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ABSTRACT

Objective: to determine areas with agroecological potential for Agave cupreata (Trel. & Berger) plantations in
the state of Guerrero, Mexico.

Design/Methodology/Approach: fifty-four specimens of A. cupreata were characterized. For each specimen,
phenotypical, agroclimatic and agroecological data were recorded. Information from 123 herbarium specimens
and information available in the literature were consulted. In addition, representatives of the State Council of
Mezcal in Guerrero and other companies were interviewed, in order to identify possible areas excluded in the
field. As well as in the specimens reviewed at the herbarium, which were validated with field observations.
This information was processed in ArcGIS® version 10.3.1 (Esri Inc., 1999-2015, United States), with which
a geographic information system was built and the distribution map was obtained, as well as the soil and
climate and agroecological requirements of A. cupreata in the state of Guerrero. This information allowed the
delimitation of the optimal, suboptimal and marginal areas for establishing agave plants. The validation of
the information was made through field trips to specific areas to validate the agroecological variables of the
potential areas defined in this study.

Results: areas comprising 673 084.16 ha with optimal agroecological potential, and 1 942 072.86 ha with
suboptimal potential were determined.

Limitations/Implications of the study: it is suggested to complement with studies on productivity, population
ecology, intra- and inter population genetic variability, in plantations and natural population (called in Mexico
‘magueyeras’) of A. cupreata.

Findings/Conclusions: in the state of Guerrero (Mexico), North, Central and Mountain regions were those
with the highest number of optimal areas, which coincides with the areas where mezcal (a strong and dry
alcoholic beverage distilled from the sap of Agave plants) production is concentrated.

Keywords: broad-leaf maguey, mezcal, ecological distribution analysis, geographic information system.
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INTRODUCTION

In Mexico, the high demand for agave species for mezcal production has led to the
degradation or loss of numerous Agave populations, so sustainable management is required
to avoid extinction risk (Torres et al., 2015). The broad-leaf (Ancho, Papalome or Chino)
maguey (Agave cupreata Trel. & Berger) is endemic to the Mexican states of Guerrero,
Michoacdn, and Oaxaca. The International Union for Conservation of Nature (IUCN)
has placed this species in the “endangered” category because its population rates have
decreased by 50% in the last 30 years. This situation may increase as the demand for
mezcal of this species increases (Torres-Garcia et al., 2020).

Guerrero is, by tradition, a mezcal producing Mexican state; mainly from species,
Agave angustifolia Haw and Agave cupreata Trel. et Berger (Barrientos Rivera et al., 2020).
Mexico’s Agri-Food and Fisheries Information Service-SIAP reported that Guerrero
produced 39 033.81 tons (Megagrams, Mg) of maguey, with a production value of $ 202
771 000 Mexican pesos ($ MXN) (SIAP, 2022). However, the lack of information related to
standards that define the optimal places for the establishment of these plantations, and the
environmental impacts associated with the lack of planning in crops can generate problems
of oversupply of this resource in the medium term (Lucio-Lépez, 2022).

Due to the economic and cultural importance, and commercial pressures to which wild
populations of A. cupreata are subjected, the objective of this study was to determine the
ideal sites in the state of Guerrero for establishing plantations of this species; in order to

avoid the deforestation of tropical forests in those unsuitable sites for agave establishment.

MATERIALS AND METHODS
Study, sampling and distribution area of Agave cupreata

The study area is located in southern Mexico, in the state of Guerrero, which has an
area of 63 564.87 km” (INEGI, 2022). Twenty-two field trips were made in the North and
Central regions of Guerrero between March 2021 and May 2023. A total of 54 specimens
were characterized according to the methodology of Huerta-Zavala ez al. (2019), of which
26 were deposited in the UAGC and MEXU herbariums. The analysis was complemented
with information from 123 specimens of 4. cupreata found in the collections of MEXU,
ENCB, and UAGC herbariums, whose information is available in the literature. In
addition, nine interviews were conducted with representatives of the Mezcal Council in
the state of Guerrero and with members of the companies Mezcalli del Sur, Mezcal Al
Centavo and Sanzekan Tinemi, in order to identify possible areas excluded in the field
visits and those mentioned in the herbarium reviews. This information was processed in
ArcGIS® ver. 10.3.1 (Esri Inc., 1999-2015, United States) for integrating the distribution

map of Agave cupreata in Guerrero.

Determination of potential areas

The determination of the potential areas for the cultivation of A. cupreata was first
done by obtaining information from the different field specimens described and published
in the National Commission for the Knowledge and Use of Biodiversity digital catalog
(CONABIO, 2016; 2020), coupled with the cartography of the National Institute
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of Statistics and Geography (INEGI, 2016, 2020, 2021, 2024). Then, the geospatial
information of each specimen was organized in a database with Microsoft Excel®; among
them, agronomic factors (size of the specimens, weight, cultural works for crops or those in
natural populations, the “magueyeras”); soil and climate factors (altitude, climate, rainfall,
types and texture of soils); and agroecological factors (current land use, potential use of
land and vegetation).

The database was integrated into a geographic information system (GIS) with
ArcMap© 10.8, with which 12 thematic maps were generated and the soil and climatic and
agroecological variables for this species were defined; with this, the categorization of three
types of areas was obtained (optimal, suboptimal and marginal), according to the habit
of the species (Huerta-Zavala et al., 2019) (Table 1). The maps of the areas with soil and
agroecological potential of 4. cupreata were generated with the methodology proposed by
Huerta-Zavala et al. (2019). The validation of the information was done through field visits
to the sites that the cartographic system created categorized as optimal and suboptimal, in
order to corroborate on site that these areas met the soil and climate and agroecological

requirements for the good development of A. cupreata.

RESULTS AND DISCUSSION
Through the collection of specimens, field observations, and review of herbarium
specimens, the presence of Agave cupreata was identified in 21 municipalities and 111

localities of Guerrero (Figure 1A). Table 1 presents the soil and climate and agroecological

Table 1. Soil and agroecological requirements of Agave cupreata in the state of Guerrero, Mexico.

Variable Optimal Suboptimal Marginal
Altitude (m) 1300-1800 900-<1300 y >1800-2200 <900y >2200
Slope (%) 5-15 3-<5y>15-45 0-<3y >45-90
Soil groups Leptosol, Regosol and Phaeozem Phaeozem, Luvisol and Calcisol Cambisol, Fluvisol and vertizol
Soil texture Loams, sandy loams or clay loams Clay Silty clay
pH 6.5-7.5 5.5-<6.5y >7.5-8.0 <5.5y>8
Climate Type Warm subhumid an.d Semiwarm Very warm semi-dry and Semi—. Very warm semi—d.ry, humid semi-
subhumid warm humid and temperate humid warm and humid temperate
Temperature (°C) 20-28 13-<20y >28-36 <13y >36
Annual precipitation (mm) 900-1400 700-<900 y >1400-2000 <700y >2000
Rainy days per year 80-105 55-<80y >105-130 <55y >130
é‘i;l)al evapotranspiration 700-900 600-<700y >900-1000 <600y >1000
Days with hail per year 0 1-2 >3
Frost probability <0.10 >0.10-0.15 >0.15

Land and vegetation uses

Annual, semi-permanent and
permanent seasonal agriculture;
palm grove and induced grassland;
Sv low deciduous shrub forest;

Sv oak forest weeds; Sv oak forest
shrubs.

Sv arboreal and shrubby oak-pine
forest; Sv tree of medium and low
deciduous forest; Sv arboreal oak
forest.

Sv herbaceous, shrubby and
arboreal pine-oak forest; pine;
pine-oak; Vs thorny semi-
evergreen lowland forest shrub.

Sv: Secondary vegetation.
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requirements identified for this species in the state of Guerrero. Altitude 1s one of the
main variables that defines regional climatic conditions, whose optimal range for 4.
cupreata is between 1300 and 1800 m, where warm sub-humid and semi-warm sub-
humid climates are found, with an annual rainfall between 900 and 1400 mm. The
orography present in Guerrero favors a large number of areas with soil and climatic
characteristics rated as optimal (18.20%, of the total state territory) and suboptimal
(43.37%). In addition, there are those areas where the species grows under adverse or

marginal conditions (Figure 1B).

Agroecological areas for Agave cupreata

We determined 673 084.16 ha (10.59% of the state territory) as of optimal agroecological
potential; plus 1 942 072.86 ha (30.55% of the territory) with suboptimal potential; and
other 24 019.63 ha (0.38% of the territory) with marginal potential (Figure 1C) for the
establishment of A. cupreata plantations. The North, Central and Mountain regions were
those with the highest number of optimal areas, while the North, Tierra Caliente and
Central regions ranked second, and presented areas with suboptimal characteristics.
Marginal areas were not accounted because in those sites the species does not express its
whole productive potential (Figure 1D).

When grouping the optimal and suboptimal areas, the North, Central and Tierra
Caliente regions presented the areas with the largest surface area, more than 71% of the

101°4030° 101740"30"

L [P Michoscén

1earo”
T
kit

* Biblingraphic
AMEXU Herbarium
s Herbarium present research
“Field measurement Alitude (m)

WCoptimum  1,157,033.74 ha,
Suboptimal 2,756,559.91 ha.

tan | -5
" 4 Observation in the field =2 %0 Cw o ElMarginal  111,811.75 ha. B
q 50001 - 350 s [ JRegions of Guerrero Bl

L |

Types of areas
El i ERSE I Optimum
g 700,000 Suboptimal
500,000 M Optimal and suboptimal

[l Cptimum £73,084.16 ha!
Suboptimal 1,942,072.86 ha.

520,030
400,000
302,000
200,000
100,080 I I I

Norte Centro  Tierra  Montafa  Costa Costa  Acapulco

& [l Marginal 24,019.63 ha. Caliente Grande  Chica
-] Regions of Guerrero
2 tovadge

Figure 1. Agave cupreata in Guerrero (Mexico). A: natural distribution, according to data from the authors,
complemented by Avendafio-Arrazate ¢t al. (2015); Barrientos-Rivera et al. (2020); IIlsley Granich (2008);
Lépez-Serrano et al. (2021); Martinez-Palacios et al. (2011); Sdenz-Romero et al. (2012). B: soil and climate
potential; C: agroecological potential, and D: areas defined as optimal, suboptimal and total agroecological
potential by regions. Coordinate system: GCS, geographical. Datum: WGS 1984. Units: degrees.



AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i112.2920 185

suitable areas. The municipalities with the largest optimal areas are Teloloapan (58,024.89
ha), Tlapa de Comonfort (35,883.54 ha), San Miguel Totolapan (33,196.62 ha), General
Heliodoro Castillo (30,170.43 ha) and Chilapa de Alvarez (28,917.61 ha). Those with the
largest suboptimal areas are San Miguel Totolapan (146 819.25 ha), Coyuca de Cataldn
(136 094.06 ha), Huitzuco de los Figueroa (118 580.55 ha), General Heliodoro Castillo
(104 976.08 ha) and Teloloapan (90 255.16 ha). These are also the municipalities where
mezcal production exists and thrives.

In the municipalities of Teloloapan, Tlapa de Comonfort, Heliodoro Castillo and
Chilapa de Alvarez there are areas with large natural populations of A. cupreata, since in
these sites there are optimal soil and climatic characteristics (altitude, soil types, climate
and annual rainfall). Our soil and climate results are consistent with those obtained by
other authors for this species (Martinez-Palacios et al., 2011; Avendano-Arrazate et al.,
2015; Lopez-Serrano et al., 2021). However, the optimal potential area calculated for the
North and Central regions in this research (407 857.46 ha) differs from the results obtained
by Olvera-Vargas et al. (2022) who calculated a potential area of 7800 ha for 4. cupreata in
these two regions using geomatic techniques.

Such a difference in total area may be due to the methodologies used, since these
authors used field spectral radiometry signatures for the analysis of satellite photographs;
these authors identified as potential, those areas where A. cupreata is present. On the other
hand, in this research we determined the optimal areas through the analysis of the soil
and climate and agroecological requirements of the species, which were verified in field
observations and complemented with studies by Martin ez al. (2011) and Barrientos-Rivera
et al. (2020).

In regard to suboptimal areas, several authors have mentioned that in suboptimal areas
for other agave species, there are edaphoclimatic limitations of some kind, such as water
content, nutrients, or soil texture, which can be compensated by providing irrigation,
organic or mineral fertilization (Reynoso-Santos et al., 2016; Huerta-Zavala et al., 2019).
These principles are also applicable for the establishment of A. cupreata plantations in the
suboptimal areas we determined in this study.

In determinig appropriate areas for the establishment of 4. cupreata plantations, it is
essential to care for and protect areas with native vegetation and to propose those spaces,
that have already been negatively impacted by human activities (such as eroded areas,
agricultural, livestock or with secondary vegetation), as suitable areas to implement
productive reconversion strategies such as agroforestry models with maguey (Simonit et al.,
2020; Guzman et al., 2021; Olvera-Vargas et al., 2022).

This would allow local producer families to diversify their productive areas, in which
yields of up to 75 Mg ha™' of agave could be achieved, depending on the species used
(Simonit et al., 2020). In addition to obtaining firewood and wood from various species such
as white cedar (Cupressus sp.), juniper (Juniperus sp.), oak (Quercus sp.), guaje (Leucaena sp.),
guamuchil (Phytecellobium dulce (Roxb.) Benth), mesquite (Prosopis lacvigata Humb. & Bonpl.
ex Willd.), and pine (Pinus sp.), in order to diversify and increase the economic income of
families (Simonit et al., 2020; Barrera-Cobos et al., 2023). On the other hand, the use of

other perennial and annual species contributes to improve the characteristics of the soils
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with the increase of organic matter content, nitrogen fixation, and the improvement of the

texture, porosity, bulk density and water content of the soils (Simonit et al., 2020).

CONCLUSIONS

A total of 673 084.16 ha were determined with optimal agroecological potential for the
establishment of Agave cupreata plantations, which represent 10.59% of the state territory.
This finding 1s relevant for the design of public policies related to the delimitation of specific
areas for the establishment of A. cupreata plantations under less extensive agroecological
models, which contribute to the conservation of natural areas with a different land use
vocation in the state. Likewise, other areas that safeguard the genetic and phenotypic

variability of the broad-leaf agave populations in Guerrero.

ACKNOWLEDGEMENTS
Jorge Huerta-Zavala was granted with a scholarship awarded by Mexico’s National Council of Humanities,

Sciences and Technologies (CONAHCYT) for his doctoral studies.

REFERENCES

Avendafo-Arrazate, C., Iracheta-Donjuan, L., Godinez-Aguilar, J., Lépez-Gémez, P., y Barrios-Ayala, A.
(2015). Caracterizaciéon morfolégica de Agave cupreata, especie endémica de México. Revista Internacional
de Botanica Experimental, 84(1): 148-162.

Barrera-Cobos, S., Maimone-Celorio, M., Salomé- Castaneda, E., Gonzdlez-Canchola, A., y Herrera-Pérez,
L. (2023). Andlisis de la produccién de mezcal en San Diego La Mesa Tochimiltzingo, Puebla (reserva
Sierra del Tentzo), México. Agricultura, Sociedad y Desarrollo, 20(1): 66-91. https://doi.org/https://doi.
org/10.22231/asyd. v19i4.1525

Barrientos-Rivera, G., Hernandez-Castro, E., Sampedro-Rosas, Ma. L., y Segura-Pacheco, H. R. (2020).
Conocimiento tradicional y academia: productores de maguey y mezcal de pequeiia escala en las
regiones Norte y Centro de Guerrero, México. Sociedad y Ambiente, 23, 1-28. https://doi.org/10.31840/
sya.vi23.2173

CONABIO (Comisién nacional para el conocimiento y uso de la biodiversidad). (2016). Pendiente Catalogo
de metadatos geograficos. Consultado en mayo de 2024. Disponible en: http://www.conabio.gob.mx/
informacion/gis/?vns=gis_root/edafo/edfmdsuelo/edfmsterr/pendientegw

CONABIO. (Comisién nacional para el conocimiento y uso de la biodiversidad). (2020). PH 15-30 cm
(prediccién). Consultado en mayo de 2024. Disponible en: http://www.conabio.gob.mx/informacion/
gis/?vns=gis_root/edafo/edfmdsuelo/edfmscsue/edfmscsulm/ph_30cm_pgw

Guzman, D. L., Martin, C., & Tolentino, H. (2021). Restoration of the natural habitat of the wild Agave
potatorum Zucc, in the Mixteca Region of Oaxaca, Mexico. Universidad & Ciencia, 10, 105-116.

Huerta-Zavala, J., Sabino-Lopéz, J. E., Ochoa-Miranda, R., Damidn-Nava, A., Segura-Pacheco, H.
y Hernandez-Castro, E. (2019). Areas potenciales para plantaciones de Agave angustifolia Haw
en Guerrero, México. Agroproductividad, 12, 3-9. https://doi.org/https://doi.org/10.32854/agrop.
v1219.1420

IIlsley Granich, C. (2008). Manejo campesino sustentable del maguey papalote de Chilapan. Fase II. Grupo
de Estudios Ambientales AC. Informe final SNIB-CONABIO proyecto No. ES004. México D. F.
Consultado en mayo de 2024. Disponible en: http://www.conabio.gob.mx/institucion/proyectos/
resultados/InfES004.pdf

INEGI (Instituto Nacional de Estadistica y Geografia). (2016). Cartografia conjunto de datos vectoriales
de informacién topografica escala 1:50 000 Serie III. Consultado en mayo de 2024. Disponible en:
https://www.inegi.org.mx/programas/topografia/50000/#descargas

INEGI (Instituto Nacional de Estadistica y Geografia). (2020). Climas y sus subproductos climdticos derivados.
Consultado en mayo de 2024. Disponible en: https://www.inegi.org.mx/temas/climatologia/#descargas

INEGI (Instituto Nacional de Estadistica y Geografia). (2021). Uso del suelo y vegetacién, escala 1:250 000,
serie VII (continuo nacional). Consultado en mayo de 2024. Disponible en: http://geoportal.conabio.
gob.mx/metadatos/doc/html/usv250s7gw.html



AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i112.2920 187

INEGI (Instituto Nacional de Estadistica y Geografia). (2022). Marco geoestadistico nacional. Consultado en
mayo de 2024. Disponible en: https://inegi.org.mx/temas/mg/#mapas

INEGI (Instituto Nacional de Estadistica y Geograffa). (2024). Conjunto de datos vectoriales edafolégico,
escala 1:250 000 serie II. (Continuo Nacional). Consultado en mayo de 2024. Disponible en: https://
www.inegi.org.mx/app/biblioteca/ficha.html?upc=794551131916

Lépez-Serrano, P. M., Hernandez-Ramos, A., Méndez-Gonzdlez, J., Martinez-Salvador, M., Aguirre-
Calderén, O., Vargas-Larreta, B. y J.J., C.-R. (2021). Mejores practicas de manejo y ecuaciones
alométricas de biomasa de (Agave cupreata), en el estado de Guerrero. Proyecto: 2017-4-292674.
CONAFOR-CONACY'T. México. Consultado en mayo de 2024. Disponible en: https://www.gob.mx/
cms/uploads/attachment/file/707118/Mejores_practicas_de_Agave_cupreata.pdf

Lucio-Lépez, C. F. (2022). Los destilados de agave en México: Una exploracién desde la economia ecoldgica
radical. Revibec: revista iberoamericana de economia ecologica, 35(3), 21-38.

Martin, M. P., Peters, C. M., Palmer, M. I, & Illsley, C. (2011). Effect of habitat and grazing on the regeneration
of wild Agave cupreata in Guerrero, Mexico. Forest Ecology and Management, 262(8), 1443-1451. https://
doi.org/10.1016/j.foreco.2011.06.045

Martinez-Palacios, A., Gémez-Sierra, J. M., Sdenz-Romero, C., Pérez-Nasser, N., y Sanchez-Vargas, N.
(2011). Diversidad genética de Agave cupreata Trel. & Berger. Consideraciones para su conservacion.
Revista Fitotecnia Mexicana, 34(3), 159-165.

Olvera-Vargas, L. A., Pardo-Nuiiez, J., Aguilar-Rivera, N., y Contreras-Medina, D. 1. (2022). Deteccién
de Agave angustifolia y Agave cupreata con técnicas geomdticas en Guerrero, México. Cienc. Tecnol.
Agropecuaria, 23(2), 19. https://doi.org/https://doi.org/10.21930/rcta.vol23_num2_art:2241

Reynoso-Santos, R., Lépez-Bdez, W., Léopez-Luna, A., Ruiz-Corral, J. A., Castro-Mendoza, I., Cadena-
Tiiguez, P., Valenzuela-Nufiez, L. M., y Camas-Gémez, R. (2016). Areas potenciales para el cultivo del
agave (Agave americana L.) en la Meseta Comiteca, Chiapas. Agroproductividad, 9(2), 56-61.

Saenz-Romero, C., Martinez-Palacios, A., Gémez -Sierra, J. M., Perez-Nasser, N., y Sdnchez -Vargas, N. M.
(2012). Estimacién de la disociacién de Agave cupreata a su hdbitat idéneo debido al cambio climdtico.
Revista Chapingo, Serie Ciencias Forestales y del Ambiente, 18(3), 291-301. https://doi.org/10.5154/r.
rchscfa.2011.11.078

SIAP (Servicio de Informacién Agroalimentaria y Pesquera). (2022). Anuario Estadistico de la Produccién
Agricola. 2022. Consultado en mayo de 2024. Disponible en: https://nube.siap.gob.mx/cierreagricola/

Simonit, S., Abardia Martinez, A., Garcia Contreras, G., Rios Colin, A., Morales Pacheco, R., Solano Solano,
B., Gonzalez Ortiz, M., Martinez Rodriguez, S., Arcos Canseco, M., Ramos Garcia, A., Brena Garcia,
G., Escalona Luttig, I., Garcia Lopez, J., y Lopez, R. (2020). Oportunidades de restauracién funcional
del paisaje en el Estado de Oaxaca, México. UICN ORMACC, y Gobierno del Estado de Oaxaca,
Meéxico. UICN, Oficina Regional para México, América Central y el Caribe (ORMACC) San José,
Costa Rica; y el Gobierno del Estado de Oaxaca, México. Consultado en mayo de 2024. Disponible
en: https://portals.iucn.org/library/sites/library/files/documents/2020-043-Es.pdf

Torres-Garcia, I., Garcia-Mendoza, A. J., Sandoval-Gutiérrez, D., y Casas, A. (2020). Agave cupreata, Maguey
Papalote. The IUCN Red List of Threatened Species, 3(July), 1-8. https://doi.org/10.2305/TUCN.UK.2020-
1.RLTS.T114979361A116353713.en

Torres, 1., Casas, A., Vega, E., Martinez-Ramos, M., & Delgado-Lemus, A. (2015). Population Dynamics
and Sustainable Management of Mescal Agaves in Central Mexico: Agave potatorum in the Tehuacan-
Cuicatldn Valley. Economic Botany, 69(1), 26-41. https://doi.org/10.1007/s12231-014-9295-2



	_GoBack
	_Hlk173141365
	_Hlk144571002
	_Hlk144626428
	_Hlk144982173
	_Hlk140573526
	_Hlk146133984
	_GoBack
	_Hlk146134087
	_GoBack
	_GoBack
	_Hlk166660930
	_GoBack
	_Hlk166663556
	_Hlk181834031
	_Hlk181833763
	_GoBack
	_heading=h.6n2tt57i20bk
	_heading=h.itjfba2jfy6x
	_heading=h.2dcp9q4ndu5o
	_GoBack
	_GoBack
	_Hlk165150516
	_Hlk176550177
	_GoBack
	_Hlk166597822
	_GoBack
	_GoBack
	_Hlk175825517
	_Hlk69477560
	_Hlk69647398
	_GoBack
	_Hlk168917939
	_Hlk168918334
	_Hlk168922818
	_Hlk168922906
	_Hlk182834940
	_Hlk168922961
	_Hlk167885285
	_Hlk168948634
	_GoBack
	_heading=h.30j0zll
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk179968090
	_GoBack
	_GoBack
	_Hlk181343452
	_GoBack
	_Hlk172726489

