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ABSTRACT

The pinyon pine (Pinus cembroides) is a Mexican endemic tree with potential use for reforesting cities,
gardens and roadside medians due to its phenological characteristics. The objective of this research and
review is to describe the general characteristics of pinyon pine trees in order to recognize their advantages
when planted in urban areas. The information was obtained in orchards in situ and in the bibliographic
search of databases. In the results, we found that the pinyon pine tree is an alternative for reforesting small,
sunny spaces, it is green all the time with a growth of approximately 25 cm per year in its first years of life
and has low water requirements. At 25 years of age it can reach 10 m in height, with a crown of 6 m in
diameter, but it can be planted on the sidewalk and after 15 years of age it produces fruit. It concludes that
the slow growth of the tree combined with its ecophysiological characteristics requires little maintenance
and makes it attractive for use in cities, sidewalks and gardens.

Keywords: urban trees, pinyon pine, pinyon characteristics, slow growth

RESUMEN

El pino pifionero (Pinus cembroides) es un arbol endémico mexicano con uso potencial para reforestar
ciudades, jardines y camellones carreteros debido a sus caracteristicas fenolégicas. El objetivo de la
investigacién y revisién es describir las generalidades de los arboles pifioneros para reconocer sus ventajas
al sembrarlos en zonas urbanas. La informacion se obtuvo en huertas in situ y en la busqueda bibliogréafica
de bases de datos. En los resultados encontramos que el arbol pifionero es una alternativa para reforestar
espacios reducidos, soleados, es verde todo el tiempo con un crecimiento aproximado a 25 cm anuales
sus primeros afios de vida y tiene bajos requerimientos de agua. A los 25 afios puede llegar a medir 10 m
de altura, con una copa de 6 m de diametro, pero se puede plantar en la banqueta y a partir de los 15 afios
produce frutos. Concluimos que el lento crecimiento del arbol combinado con sus caracteristicas
ecofisiolégicas requiere poco mantenimiento y lo hace atractivo para usarse en ciudades, camellones y
jardines.

Palabras clave: arbolado urbano, pino pifionero, caracteristicas del pifién, crecimiento lento.
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INTRODUCTION

The total area of forests on the planet comprises 4,060 million hectares, corresponding to
31% of the world's surface; 45% of this amount is concentrated in the tropics and the rest
is found in the boreal, temperate and subtropical regions (FAO, 2020). Regarding the
plantation of forest hectares worldwide, 187 million hectares are cultivated, representing
4.8% of the total. According to FAO (2020), Mexico ranked third worldwide with forest
areas designated to conserve biodiversity with 28,049 thousand hectares. However, a
significant negative annual change in primary forest area was reported with approximately
250 thousand hectares per year.

Mexico has 40% of the species of the genus Pinus, known in the world due to the
glaciations of the past; therefore, the Mexican territory served as a refuge for the Nearctic
flora. Within this diversity, pinyon pines were concentrated in the Mexican highlands, but
with subsequent climatic modifications there was greater competition between species;
thus the distribution of pinyon pines was restricted to the foothills (Granados et al., 2015).

Pinyon pine (Pinus cembroides) is a species native to Mexico, distributed in 19 states;
with higher incidence in: Chihuahua, Durando, Coahuila, Nuevo Leon, Tamaulipas,
Veracruz, San Luis Potosi, Aguascalientes, Querétaro, Hidalgo, Zacatecas and
Guanajuato; it grows in places with precipitation of 350 to 700 mm; in addition, this species
is considered a priority for the National Commission for the Knowledge and Use of
Biodiversity (Figure 1. A and B) (Constante et al., 2009; Garcia-Aranda et al., 2018;
Fuentes-Amaro et al., 2019).

In Guanajuato state it is naturally distributed in the north in Sierras de Jacales, San Pedro,
Santa Barbara y del Cubo, in Cuchilla, Aguila and Zamorano hills (Ozuna et al., 2016;
Fuentes-Amaro et al., 2019). As noted by Gutiérrez-Garcia et al. (2015) altitude may be
a limiting factor for the distribution of the species, because it prefers altitudes higher than
1,350 m a.s.l; but specimens can be found up to 2,800 m a.s.l. P. cembroides inhabits
semiarid zones in Mexico and because of its ecological relevance it is considered for use
in reforestations, ecological restoration projects and even in urban tree plantations; it is
also mentioned that due to the constant loss of surface area, tree species have been
sought to recover degraded soil surfaces and these authors made a list of useful species
including P. cembroides (Figure 1. C and D). In addition, Constante et al. (2009) state that
pinyon trees withstand long periods of drought, in their dendrological studies recorded in
their research from 1784 to the year prior to their publication.
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Figure 1. A and B. Twelve-year-old pinyon trees, 5 m tall, planted at 2,500 m a.s.l. in Ayapango. C
and D. 20-year-old trees in a small pinyon orchard in San Cristobal Poxtla, Ayapango, State of
Mexico, Mexico

Currently there are potential spaces in cities and public gardens for planting trees, with
the objective of enriching the architecture of the environment. An alternative proposed is
the use of P. cembroides, because of its slow growth, low maintenance cost and
ecophysiological characteristics; it can be an alternative for urban tree planting. Therefore,
the objective of the research is to describe the stone pine as an alternative to improve the
landscape of cities and gardens, reducing maintenance costs and water consumption.

SIZE AND LONGEVITY

The pinyon pine is a tree that remains green all year round and can reach 5 m in height
at 20 years of age and 8 to 10 m at 25 years of age. National Center for Disciplinary
Research in Conservation and Improvement of Forest Ecosystems (Centro Nacional de
Investigacion Disciplinaria en Conservacion y Mejoramiento de Ecosistemas Forestales)
mentions that the tree can reach 15 m in height, but does not indicate the age and there
are no field records (Flores et al., 2011). The diameter at 20 years of age is 65 + 8 cm
(Figure 1. C and D). In Chihuahua and Durango states, trees have been found that are
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approximately 300 years old; it is considered a slow-growing species that hardly exceeds
25 cm in the first years of life, which becomes a great advantage for reduced spaces.
Alva-Rodriguez et al. (2020) state that drought influences the growth of P. cembroides;
good irrigation (38-45% humidity) generated trees with 20.58 cm in height with 5.89 cm in
diameter and trees that suffered drought (30-36% humidity) presented 13.86 cm in height
with 3.26 cm in diameter.

Gonzéalez-Avalos et al. (2006) report that 15-year-old trees presented an average of 3
cones, at 16 years of age 9 cones and at 16 years of age up to 17 cones; however, it is
mentioned that within a plantation there is the possibility of having early trees that can be
selected for early production of pine nuts; it is also emphasized that cone production
depends on environmental conditions.

HABITAT

The pinyon tree grows on mountain slopes, hillsides, hills with dry and rocky slopes, as
well as preferring semi-warm dry climates (BSoh) and the least dry of the dry climates (BS1
kw), temperate with warm summer (BS:h) and in the driest of the sub-humid climates
(Cwo). The most interesting thing about Pinus cembroides is its drought tolerance, it
withstands up to eight months; it grows in poor, dry, stony, limestone and calcareous, but
well-drained soils; it tolerates soils with acid or basic pH (Constante et al., 2009; Granados
et al., 2015). It adapts to soils with a pH of 4 to 8, to climates with temperatures ranging
from 7 to 30°C with an annual average of 18°C, minimum temperatures of -7°C and
maximum temperatures of 42°C. Within natural environments the pinyon tree is abundant
in the arboreal stratum and can host a good number of plant and non-plant species
(Chavoya et al., 2016). Constante et al. (2009), report that the pinyon tree withstands
droughts of great magnitude reported in central and northern Mexico.

Garcia-Arana et al. (2018) conducted a study on the potential distribution of the three
pinyon tree species with the 22 bioclimatic variables for modeling; their results showed
that P. cembroides adapts to environments with temperatures from 17 to 20°C and
precipitation between 200 and 400 mm annually (bioclimatic variable 5: maximum
temperature of the hottest month and bioclimatic variable 9: maximum temperature of the
driest quarter). According to data reported by CONAGUA (2020), the rainfall in 11 states
of the country and their average annual temperature in the 11 states indicated, have the
ideal general characteristics for growing stone pine with good chances of success (Table
1).

USES

The main use of this species is food, due to the pine nut consumption, which generates
economic income (Garcia-Arana et al., 2018; Ozuna et al., 2016). On the other hand, it is
a suitable species for reforesting eroded arid areas; likewise, it is a recommended tree for
decorating parks, gardens, sports fields and medians; it can even be used as a Christmas
tree (Figure 2). Its limited annual height increase is an advantage when planted in cities,
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as it avoids periodic maintenance pruning, and its low water requirements give it the
rusticity to increase survival over the years.

Table 1. Average annual precipitation (mm) and temperature (C°) of Mexican entities that can grow
Pinus cembroides

Municipality Precipitation Temperature
Aguascalientes 498.1 18.1
Coahuila 227.2 22.3
Chihuahua 260.8 19.2
Ciudad de México 469.7 18.3
Durando 390.4 18.6
Guanajuato 475.5 195
Hidalgo 501.5 19.3
Querétaro 407.0 20.5
San Luis Potosi 446.3 24.4
Sonora 343.0 234
Zacatecas 406.3 18.3

(CONAGUA, 2020)

Its wood is not of high quality and is used for forestry, but it can mitigate the impact of CO>
in cities (Pompa-Garcia & Yerena-Yamalliel, 2014); in this sense, Ozuna et al. (2016)
point out that due to the limited use of wood, the pifion forests are well conserved. Alvarez
et al. (2009) mention that Christmas trees include the following species: Abies religiosa,
Pseudotzuga menziesii, Picea sp., Cupresus lindleyii, P. ayacahuite, P. greggi and P.
cembroides.

SEED

The green seeds in trees are integrated in pine cones of different sizes, which can range
from a couple of pine cones up to 30 units, they can be found alone or in groups of three
to five pine cones (Figure 3. A, B, C and D). For an adequate selection and harvesting of
seeds, they should be obtained at the time when they begin to open in October for the
Mexican highlands. These pine cones are collected manually and placed in the shade
until they are dry for opening and release of the pine nuts (Figure 3. E and F).
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Figure 2. A and B. pinyon trees approximately 12 years old, 3 m high at 1,760 m a.s.l. planted in Av.
México Japon. C and D. Eje Norponiente Avenue, Celaya, Guanajuato, Mexico.

The fruit of the pinyon pine comes from the female cones known as pine cones, and it is
valued for its flavor and nutritional properties. It is used as an ingredient in sweets,
desserts and salads; it has 31% protein, antioxidant compounds, fatty acids, vitamin B1,
potassium and phosphorus (Flores et al., 2011; Ozuna et al., 2016). Internationally it is
marketed as a dried fruit, the most expensive in the world; for such reason it has earned
the over name of the Diamond of dried fruits in countries such as Chile, Spain, Turkey or
Portugal.

The seed is oval of variable size and the amount that an unselected kg can contain can
range from 3,110 to 5,000 seeds (Flores et al., 2011). For their part Gonzélez-Avalos et
al. (2006) report that as the years of life of trees increase the tendency is an increase in
the amount of seeds; in this report they point out that after 5 years the number of seeds
per cone can increase up to 8; the kg of large seed can have 1,500 units, but they can be
grouped into four types of seed according to their length of: 14.44,13.49, 12.63 and 12.11
millimeters (Figure 3).
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Figure 3. Green seeds in the trees are integrated in pine cones of different sizes, which can range
from a couple of pine cones to about 30 units, as shown in image A, B, C and D. E and F. Pine
cones collected under shade to dry for opening.
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URBAN TREES
Urban woodland encompasses all vegetation found within cities, this space is constituted
by green belts, parks, trees on sidewalks, cemeteries and urban forests; although rivers
and lakes found within or near an urban area are also considered (Gomez-Baggethunam
& Bartonc, 2013; Leal et al., 2018).

Among the benefits of urban trees are the generation of ecosystem services, such as
shade by intercepting solar radiation, soil retention, rainwater interception, air filtration and
suspended particle sinks, which support the reduction of climate change. In terms of
economic benefits, they increase the value of real estate, amortize noise, and enhance
buildings and monuments.

In addition, trees conserve biodiversity because they harbor insects, plants, and
microorganisms; they also provide aesthetic benefit due to the shapes, colors, and
distribution of the vegetation cover; it should be mentioned that the services of evergreen
trees are better compared to deciduous trees Ponce & Piedrahita, 2009). Endreny, (2018)
reported that several megacities, including Mexico City, produced benefits from the
presence of urban trees of 505 million to 7.9 billion pesos for storing carbon emissions.

In the selection of urban trees, maintenance, loss estimation, life expectancy, aesthetic
value, location, shape, cost, depreciation and quantification of municipal expenses must
be considered. The valuation of trees applies to individual species or groups, but not to
forest crops (Ponce & Piedrihita, 2009). Currently, there are formulas to quantify the cost
of trees; however, they are based on the initial value of the tree, annual maintenance,
age, annual interest rate, trunk area, location, among other variables (Ponce-Donoso et
al., 2013). On the other hand, costs have been quantified for environmental services, such
as air purification, urban cooling and climate regulation (Gémez-Baggethunam & Bartonc,
2013).

In the case of urban tree maintenance, it is an activity that should not be left aside; in the
case of the stone pine, it requires little maintenance, because it is a pruning species due
to its slow growth characteristic of the species, together with the environmental conditions,
especially the amount of water, which can be a limiting factor for its good establishment
(Gomez-Baggethun & Barton 2013; Lopez & Benavides, 2014). For this reason, the use
of species that can adapt to the conditions of the site is an important element in the
selection.

In order to reforest urban spaces, the selection of the tree species must be taken into
account, which can lead to a loss of trees due to unsuitable conditions such as
temperature, insolation, precipitation, atmospheric pollution and even the physical space
available. Pinyon pine has been used in preliminary reforestation programs due to its
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genetic and environmental plasticity; this makes it an attractive species for use in
degraded areas. Rios et al. (2008) carried out a study in which measurements were taken
on P. cembroides, P. nelsonii and P. pinceana at the age of 19 years. Their results showed
that the trees had a height of 3.5-5.0 m and a basal diameter of 6-7 cm; this record
indicates the slow growth of the pinyon tree and because of this characteristic it can be
used in places with the aforementioned climates, ensuring its establishment and survival.

The longevity of the pinyon pine has been demonstrated by dendrological studies, they
are long-lived trees that can reach 400 years, they occupy different climatic conditions
and these trees have been found in Coahuila, Durango, Tlaxcala, Nuevo Leén and
Guanajuato (Villanueva et al., 2010; Herrera-Soto et al., 2018). There is information
regarding the use of urban trees in Mexico, but the information is scattered and depending
on the area of the country are the recommendations generated; for example, according
to the book of "Wild Plants in the Urban Landscape of Ledn Municipality,
Guanajuato".(Plantas Silvestres en el Paisaje Urbano del Municipio de Leodn,
Guanajuato), they point out a classification of trees based on their height where P.
cembroides is found within the 32 species distributed in 16 botanical families for tall trees
(Elizondo et al., 2018). These authors point out that the tree can be developed in planter
or landscaping, in reduced space such as bicycle path, median or pedestrian paths
(Terrones et al., 2014).

CONCLUSIONS

The Mexican pinyon is a suitable tree for reforesting urban areas, because it remains
green all year round, is slow growing and needs little water. It can be planted in limited
and sunny spaces in cities, gardens, or sidewalks, due to the limited maintenance
required; it can establish in various types of soils as it withstands pH conditions. This tree
generates green spaces tolerant to semi-desert conditions and thus: protects the soil,
generates a microclimate, reduces noise, increases the value of the areas where it is
located and generates recreational spaces for the population.
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