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ABSTRACT

The aim of this study was to perform the edaphic-climatic zoning of six eucalyptus species
(E. camaldulensis, C. citriodora, E. cloeziana, E. grandis, E. saligna, and E. urophylla) in the state
of Rio de Janeiro (R]). The edaphic-climatic zoning was determined by overlayer of thermal
and water (water deficit [DEF] and rainfall), type of soils (pedology), and relief (altitude)
suitability maps. Suitability maps were obtained using Geographic Resources Analysis Support
System (GRASS-GIS). The species studied showed potential for cultivation in the entire RJ due
to different tolerances and requirements to the environmental conditions. The exception was
the E. saligna, which proved to be unsuitable for the entire state, while C. citriodora showed the
greatest suitability. Among edaphic-climatic factors analyzed, air temperature and DEF were the
most important limiting factor for the suitability of species.
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1. INTRODUCTION

In Brazil, the forest sector is responsible for
approximately 5.5% of the Gross Domestic Product
- GDP. In 2014, the GDP of the Brazilian sector of
planted trees increased by 1.7%. In the same year,
the sector accounted for about R$ 10.23 billion in
federal, state, and local taxes, which accounted for
0.8% of the national revenue. The planted forest
sector also accounted for generating 4.23 million
direct and indirect jobs and those resulting from the
income effect (IBA, 2015). However, the potential of
the forest sector in the country is still underused in
some regions. In the state of Rio de Janeiro (R]), for
example, the reforested area is only 18,427 ha, which
corresponds to 0.42% of the total area of the state and
less than 0.1% of the area covered with planted forests
in the country (Paula et al., 2012). Timber production
in this area does not meet the domestic demand of RJ,
which makes it a large importer of wood for different
purposes of the economic sector (Amorim et al., 2012).

Eucalyptus started being intensively cultivated in
Brazil in the 1950s, particularly by government tax
incentives, to meet the demand for wood required at
the beginning of the country’s industrialization process.
Since it was established, eucalyptus became a reference
in studies and in genetic improvement programs due
to its fast growth, tolerance, and multiple uses of wood
(Tolfo et al., 2005). The species of the genus are used
for production of railway sleepers, plates, panels, coal,
pulp, paper, energy, extraction of essential oils, fence
posts, poles, civil construction, and, recently, in the
fine furniture industry (Wilcken et al., 2008).

Among the tree species planted in Brazil and in
RJ, species of the genus Eucalyptus sp. stand out (IBA,
2015). Brazil has 7.74 million ha planted with eucalyptus,
pine, and other species, but 71.9% of planted forests
correspond to eucalyptus plantations. In 2014, the
area cultivated with eucalyptus totaled 5.56 million
hectares. The largest eucalyptus producers are the
states of Minas Gerais (MG) (25.2%), Sao Paulo (SP)
(17.6%), and Mato Grosso do Sul (MS) (14.5%) (IBA,
2015). In RJ, eucalyptus plantations comprise 97.9% of
reforested areas, with 18,039 ha (Amorim et al. 2012).

Species Eucalyptus camaldulensis Dehnh, Corymbia
citriodora Hook, Eucalyptus cloeziana F. Muell, Eucalyptus
grandis Hill ex Maiden, Eucalyptus saligna Smith, and

Eucalyptus urophila S.T. Blake are the most widely grown
in RJ (Amorim et al., 2012). These species have different
climate and soil requirements that represent most types
of climates and soils in RJ. Species E. camaldulensis,
C. citriodora, E. urophylla, and Eucalyptus cloeziana
are commonly used in reforestation programs aimed
at coal production.

C. citriodora is the main raw material used for
essential oil extraction in Brazil, which is one of
the largest producers of essential oils in the world.
Timber from C. citriodora can be used mainly in the
production of posts, fence posts, and wood (Vitti &
Brito, 1999). C. citriodora is the most cultivated species
in SP and MG for essential oil extraction, energy, and
civil construction (Silva et al., 2009). Timber from
C. citriodora is rot-resistant, has good planing, sanding,
drilling, and finishing features, and may be suitable for
plantations targeting multiple uses, such as buildings,
structures, boxes, poles, railway sleepers, fence posts,
firewood, and coal (Calil-Junior & Dias, 1997). Its leaves
are also used in perfume, pharmaceutical, chemical, and
therapeutic industries and others (Vitti & Brito, 1999).

E. saligna, when obtained from non-managed
plantations, is reccommended for general use, preferably
for energy purposes. However, when properly handled,
this species is used for fiber-based structures and panels.
Regarding species E. cloeziana, the characteristic shape
of shaft stands out, which ensures the production of
logs with high use in the mechanical processing, and
due to its high density and natural durability, it is
widely used in rural and urban areas to meet needs of
civil construction, production of stanchions, rafters,
posts, and charcoal (Gongalez et al., 2006). E. grandis
is the most cultivated species in Brazil, has physical
and mechanical properties of wood considered optimal
for use in civil construction, great versatility, beauty
and natural color, with good acceptance also in the
furniture industry. The wood has light density, is easy
to work, has light reddish brown color, fine texture and
right grain (Lima & Garcia, 2011). Thus, E. grandis
may be recommended to replace native forest species.
Currently, it also stands out as the main source of raw
material for pulp and paper.

Forest crops are directly dependent on environmental
factors, such as rainfall, air and soil temperature,
humidity, solar radiation and wind (Pereira et al., 2002),
relief features, and types of soils (Mafra et al., 2008).
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These factors, associated with the type of forest site,
influence growth in diameter, height, and volume of
trees, interfering with the definition of the species to
be grown in a given region. For the survival phase
of the seedling in the field, as well as for growth and
yield, stress due to lack or excess of water is a limiting
factor for plant growth and yield (Souza et al., 2006).
Forest species managed in appropriate environmental
conditions result in excellent growth (Lima & Garcia,
2011). Thus, knowledge of the soil conditions, relief,
and bioclimatic needs (climate conditions necessary
for the occurrence of the living organism in a given
place) of species support the decision-making in the
forest area, and allow greater physical and economic
success development of forest crops, regardless of
their purpose.

The expansion of areas with planted forests,
particularly in regions with large urban centers, such
as SP and RJ, should be made in order to allow better
use of physical space and minimize environmental
impacts (Francelino et al., 2012). In this context,
edaphic-climatic zoning consists in evaluating the main
climatic and soil factors that influence the establishment,
growth, and maximum crop yield. Thus, zoning aims
at obtaining a diagnosis on the suitability of a given

environment for potential cultivation of the species
and support its management.

The aim of this study was to develop the edaphic-climatic
zoning of six eucalyptus species (E. camaldulensis,

C. citriodora, E. cloeziiniana, E. grandis, E. saligna,
and E. urophila) in R].

2. MATERIALS AND METHODS

The study area included RJ, located in the eastern
portion of southeastern Brazil, between latitudes 20°45°54”
and 23°21°57” S and longitudes 40°57°59” and 44°53°18”
W. The state is divided into eight administrative regions
(Northern, Metropolitan, Northeastern, Lowlands,
Mountainous, Mid-southern, Middle Paraiba, and
Green Coast). The state boundaries are at north with
the state of Espirito Santo (ES), southeast with the
Atlantic Ocean, north and northwest with MG, and
southwest with SP (Figure 1).

The edaphic-climatic zoning was carried out for
six eucalyptus species (E. camaldulensis, C. citriodora,
E. cloeziana, E. grandis, E. saligna, and E. urophylla)
described in the reforestation manual of R] (Golfari,
1980). The species have distinct climatic and soil
requirements, which include a variety of climates and
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Figure 1. Geopolitical division of regions of the state of Rio de Janeiro (a), Brazil (b), and distribution of rainfall
and/or weather stations (rainfall and/or air temperature) considered in zoning.
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topography and soil characteristics, and may have
potential for reforestation in R]. The soil, climate, and
altitude requirements of species are presented in Table 1.

Annual and monthly climate series of rainfall and
air temperature of weather and/or precipitation stations
located in RJ and regions bordering SP, MG, and ES were
used in the analysis of climate suitability of eucalyptus
species. Monthly and annual series were determined
from the daily series of these climatic elements obtained
from the database of the Brazilian National Water
Agency (Agéncia Nacional de Aguas - ANA) with the
aid of the HIDROWEB system (http://hidroweb.ana.gov.
br), in the Brazilian National Institute of Meteorology
(Instituto Nacional de Meteorologia - INMET) and/or
Meteorological Network of the Brazilian Aeronautical
Command (Rede de Meteorologia do Comando da
Aeronattica - REDEMET). Only stations with series
higher than or equal to 20 years for rainfall and 15 years
for air temperature were selected. In both cases, series
between 1960-2010 period.

From the daily series, the accumulated monthly
and annual rainfall was determined and, regarding air

temperature, the monthly and annual averages were
obtained. The monthly series of climatic elements
were submitted to the data quality control based
on recommendations of the World Meteorological
Organization (WMO). In the case of accumulated
monthly and annual rainfall, after quality control,
the filling of gaps of monthly data was performed.
In the filling of gaps, linear regression method was
used (Lyra et al., 2017).

A multiple linear regression model (Equation 1) was
fitted to monthly and annual series of air temperature
(dependent variable) as a function of latitude, longitude,
and altitude (independent variables) (Lyra et al., 2011):

Tai = Bo+ Bidh +BoA +BsZ; + & (1)

where T (°C) is the monthly or annual air temperature
(dependent variable) and the independent variables ¢
is the latitude (degrees), A is the longitude (degrees), Z
(m) is the altitude, and ¢, is the random error assumed
as independent and with normal distribution of the
average and constant variance. The term i denote the
i-th weather station.

Table 1. Edaphic-climatic requirements of eucalyptus species selected for zoning based on altitude (m), air
temperature (T ), rainfall, water deficit (DEF) and type of soil.

Sl Altitude T, Rainfall
(m) (°C) (mm)
E. camaldulensis 0-300 20-24 800-1,200
C. citriodora 0-800 18-24 800-1,600
E. cloeziana 0-800 18-24 1,000-2,600
E. saligml 0-800 13-18 1,500-2,400
E. urophylla 0-800 18-24 1,000-2,600
E. grandis 0-2,000 13-24 1,000-2,600

DEF Soil
(mm)
Latosols, Histosols, Gleysols, Acrisols,

10-300 Regosols, Tertiary, and Alluvial Latosols

Latosols, Histosols, Gleysolos, Acrisols,
Regosols, Latosols and Acrisols associated

(soils with argillic horizon and high base
saturation), tertiary, and alluvial Latosols

10-300

Latosols, Histosols, Gleysols, Acrisols And
Regosols associated, Latosols and Acrisols
associated (soils with argillic horizon and
high base saturation), Fluvisol, Leptosols
and Latosols associated, Gleysols, and
Acrisols associated

0-60

Leptosols e Latosols associated, Regosols
and Latosols associated

Latosols, Histosols, Gleysols, Acrisols,
Regosols, Latosols and Acrisols associ-
ated, (soils with argillic horizon and high
base saturation), Fluvisols, Leptosols and
Latosols associated, Acrisols, and tertiary
Latosols

0-100

Latosols, Histosols, Gleysols, Acrisols and
Regosols associated, Latosols and Acrisols
associated (soils with argillic horizon and
high base saturation), Fluvisols, Leptosols
and Latosols associated

0-60

Source: Adapted from Golfari (1980).
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From the fitted coeflicients, the regression model
(Equation 1) was used to estimate the monthly air
temperature in geographic coordinates (latitude and
longitude) and altitude of weather or precipitation
stations with rainfall series only. The monthly air
temperature and rainfall were used to calculate the
water balance (WB) and the water deficit (DEF) for
eucalyptus in every station. The method used to calculate
WB was the method of Thornthwaite & Mather (1955)
implemented in Excel spreadsheet by Rolim et al. (1998).
The available water capacity value (AWC = AW x Z)
in the soil was estimated for soil characteristics where
each station was located. For this, the soil available
water map (AW, mm/m) was considered, which was
prepared by the Food and Agriculture Organization
(FAO, 2007), and an effective depth of the root system
(Z, m) for forest species of 1.5 m (Pereira et al., 2002).

Spatial interpolation of annual rainfall and DEF
was performed, which was obtained by the WB
for the eucalyptus species for R] by the regularized
spline tension method using the software Geographic
Resources Analysis Support System (GRASS-GIS)
(Lyra et al., 2017). In the interpolation, the region
between latitudes 20°45°54” and 23°21°57”S and
longitudes 40°57°59” and 44°53°18” W was considered,
with spatial resolution of 90 m.

The spatial interpolation of the annual air temperature
using multiple linear regression, the coefficients
previously fitted, was resolved in a regular grid with
geographical coordinates and based on the altitude map
(Lyraetal., 2011). The altitude was represented by the
Digital Elevation Model (DEM) in the raster format
developed by the Shuttle Radar Topography Mission
- SRTM (USGS, 2013) project. For the numerical
resolution of the air temperature regression in the same
area and resolution considered in the rainfall and DEF
interpolation, the map calculator module (r.mapcalc)
of the GRASS-GIS and the DEM SRTM were used.

For altitude variable, the classification of eucalyptus
species was based on DEM SRTM with spatial resolution
0f 90 m. The DEM SRTM used in this study was treated
by Empresa Brasileira de Pesquisa Agropecudria —
Embrapa researchers to eliminate flaws, shadows, and
distortions (Brubacher et al., 2012).

Soil analyses were based on pedological survey
available with the third edition of the Brazilian System
of Soil Classification (Sistema Brasileiro de Classificagio

de Solos - SiBCS), coordinated by Embrapa (EMBRAPA,
2013). In addition to classes reactive to type of soil,
the map had some classes of soil use and occupation
(e.g., urban area, water body, and rocky outcrops).
The map in vector format has been transformed into
raster format with resolution of 90 m for the analyses,
maintaining the original classes of vector soil polygons.

To obtain the water fitness of eucalyptus species
assessed, the annual precipitation and DEF maps were
imported into SIG GRASS, being reclassified (reclass
module) into suitable (1) or unsuitable (0), based on
the water needs of species proposed by Golfari (1980)
and shown in Table 1. The air temperature map has
also been reclassified into suitable (1) or unsuitable
(0), according to the thermal requirements of each
species to obtain the thermal fitness map.

To generate the relief and soil suitability maps, the
maps with elevation and soil classes were reclassified
based on the classes shown in Table 1 to determine
areas suitable (1) or unsuitable (0) for the cultivation
of eucalyptus species evaluated. In the soil suitability,
soil use and occupation was also considered, so the
areas described as water bodies, rocky outcrops, and
urban areas have been reclassified with value 0, that s,
unsuitable for all species. The calculation of suitable and
unsuitable areas in km? and percentage was determined
considering the eight administration regions of RJ.

The final edaphic-climatic zoning was obtained
by multiplying the water (rainfall and DEF), thermal,
relief, and soil suitability maps. The multiplication of
maps was carried out in the SIG GRASS environment
through its r.mapcalc module. Since suitable classes
received value 1 and unsuitable 0 for the final map,
with the multiplication product, the pixel with value
1 was considered suitable and 0 unsuitable for the
cultivation of eucalyptus species evaluated. The final
zoning maps have spatial resolution of 90 m.

3. RESULTS AND DISCUSSION

Table 2 shows the absolute (km?) and relative (%)
areas suitable and unsuitable for the cultivation of six
species evaluated in the edaphic-climatic zoning for RJ.
C. citriodora species showed the largest area suitable for
cultivation in the state, corresponding to 48.73% of the
total area of RJ; the second most suitable species was
E. urophylla, with 36.37% of suitable area, then E. grandis
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Table 2. Areas identified as suitable and unsuitable for the cultivation of eucalyptus species and their percentage in

relation to area of the state of Rio de Janeiro*, Brazil.

Sestes Unsuitable Area Unsuitable Area Suitable Area Suitable Area
(km?) (%) (km?) (%)

E. camaldulensis 38,821.19 89.45 4,579.00 10.55
C. citriodora 22,867.29 52.69 20,533.32 47.31
E. grandis 33,311.72 76.75 10,088.89 23.25
E. saligna 43,400.61 = o

E. urophylla 29,770.91 68.60 13,629.7 31.40
E. cloeziana 34,009.08 78.36 9,391.53 21.64

* Total area of the state of Rio de Janeiro: 42,400.61 km?.

(27.57%) and E. cloeziana (25.68%). E. camaldulensis
had only 10.81% of the state area considered suitable
for its cultivation. Of the six species, only E. saligna
was unsuitable for cultivation in the state. This result
is due to the species restrictions.

E. saligna presented thermal constraints for
cultivation in most of the state, since the species requires
air temperature below 18 °C. In R], air temperatures
less than 18 °C are observed only in the southern
Mountainous region (bordering SP) and at the Serra
da Mantiqueira, triple border with SP and MG. It also
has low tolerance to drought and is suitable only for
DEEF values below or equal to 10 mm. Soil was the
main factor that restricted the suitability of the species,
since the species is not suitable for soil class of higher
occurrence in the state, the argisols. In addition, it
showed the greatest rainfall constraint among species
evaluated, since its water requirement is of at least
1,500 mm year™.

In order to evaluate the effects of climatic conditions
on biomass and nutrient content of E. grandis and
E. saligna, Santana et al. (1999) chose five forest sites
located in SP. The sites have different soil and climatic
characteristics and were chosen to evaluate the effect
of climatic conditions to determine the best forest site.
As a result, the authors concluded that the effect of
the site was more important for biomass production
than the effect of the genetic material. E. saligna had
better development in the municipality with milder air
temperature conditions, such as Sdo Miguel Arcanjo,
which has average annual isotherms of 18 °C, has no
DEE and average rainfall of 1,400 mm.

E. urophylla exhibits good tolerance to DEF
(up to 100 mm), also tolerates high levels of annual
rainfall (up to 2,600 mm) and regions with moderate
elevations (up to 800 m). Rainfall for E. urophylla was

the smallest restriction and air temperature was the
factor that limited its suitability in R]. E. grandis, which
was the third species with the highest suitable area to the
state, has among species zoned in the study, the greatest
suitability range, altitude (0-2,000 m), air temperature
(13-24 °C), rainfall (1,000-2,600 mm), and soil classes
(suitable for almost all types of soils), and the factor
that restricts the cultivation of the species was DEF,
with low tolerance (0-60 mm). Suitable areas are more
concentrated in the inner state, where air temperature
values less than 24 °C and rainfall higher than 1,000
mm are observed. Areas with these characteristics also
coincide with DEF of up to 60 mm.

For E. cloeziana in the zoning of RJ, the air
temperature was the most limiting factor, ranging
from 18 to 24 °C, which makes the whole coastal
environment (coastal plains) unsuitable for cultivation.
In areas of higher altitudes, consequently with lower
air temperatures, the species had larger suitable areas.
Regarding precipitation, the ideal range for the species
is from 1,000 to 2,600 mm. The species is tolerant to
high rainfall amounts; however, it tolerates low DEFs
(60 mm). For the type of soil, the species is also suitable
for the most predominant soils in the state: leptosol,
acrisol, and ferrasol.

For E. camaldulensis, the climatic elements that most
restricted its suitability in the state were air temperature
and rainfall. Every coastal environment was deemed
unsuitable for presenting average air temperature
values above the limit considered suitable for the
cultivation of the species (24 °C). The Mountainous
region restricts the cultivation of the species due to
its low air temperatures, with annual average around
12°C. Areas with annual total rainfall values lower than
800 mm or larger than 1,200 mm were characterized
as unsuitable. In the Mountainous region, for example,
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the species is unsuitable due to annual rainfall values
greater than 2,900 mm. The cultivation of the species
was characterized as unsuitable throughout the
Mid-southern region, much of the Metropolitan region
and the Mountainous region. In relation to type of
soil, these regions have clayish soils, being suitable
for this species. E. camaldulensis stands out in relation
to other species of the genus due to its capacity to
produce timber in poor and dry sites. It also has high
tolerance to flooding, frost, extreme drought, and high
temperatures periods, and respond with rapid growth
when under adequate water availability (Schumacher
& Poggiani, 1993).

C. citriodora is suitable for regions with average
altitude (< 800 m), such as the northwestern region and
part of the Northern region, and in smaller proportions
in the Mountainous, Mid-southern, and Middle Paraiba
regions. Due to restrictions on DEF (< 300 mm) and air
temperature (18-24 °C), only narrow suitable areas were
observed in Metropolitan regions and Lowlands. In the
Green Coast region, the species was 100% unsuitable,
mainly due to high rainfall amounts (> 1,600 mm).
The factors that restricted the suitability of the species
were altitude and air temperature.

Table 3 shows the area of edaphic-climatic
suitability for eight regions of R], while Figure 2
shows edaphic-climatic zoning maps for these regions.
For E. camaldulensis, areas located in the Northern,
northwestern, and lowland regions were considered

suitable for cultivation (Figure 2a). These areas have low
altitudes and the highest air temperatures of the state.
In the Lowlands, suitable areas were also those with
higher temperatures, high DEF and low altitudes, being
characteristics of the coastal regions of RJ, and average
rainfall (< 1,200 mm). In relation to type of soil, these
regions have clayish soils, being also suitable for this
species. The factors that most restricted the suitability
of the species in the state were air temperature and
rainfall. All coastal environment was characterized
as unsuitable because of the annual air temperatures
was above 24 °C, i.e., above the considered optimal for
the species (20-24 °C). The Mountainous region has
restricted the suitability of the species due to the low
air temperatures with annual average of up to 15 °C.
Areas with total annual rainfall lower than 800 mm or
larger than 1,200 mm were considered unsuitable. In the
Mountainous region, considered unsuitable, annual
rainfall values greater than 2,900 mm were observed.
The cultivation of the species was characterized as
unsuitable throughout the Middle Paraiba and Green
Coast regions, and virtually the entire Mid-southern
region (0.5% of suitable area).

C. citriodora was the species with the largest suitable
area for the Northern, Metropolitan, Northwestern
regions, and Lowlands (Figure 2b). These regions
suitable for C. citriodora showed similar total rainfall.
The similarity of rainfall occurs because these regions
are located near the coastal environment and have low

Table 3. Areas characterized as suitable for the cultivation of eucalyptus species and their percentage in relation to
the area of the eight regions of the state of Rio de Janeiro.

Northern Metropolitan Northeastern Low Lands

Species (km?) (%) (km?) (%) (km?) (%) (km?) (%)
E. camaldulensis 1,772.82 18.3 1,040.84 19.9 1,535.78 28.6 295.94 5.9
C. citriodora 4,579.21 47.2 1,954.48 37.2 5,041.83 94.7 1,192.70 23.8
E. grandis 571.76 5.9 1,427.09 27.2 432.73 8.1 1,291.39 25.7
E. saligna 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
E. urophylla 1,379.21 14.2 1,805.31 34.4 942.19 17.7 1,783.94 35.6
E. cloeziana 571.76 5.9 1,416.82 27.0 408.73 7.7 1,287.44 25.7

Mountainous

Mid-southern

Middle Paraiba

Green Coast

Species

(km?) (%)

(km?) (%)

(km?) (%)

(km?) (%)

E. camaldulensis 30.18 0.4 15.88 0.5 0.00 0.0 0.0 0.0
C. citriodora 2,801.75 40.5 2,222.94 73.8 3.355.68 54.7 434.24 21.4
E. grandis 1,569.05 22.7 1,257.23 41.7 4.980.39 81.2 0.00 0.0
E. saligna 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
E. urophylla 2,550.58 36.9 1,887.83 62.6 4.999.63 81.5 434.24 21.4
E. cloeziana 1,003.37 14.5 1,169.35 38.8 4.851.31 79.1 434.24 214
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Figure 2. Edaphic-climatic zoning of eucalyptus species: a) E. camaldulensis, b) C. citriodora, c) E. cloeziana,
d) E. grandis, e) E. saligna, and f) E. urophylla in the state of Rio de Janeiro, Brazil.

altitudes, which inhibits the orographic effect, and
thus results in lower total rainfall. The exception is
the Green Coast region, which is propitious for the
occurrence of orographic rainfall, and thus contributes
to higher total rainfall. Also with respect to rainfall,
the optimal range of the species is suitable, which
range from 800 to 1,600 mm, being unsuitable only for
extreme areas, such as the municipality of Cabo Frio,
portions of the Northern region near the ocean or the
areas with the largest total rainfall of the state, such
as Green Coast, and most of the Mountainous region.
Regarding altitude, only Serra do Mar and Serra dos
Orgaos regions were considered unsuitable. For air

temperature, areas considered suitable have similar
climatic characteristics, with high annual average
(< 24 °C), mainly in the Northern, Northwestern,
and Metropolitan regions. The Mid-southern region
has lower temperatures (< 22 °C) due to altitude.
Regarding type of soil, the species was suitable for
almost the entire state, being suitable for soils of
predominance, such as oxisols and argisol.

For E. cloeziana, regions with the largest suitable
areas were Metropolitan, Lowland, Mid-southern, and
Middle Paraiba (Figure 2¢). Mid-southern and Middle
Paraiba regions resemble in annual air temperatures.
The areas of Metropolitan and Lowland regions suitable



Floresta e Ambiente 2019; 26(1): 20160369

Edaphic-Climatic Zoning of Eucalyptus Species... 9/10

for this species showed similar total average annual
rainfall between 1,000 and 2,600 mm.

E. grandis has suitability for Lowlands, Mountainous,
Middle Paraiba and Green Coast (Figure 2d).
This species can be grown at high altitudes and tolerates
low temperatures. Its main restriction is the DEF
(<60 mm), so, suitable areas also coincide with regions
of high rainfall (> 1,000 mm), such as Mountainous
and Green Coast.

For E. urophylla, regions with the largest suitable
areas were Metropolitan, Mid-southern, Middle
Paraiba, Green Coast, Mountainous and Lowland
regions (Figure 2f). It is the species with the most
comprehensive suitability in the state. Only in the
Northern and Northwestern regions suitable area was
minimal, and the restriction to suitability in these areas
was mainly due to the air temperature (> 24 °C) and
water stress (> 100 mm).

The most relevant factor for the unsuitability of
eucalyptus species in this study was the air temperature
and DEF (WD). In the work by Sperandio (2010),
the agro-ecological zoning for eucalyptus species in
ES, the DEF was also the most limiting factor for the
suitability of the species. The species with the highest
suitability (E. urophylla) had lower DEF and adaptation
to withstand higher air temperature ranges.

4. CONCLUSIONS

E. citriodora was the species presenting the largest
area with edaphic-climatic suitability in R], and
the best conditions are presented in the following
regions: Metropolitan, Northern, Northwestern, and
Mid-Southern. E. saligna is unsuitable for the entire
state. E. urophylla, E. cloeziana, and E. grandis are
suitable for all regions of the state.

Of the eight regions, only Middle Paraiba and
Green Coast were unsuitable for more than one species.
The Metropolitan region has areas suitable for all
species under study, with greater restriction for the
presence of urban areas in almost every mesoregion.

From the edaphic-climatic zoning, it was possible
to identify the main physical factors that provide
suitability to crops and places of occurrence and to
support planning and investment logistics in the forest
area based on which location and species and the best
use of their timber and non-timber derivatives, in

addition to mapping optimum sites that will provide
higher production yields.
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