petitiveness of plant pathogens, ongoing surveillance becomes
increasingly critical for anticipating emerging threats [41].

5. Conclusion

Collectively, these findings illustrate a cabbage production
system under considerable pressure. Reliance on a predomi-
nantly young and male labor force for highly intensive, chem-
ically dependent cultivation gives rise to a particularly vulner-
able occupational cohort. Ongoing challenges posed by soil-
borne pathogens, exacerbated by diminishing efficacy and
availability of chemical control measures, undermine the
long-term viability of prevailing farming methods. The ambi-
guity surrounding reported health symptoms warrants neither
indifference nor inaction, but rather calls for enhanced surveil-
lance systems and rigorous longitudinal research. Furthermore,
the expanding spectrum of implicated pathogens necessitates
sustained monitoring and the implementation of adaptive, ev-
idence-driven management strategies.
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Abbreviations

DNA Deoxyribonucleic Acid

ITS Internal Transcribed Spacer
MEGA Molecular Evolutionary Genetics Analysis
mL Milliliter

Mm Millimeter

PCR Polymerase Chain Reaction
PDA Potato Dextrose Agar

PDB Potato Dextrose Broth

RNA Ribonucleic Acid

RNase  Ribonuclease

rpm Revolutions Per Minute
rRNA  Ribosomal Ribonucleic Acid
sp Species (Singular)
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