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Abstract

In order to promote forest plantations in Mexico, the federal government has
implemented, since 1977, programs such as the Commercial Forest Planta-
tions Development Program (PRODEPLAN) and in 2000 launched the Stra-
tegic Forest Program for Mexico 2025. In spite of these initiatives, nowadays
there are new programs (The Sembrando Vida Program) recording a critical
deforestation rate of 115 thousand hectares per year and a population de-
crease of forest species which are endemics for Mexico and Central America.
The main focus of the Sembrando Vida Program is the rescue of four timber
species, although red cedar (Cedrela odorata L) and mahogany (Swietenia
macrophylla King) are the two main ones. Both species are being produced
under nurseries conditions, for future commercial plantations, in the state of
Chiapas Mexico but there is a lack of information about the best agroecologi-
cal conditions to be planted. The objective of this work was to determine the
productive potential areas for cedar and mahogany under rainfed conditions
in the state of Chiapas. The Arc/View version 3.3 software, which is a Geo-
graphic Information System developed by the American company ESRI was
used to process and analyze the information. The results indicate that under
rainfed conditions there are 81,116 hectares of high potential for cedar and
91,939 for mahogany, and 428,465 hectares of medium potential for cedar
and 629,000 for mahogany.
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1. Introduction

Red cedar (Cedrela odorata L.) and mahogany (Swietenia macrophylla King) are
two forest species considered precious and economically highly important for
the timber industry [1] [2]. The use of both species is very varied. By instance,
Mahogany is used extensively in the manufacture of furniture, in joinery, for
door and window frames, as well as panels. Less is used in arts and crafts, cof-
fins, turned items, musical instruments such as pianos, and in boat building [3].

Cedar is used for manufacturing luxury furniture’s, boards, trunks, cabinets,
turned articles, sheet metal, joinery and in the construction of boats [4] [5]; in
rural areas it is used as firewood, and shade in pastures, coffee and cocoa planta-
tions [6].

Due to their qualities, Cedar and Mahogany are timber forest species, very
important for the industry in the tropical areas of Mexico, representing the in-
come for many peasant families that depend economically on this activity [7].
However, the activity is causing indiscriminate deforestation [8]. In addition, the
industry is not only affected by the natural low population density of the species
but also by the cost of harvesting and extraction due to inaccessible terrains and
changeable climate.

It’s considered that commercial plantations can diminish the problem of jun-
gle deforestation, allowing to restore the natural tree cover and in the long term
be a profitable activity for the producers. It has been reported that wood yield
production, in commercial plantations, can be significantly higher than under
natural conditions [8]. Due to the foregoing, the reforestation programs must be
properly planned, keeping in mind, as the first action, to know how suitable the
environmental conditions are for future growing species [9].

By instance, the state of Chiapas in Mexico is characterized by having variable
landscapes with different heights of reliefs and slopes, favoring the diversity of
climates (temperature and precipitation) and types of soils (depth, texture) ap-
propriate to grow traditional and potential crops [10]. Hot-humid and sub-humid,
semi-warm and temperate climates predominate with precipitations ranging
from 700 to 4000 mm per year. All those factors have induced the genesis and
development of various types of soils such as Cambisol, Regosol, Vertisol, Lep-
tosol, Phaeozem, among others [11]; all of them with different potentials to grow
forest species.

Given the socio-economic importance of Cedar and Mahogany, it was consi-
dered important to do this work with the aim of locating and mapping the most

suitable cultivation areas under rainfed conditions.

2. Materials and Methods

The study was carried out under cabinet conditions in the Southeast Research
Center of the National Institute for Forest, Agriculture and Livestock Research

in Merida Yucatan, Mexico.
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2.1. Agroecological Requirements

Climatic conditions are basic factor to induce optimal growing of crops and so is
their spatial distribution in the world. The elements of climate are key factors
that induce the success or failure of cultivated crops [12] [13] [14] [15].

Basic agroecological information of the state of Chiapas was reviewed in order
to determine the potential areas for Cedrela odorata (L) and Swietenia macro-
phylla King under rainfed conditions. When all agroecological soil and climate
variables interacted properly, in a specific area, the zone was classified as a high
potential one whilst when variables interacted properly but with some limita-
tions the area was classified as sub-optimal one. When all factors were not prop-
erly, at all, the areas were unsuitable for both forest trees.

The agroecological requirements of cedar and mahogany were determined by
consulting the bibliography, databases and expert knowledge. In Table 1 are
shown all agroecological variables such as: soil type (texture, depth, pH, drai-
nage), average annual temperature, altitudes and slopes, among others which

were considered to regionalize the state into different potential production areas.

Table 1. Agroecological requeriments of Cedrela odorata (L) and Swietenia macrophylla King.

Cedrela odorata (L.) Swietenia macrophylla King
Variable
Unit Optimal Suboptima No suitable Optimal  Suboptimal No suitable
Average Annual . 11-22 <11 11-20 <11
C 22-33 20 - 30
Temperature 32-39 >39 30 - 38 >38
Altitud M 0 - 500 500 - 1500 >1500 0 - 500 500 - 1500 >1500
Average Annual 1000 - 1500 <1000 1500 - 2500 <1500
ot Mm 1500 - 2500 2500 - 4000
Precipitation 2500 - 4000 >4000 4000 - 6000 >6000
Acrisols Acrisol
criso
Pl 1 Cambisol
Andosols Cambisols anosols Andosols AmbIsors Planosols
. Gleysols K Regosols
i Fluvisols Regosols K Fluvisols Leptosols
Soil Type . Histosols . Kastaozems
Luvisols Leptosols K Luvisols Solonchaks
. Vertisols . Gleysols
Nitisols kastanozems Nitisols X Arenosols
Solonchaks Vertisols .
Histosols
Arenosols
Heavy Medium Very Light
Medi Cl d Medi L d Sand d
Soil Texture Type edium Light (Sandy) ( ayey). an edium (Loamy) an (Sandy) an
(Loamy) Very Light (Loamy) Heavy Heavy
(Sandy) (Clayey) (Clayey)
Soil Depth M >1 1-0.20 <0.20 >1 1-0.30 <0.30
) 55-59 <5.5 6.0 - 6.5 <6.0
Soil pH Level 6to7 6.5-7.5
7.0 - 8.0 >8.0 7.5-85 >8.5
Regular t Good t
Soil Drainage Type Good Good Deficient Good N e.lr © o0 . ©
Deficient Deficient
. 24 -25 <24 17 - 18 <18
Latitude (grades) 26 - 28 18 -23
28 -29 >29 23-24 >24
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2.2. Identification of Potential Areas for Cedrela odorata (L) and
Swetania macrophyla King

In order to process and analyze the information, Arc/View version 3.3 software
was used. This is a program developed by the American company ESRI from
which georeferenced data can be represented and the characteristics and distri-
bution patterns of these data can be analyzed and eventually reported [16].

All activity in Arc/View occurs within the project, as a set of linked docu-
ments workable during the sessions. Projects can contain five types of docu-
ments such as: views, tables, charts, layouts (or printouts) and scripts. Windows
can display names of all documents contained in Arc/View Project, organizing
and storing the status of all of them; and the appearance of Windows can be eas-
ily modified.

The Project information is stored in a file ASCII format and always with ex-
tension *. apr. The Arc/View was used as a mainly vector map generator and the
processing was performed in Arc/View 3.3 in order to carry out the intersection
process of all variables with the purpose to generate areas of high and medium
potential and unsuitable zones.

Vector maps are mainly generated through cartographic intersections between
polygons, and potential classes are described and maintained at each intersection
process. The final map provides information of all intercepted variables. These
maps are more representative than the raster models because of their accuracy
since the surface is estimated by polygonal processes (Figure 1).

Once the forest trees requirements were properly identified, the cartographic
intersections were carried out to regionalize and locate the optimal and subop-

timal areas for of Cedrela odorata (L) and Swietenia macrophylla King cultiva-

tion.
Expert Information ‘ ‘ Information Literature ‘ ‘ Basic Information
‘ Agroecological requirements of Cedrela odorata and Swietenia macrophylla ‘
/’1\\
Weather variable i :
van Digital elevation variable Soil variable
Potential areas for Potential areas for Potential areas for
weather condition topographic condition soil condition

) |

Mapping process )
Mapping process

Geographic demarcation of the production potential
of Cedrela odorata and Swietenia macrophylia

Figure 1. Methodological model used to determine the production potential.
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3. Results and Discussion

3.1. Current and Potential Surface of Cedar and Mahogany

The geographical distribution of cedar is scattered from the Atlantic to the Pa-
cific ocean; on the Gulf of Mexico it is located in the south of Tamaulipas,
southeast of San Luis Potosi, the region of the Huastecas, Veracruz, Tabasco and
the Yucatan Peninsula; in the Pacific it is distributed from Sinaloa to Chiapas
[17] [18]. While Mahogany is found in the states of Oaxaca, Veracruz, Tabasco
and in the Yucatdn Peninsula [19].

Currently, in the state of Chiapas it is reported the existence of more than 16
thousand hectares of Commercial Forest Plantations [20]. According to the re-
sults, it was determined that in rainfed areas, opened to cultivation, there are 428
thousand hectares of Medium Potential and 81 thousand hectares of High Po-
tential suitable for cedar cultivation whilst for Mahogany there are 91 thousand
hectares of High Potential and 629 thousand hectares of Medium Potential
(Figure 2).

This surface far exceeds the current reported surface; and therefore, there is a
great possibility to increase commercial plantations of Cedar and Mahogany in
high and medium potential areas. This study also confirmed that as for Cedar
there are 51 municipalities with high productive potential areas and 82 with me-
dium potential as is shown in Figure 3. The same figure shows that for Maho-
gany there are 40 and 93 municipalities with high and medium potential areas

respectively.

3.2. Distribution of Potential Zones for Cedar

Cedar (Cedrela odorata) is the second highly commercially valuable forest spe-
cies after mahogany. Although the high and medium productive potential areas
were determined to be in 51 and 82 municipalities respectively, the most out-

standing ones, because of having the largest areas, are the next to be mentioned.

hectares 629000
700000
600000
428465

500000 /
400000
300000
200000 81116 91939

0

High Medium
B Cedrela odorata Swietenia macrophylla

Figure 2. High and medium potential areas for cedar and mahogany in Chiapas, Mexico.
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Municipalities

(Number) /

100
40
80
51
60
40
20
0
High Medium
B Cedrela odorata Swietenia macrophylla

Figure 3. Number of municipalities with high and medium potential areas for Cedrela
odorata L and Swietenia macrophylla King, in the state of Chiapas.

In Figure 4 the distribution of all high and medium potential areas, through the
state, are being shown.

The outstanding municipalities with high potential areas in the North are:
Catazajd, Palenque and La Libertad. From west to east, the outstanding ones are:
Ocozocoautla de Espinosa, Tecpatan, Jiquipilas, Cintalapa, Hhuitiupan, Simojo-
vel, Pantelhd, Chenalhd, Chalchiuitdn and San Andrés Duraznal; whilst in the
south part are: Ocosingo, Maravilla Tenejapa, Las Margaritas, Amatenango de la
Frontera, La Concordia, Villa Corzo, Angel Albino Corzo, Chicomuselo, Tonals,

The Medium Potential areas were located in most of the geography of the
state, standing out municipalities such as: Jiquipilas, Cintalapa, Las Margaritas,
Amatenango de la Frontera, La Concordia, Villa Corzo, Chicomuselo, Villaf-
lores, Motozintla, Mazapa de Madero, La Grendeza, Bejucal de Ocampo, Bella
Vista, Frontera Comalapa, La Trinitaria, Chiapilla, San Lucas, Nicolas Ruiz, To-
tolapa, among others with smaller surface area.

Chiapas has adequate conditions for Cedar forest plantations in most of the
State. Its climate is warm-humid with rainfall variations [21]; the annual average
pluvial precipitation is 3087 mm. The temperature reaches a lowest 9.5°C and
during the summer it ranges from 34°C to 36°C. The land is very rugged,
mountainous, and heights ranging from sea level to four thousand five hundred

meters above sea level [22].

3.3. Distribution of Potential Zones for Mahogany

Mahogany is the most important timber species in the country's forest industry
[17] [23] [24] [25] [26] and it is among the group of precious tropical species
highly used in Mexico [19]. Regardless of the large number of productive muni-

cipalities, as in the case of Cedar, just the most outstanding ones are mentioned.
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Those with High Potential areas are: Ocozocoautla de Espinosa, Palenque, Hui-

tiupan, Simojovel and Sabanilla; however, the largest areas were classified as

Medium Potential ones, all related to the complex relief of the state and scattered

as shown in Figure 5.

Chiapas has 71.03% of its topography ranging from 0 to 1000 meters above

sea level and confined the largest Medium Potential areas mainly located in the

-94° -93° -92° -91°
. Chiapas State
h ©
Potential Areas for
Cedrela odorata L.
~ i~ Symbology
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- High potential
Medium potential
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| -
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Figure 4. Distribution of potential zones for Cedrela odorata L.
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Figure 5. Distribution of potential zones for Swietenia macrophylla King.
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4. Conclusion

The results indicate that Chiapas has suitable agroecological areas, under rainfed
conditions, to produce Cedar and Mahogany. There were found 428,465 hectares
of Medium Potential and 81,116 hectares of High Potential suitable for cedar
cultivation whilst for Mahogany were 91,939 hectares of High Potential and
629,000 hectares of Medium Potential. The surface found in this work far ex-
ceeds the current one reported and is distributed in 51 and 82 municipalities
with high and medium productive potential respectively for Cedar and 40 and

93, in the same order, for Mahogany.
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