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Abstract. Stenocereus martinezii (JG Ortega) Buxb. is a columnar cactus that 
produces fruits with commercial relevance (pitayas) and is classified as an 
Endangered (En) species on the IUCN Red List. It is currently considered endemic 
to the state of Sinaloa, Mexico; however, it could have a wider geographic 
distribution that has not been detected due to low collection efforts. It is also one of 
the least known Stenocereus species in terms of its biology, ecology, ethnobotany 
and nutritional composition. The objective of this work was to update the 
geographic distribution of S. martinezii, locate sites where it is used commercially, 
describe its reproductive phenology, and describe the physical and chemical 
composition of its fruits. For its distribution, field explorations were carried out in 
areas of western Durango and eastern Sinaloa from 2013 through 2024 and a 
database was built and compared to previous reports in biological collections. 
Phenology was monitored in three localities in 2017 and fruit composition was 
quantified from fruits collected in the Arroyo Grande community. The newly 
detected distribution area of S. martinezii was considerably larger than previously 

reported from literature and scientific collections, and this is the first report of this 
species in the state of Durango. At the edge of its range, S. martinezii is displaced 
by the other two commercially important pitaya cactus species in Sinaloa: 
Stenocereus montanus in the east and Stenocerus thurberi in the west. 

Reproductive phenology was unimodal, and productivity was higher in populations 
where fruits are harvested. Its reproductive stage occurs later than more southern 
species and earlier than more northern species, making it a food bridge for 
migratory bird and bat species. S. martinezii fruits are smaller but with a similar 

chemical composition with other fruits of this genera with commercial value. 
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Introduction 

The genus Stenocereus (A. Berger) Riccob includes about 23 species of columnar, 

arborescent, shrub, or prostrate cacti distributed from the southern United States 

through northern South America (Alvarado-Sizzo et al., 2018; POWO, 2024). They 

are mainly found in arid and semi-arid environments of the dry tropics, such as 

xerophilous scrubland, thorn forest and low deciduous forest (Arreola-Nava and 

Terrazas, 2003).
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Mexico is the main center of diversity of Stenocereus, containing 21 species, 18 of which are endemic 

of Mexico (Arreola-Nava and Terrazas, 2003; Alvarado-Sizzo et al., 2018). The Stenocereus genus is 

one of the 40 genera considered as a natural and cultural heritage due to its distribution, endemicity, 

nutritional and commercial value of its fruits, known as pitayas (Pimienta-Barrios and Nobel, 1994; 

Quiroz-González et al., 2018; Rzedowski, 2019). 

 

The pitayas (Stenocereus spp. fruits) are one of the most consumed fruits of the Cactaceae family. 

They are produced during the driest season of the year, when there is a marked scarcity of resources. 

The pitaya harvest is an important economic activity regionally, and pitayas are the main food source 

for many native species of insects, birds and bats (Silvius, 1995; Flemming et al., 1996). They are 

generally sold directly on the roads near the places where they are collected or in nearby towns and 

cities. Although many Stenocereus species are cultivated and are in the process of domestication 

(Parra et al., 2010) most of the fruits are harvested from wild populations. Although most Stenocereus 

species produce edible fruits, only half of them are used commercially (species known as “pitayeras”). 

The non-commercial species produce fruits that are too few or too small to be commercially profitable. 

The pitaya fruits are a source of vitamin C, antioxidants phenolic compounds (e.g. quercetin, rutin and 

hydroxycinnamoyl derivatives), fiber, simple sugars and soluble pigments (betalains) (García-Cruz et 

al., 2017); they are considered a considerable source of nutrients and phytochemicals to sustain health 

and have potential industrial applications as in the production of dyes. 

 

In northwestern Mexico there are nine Stenocereus species, S. alamosensis (J.M. Coult.) A.C. Gibson 

and K.E. Horak, S. eruca (Brandegee) A.C. Gibson and K.E. Horak, S. gummosus (Engelm.) A.C. 

Gibson & K.E. Horak, S. kerberi (K. Schum.) A.C. Gibson and K.E. Horak, S. martinezii (J.G. Ortega) 

Buxb., S. montanus (Britton and Rose) Buxb., S. standleyi (J.G. Ortega) Buxb., S. thurberi (Engelm.) 

Buxb. and S. quevedonis (J.G. Ortega) Buxb.). From this species, four are used commercially, S. 

gummosus (Baja California Sur), S. martinezii (Sinaloa), S. montanus (Sinaloa and Sonora) and S. 

thurberi (Baja California Sur, Sinaloa and Sonora) (Pío-León et al., 2017; Coronado-García et al., 

2022; Salomón-Montijo et al., 2022). 

 

Stenocereus martinezii (Figure 1) is listed by the NOM-059-SEMARNAT-2010 (SEMARNAT, 2019) 

standards as subject to Special Protection (Pr) and is recognized as Endangered (En) on the IUCN 

Red List due to its distribution and anthropogenic pressures from cattle grazing and agriculture 

(Terrazas et al., 2013). Stenocereus martinezii is one of the most important species in terms of bio-

cultural and economic relevance and is a priority species for conservation of the tropical dry forest of 

northwest Mexico (Cué-Bar et al., 2006; Pío-León et al., 2023). Stenocereus martinezii fruits are 

harvested between spring and summer and are the main economic income for local communities 

during these seasons. Despite its described relevance, this species has been the least studied in the 

genus in terms of geographic distribution, ecology, phenology, uses, and fruit nutritional composition. 

Currently, it is considered endemic in Sinaloa, where it is found in the central region of the State. 

However, there has been limited collection effort (DRGU, 2024; Enciclovida, 2024) and its geographic 

distribution is suspected to be larger. This is evidenced by a large number of photographic records on 

the iNaturalist platform (2024) (over 1400 until October 2024). Unfortunately, since it is a protected 

species, the geolocation from iNaturalist records is hidden and it is not feasible to precisely determine 

the limits of its geographic distribution from these data. 

 

 

https://www.jpacd.org/


Journal of the Professional Association for Cactus Development. 2025, 27, 21-34                                                 Salomón-Montijo et al 

3 of 14 
https://www.jpacd.org Electronic ISSN: 1938-6648 

 
Figure 1. Stenocereus martinezii: (A and B) habit; (C) plant branches with immature fruits; (D) flower; 

(E) ripe fruit. 

 

In this study, the area of the geographic distribution of S. martinezii was defined and compared it with 

previous records from scientific collections, document populations where its fruits are commercially 

harvested, estimate its reproductive phenological period, and carry out a physicochemical and 

nutritional description of its fruits. 

 

Materials and Methods 

Study Area 

The State of Sinaloa is located in northwestern Mexico. Its orography is flat in the Coastal Plains, with 

increasing elevations heading east through the Sierra Foothills and finally, with notable elevation in 

the Sierra Madre Occidental (INEGI, 2021). The main types of vegetation are low deciduous forest 

https://www.jpacd.org/
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(50%, 27,568 km2), thorn forest (29%, 15,612 km2) and mixed pine and oak-pine forests (16%, 8681 

km2), in addition to aquatic and semi-aquatic vegetation on the shorelines (Figure 2) (Wiken et al., 

2011). 

 

 
Figure 2. Main types of vegetation in Sinaloa, México, and localities where the fruits of Stenocereus 

martinezii are commercially harvested (except in Guillermo Prieto). 

 

Stenocereus martinezii distribution 

The geographic distribution of S. martinezii was defined through explorations to search for the species 

in Sinaloa and the adjacent State of Durango between 2013 and 2024. Simultaneously, while 

performing the explorations, the populations were documented where fruits are commercially 

harvested. The efficiency of the exploration was improved did interviewing local residents about the 

sites where fruits are harvested. Also, iNaturalist records were used to inform this search. Since S. 

martinezii is a protected species, iNaturalist does not provide exact geolocation points, but rather a 

randomly selects a point within a 10 km radius of the actual point of the record (“obscured” 

observations). Thus, we did not have access to the exact points of the records, but we did use the 

obscured record coordinates as starting points for searches in those areas. Each S. martinezii 

population detected was georeferenced. A data base was constructed with collected data as well as 

https://www.jpacd.org/
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the available records from the National Herbarium MEXU (DGRU, 2024) and the Comisión Nacional 

para el Conocimiento y Uso de la Biodiversidad (CONABIO) (Enciclovida, 2024). 

 

Phenology 

The reproductive phenology of S. martinezii was registered in three communities from February to 

August 2017. These included two communities where fruits are harvested commercially (Arroyo 

Grande and Japuino-Conitaca) and a third community (Guillermo Prieto) where fruits are harvested 

for self-consumption only (Figure 2) in order to detect differences that may be due to commercial 

harvest. Three reproductive stages were recorded following the Campbell scale, buds, flowers and 

fruits (Rondón, 1994). The bud stage was considered from the time buds were visible until pre-

anthesis. The flower stage was defined when all flowers were partially or totally open. The fruits were 

counted from the incipient stage (dehydrated flowers after pollination on the plant) until dehiscence. In 

each site, 50 reproductive plants were chosen randomly, georeferenced and marked with aluminum 

tags. The stages were recorded every two weeks from the beginning of flowering until the end of the 

fruit stage. After August, records were taken monthly to record potential anomalous bud and/or flower 

production and detect the start of the following reproductive season. 

 

Physico-chemical and proximate characterization of fruits 

The variation in the weight, volume and number of seeds were analyzed in 390 fruits at commercial 

maturity during 2017, 2018 and 2019 (130 fruits per year) from the Arroyo Grande population. Ten 

fruits were collected weekly between May 15th and July 15th. The weight was recorded on a Mettler 

Toledo analytic balance (Switzerland). To estimate volume, the equatorial and polar diameters with a 

digital caliper (Truper, CALDI-6MP; 14388) was measured and calculated the volume using the 

spheroid equation: 

𝑉 = (
4

3
)𝜋𝑎2𝑏 

where a = polar (major) diameter, b = equatorial (minor) diameter. 

 

The seeds were separated from the pulp by agitating in water, after which the seeds were rinsed and 

filtered through a 1 mm2 mesh. The floating seeds were considered vain or inviable and were discarded 

from the analysis. The number of seeds per fruit was extrapolated based on an aliquot of 100 seeds 

using the formula: 

𝑁𝑆 = (
100 × 𝑤100

𝑊𝑆
) 

 

Where NS = number of seeds, w100 = weight of 100 seeds, and WS = weight of total seeds. The pH 

was measured with a Hanna (HI9813-5) potentiometer and total soluble solids content (°Brix) levels 

were estimated with a Sper Scientific refractometer. Both, pH and °Brix were taken from the juice of 

the fruits (Guillén-Enríquez et al., 2022) 

 

The proximate fruit pulp content was measured using the Association of Official Analytical Chemist 

(AOAC, 2005) methodologies. For the total protein content, a conversion factor of 6.25 was used. The 

carbohydrates were estimated by subtraction, total carbohydrates = 100 – protein – lipids – ash – raw 

fiber. For the macronutrient conversion, was assumed 4 kcal per gram of protein or carbohydrates and 

9 kcal for gram of lipids. 
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Statistical analysis 

An analysis of variance was performed and a Tukey post-hoc (P<0.05) was used to establish 

significant differences among populations for each of the measured variables. The differences in the 

measured fruit traits, interannual variation was considered as the independent factor. 

 

Results and Discussion 

 

Distribution of Stenocereus martinezii 

Stenocereus martinezii is distributed from the south-center to north-center region in the State of 

Sinaloa, as well as a small population in Tamazula, Durango municipality (Figure 3). Prior to this work, 

this species was considered to be endemic to Sinaloa (Terrazas et al., 2013; Pío-Léon et al., 2023; 

Vega-Aviña et al., 2021). Thus, this study expands the understanding of its biogeography. Stenocereus 

martinezii inhabits the Sierra Foothills region of Sinaloa with tropical deciduous forest (Wiken et al., 

2011) (Figure 3), from around sea level to 400 m. Its distribution is delimited in the west by the thorn 

forest of the Coastal Plains of Sinaloa, where it is displaced by S. thurberi. To the east, its distribution 

is delimited by Oak-Pine and Pine forests, but it is displaced by S. montanus since 400 m of the tropical 

deciduous forest. These three species of the Stenocereus genera are used commercially in Sinaloa 

(Salomón-Montijo et al., 2022); these species are allopatric and only rarely coincide at the edges of 

their distributions (Figure 3B). 

 

The area of distribution of S. martinezii described here is much larger than the areas previously 

reported by Arreola-Nava and Terrazas (2003) and by scientific collections (Figure 3A) but is similar 

to the area estimated by current records of iNaturalist (2024). The small number of records in scientific 

collections might be due to the impractical collecting procedures for columnar cacti; these plants do 

not possess vegetative structures that can be easily collected and preserved, so photographic records 

or direct observation may be a good alternative. As of October 2024, there were 1460 research quality 

records of S. martinezii on iNaturalist. 

 

The species that are most commonly associated with S. martinezii are elements of the tropical 

deciduous forest such as Lysiloma divariacata (Jacq) J.F. Macbr, Ipomoea arborescens Sweet, 

Pachycereus pecten-aboriginum Britton & Rose, Senna atomaria (L.) H.S. Irwin & Barneby and 

Stenocereus alamosensis, as well as some species that are frequent in thorn forest: Bromelia pinguin 

L., Colubrina heteroneura Standl., Fouquieria macdougaalii Nash and Haematoxylum brasiletto H. 

Karst. 

 

The commercial harvest of S. martinezii fruits was recorded in four communities, Arroyo Grande, 

Japuino-Conitaca, San Ignacio and Los Cerritos (Figure 1). These communities are located near the 

eastern edge of the species' distribution, in the low hills of the Sierra Madre. Some communities no 

commercial harvesting pitaya fruits near the coast were found. Then, it was hypothesized that the 

inland populations of S. martinezii are more vigorous and productive than the coastal populations, 

such that harvesting is profitable in terms of cost and benefit per collection effort. The greatest potential 

for use of germplasm and establishment of cultivation of the species is likely in the areas around 

communities where the fruits are already commercially harvested, as occurs in the other species of 

Stenocereus in south-central Mexico (Parra et al., 2012; Casas et al., 2016). 
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Figure 3. Distribution of Stenocereus martinezii: (A) from scientific collections and records from this 

work; (B) compared with the other two pitaya species of commercial importance in Sinaloa. 
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Phenology 

The reproductive stage of S. martinezii lasted six months (February – July) in the three surveyed 

populations (Figure 4). The numbers of buds, flowers and fruits were much higher in populations where 

there was commercial use (Japuino and Arroyo Grande) compared to Guillermo Prieto where fruits 

are only occasionally harvested. This also suggests that the fruits are harvested in localities where 

fruit yield is high enough to be economically profitable. 

 

The buds were first counted in mid-February and ended in May, with a peak on March 15th in all three 

populations (Figure 4 A). The flowering anthesis peaked on March 15th in Arroyo Grande and April 1st 

in Guillermo Prieto and Japuino (Figure 4B). The fruit production began in the last two weeks of March 

and ended in July with a peak in May (Figure 4C). The populations of Japuino and Arroyo Grande 

showed a peak on May 1st, while in Guillermo Prieto fruit production was rather scarce and did not 

show a clear peak. 

 

Comparing with other arborescent Stenocereus species, the reproductive stage of S. martinezii occurs 

a month later than that of S. queretaroensis (F.A.C. Webber) Buxb in Jalisco (Pimienta-Barrios and 

Nobel, 1994) and a month before S. thurberi in northern Sinaloa (Salomón-Montijo et al., 2016). The 

clinal phenological patterns of these congeneric species can be attributed to the timing of migration of 

bats that pollinate them (Flemming et al., 2001). So, S. martinezii constitutes as a food bridge for 

migratory fauna moving south to north. 

 

The production of reproductive structures was unimodal in the three populations, similar to other 

columnar cacti species (Flemming et al., 2001; Pavón and Briones, 2001: Bustamante and Búrquez, 

2008). The reproductive structure production was also asynchronous, since plants with buds, flowers 

and fruits were found simultaneously. This phenomenon has been interpreted as an ecological strategy 

to minimize the risk that an entire reproductive stage could be completely lost due to adverse biological 

conditions (pests) or physical factors (rainfall or drought), allowing the three stages reproductive parts 

to complete the entire reproductive process (Pimienta-Barrios and Nobel, 1994). Leon de la Luz and 

Domínguez-Cadena (1991) established that the asynchrony of phenological processes is a response 

of populations to unpredictable and completely random environmental conditions such as alternating 

rainfall and dry periods in arid environments. 
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Figure 4. The reproductive phenology of flower buds, flowers and fruits of Stenocereus martinezii 

during 2017 in three different localities of Sinaloa, Mexico. 

 

Physico-chemical and proximate characterization of fruits 

All measured fruit traits showed significant differences among study years (Table 1). In 2017, fruits 

had lower weight, volume, sugar content, and number of seeds per fruit, but higher pH. On average, 

S. martinezii fruits were smaller and lighter (36.4 g) than other commercially used species such as S. 

griseus (Haw) Buxb (63-290 g), S. pruinosus (Otto) Buxb (86-300 g) (Quiroz-González et al., 2018), 

S. queretaroensis (97-165 g) (Pimienta-Barrios and Nobel, 1994) and S. thurberi (76 g) (Rodríguez-

Félix et al., 2019). Hence, its harvest implies a larger effort. However, weight and volume of S. 

martinezii fruits remain relatively constant throughout the reproductive season, in contrast to these 

other species with larger fruits, in which weight and volume tend to increase towards the end of the 

season (Bustamante, 2003; Orozco, 2007). 
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Table 1. Physicochemical and proximate characterization of Stenocereus martinezii fruits collected 

from Arroyo Grande, Sinaloa in three consecutive years (2017–2019). 

Variable 
2017 2018 2019 Overall 

n = 168 n = 122 n =100 N = 390 

Weight (g) 33.14 ± 0.7b 39.70 ± 1.0a 37.96 ± 1.0a 36.43 ± 0.5 

Volume (cm3) 30.53 ± 1.2b 37.10 ± 1.2a 37.31 ± 1.0a 34.32 ± 0.7 

pH 6.24 ± 0.02a 5.67 ± 0.06b 5.77 ± 0.03b 5.94 ± 0.03 

Soluble solids (Brix) 8.19 ± 0.2b 10.6 ± 0.20a 10.4 ± 0.2a 9.47 ± 0.13 

Number of seeds 584.4 ± 14.5b 895.1 ± 23.4a 923.2 ± 28.2a 768.5 ± 14.5 

Proximate (%)     

Water 84.4 ND ND  

Protein 2.3 ND ND  

Fat 0.6 ND ND  

Ash 0.7 ND ND  

Crude fiber 1.8 ND ND  

Carbohydrates 10.2 ND ND  

Kcal/100g 55.4 ND ND  

Different superscript letters indicate significant differences between years (Tukey, P≤0.05). 

 

Stenocereus martinezii fruit pH was similar to other pitaya fruits in Mexico (5.7-6.2), with the exception 

of fruits from 2017 and S. stellatus, which has more acid values (3.3) (Quiroz-González et al., 2018). 

Stenocereus martinezii soluble solids content (8.1-10.6 Brix) was lower than those reported for S. 

montanus (12.4; reported as S. thurberi in Hinojosa-Gómez and Muy-Rangel, 2023); S. pruinosus (9.5-

10.3), S. queretaroensis (10-11) (Quiroz-González et al., 2018) and S. thurberi (12.2) (Rodríguez-Félix 

et al., 2019) which could mean a less sweet taste. The fruits from 2017 had the lowest concentration 

of soluble solids, but pH increased slightly, which compensates the sweet/acid ratio to maintain a 

similar flavor across years. Most of the other pitaya species produced fruits with different colors (white, 

yellow, red and purple) that also showed variation in its sugar contents, pH, pigments; however, S. 

martinezii nearly always produced red fruits, with sporadic white fruits. 

 

The proximate analysis in 2017 indicated that the main components aside from water content, are 

carbohydrates (10.2%), followed by proteins (2.3%) and fiber (1.8%). These values are similar to those 

reported for other pitaya fruits, where the carbohydrates values range from 8 to 11%. The protein 

content was slightly higher than the results for another Stenocereus species (1.0-1.5%) (Quiroz-

González et al., 2018), which can be caused by a larger proportion of seeds relative to pulp in S. 

martinezii; however, the concentration of this nutrient is still low and not significant for human 

consumption.  

 

Conclusions 

Stenocereus martinezii is categorized as threatened, but little information is available regarding the 

distribution and ecology of this species. Its geographic distribution is larger than was previously 

described, and now the presence in the state of Durango, Mexico is reported. It is found exclusively in 

the Sierra Madre Foothills ecoregion in Sinaloa, in tropical deciduous forest. It is clearly replaced at 

the edges of its range by the other two pitaya species of the region, S. thurberi to the west and S. 

montanus to the east. Its reproductive phenology is unimodal and occurs later than southern columnar 

https://www.jpacd.org/
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cacti and before northern populations of Sonora, making this species a food bridge for migratory fauna 

as they move northward. Its fruits are smaller than other economically important Stenocereus species, 

but its food values are similar.  

 

ETHICS STATEMENT 

Not applicable. 

 

CONSENT FOR PUBLICATION 

Not applicable. 

 

AVAILABILITY OF SUPPORTING DATA 

All data generated or analyzed during this study are included in this published article. 

 

COMPETING INTERESTS 

The authors declare that they have no competing interests. 

 

FUNDING 

This project was funded by the Programa de Fomento y Apoyo a Proyectos de Investigación 

(PROFAPI) de la Universidad Autónoma de Sinaloa (UAS), project PROFAPI2015/258 and by the 

Consejo Nacional de Humanidades Ciencia y Tecnología through the fellowship Estancias 

Posdoctorales por México 2022(3). 

 

AUTHOR CONTRIBUTIONS 

Conceptualization, B.S.M., J.F.P.L., G.M.S. and J.S.D.; B.S.M., G.M.S. and J.S.D; formal analysis, 

B.S.M., J.F.P.L., A.A.G. and C.E.R.H.; investigation, B.S.M., G.M.S. and J.S.D.; data curation, 

B.S.M., J.F.P.L., A.A.G. and C.E.R.H.; writing—original draft preparation, B.S.M. and J.F.P.L.; 

writing—review and editing, B.S.M., J.F.P.L., A.A.G., J.S.D. and C.E.R.H. 

 

ACKNOWLEDGMENTS 

We appreciate the assistance of M.F. Galaviz Aragón, M.G. Millán Otero, J. Márquez Stone and 

K.M. Vega Portillo during field sampling. 

 

References 

 

AOAC [Association of Official Analytical Chemist]. 2005. Official methods of analysis of AOAC 
international. Gaithersburg, USA: AOAC International. ISBN 0-935584-77-3 

Alvarado-Sizzo, H., Casas, A., Parra, F., Arreola-Nava, H.J., Terrazas, T. and Sánchez, C. 2018. 
Species delimitation in the Stenocereus griseus (Cactaceae) species complex reveals 
a new species, S. huastecorum. PLoS One. 13: e0190385. 
https://doi.org/10.1371/journal.pone.0190385 

Arreola-Nava, H. and Terrazas, T. 2003. Especies de Stenocereus con aréolas morenas: clave y 
descripciones. Acta Botanica Mexicana. 64: 1-18. 
https://doi.org/10.21829/abm64.2003.923  

https://www.jpacd.org/
https://doi.org/10.1371/journal.pone.0190385
https://doi.org/10.21829/abm64.2003.923


Journal of the Professional Association for Cactus Development. 2025, 27, 21-34                                                 Salomón-Montijo et al 

12 of 14 
https://www.jpacd.org Electronic ISSN: 1938-6648 

Bustamante, E. 2003. Variación espacial y temporal en la reproducción y estructura poblacional de 
Stenocereus thurberi, una cactácea columnar del matorral costero del sur de Sonora. 
Msc Thesis. Universidad Nacional Autónoma de México. 
https://ru.dgb.unam.mx/bitstream/20.500.14330/TES01000600042/3/0600042.pdf 

Bustamante, E. and Búrquez, A. 2008. Effects of plant size and weather on the flowering phenology 
of the organ pipe cactus (Stenocereus thurberi). Annals of Botany. 102: 1019-1030. 
https://doi.org/10.1093/aob/mcn194  

Casas, A., Blancas, J., Otero-Arnaiz, A., Cruse-Sanders, J., Lira, R., Avendaño, A., Parra, Guillén, S., 
Figueredo, C.J., Torres, I. and Rangel-Landa, S. 2016. Evolutionary ethnobotanical 
studies of incipient domestication of plants in Mesoamerica. In: Lira, R., Casas, A. and 
Blancas. J. (eds). Ethnobotany of Mexico. Interactions of people and plants in 
Mesoamerica. New York: Springer, 21-39. 

Coronado-García, M.A., Villegas-Espinoza, J.A., Amador-Betancourt, L.C., Rossetti-Lopez, S.R. and 
Rojas-Rodríguez, I.S. 2022. Cultural perception as a primary factor in the market for 
Red Sour Pitaya (Stenocereus gummosus) in the region of La Paz, Baja California Sur, 
Mexico. Journal of the Professional Association for Cactus Development. 24: 61-70. 
https://doi.org/10.56890/jpacd.v24i.489  

Cué-Bär, E.M., Villaseñor, J.L., Morrone, J.J. and Ibarra-Manríquez, G. 2006. Identifying priority areas 
for conservation in Mexican tropical deciduous forest based on tree species. 
Interciencia. 31: 712-719. 

DGRU [Dirección General de Repositorios Universitarios]. 2024. Portal de Datos Abiertos UNAM, 
Colecciones Universitarias. México: Universidad Nacional Autónoma de México. 
https://datosabiertos.unam.mx/ (accessed March 10, 2024). 

Enciclovida. 2024. Stenocereus martinezii. Comisión Nacional para el Conocimiento y Uso de la 
Biodiversidad. https://enciclovida.mx/ (accessed March 10, 2024). 

Fleming, T.H., Turttle, M.D. and Horner, M.A. 1996. Pollination biology and the relative importance of 
nocturnal and diurnal pollinators in three species of Sonoran Desert columnar cacti. The 
Southwestern Naturalist. 41: 257-269. https://www.jstor.org/stable/30055122  

Fleming, T.H., Sahley, C.T., Holland, J.N., Nason, J.D. and Hamrick, J.L. 2001. Sonoran desert 
columnar cacti and the evolution of generalized pollination systems. Ecological 
Monographs. 71: 511-530. https://doi.org/10.2307/3100034  

García-Cruz, L., Dueñas, M., Santos-Buelgas, C., Valle-Guadarrama, S. and Salinas-Moreno, Y. 
2017. Betalains and phenolic compounds profiling and antioxidant capacity of pitaya 
(Stenocereus spp.) fruit from two species (S. Pruinosus and S. stellatus). Food 
Chemistry. 234: 111-118. https://doi.org/10.1016/j.foodchem.2017.04.174 

Guillén-Enríquez, R.R., Zuñiga-Estrada, L., Ojeda-Barrios, D.L., Rivas-García, T., Trejo-Valencia, R., 
and Preciado-Rangel, P. 2022. Effect of nano-biofortification with iron on yield and 
bioactive compounds in cucumber. Revista mexicana de ciencias agrícolas. 
13(SPE28): 173-184. https://doi.org/10.29312/remexca.v13i28.3272  

Hinojosa-Gómez, J. and Muy-Rangel, D.M. 2023. Caracterización fisicoquímica y compuestos 
bioactivos en los frutos de pitaya (Stenocereus thurberi) de cuatro colores. TIP Revista 
Especializada en Ciencias Químico-Biológicas. 26: 1-9. 
https://doi.org/10.22201/fesz.23958723e.2023.561  

https://www.jpacd.org/
https://ru.dgb.unam.mx/bitstream/20.500.14330/TES01000600042/3/0600042.pdf
https://doi.org/10.1093/aob/mcn194
https://doi.org/10.56890/jpacd.v24i.489
https://www.jstor.org/stable/30055122
https://doi.org/10.2307/3100034
https://doi.org/10.1016/j.foodchem.2017.04.174
https://doi.org/10.29312/remexca.v13i28.3272
https://doi.org/10.22201/fesz.23958723e.2023.561


Journal of the Professional Association for Cactus Development. 2025, 27, 21-34                                                 Salomón-Montijo et al 

13 of 14 
https://www.jpacd.org Electronic ISSN: 1938-6648 

INEGI [Instituto Nacional de Estadística y Geografía]. 2021. Cuéntame de México. 
https://www.inegi.org.mx/default.html (accessed March 15, 2024). 

iNaturalist. 2024. Stenocereus martinezii. Disponible en https://www.inaturalist.org. 

León-de la Luz, J.L. and Domínguez-Cadena, R. 1991. Evaluación de la reproducción por semilla de 
la pitaya agria (Stenocereus gummosus) en Baja California Sur, México. Acta Botanica 
Mexicana. 14: 75-87. https://doi.org/10.21829/abm14.1991.615  

Orozco, U.C. 2007. El pitayo (Stenocereus thurberi) un elemento de conservación y sustentabilidad. 
Centro de Estudios Superiores del Estado de Sonora. Tesis de Licenciatura. 89 pp. 

Parra, F., Blancas, J.J. and Casas, A. 2012. Landscape management and domestication of 
Stenocereus pruinosus (Cactaceae) in the Tehuacán Valley: human guided selection 
and gene flow. Journal of Ethnobiology and Ethnomedicine. 8. 
https://doi.org/10.1186/1746-4269-8-32 

Parra, F., Casas, A., Peñaloza-Ramírez, J.M, Cortés-Palomec, A.C, Rocha-Ramírez, V. and 
González-Rodríguez, A. 2010. Evolution under domestication: ongoing artificial 
selection and divergence of wild and managed Stenocereus pruinosus (Cactaceae) 
populations in the Tehuacán Valley, Mexico. Annals of Botany. 106: 483-496. 
https://doi.org/10.1093/aob/mcq143  

Pavón, N.P. and Briones, O. 2001. Phenological patterns of nine perennial plants in an intertropical 
semi-arid Mexican scrub. Journal of Arid Environments. 49: 265-277. 
https://doi.org/10.1006/jare.2000.0786  

Pimienta-Barrios, E. and Nobel, P.S. 1994. Reproductive characteristics of pitayo (Stenocereus 
queretaroensis) and their relationships with soluble sugars and irrigation. Journal of the 
American Society of Horticultural Science. 120: 1082-1086. 
https://doi.org/10.21273/JASHS.120.6.1082  

Pío-León, J.F., Delgado-Vargas, F., León-de la Luz, J.L. and Ortega-Rubio, A. 2017. Prioritizing wild 
edible plants for potential new crops based on deciduous forest traditional knowledge 
by a rancher community. Botanical Sciences. 95: 47-59. 
https://doi.org/10.17129/botsci.772 

Pío-León, J.F., González-Elizondo, M., Vega-Aviña, R., González-Elizondo, M.S., González-Gallegos, 
J.G., Salomón-Montijo, B., Millán-Otero, M.G. and Lim-Vega, C.A. 2023. Las plantas 
vasculares endémicas del Estado de Sinaloa, México. Botanical Sciences. 101: 243-
269. https://doi.org/10.17129/botsci.3076  

POWO [Plan of the World Online] 2024. Stenocereus (A. Berger) Riccob: Royal Botanic Gardens, 

Kew. https://powo.science.kew.org/ (accessed January 20, 2024). 

Quiroz-González, B., García-Mateos, R., Corrales-García, J.J.E. and Colinas-León, M.T. 2018. Pitaya 
(Stenocereus spp.): an under-utilized fruit. Journal of the Professional Association for 
Cactus Development. 20: 20-100. https://doi.org/10.56890/jpacd.v20i.30  

Rodríguez-Félix, A., Fortiz-Hernández, J. Tortoledo-Ortiz, O. 2019. Physico-chemical characteristics, 
and bioactive compounds of red fruits of sweet pitaya (Stenocereus thurberi). Journal 
of the Professional Association for Cactus Development. 21: 87-100. 
https://doi.org/10.56890/jpacd.v21i.9 

https://www.jpacd.org/
https://www.inaturalist.org/
https://doi.org/10.21829/abm14.1991.615
https://doi.org/10.1186/1746-4269-8-32
https://doi.org/10.1093/aob/mcq143
https://doi.org/10.1006/jare.2000.0786
https://doi.org/10.21273/JASHS.120.6.1082
https://doi.org/10.17129/botsci.772
https://doi.org/10.17129/botsci.3076
https://doi.org/10.56890/jpacd.v20i.30
https://doi.org/10.56890/jpacd.v21i.9


Journal of the Professional Association for Cactus Development. 2025, 27, 21-34                                                 Salomón-Montijo et al 

14 of 14 
https://www.jpacd.org Electronic ISSN: 1938-6648 

Rondón, J. 1994. Sinopsis de las principales metodologías aplicadas a los estudios fenológicos de los 
árboles tropicales. Revista Forestal Latinoamericana. 14: 5-32. 

Rzedowski, J. 2019. Los géneros de fanerógamas que, sin ser exclusivos de México, dan carácter a 
su flora. Revista Mexicana de Biodiversidad. 90: e902946. 
https://doi.org/10.22201/ib.20078706e.2019.90.2946  

Salomón-Montijo, B., Reyes-Olivas, A. and Sánchez-soto, B.H. 2016. Fenología reproductiva de 
Stenocereus thurberi (Cactaceae) en una región de transición del norte de Sinaloa, 
México. Gayana Botanica. 73: 381-390. http://dx.doi.org/10.4067/S0717-
66432016000200381  

Salomón-Montijo, B., Rivera-Aguirre, P.Y, Rodríguez-López, Y., Flores-Almeida, H., Cárcamo-
Arechiga, R.C. and Pío-León, J.F. 2022. Sociocultural and economic significance in the 
harvest of the pitaya sahuira (Stenocereus montanus) in Sinaloa, Mexico. Journal of 
the. Professional Association for Cactus Development. 24: 149-158. 

https://doi.org/10.56890/jpacd.v24i.502  

SEMARNAT [Secretaría del Medio Ambiente y Recursos Naturales]. 2019. Norma Oficial Mexicana 
NOM-059-SEMARNAT-2010, Protección ambiental - Especies nativas de México de 
flora y fauna silvestres - Categorías de riesgo y especificaciones para su inclusión, 
exclusión o cambio - Lista de especies en riesgo. Diario Oficial de la Federación. 2da 
Sección, 30 de diciembre de 2010. 

Silvius, K.M. 1995. Avian Consumers of cardon fruits (Stenocereus griseus: Cactaceae) on Margarita 
Island, Venezuela. Biotropica. 27: 96-105. https://doi.org/10.2307/2388907  

Terrazas, T., Cházaro, M. and Arreola, H. 2013. Stenocereus martinezii. The IUCN Red List of 
Threatened Species 2013: e.T152657A662348. 
https://dx.doi.org/10.2305/IUCN.UK.2013-1.RLTS.T152657A662348.en. Accessed on 
29 October 2024. 

Vega-Aviña, R., Vega-López, I.F. and Delgado-Vargas, F. 2021. Flora nativa y naturalizada de 
Sinaloa. Culiacán, Sinaloa. Universidad Autónoma de Sinaloa. Primera edición. 243 p. 

Wiken, E., Jiménez-Nava, F. and Griffith, G. 2011. North American Terrestrial Ecoregions-Level III. 
Montreal, Canada: Commission for Environmental Cooperation. 
http://www3.cec.org/islandora/en/item/10415-north-american-terrestrial-
ecoregionslevel-iii (accessed July 17, 2021). 

https://www.jpacd.org/
https://doi.org/10.22201/ib.20078706e.2019.90.2946
http://dx.doi.org/10.4067/S0717-66432016000200381
http://dx.doi.org/10.4067/S0717-66432016000200381
https://doi.org/10.56890/jpacd.v24i.502
https://doi.org/10.2307/2388907
https://dx.doi.org/10.2305/IUCN.UK.2013-1.RLTS.T152657A662348.en

