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The prickly pear cactus plant is an important ecological component in dry and semi-arid areas, not only preventing desertification 
but also preserving biodiversity. In Morocco, the fruits are consumed as food, while the cladodes are used to feed cattle. The 
prickly pear cactus is regarded as a rich potential raw material for Moroccan industry. However, cladode and fruit rots have 
been detected in prickly pear cactus orchards in Morocco’s primary producing regions. The infections were most prevalent in 
orchards where wild cochineal (D. opuntiae) is detected. The symptoms start with a color shift from brown to dark patches on 
the damaged cladode and fruit tissues, followed by superficial necrotic lesions with a bad odor. Alternaria sp, Fusarium sp, and 
Mycosphaerella sp were isolated from diseased tissues and identified as harmful to prickly pear cladodes. Pathogenicity testing 
indicated that these microorganisms cause cladode rot in prickly pear cactus in Morocco. These data illustrate the economic 
impact of cactus diseases, which can result in significant yield losses. Effective sustainability solutions are consequently 
necessary to combat these diseases. 
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Associated diseases to prickly pear (Opuntia 
ficus-indica L. Mill.) in the South of Morocco

Introduction
Worldwide, prickly pear cactus (Opuntia ficus-indica L. 
Mill.) is an important crop in arid and semi-arid regions. 
Native to South America, it is well adapted to harsh 
environmental conditions, including drought, poor soils, 
and high temperatures (Fouque, 1972; Swart et al., 2003; 
Arba, 2020; Naorem et al., 2024; Tahiri et al., 2025). The 
value of the crop is undeniable regarding its economic 
and ecologic functions. Historically, prickly pear has 
served in Morocco as a boundary around the douras and 
their fields in rural areas (Poupon, 1975; Figure 1) and 
has played a strategic role in subsistence agriculture 
(Bouharroud et al., 2016; Habibi et al., 2004).

The ecological significance of Opuntia ficus-indica 
lies primarily in its role in combating desertification and 
preserving biodiversity (Naorem et al., 2024). Prickly 
pear plantations help to increase soil organic matter, 
improve moisture retention, and improve vegetation 
cover (Neffar et al., 2011; Yous et al., 2023). In 
contrast, long-term monocultures of conventional crops 
frequently degrade the soil. Integrating prickly pear crop 

into agricultural systems can help reverse this trend by 
reducing chemical fertilizers and boosting ecological 
stability (Hassan et al., 2019). Despite its ecological 
and nutritional significance, this plant encounters 
various threats from biotic agents, particularly pests and 
diseases that considerably reduce the crop’s yield and 
profitability (Méndez-Gallegos et al.,2009; Swart, 2009; 
Bouharroud et al., 2016) 

Fungal and bacterial diseases can cause problems to 
prickly pear cladodes during the pre-harvest and post-
harvest stages and can hurt their yields (Ammar et al., 
2004; Swart 2009). Different phytopathogenic agents 
have been reported on cladodes such as Alternaria 
tenuissima, Alternaria alternata, Lasiodiplodia 
theobromae, Fusarium sporotrichoides, Fusarium solani, 
Diplodia opuntiae, Phomopsis cacti, Pseudocercospora, 
Phyllosticta concave, Colletotrichum gloeosporioides, 
Fusarium lunatum and Curvularia lunata (Farr et al., 
1989; Fisher et al., 1994; Swart and Kriel, 2002; Ammar 
et al., 2004; Quezada-Salinas et al., 2006; Flores-Flores 
et al., 2013). 
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The main symptoms are cactus anthracnose, charcoal 
spot, dry rot, foot rot, scorch or sunscald, soft rot, root 
rot, and stem rot, which cause considerable economic 
losses (Raabe and Alcon, 1968; Cacciola and Magnano, 
1988; Varvaro et al., 1993; Carballo et al., 2000; Granata 
and Sidoti, 1997; Swart and Kriel, 2002). This study 
aims to isolate and identify the causal agents and their 
pathogenic capabilities affecting prickly pear in the 
Souss-Massa region of Morocco. 

Material and methods

Plant material and isolation 
Infected cladodes were collected from prickly pear with 
rot symptoms in the Souss region, Morocco. The iso-

lation was carried out according to protocol described 
by Quezada-Salinas et al. (2006) with modifications. 
Tissue pieces of 0.5 cm2 were cut on cladodes and dis-
infected with 1.5% sodium hypochlorite (NaClO) for1 
min 30s. Then, they were washed three times with ster-
ilized distilled water and dried using sterilized paper 
towels. The pieces were plated onto potato dextrose 
agar (PDA) plates and incubated at 26±2°C for ten days. 
Dishes were daily inspected and the colonies found were 
isolated, and maintained separately in PDA plates. For 
the identification of fungi, the mycelial discs (5 mm) 
of each isolate were placed in the center of Petri plates 
containing PDA. For morphological characterization, 
the description of mycelia and spores was carried out by 
considering taxonomical keys according to the literature 
(Ellis, 1971; Sutton, 1980; Leslie and Summerell, 2006; 

Figure 1. Prickly pear plants used as borders of agricultural fields in Morocco.

Table 1. Morphological identification of the fungal isolates obtained from cladodes of prickly pear.

Symptoms Pigment in PDA 
medium 

Mycelium (colony 
and texture) Spores (color and shape) Identification

Circular spot Brown-black Grey. Nonaerial Medium brown ellipsoidal Alternaria sp.
Yellowing of the 

cladode Rose-red white cream 
mycelium

Microconidia, Macroconidia 
and chlamydospores Fusarium sp.

Pad spots dark brown - Conidia were oval and 0-2 
septate Mycosphaerella sp.
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Domsch et al.,2007; Simmons, 2007).

Pathogenicity tests
The isolated fungi were used for pathogenicity tests. 
Healthy cladodes were washed and disinfected as already 
mentioned. 20 μl of the fungal suspension (105 conidia/
ml) from a 7-day-old culture, was poured into a whole 
(5-mm-diam.) made by a sterilized cork borer in the 
desired plant organ. Control treatments were inoculated 
with distilled water only. The inoculated plant materials 
were kept in plastic moist containers with moistened 
cotton to maintain high humidity. Disease incidence for 
cladodes was determined 10 days after inoculation. To 
confirm Koch’s postulates, fungal isolates that showed 
any symptoms of pathogenicity were re-isolated from 
the margins of the lesion on PDA. The fungus colonies 
obtained were purified by serial dilutions and later 
monosporic cultures were done (Swart et al., 2003 and 
Flores-Flores et al., 2013). 

Results

Fungal isolation and identification
Disease incidence in the Souss-Massa area indicates its 
widespread occurrence. Infections initially begin at the 
top of cladodes, appearing as brown to dark brown spots 
on one side of the affected tissues. The spots are distinctly 
zoned at first, but they gradually enlarge until they 
encompass both sides of the cladodes, which eventually 
become rotted, cracked, or die. The percentages of 
natural infection vary significantly depending on the 
types of prickly pear. Three different fungi, Alternaria 
sp., Fusarium sp., and Mycosphaerella sp. were isolated, 
being Alternaria sp. and Mycosphaerella sp. the most 
frequently found, while Fusarium sp. was the less 
frequent.

Alternaria sp.
The fungus Alternaria sp causes golden spot disease 
known as Mancha de Oro in Mexico (Figure 2).

It is present in many countries that grow cactus pears, 
including Italy, Mexico, and South Africa. On the PDA 
medium, the fungus displayed dark, simple, relatively 
short, or elongated conidiophores that bear a simple or 
branched chain of conidia. Conidia are typically dark, 
featuring both cross and longitudinal septa. The conidia 
can exhibit various shapes, ranging from obclavate to 
elliptical or ovoid. A characteristic symptom is a slightly 
raised, circular, or irregularly shaped spot. The dark 
green underlying tissue lightens to a greenish hue, and 
the spot turns golden. As the disease progresses, the 
dark-centered spots are surrounded by yellow crusts, 
while the remaining area stays yellow (Granata and 
Sidoti, 1997). 

Fusarium sp.
Fusarium sp. is the causal agent of Fusarium wilt. It 
has been reported in Mexico (Gutierrez, 1992). it is 
characterized by a yellowing of the cladodes, which 
ends with browning and death plant. On PDA medium, 
Fusarium colonies are fast growing, rose-red, but may 
start as white. Fusarium produces sparse to abundant, 
white cream mycelium. It produces oval Microconidia. 
Macroconidia have three to four septa on average, which 
are slightly curved. They are also wide and thick-walled 
and may have a slightly blunted apical end. Microconidia 
are abundant, oval to kidney-shaped and formed in 
false heads on very long mono phialides. Fusarium sp. 
also produces chlamydospores. Prevention is the most 
effective control measure such as avoiding the use of 
infected soil and infected plant propagation material for 
cultivations.

Mycosphaerella spp.
The genus Mycosphaerella poses a severe problem to 
cacti. This phytopathogenic fungus causes pad spots, 
which weaken plant tissues and diminish cactus yield 
and quality (Figure 3). In the advanced stage, little black 
specks (pycnidia or perithecia) may form in the core of 
the lesions, indicating fungal reproduction. At 25 °C, the 
colonies in PDA media were white, dense, and spherical. 
After one week of incubation, the colonies turned dark 

Figure 2. Symptoms of Alternaria on a cactus plant.
Figure 3. Symptoms of Mycosphaerella sp. on a cactus pad.
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green towards the center. Then they turned into dark 
brown colonies that were raised in the center, had a wave 
pattern, and a wrinkled surface. 

Pathogenicity tests (Alternaria sp.)
The rot on the cactus cladodes was produced by a fungus 
with a grayish-white aerial mycelium on PDA media. 
After one week of incubation at 25±2°C, the growth rate 
was moderate (Figure 4), with a diameter of 5 to 7 cm. 
Microscopy examination revealed that the mycelium of 
this isolate is septate, with transverse, longitudinal, and/
or oblique septa (Figure 5). Although the structures’ 
shape and size can vary greatly, the conidia are often 
brown in color and initially oval in shape, with an 
apex that gradually elongates, eventually resembling 
a paddle or club shape (Flores-Flores et al., 2013). 
These findings place the isolate in the Ascomycetes 
class Dothideomycetes family Pleosporaceae genus 
Alternaria.

Discussion
In worldwide cultivated regions, prickly pear trees are 
threatened by many diseases such as cladode and fruit 
rots (Raabe and Alcon, 1968; Granata and Sidoti,1997 
Swart et al., 2003). Its symptoms were already 
noticeable by the former research (Varvaro et al., 1993; 
Granata and Sidoti, 1997; 2000; Swart and Kriel, 2002). 
Our findings showed that prickly pear in Morocco’s 
Souss-Massa region was correlated with Alternaria sp., 
Fusarium sp., and Mycosphaerella sp. In the pathology 
test on cladodes, these pathogens reproduced typical 

disease symptoms. These results are comparable to 
those obtained in other studies (Varvaro et al., 1993; 
Granata and Sidoti, 1997; 2000; Swart and Kriel, 2002; 
Ammar et al., 2004). Ammar et al. (2004) reported 
that four different pathogens A. alternata, F. solani, B. 
theobromae, and A. niger were associated with necrosis 
of cactus pear cladodes in Egypt. The difference in 
disease incidence and fungi isolated from different 
countries is traced back to varietal differentiation and/
or variation in climatic conditions, as Turner reports 
(1981). Also, different reports attributed the diseases 
to varying pathogens. Swart and Kriel (2002) in South 
Africa, concluded that Alternaria tenuissima, Fusarium 
sporotrichosis, and Lasiodiplodia theobromae were 
associated with necrosis of cactus pear cladodes. 
Similarly, the symptoms were found on both cladodes 
and fruits caused by Phialocephala virens, Lasiodiplodia 
theobromae, and Fusarium spp. (Swart et al., 2003). 
The cactus can be attacked by cactus rust (Phillostica 
opuntiae) and cactus downy mildew (Phytophtora 
cactorum and P. omnivera), particularly in humid areas 
(Agrimaroc, 2018). The disease can be controlled by 
pesticides (Chase, 1987; Ammar et al., 2004). However, 
significant differences among the tested chemicals and 
the reaction of each pathogen differed from one to another 
at a particular concentration. The variations obtained 
among the different fungicides could be attributed to 
the degree of permeability of the cell, the degree of 
the resistant action of the fungal cell, and the chemical 
composition of fungicides (Waard and Ragsdale, 1977; 
Watkins et al., 1977; Giffin, 1981; Carnegie et al., 
1990; Ammar et al., 2004). For the biocontrol of fungi, 

Figure 4. Monitoring the in vitro progression of Alternaria infection on cactus cladodes – Control cladode (Right) and treated cladode (Left).
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chitosan applications diminished the disease incidence 
caused by C. Gloeosporioies and F. lunatumin (40 and 
100%, respectively) (Flores‐Flores et al., 2013). These 
strategies may be useful to protect prickly pear and the 
services it provides to rural populations. The current 
study is a starting point towards understanding the 
fungal diseases in Morocco.
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