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Abstract

Gmelina arborea Roxb. (Melina), also known as white teak, is a tropical tree
of great importance with multiple benefits. It is a timber species with renewal
capacity and accelerated growth, highly durable and high quantity and quality
pulp production, widely used in commercial programs of reforestation. In
view of a possible increase of Melina areas in the state of Tabasco Mexico, in-
formation was needed in relation with the physical environment and natural
factors in order to locate the most suitable areas under rainfed conditions. In
this way, decision makers will be provided with a basic tool to direct and
promote commercial plantations in the best suitable areas. The software
Arc/View version 3.3 was used to process and analyze the information. The
optimum agroclimatic requirements of Melina were identified and each vari-
able factor was matched with those found at ground level. A cartographic
mapping was carried out to regionalize and locate the optimal and suboptim-
al zones. It was determined that there are 191,532 ha of high potential and
542,573 ha of medium potential production areas of Melina in Tabasco, Mex-
ico under rainfed conditions.
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1. Introduction

Gmelina arborea Roxb. (Melina), also known as white teak, is a tree of great im-

portance for the tropics. The Gmelina belongs to the Plantae Kingdom, Angios-

DOI: 10.4236/as.2019.109090 Sep. 26, 2019 1206 Agricultural Sciences


https://www.scirp.org/journal/as
https://doi.org/10.4236/as.2019.109090
https://www.scirp.org/
https://doi.org/10.4236/as.2019.109090
http://creativecommons.org/licenses/by/4.0/

G. R. Jaramillo et al.

permae Division, Eudicotyledoneae Class, Asteridae Subclass, Lamiales Order
and Lamiaceae Family. This species is native to India, Bangladesh, Sri Lanka,
Myanmar, Thailand, southern China, Laos, Cambodia and Sumatra in Indonesia
[1] [2]. Its importance lies in being: 1) a promising timber species due to the ca-
pacity for renewal and accelerated growth [3] [4] [5] [6] [7], 2) highly durable
and produces a reasonable quantity and quality of pulp [8], 3) used in the man-
ufacture of pulp and paper, furniture making, pairing and veneers for plywood
[4] [5] [9] [10], 4) a forest species able to produce a rapid return on investment
compared to other forest species [8] [11], 5) widely used in intercropping sys-
tems with pastures in commercial programs of reforestation in tropical countries
for sawnwood mainly [12], 6) used as a fodder when its leaves are used as a food
supplement for goats [13], 7) It favors the capture of carbon [14].

Because of its comparative advantages, G. arborea has been included in forest
plantation programs in tropical countries such as Colombia [15], Costa Rica
[16], Venezuela [17], Brazil [18], Honduras, Ivory Coast, Panama, the Philippines
[19] and Nigeria [13].

In the particular case of Mexico, the first plantations of G. arborea were regis-
tered in 1971, as part of a project launched by the National Institute for Forestry
Research (INIF) [20]. This project focused its attention on searching for poten-
tial species to establish commercial plantations in the country. Since then, this
species has been established in different states for multiple purposes. By the year
2000, Melina plantations were grown in the states of Nayarit, Sinaloa, Tabasco
and Veracruz, and for 2004, in Colima, Chiapas, Jalisco, Michoacan, Oaxaca,
Puebla, San Luis Potosi, Tamaulipas and Yucatan [21].

Considered as a potential crop in the state of Tabasco, Mexico, many growers
requested for information related to the potential areas suitable to produce Me-
lina with the lowest risks. So, it was in the light of this idea that this work aimed
to characterize, under rainfed conditions, the physical environment and the nat-
ural factors to locate the most suitable areas for Gmelina to be grown as a com-

mercial plantation.

2. Materials and Methods

The study was carried out at the laboratory of Geographic Information Systems
(GIS) from INIFAP Southeast Regional Research Center, throughout the pro-
gram for the development of the tropics located in the city of Merida, Yucatan,
Mexico during the year 2013.

The delimitation of the production potential is based upon the search for
agroecological requirements and their respective spatial query on existing maps,
taking into account the climatic, topographic and soil variables, in addition to

their intersections.

2.1. Agro-Ecological Requirements Determination

Crops distribution is currently marginalize by climate limits worldwide, either
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by default or by an excess of the vital needs for the individuals within different
biotypes. Right from the moment the planting is performed, the plants are sub-
mitted to the climate components asynchronous variations, having those turned
into the most determinant factors for the success of any given crop [22]-[27].

The particular needs and requirements of such crops are most commonly de-
scribed in ranges, being usually reported by species or even genotype. The result
of the diagnosis shall rely on the intervals taken into account; as a result, if op-
timal values are considered, the resultant potential areas may indeed provide a
better yield and cultivation profitability.

The following criteria were considered to determine the potential areas for
Gmelina to be cultivated under rainfed conditions: Those where all of the ap-
propriate variables interacting with each other were considered as the most
suitable for an optimal development; those where the correct climatic and soil
characteristics interaction prevailed, despite some restrictions, were considered
as suboptimal; finally, those considered as inadequate for the mechanical settle-
ment of Gmelina cultivations were reported, too. Potential areas were deter-
mined taking into account only those opened for cultivation. Altitude, soil, tem-
perature and annual rainfall levels were also taken into account in addition to
climate, in order to have the optimal, suboptimal and inadequate Gmelina arbo-

rea cultivation areas defined (Table 1).

Table 1. Agroecological requirements for Gmelina arborea under rainfed conditions.

Variable Unit Optimal Suboptimal Unfit
Climate* Types Aw, Am, Af Cw, Cf Bs, Bw, Cs
Average annual . 16 - 22 <16
C 22-34
temperature 34 -40 > 40
Elevation msnm 0 - 1000 1000 - 1800 >1800
Average annual 800 - 1200 <800
. mm 1200 - 3000
precipitation 3000 - 4000 >4000
-Solonchaks
Andosols —Flood%ng Gley‘sols
X . -Flooding Vertisols
-Fluvisols -Cambisols Ph
-Phaeozems
Soil Types -Luvisols -Non-flooding Gleysols
. i i -Arenosols
-Nitisols -Non-flooding Vertisols
K -Leptosols
-Acrisols
-Regosols
-Rendzinas
Soil texture Types Medium Medium and Heavy  Light and Heavy
Soil depth m >1 1-05 >50
4.0-5.0 <4.0
Soil pH Indicator 5.0-6.0
6.0-7.5 >7.5
Drainage Types Good Good Deficient

*Types of climates: Af = Equatorial climate; Am = Monsoon climate; Aw = Tropical savanna climate; Cw
= Humid subtropical climate; Cf = Warm oceanic climate; Bw = Warm desert climate; Bs = Warm
semi-arid climate; Cs = Warm Mediterranean climate. Source: Own elaboration based on consultation of
experts and different sources of information.
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2.2. Identification or Regionalization of Potential Gmelina
arborea Cultivation Areas

The Arc/View version 3.3., software—developed by the American company
ESRI—, was the program used for data process and analysis. Geo-referenced da-
ta can be represented with it, as well as the analysis of characteristics and distri-
bution patterns for such data, looking forward to have it reported, afterwards
[28]. All of the Arc/View activity took place within the project parameters,
which were a collection of related documents controlled during the Arc/View
session.

Projects may contain as many as five different views, tables, charts, layouts (or
printouts) and scripts. The names of all of the documents contained in an
Arc/View project were displayed through the Project window; then, a project
had the status of all of these documents properly organized and stored; next, the
project decided how and where such documents were meant displayed, keeping
the document selection active and with the appearance of the application win-
dow defined, which is the same as making a quick picture of the Arc/View status
at the moment of saving it. The project information was further stored in an
ASCII format file, always with an *.Apr. Extension. Arc/View, which was mainly
a maps vector generator.

The procedure was performed in Arc/View 3.3 (Figure 1) to take the variables
intersection process into consideration in order to generate optimal, suboptimal
and unsuitable potential areas. The maps were generated through cartographic
intersections between polygons and potential classes were described and main-
tained in each process of intersection in vector processing; as a result, the final
map provided information on all of the variables that were intercepted. These

maps were more representative raster models as they were more accurate to

Expert information

‘ Information Literature

| Basic information

Agroecological requeriments of G.arborea

Weather variable Digital elevetion variable Soil variable

Potential areas for topographic
condition

Potential areas for weather
condition

Potential areas for soil
condition

Mapping process

Mapping process

Geographical demarcation of the
production potential of G.arborea

Figure 1. Methodological model used to determine the production potential.
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generate estimates of a given area, due to the fact that the maps involved in the
processes were polygonal. Crop requirements were identified, and those suitable
for the cultivation with regards to each variable that were analyzed in the study
hereby; then, the performance of the mapping features were selected intersec-

tions.

3. Results and Discussion

3.1. Potential Areas for G. arborea of Rainfed in Tabasco, Mexico

In 2013 there were reported 5251 hectares of commercial plantations of G. arbo-
reain the state of Tabasco, being scattered by municipality as follows: Balancan
3288, Huimanguillo 1050, Tenosique 683 and other municipalities 230 hectares
[29]. According to the results, it was determined that under rainfed conditions
there are 191,532 ha of high potential for Melina and 542,573 ha of medium po-
tential (Figure 2). The areas with optimal potential are mainly distributed in the
municipalities of Balancan, Huimanguillo, Tacotalpa, Teapa, Jalapa, Macuspana,
Centro, Nacajuca and Tenosique whilst for the medium-potential areas the out-
standing municipalities are: Cardenas, Comalcalco, Cunduacdn, Jalpa de Méndez,
Nacajuca, Centro, Balancan and Emiliano Zapata. The optimal and suboptimal

areas under rainfed conditions are shown in Figure 3.

3.2. Soil and Climate

The best sites for G. arborea to be established are located in those lands with
available water and nutrients [30] due to the fact that the species grows well in
deep, humid, well drained, aerated and fertile soils [31] with a slightly acidic,
neutral or alkaline pH without salts [32]. It also grows better in valleys and in
slightly sloping soils [33] since it is not adapted to medium sloping regions
where leaching of nutrients is a common process inducing little growth and

chlorotic foliage. It has been mentioned that in the valleys Gmelina presents a

542,573
600,000
500,000
400,000
(]
S
©
3
© 300,000
T 191,532
200,000
100,000 5,251
JE y__4
0
High Medium Surface in 2013

Figure 2. Potential areas for Gmelina arborea Roxb. under rainfed conditions in Tabasco,
Mexico.
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rapid growth and healthy leaves [34]. The most successful plantations in Latin
America and Asia have been established in predominantly clayey soils with a
depth of at least 60 cm [35] whilst there is a tend to fail in sandy soils.

The Soils. In Tabasco there are optimal soils for G. arborea classified as: Flu-
visols, Luvisols, Andosols and Acrisols; as well as suboptimal soils such as Cam-
bisols, Vertisols and Gleysols with slopes greater than 5% (slopes less than 5%
are considered unsuitable due to the risk of flooding). The soils considered as
unsuitable are the stony ones: Lithosols; the flooded ones, located in the low-
lands: Solonchaks, Vertisols, Gleysols, Histosols, Phaeozem and the low water
retention and poor fertility soils such as: Arenosols and Regosols (Figure 4).

The Climate. The tropical climates (A) are distinguished because their aver-
age annual temperature exceeds 18°C and their average rainfall fluctuates be-
tween 800 mm (in the Aw climate) up to 4000 mm (in the Af climate). The state
of Tabasco has three types of climates: Warm humid with abundant rains in
summer (Am), Warm humid with abundant rains through the whole year (Af)
and Warm subhumid with rains in summer (Aw,) [36] [37] [38]. The climate in
Tabasco is suitable for forest plantations including G. arborea. The municipali-
ties representing the high potential areas are: Huimanguillo, Tacotalpa, Teapa,
Jalapa, Macuspana, Centro, Nacajuca and Tenosique with Af and Am climate
types (Figure 5).

In general, the climate of Tabasco is hot humid with abundant rains in sum-
mer, with a rainfall of 1500 to 2750 mm; the rainy season is from June to March.
The average annual temperature is 27°C, the maximum average temperature is
36°C and occurs in the month of May, the average minimum temperature is

18.5°C during the month of January; there are no frosts and as for hurricanes, its
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Figure 4. Soil types in Tabasco, Mexico.
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Figure 5. Climate conditions in Tabasco, Mexico.

coastline is of medium incidence. The optimum conditions for G. arborea are
those where the annual temperature and precipitation are between 18°C - 35°C
and 1778 - 2286 mm respectively with a clear dry season and a relative humidity
not lower than 40% [31]. On the other hand, Stuhrmann et al (1994) [34] found
that, generally, G. arborea needs a dry season for better development, reaching

the highest growth rates (more than 6.5 cm per month) in humid warm climates

with abundant rains like those presented in Tabasco.
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3.3. Physiographic Provinces

The state of Tabasco is divided into two physiographic provinces: 1) toward the
North the province of the coastal plain of the South Gulf 2) toward the South the
Province of the Sierra de Chiapas and Guatemala. The latter one comprises more
than 30% of the area formed by the municipalities of Tacotalpa, Teapa and Ma-
cuspana. These municipalities have been identified in this study as Melina culti-
vation areas with optimal potential (Figure 6). Also in this province are pro-
vided with mountains not higher than 1500 meters above sea level with steepy
slopes and inter mountainous valleys that lead to the main rivers of the region.
These heights are ideal for Gmelina arborea since it is a wide ecological range
species adapted from 50 to 1300 masl [39] [40]; however, in commercial planta-
tions it grows better from 90 to 1500 masl [41] where the annual temperature
and precipitation is 18°C to 35°C and 1778 to 2286 mm, respectively, and with a
well-defined dry season [31].
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‘ State of Tabasco
% c Symbology

Physiographic provinces |

19°
19

—

. LLANURA Y PANTANOS
- TABASQUENOS
5
QR g S SIERRAS BAJAS DEL
comatios o b Uenbt” 7 [ peTEN
)., Cérdenss "/ vx,(;‘ scajugh < sl
. ™ “oyndusdim~{ 4 S5 SIERRAS DELNORTE
® S Coro % w DE CHIAPAS
p 2

{ Jonuta
T} Macumens
%~ Jolapa ¢
=N <

Ly
eaw\ .

\Ta

Municipai division

SADER

i " )
-
J CONAFOR

17
17"

-94° 93 -92° 91
Graphic scale
0 35 70 140 210 280

Figure 6. Physiographic provinces in Tabasco, Mexico.

Tabasco, in general, has a flat relief with a maximum elevation of 900 meters
above sea level; the slopes vary up to a maximum of 5% and as a whole present

adequate conditions for G. arborea growing.

4. Conclusion

The type of soil, precipitation and altitude are determining factors to define op-
timal and suboptimal potential areas for Melina. Tabasco has optimal agrocli-
matic conditions for commercial plantations. The high potential areas far exceed
the current areas planted in the state. Huimanguillo, Tacotalpa, Teapa, Jalapa,

Macuspana, Centro, Nacajuca and Tenosique are the municipalities with the best
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conditions for commercial plantations.
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