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Abstract. The prevalence and severity of pests and diseases are factors 
that limit productivity and quality in commercial cactus pear plantations 
in Mexico. Recently, in several cactus pear producing regions the 
appearance of diverse symptoms associated with “heart-shaped 
cladodes” has been registered. This disease is characterized by the loss 
of apical dominance of vegetative shoots leading to abnormal cladode 
growth. Besides the aesthetic damage, vegetative and floral buds 
disappear in the zone of invagination, thus reducing productivity. 
Because to date the causal agent is unknown, this study was conducted 
to analyze three possible agents, damage by insects, physical damage 
and phytoplasmas that could possibly cause the symptomatology of 
“heart-shaped cladode”, aiming to constitute a base line for future 
studies. The study was conducted under semi-controlled conditions and 
in the field, using Opuntia ficus-indica cv. Villanueva plants and 
cladodes. To rule out causal agents that occur naturally in cactus pear 
productive systems, the following characteristics were analyzed: 
detected presence of Diabrotica undecimpunctata, simulation of physical 
damage by puncturing 4- and 13-day-old shoots with a needle, and 
detection of phytoplasmas with PCR and RFLP. The results of the study 
showed that, although it feeds on shoots, D. undecimpunctata does not 
cause the symptoms. The puncture with a needle on the apical part 
promoted the presence of symptoms. The PCR and RFLP analyses 
detected the presence of phytoplasmas on both symptomatic and 
asymptomatic shoots. For this reason, it was not possible to conclude 
that phytoplasmas are the causal agents of heart-shaped cladode.  
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Introduction 

The cactus pear (Opuntia spp.) is an important plant resource for Mexico 

as well as for other countries. The fruits and tender shoots (Nefzaoui, 

2018), known as nopalitos, of some species are used as human food. 

The cladodes are also used as forage (Batista-Dubeux et al., 2021), and 

for rearing cochineal (Dactylopius coccus) to produce carminic acid 

(Zacarías-Alvarado et al., 2020). 
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For commercial production, it is necessary to provide adequate agronomic management to the 

plantations, being the phytosanitary aspect one of the factors that affect yield and quality of both fruits 

and cladodes (Méndez-Gallegos et al., 2013; Ochoa et al., 2015a). 

 

The entomofauna associated with the genus Opuntia is varied and numerous. Up to 122 insects that 

can damage all the plant structures have been found feeding on roots, stems, cladodes, flowers, and 

fruits (Moran, 1980). Mena-Covarrubias (2018) reported the presence of 12 insects that are pests of 

primary importance in cactus pear. Outstanding among these, for the severity of the damage, are 

Dactylopius opuntiae Cockerell (Mazzeo et al., 2019) and Cactoblastis cactorum Berg (Pemberton & 

Cordo, 2001). In addition, cactus pear is attacked by various types of pathogens, such as fungi, 

bacteria, viruses and phytoplasmas, which is favored by the high moisture content of the cladodes and 

the environmental conditions of each region (Zimmermann & Granata, 2002; Swart & Swart, 2003). In 

this regard, Granata et al. (2018) reported the prevalence of at least 15 diseases of global importance, 

including a symptomatic complex caused by phytoplasmas and viruses. In Mexico, cladode thickening, 

or “macho plant”, caused by the phytoplasma 16SrXIII-Mexican (Suaste-Dzul et al., 2012) and black 

spot Pseudocercospora opuntiae (Hernández-Sánchez et al., 2014; Ochoa et al., 2015b) are 

considered the major diseases in the main producer-regions. 

 

One of the most recent phytosanitary problems is related to apical and lateral malformations on the 

cactus pear cladodes that appear in the initial growth stages of the vegetative shoots, in both wild 

populations and commercial cactus pear plantations in Mexico and elsewhere. The visible symptoms 

have been grouped under the term “heart-shaped cladode” because of the typical shape they acquire, 

with some variations (Mendoza-Orozco et al., 2018). This malformation causes a reduction in cladode 

size, photosynthetic area, and number of floral and vegetative buds, decreasing production of fruits, 

tender shoots, forage, and seed plants for new plantations. Hernández-Pérez et al. (2009) published, 

to our knowledge, the first report of the symptoms of heart-shaped cladode, associating them with 

phytoplasmas belonging to the subgroup 16srll. However, later investigations did not associate the 

malformation with these pathogens. The malformations in plants have been commonly attributed to 

infections by viruses, viroids and phytoplasmas (Spallino et al., 2017; Singh et al., 2018). However, 

heart-shaped cladode malformations are not entirely in accord with symptoms associated with 

phytoplasmas in other studies (Granata et al., 2006; Hernández-Pérez et al., 2009; Fucikovsky et al., 

2011; Omar & Foissac, 2012; Suaste-Dzul et al., 2012; Martínez-Salgado et al., 2020). A group of 

pathogens that have recently received attention for their possible sanitary impact are geminiviruses 

that consist of circular single-chain DNA molecules. Among these geminiviruses is the Opuntia virus1 

(OpV1) that infects different species of cactus, including Opuntia spp. (Fontenele et al., 2020). 

 

The preliminary studies on the etiology of heart-shaped cladodes have been conducted to determine 

the causal agent(s), biotic or abiotic, of those malformations. Nevertheless, there is no conclusive 

evidence that such malformations are due to some physical damage at initial growth stages of the 

cladodes, or to a combination of factors (Mendoza-Orozco et al. 2018). For this reason, the objective 

of this study was to identify possible causes of these malformations using procedures designed to 

consider the symptoms observed in affected cladodes, as well as previous studies on the etiology of 

diseases in Opuntia spp. 
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Materials and Methods 

Experimental procedure and plant material 

The study was conducted under semi-controlled greenhouse conditions, and in the field. The physical 

damage to cladodes was promoted to rule out potential causal agents. The Opuntia ficus-indica cv. 

Villanueva adult cladodes free of pests, diseases, and damage was used. The selected cladodes were 

detached from the mother plant using tools previously disinfected with 6% sodium hypochlorite to 

prevent possible dispersion of pathogenic agents and ensure independence of the results. The cut 

cladodes were left to scar for 15 days; after this time, they were planted in 20-L pots containing peat 

moss. Substrate moisture was maintained with weekly watering. 

 

Damage by Diabrotica undecimpunctata 

The individual cladodes with 5, 9, and 13-day-old shoots were placed in metallic cages covered with 

1-mm plastic screen. In each of the cages six adult D. undecimpunctata individuals subjected to a 24 

h fast to incentivize consumption of the shoots were released. The insects were kept in the cages for 

15 days to verify and quantify possible damage. The injuries produced in each cladode age, and 

progress of the damage was monitored were recorded. To identify differences in damage by D. 

undecimpuctata, according to shoot age, a Chi squared test was performed at a probability of less 

than 5% (SAS, 2016). 

 

Simulation of physical damage 

This phase was conducted under semi-controlled greenhouse conditions, and in the field in a 

commercial plot. In the first case, we used cages similar to those described above; in these cages we 

placed pots with cactus pear plants that had vegetative buds 5, 9 and 13 days of age. The shoots were 

punctured with a previously disinfected dissection needle in their apex, gently perforating the 

epidermis. There were three replications of damage simulation, and an undamaged control was 

included. In the field, similar punctures were performed on 4-, 5-, and 7-day-old cladodes, considering 

seven replications and three controls.  

 

Under both conditions, greenhouse and field, evolution of the damage was monitored every third day 

for two weeks, recording the beginning of malformations and assessing the severity of the damage by 

measuring the depth of the slit relative to the perimeter of the cladode, as well as cladode width and 

length. To identify differences between the damage under semi-controlled greenhouse conditions and 

that caused by exposure to environmental conditions in the field, by shoot age, a Chi squared test was 

applied at a probability of less than 5% to determine at what age the shoot is more susceptible to 

damage (SAS, 2016). 

 

Identification of phytoplasmas using PCR and RFLP 

In this phase of the study, 22 buds eight- to twelve-days old were collected, 12 with heart-shape 

symptoms and 10 asymptomatic. In all cases, the buds were collected from mother cladodes with no 

visible malformations at different positions within the commercial Opuntia ficus-indica cv. Villanueva 

plantation. The samples were analyzed in the Molecular Biology Laboratory of Phytopathogens of the 

Center for Interdisciplinary Research for Integral Regional Development, Sinaloa Unit, National 

Polytechnical Institute (https://www.ciidirsinaloa.ipn.mx/). 

 

The selected shoots were kept at 4 °C until analysis. To detect phytoplasmas, the spines were 

removed, and a 1-g sample of tissue was taken from the areoles near the apex of the cladode. The 
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DNA was extracted following the CTAB protocol (Zhang et al., 1998), with some modifications. The 

CTAB buffer was used to rupture cell membranes, and chloroform was added to precipitate proteins 

by centrifugation, and to obtain the DNA from the aqueous part. The RNase was then added to 

eliminate RNA, and chloroform was again added to precipitate the residues of proteins, RNA, and 

lipids, to separate and recover DNA by centrifugation. Later, isopropanol was added to form a pellet 

of concentrated DNA, which was washed with ethanol to eliminate the residues of CTAB buffer and 

chloroform. The pellet was left in repose to evaporate the ethanol, then dissolved in sterile water and 

kept at 4 °C. The extracted DNA was used to detect the presence of phytoplasmas and identify them 

using nested Polymerase Chain Reaction (PCR) techniques and Restriction Fragment Length 

Polymorphisms (RFLP). A molecular marker of 100 to 12,000 base pairs was used. 

 

Results and Discussion 

Damage by Diabrotica undecimpunctata 

There were no differences in damage caused by D. undecimpunctata attributable to age of the cactus 

pear shoots. Although a higher preference was observed for nine-day old shoots (Figure 1), there was 

no conclusive evidence about Diabrotica preference for any shoot age (Pr > ChiSq=0.818). 

 

 
Figure 1. The incidence of damage caused by D. undecimpunctata feeding on cladodes of O. ficus-

indica cv. Villanueva. 

 

Three days after the experiment began, lesions were observed on both faces of the cladodes. The 

damage evolved into superficial circles 5 mm in diameter that passed through the cuticle and spongy 

tissue until they reached the cuticle on the opposite side of the cladode. D. undecimpunctata fed for 

nine days, and during this time the lesions took on irregular shapes and developed rough, rigid whitish 

scars (Figure 2). 
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Figure 2. The damage caused by D. undecimpunctata on Opuntia ficus-indica cv. Villanueva shoots. 

A: damage to shoots of different ages, B: D. undecimpunctata feeding on a small shoot. C and D: 

Fresh damage from feeding D. undecimpunctata, E: scarring of tissue damaged by D. 

undecimpunctata. 

 

After this time, most of the D. undecimpunctata individuals died; the only one remaining continued 

feeding on 20 and 24-day-old cladodes. The assumption that this pest feeds on shoots that are tender 

enough for them to tear the cuticle. Possibly, they later emigrate in search of tender shoots or to other 

plants since this is a generalist insect that feeds on a wide range of plant species (Graham et al., 2012; 

Gaillard et al., 2018; Pereira et al., 2019). 

 

The high moisture content, as in the cactus pear cladodes, and the presence of damage by insects or 

other causes favor transmission of pathogenic agents between plants (Melotto et al., 2008). Moreover, 

the presence of weeds and other host plants could favor the incidence of pests and, consequently, the 

 

https://www.jpacd.org/


Journal of the Professional Association for Cactus Development. 2024, 26:73-86                                                  Mendoza-Orozco et al., 

6 of 14 

https://www.jpacd.org Electronic ISSN: 1938-6648 

possible dissemination of pathogens (Sánchez et al., 1998; Franco et al., 2021). In the case of D. 

undecimpunctata, 33 host plants have been identified (Graham et al., 2012), and the damage they can 

cause becomes severe because it is a multivoltine species (Roberto et al., 2001) that can spawn 

several generations in a single year. Furthermore, many Diabrotic species feed on roots (larvae) and 

above ground parts (adults) of a large diversity of plants and are considered vectors of diseases that 

are lethal for cactus pear (Derunkov & Konstantinov, 2013). For this reason, integral phytosanitary 

management should be one of the priorities of commercial cactus plantations. Additionally, it cannot 

be ruled out that the heart-shaped cladode malformations are due to the combined effect of several 

factors. 

 

Simulation of physical damage  

The simulation of physical damage under semi-controlled greenhouse conditions did not cause 

differences (Prob>ChiSq=1.000) in heart-shape symptoms among the shoots. The percentage of 

cladodes affected was equal at all shoot ages (Figure 3). For the three evaluated ages, the 

symptomatic cladodes began to exhibit heart-shape symptoms seven days after inflicting the lesion 

with the needle. The resulting slit had a depth of 0.4 to 1.6 cm at all evaluated ages. 

 

 
Figure 3. The incidence of heart-shaped cladode symptoms caused by physical damage to O. ficus-

indica cv. Villanueva shoots under controlled conditions.  

 

In the case of simulation of physical damage in field conditions within a commercial plot, the cladodes 

of the three ages tested showed symptoms of heart-shaped cladode as of three days after the lesion 

(Figure 4). The percentage of cladodes with symptoms was higher in 7-day-old cladodes (37.5%). 

Twenty-nine days after causing the lesion, the induced injury was deeper in cladodes that were 

younger in the moment of inflicting the lesion. The 4-day-old cladodes developed slits between 7.2 

and 9.4 cm deep; in 5-day-old cladodes the lesions were 1.2 to 7.0 cm deep, and in the seven-day-old 
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cladodes they were 1.6 to 5.3 cm deep. By comparison, the lesions were more severe in the 

commercial plot than under semi-controlled greenhouse conditions. This could be associated with a 

combined effect of the damage caused with the needle and exposure to more severe environmental 

conditions that change throughout the day. 

 

 
Figure 4. The incidence of heart-shaped cladode symptoms caused by physical damage to O. ficus-

indica cv. Villanueva shoots under field conditions. 

 

Detection of phytoplasmas using PCR 

In the field, 22 shoots were obtained; however, 14 were used (eight with heart-shape symptoms and 

six asymptomatic) in the direct PCR amplification phase. The samples used were those that exhibited 

better quality and integrity of the extracted DNA, according to the concentration of nucleic acids (quality 

between 1.8 and 2.0). The amplification was observed in all the bands, considering the negative and 

positive controls. A nested PCR test was then conducted for a more specific search in the chain of 

base pairs. 

 

The presence of a band between the range of 1,000 to 1,650 base pairs suggests the presence of a 

phytoplasma within that weight (Martínez-Salgado et al., 2020), evidenced by a coincidence in the 

bands of the samples and the positive control. The use of nested PCR test for amplification of DNA of 

a specific fragment of base pairs, was useful to determine three cladodes tested positive to the 

presence of phytoplasmas, two symptomatic and one asymptomatic. Although the presence of 

phytoplasmas was detected, it is possible that they are not the cause of heart-shape, or at least they 

are not the only factor involved, since they were detected in both symptomatic and asymptomatic 

cladodes. 
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Identification of phytoplasmas using RFLP 

The RFLP test was useful to determine that the phytoplasmas of the samples diagnosed as positive 

by PCR belong to the 16SrI, 16SrII and 16SrIII groups. This was determined by comparison of the 

amplified bands that were restricted by two enzymes, Hinf I (GANT/C and C/TNAG) and Kpn I 

(GGTAC/C and C/CATGG). The fragment detection was located within the 1,350 bp region (Figure 5), 

which agrees with results of Gundersen et al. (1996) for 16Sr phytoplasmas. 

 

The phytoplasmas of the 16Srll group have been identified in Opuntia species; they cause the 

malformation known as witch’s broom (Cai et al., 2008; Zheng-Nan et al., 2012). A symptom specific 

to this malformation is the proliferation of vegetative shoots associated to a hormonal imbalance (Costa 

et al., 2021). In addition, Reveles-Torres et al. (2014) indicate that the diversity of phytoplasma strains 

in group II can be explained in part by the presence of vectors, especially phytophagous insects. A 

recent report indicates the existence of 41 Candidatus species, 33 ribosomal groups, and 160 

subgroups in a large variety of wild and cultivated plants, including cereals, fruit trees, and medicinal 

plants (Hemmati et al., 2021); others include ornamental cacti (Salar et al., 2007), as well as the genus 

Opuntia in Lebanon (Choueiri et al., 2005) and México (Aviña-Padilla et al., 2009). Moreover, Prasetya 

et al. (2018) identified phytoplasmas of the subgroup 16Srll-C associated with Opuntia sp. causing 

yellowing, thickening and deformation of the cladodes as well as heart-shaped shoots. 

 

 
Figure 51. The nested amplification of cactus pear DNA. M= molecular weight marker, C-=negative 

control and C+=positive control. Sample code: S=healthy, A=heart-shaped, M=plot number (M2), 

lower case letters indicate the replication number (a=1, b=2, c=3, d=4, e=5, f=6). 

 

In addition, Suaste-Dzul et al. (2012) determined the presence of phytoplasmas in O. ficus-indica 

cladodes with or without symptoms of deformation, as is the case of this study (Figure 6). This could 

have implications for propagating diseases using as seed cladodes that could contain phytoplasmas 

but have no visible symptoms. Fucikovsky et al. (2011) also identified phytoplasmas in healthy and 
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diseased cladodes with the symptom of inhibition of fruit production, characteristic of cactus pear 

“macho plants”, which also exhibit thickening and heart-shaped cladodes; these symptoms have been 

associated with phytoplasmas of the species Candidatus Phytoplasma asteris in the 16Srl group. 

These phytoplasmas have been also found in other plants (Argemone mexicana and Lupinus sp.), as 

well as in bugs (Chelinidae sp.), which can function as reservoirs and vectors of phytoplasmas, 

respectively (Fucikovsky et al. 2011). Therefore, it is important to control weeds and insects in areas 

surrounding cactus pear plantations to reduce the risk of damage by phytoplasmas, among other 

pathogens. It is worth mentioning that in the plantations of the present study, this type of insect and 

plants of the genus Argemone were present. 

 
Figure 6. The DNA samples amplified with the enzymes Hinf I and Kpn I. Sample code: S= healthy, 

A= heart-shaped, M= plot number (M2), lowercase letters indicate replication number (a=1, b=2, c=3, 

d=4, e=5, f=6). 

 

Based on the results, it is possible to consider that heart-shaped cladodes in O. ficus-indica is caused 

by a phytoplasma. However, it is not possible to assert that it is the only agent that causes this 

malformation given that phytoplasmas have also been recorded in healthy cladodes that were 

asymptomatic but tested positive. This result makes it necessary to dilucidate the possible 

transmission of phytoplasmas through symptomatic and asymptomatic cladodes to healthy cladodes 

to determine conclusively whether these microorganisms are or are not causal agents of heart-shaped 

cladodes. It is relevant to implement actions to prevent the eventual propagation of phytoplasmas to 

other plantations through insect transmitters or using apparently healthy seed cladodes. 
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Conclusions 

Although Diabrótica undecimpunctata is an insect that feeds on tender cactus pear shoots, it does not 

cause the heart-shape cladode malformation. Puncturing with a needle in the apical part of tender 

shoots caused the appearance of symptoms like those of heart-shaped cladode. The phytoplasmas 

were detected in both symptomatic and asymptomatic cactus pear shoots, and therefore, it is not 

possible to assert that they are causal agents of this type of malformation in cactus pear. Although the 

damage by D. undecimpunctata was tested, induced physical lesions, and registered the presence of 

phytoplasmas, it was not possible to identify the causal agent of heart-shaped cladode in Opuntia 

ficus-indica. 
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