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ABSTRACT

Objective/Background: The prickly pear cactus (Opuntia ficus-indica) holds
significant economic, social, and cultural importance in Mexico. However, it is
recurrently affected by Black Spot disease (BS), caused by various phytopathogenic
fungi. Identifying the causal agents of BS in commercial prickly pear crops is
crucial for efficient agronomic management of the disease. The objective of this
study was to identify the phytopathogenic fungi responsible for BS in prickly pear
plantations in the Colima state, Mexico.

Materials and Methods: Fifty cladodes from 50 plants exhibiting BS symptoms
were collected from commercial plantations in Colima. The pathogenicity of the
isolated fungi was verified using Koch’s postulates, and those causing the most
severe BS symptoms were molecularly identified.

Results: Thirty-five fungi were isolated from plants with BS symptoms, of which
20 exhibited distinct mycelial growth. Only six fungi induced BS symptoms; three
of them were responsible for severe symptoms in cladodes: Alternaria alternata,
Corynespora cassiicola, and Neoscytalidium dimidiatum.

Conclusion: BS is caused by various phytopathogenic fungi, but this is the first
report of C. cassiicola and N. dimidiatum as causal agents of BS in prickly pear

cactus.
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INTRODUCTION

Mexico is the leading global producer of vegetable prickly pear cactus (Opuntia
spp.) with 13 thousand hectares of cultivated land, yielding a production of 869,956
t and generating profits of 2,962 million pesos in 2021. The states of Morelos,
Mexico City, and Mexico State contribute around 75.6% to the national production
(SIAP, 2022). This vegetable boasts an annual per capita consumption of 6.3 kg
and serves as a rich source of carbohydrates (3-7%), fibre (1-2%), lipids (0.2%),
vitamin C (10-15 mg/100 g), proteins (0.5-1%), and minerals (1-2-%) (Martins
et al, 2023). Prickly pear cactus plantations face challenges posed by diseases
caused by various fungi, with Black Spot (BS) being one of the most common
(Hernandez-Sanchez et al., 2014). BS leads to total crop loss and is characterized
by symptoms manifesting in two ways: circular spots and map-like patterns. The
former begins with the appearance of small green spots, which, after a week,
turn green reddish to dark brown and increase in size, forming circular spots of
3 to 4 cm in diameter. Subsequently, these circular spots turn black with yellow
margins, traversing the prickly pear cactus cladode and causing desiccation in the
affected areas (Quezada-Salinas et al., 2006). On the other hand, the expression of
symptoms in map form is characterized by partial or total invasion of the cladode
with irregularly shaped spots, exhibiting symptoms like those of the circular form
(Quezada-Salinas et al., 2013). Various fungi have been reported as causal agents
of BS in different species of the Cactaceae family. For instance, Colletotrichum
gloeosporioides and Fusarium lunatum, Alternaria alternata and Curvularia
lunata in Opuntia plantations in Tlalnepantla, Morelos, Mexico (Flores-Flores et
al.,2013); Pseudocercospora opuntiae in plantations in the state of Jalisco, Mexico
(Ochoa et al.,2015); Alternaria longipes, Colletrotrichum fructicola, Lasiodiplodia
euphorbicola, L. iraniensis, L. jatrophicola, Neofusicoccum batangarum, N.
hyalinum, N. batangarum, Neopestalotiopsis sp., and Nigrospora in Nopalea
cochenillifera in Brazil (Conforto et al., 2019; Feijo et al.,2019). In this context, the
identification of fungi causing diseases in economically significant crops, including
Opuntia plantations, is crucial for developing effective management and control
strategies, thus enhancing crop productivity and sustainability. In Colima, Mexico,
BS remains a significant challenge for vegetable prickly pear cactus cultivation, yet
causal fungal agents remain unidentified. This gap in specific knowledge hinders
yield optimization and the creation of effective pathogen management strategies.
Consequently, this study aims to isolate, assess, and identify the fungal species
responsible for BS in prickly pear cactus plantations.

In April and May 2021, the collection of prickly pear cactus cladodes was
conducted in commercial vegetable prickly pear cactus (O. ficus-indica) plantations
located in five communities in the state of Colima: Agua Dulce (19°17°85.2”°N,
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103°52°10.7”W), Juluapan (19°18’41.2”N, 103°49°94.2”W), La Limonera
(19°18°50.0”N, 103°49°17.2”W), El Espinal (10°16°17.9”N, 103°47°51.1”W),
and Las Guasimas (19°07°83.8”N, 103°43°27.4”W). Disease incidence was
visually determined in each plantation by calculating the percentage of symptomatic
plants from the total analysed. For this evaluation, 10 plants showing symptoms of
BS were selected, with one symptomatic cladode collected each for analysis. These
cladodes were individually placed in plastic bags and transported to the laboratory
in a cooler within the first 24 h after collection. The cladodes were washed with tap
water and dried with paper towels. Subsequently, five to six fragments (0.5 cm?) of
symptomatic tissue were cut, disinfested with 1.5% sodium hypochlorite (v/v) for
1.5 min, rinsed three times for one minute each with sterile distilled water, and dried
with sterile paper towels in a laminar flow hood (Labconco Inc., USA). To assess the
efficacy of disinfection, 100 pL of the last rinse water was taken, plated on potato
dextrose agar (PDA, MCD Lab, Mexico), and incubated for seven days. From the
disinfested fragments, another six fragments were obtained and distributed in a
Petri dish with PDA supplemented with chloramphenicol (500 mg L) (Quezada-
Salinas et al., 2006; Alonso-Diaz et al., 2007); the latter were incubated at 25 °C
in the dark for five to seven days and observed at 24-hour intervals. From each
emerging fungal colony, a sample was taken, placed in the centre of a Petri dish
with PDA, and incubated under the same conditions. A pathogenicity test was
performed with each isolated fungal strain to confirm if they were causal agents of
prickly pear cactus BS. For this, cladodes without disease symptoms were collected
from commercial plantations and disinfested following the procedure reported
by Quezada-Salinas et al. (2006). Incisions (five per cladode) were made on the
cladode surfaces with a sterile scalpel, and 5 mm mycelium disks from each fungal
strain with seven days of growth were inoculated onto these wounds. As a control
treatment, the mycelium disk was replaced with a PDA disk. Each disk was covered
with cotton moistened with sterile water for 24 h, the cladodes were placed inside a
plastic bag to retain moisture, and they were kept at 25 °C with observations made
at 24-hour intervals. From cladodes showing BS symptoms, the re-isolation of the
fungal strain was performed to verify Koch’s postulates (Volcy, 2008; Flores-Flores
et al., 2013). The pathogenicity tests were conducted in triplicate. The molecular
identification of fungi causing the most severe disease symptoms was carried
out using the primers ITS1 (5’-TCCGTAGGTGAACCTGCGG-3") and ITS4
(5-"TCCTCCGCTTATTGATATGC-3") to amplify a fragment of 500 bp from the
ITS region of rDNA. The PCR conditions were as follows: an initial denaturation
at 95 °C for 3 min, followed by 25 cycles at 58 °C for 30 sec (annealing), 72 °C
for 2 min (extension), 95 °C for 30 sec (denaturation), and a final extension at 72
°C for 10 min (White et al., 1990). The amplified PCR products were sequenced
using the Sanger sequencing method on the 3130 Genetic Analyzer (Applied
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Biosystems) at the Integral Plant Health Diagnosis Laboratory (LADIFIT) (https://
www.colpos.mx/posgrado/fitosanidad/ladifit.php) in the State of Mexico, Mexico.
For identification, the fungal sequences were compared with the database deposited
in GenBank NCBI (National Center for Biotechnology Information).

Among the analysed plantations, El Espinal exhibited the highest incidence of
BS with 60% of plants affected, followed by Agua Dulce (40%), La Limonera
(35%), Las Guasimas (20%), and Juluapan (10%) (Figure 1). From the collected
cladodes, 35 fungi were isolated, 20 of which exhibited distinct morphological
characteristics in terms of colour, texture, and the presence of rings. The majority
of the isolates displayed circular growth, complete margins, cottony texture, and
flat elevation (Figure 2). There was also variation in the colony’s growth time; 14
fungi covered the Petri dish surface within the first five days, while the remaining
ones did so after 10 days. In the pathogenicity tests, only six out of the 20 isolates
induced symptoms associated with BS, and three of these caused severe disease
symptoms on prickly pear cactus cladodes. This included softening of the cladodes
and the development of circular and irregular black spots throughout the plant
tissue. Overall, the cladodes exhibited lesions of up to 5 cm in length 10 days
after the fungal infection. The fungi that induced more severe symptoms of BS

Figure 1. Plants and cladodes with symptoms of Black Spot in vegetable prickly pear cactus (O.
ficus-indica) crops in various plantations in Colima state, Mexico. A) El Espinal, B) Agua
Dulce, C) Las Guasimas, D) Juluapan.
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Figure 2. Fungi isolated from prickly pear cactus cladodes showing symptoms of Black Spot. The isolates are
deposited in the mycological collection of the Faculty of Biological and Agricultural Sciences at the
University of Colima for subsequent morphological and molecular characterization.
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were identified as Alternaria alternata (GenBank ID: OP038904), Corynespora
cassiicola (OP038906), and Neoscytalidium dimidiatum (OP038907) (Figure 3).
The BS in prickly pear cactus is a disease caused by various fungi, making
the identification of the causal agent a crucial step for implementing appropriate
control strategies. This is the first report on fungi causing BS in commercial prickly
pear cactus plantations in Colima. The fungal species 4. alternata, C. cassiicola,
and N. dimidiatum were identified as the ones causing the most severe damage to
prickly pear cactus cladodes. In this study, 50 cladodes with apparent BS symptoms
were collected, and 20 fungi were isolated, exhibiting differences in colour, texture,
and the presence of rings. This number is lower than that reported by Conforto

Figure 3. Fungi isolated from cladodes with Black Spot symptoms that induced severe lesions in
the pathogenicity test. Growth on PDA of Alternaria alternata (obverse, A; reverse B) and
symptoms induced on the cladode (E), Corynespora cassiicola (D, E, F), and Neoscytalidium
dimidiatum (G, H, 1).
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et al. (2019), who obtained 50 isolates from 180 cladodes. The discrepancy in
the number of analysed cladodes may explain the difference in the number of
isolated fungi in both studies. Regarding the identified fungi in cladodes with BS,
Oliveira et al. (2018) reported various Colletotrichum species (C. siamense, C.
fructicola, and C. karstii) in N. cochenillifera in Brazil; however, these authors did
not evaluate the pathogenicity of the fungi. Quezada-Salinas et al. (2006) isolated
and identified C. gloeosporioides in O. ficus-indica cladodes with BS symptoms
in Mexico; nevertheless, this fungus did not induce disease in healthy prickly pear
cactus plants. On the other hand, the fungi C. gloeosporioides, A. alternata, F.
lunatum, C. lunata (Flores-Flores et al., 2013), and Pseudocercospora sp. isolated
from symptomatic cladodes did induce the disease in healthy plants (Quezada-
Salinas et al., 2006; Ochoa et al., 2015), meaning they are causal agents of BS.
Of these species, only A. alternata aligns with one of the isolated fungi in Colima
plantations, while C. cassiicola and N. dimidiatum have not been reported as causal
agents of BS in prickly pear cactus plantations. Souza et al. (2010) analysed the
diversity of fungi causing diseases in forage palm (O. ficus-indica) cultivated
in dry regions of northeastern Brazil. Based on morphological characterization,
these authors found that Scytalidium lignicola, Alternaria tenuis, Macrophomina
phaseolina, Cladosporium cladosporioides, Lasiodiplodia theobromae, Fusarium
oxysporum f. sp. opuntiarum, C. lunata, Aspergillus niger, Nigrospora sphaerica, C.
gloeosporioides, Exserohilum turcicum, Pestalotia pitospora, Rhizopus stolonifer,
Rhizoctonia solani, and Sphaceloma protearum are the most common fungi in
plants with disease symptoms. Recently, Conforto ef al. (2019) identified Alternaria
tenuissima, A. longipes, C. gloeosporioides, C. fructicola, C. siamense, F. lunatum,
F verticillioides, F. incarnatum, F. iraniensis, L. euphorbicola, L. pseutheobromae,
L. theobromae, N. batangarum, Neopestalotiopsis australis, N. protearum, N.
sphaerica, and N. hainanensis as causal agents of BS in N. cochenillifera. Among
these fungi, those of the Alternaria genus were the most common in cladodes
with disease symptoms, while L. iraniensis and F. [lunatum caused the most
severe damage. In contrast to previous findings, the current research identifies A.
alternata, C. cassiicola, and N. dimidiatum as the fungi responsible for the most
severe symptoms in prickly pear cactus cladodes. These differences may be due
to the studied plant species. Additionally, the various fungal species identified as
causal agents of BS may be attributed to different factors such as (i) environmental
differences in the study area, (ii) activities implemented in each zone for plantation
yield, and (iii) the application of fertilizers and agrochemicals (Rodriguez, 2001;
Pacasa-Quisbert ez al., 2017). Furthermore, the degree of pathogenicity of the causal
agents may be attributed to the production of a variety of proteins, organic acids,
and secondary metabolites with cytotoxic and phytotoxic activity. For example,
Alternaria species produce host-specific toxins (i.e., AK, AAL, and AF), which
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determine the pathogenicity of these fungi (Castaldi et al., 2023). Specifically,
AK-toxins and AF-toxins targets the plasma membrane, leading to electrolyte
loss and membrane damage in susceptible plants (Nakashima et al., 1985; Otani
et al., 1995). It has also been reported that C. cassiicola produces phytotoxins
known as cassiicolins, terpenoids, polyketides, and nitrogenous metabolites that
are relevant to the pathogenesis of the fungus (Yang et al., 2022). In conclusion,
this study identifies 4. alternata, C. cassiicola, and N. dimidiatum as the primary
fungi responsible for BS diseases in commercial prickly pear cactus plantations in
Colima, making the first report of C. cassiicola and N. dimidiatum in this context.
Despite previous findings of various fungi associated with BS in different regions
and plant species, these three fungi were found to cause the most severe symptoms
in the studied plantations. This discrepancy highlights the impact of various factors
on disease prevalence and severity. The identification of these causal agents is
crucial for developing targeted management strategies to mitigate BS in prickly
pear cacti.
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