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ABSTRACT

Black truffle (Tuber melanosporum Vittad.) has very specific environmental requirements. We
integrated these requirements in a geographic information system and weighted them
depending on their importance for the presence of the species, based on previous field and
laboratory experience. The parameters considered were divided into three groups: (i)
topographic; (i) climatic and (iii) edaphic. A multicriteria analysis was used to develop a final
potential habitat map, and filtering it by land uses we produced the cultivation potential
map. The result of this work is a 1:275,000 map of Zaragoza province (Spain) that integrates
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all mentioned maps. This is a practical tool for territory managers, farmers and researchers
who will be capable of identifying the better cultivation zones in the Zaragoza province with

this map.

1. Introduction

Black truffle (Tuber melanosporum Vittad.) cultivation
is one of the most valuable emerging agroforestry
activities throughout the Mediterranean area, however
it is not yet completely domesticated. Certain questions
regarding its management still remain unsolved, so
selecting the area with the highest aptitude possible
increases the possibility of success (De Miguel, Agueda,
Sanchez, & Parladé, 2014). Truffle cultivation is a long-
term activity, with an expected waiting period of five to
seven years before obtaining the first fructifications.
However, orchards can remain productive for at least
50 years (Hall, Brown, & Zambonelli, 2007). The eco-
logical requirements of this fungus are quite narrow,
yet there are many zones with optimal edaphic and cli-
matic conditions to establish cultivation initiatives.

In this work, we analysed the natural factors of black
truffle presence in Zaragoza (17,274 km?) province, an
area with promising internal cultivation potentiality
because of its edaphic and climatic characteristics
(Palazén, Delgado, Barriuso, Sanchez, & Asensio,
2008). This region borders the province of Teruel to
the south, one of the most productive areas of black
truffle in the world with about 4000 ha of plantations
(Reyna & Garcia-Barreda, 2014). Several authors have
published maps of black truffle distribution in Spain
(Alonso-Ponce et al., 2010; Colinas, Capdevila, Oliach,
Fischer, & Bonet, 2007; Dominguez, Lopez, Rodriguez,
& Saiz, 2003; Honrubia, Fernandez, Moya, Gonzalez, &
de las Heras, 2006; Rodriguez, Acedo, Marabel, &
Alvarez, 2008), however this map is more accurate,
different in its concept and uses a geographic

information systems (GIS). Until now a spatial-based
methodology has never been developed to determine
the capabilities of this area. The final aim is to produce
a map of potential cultivation in order to identify the
most suitable areas based on environmental require-
ments of the species.

2. Methods

Cultivation potentiality is based on the potential habi-
tat map of black truffle in the study area. To develop
the potential habitat we used a multicriteria analysis
(MCA) (Barredo & Bosque, 1998; Malczewski, 1999)
applied to black truffle environmental parameters.
The complete method is explained in more detail in
Serrano-Notivoli, Incausa, Martin, Sanchez, and Bar-
riuso (2015).

The methodology consisted of identifying environ-
mental parameters in a territory based on conditioning
and restricting factors of black truffle presence using
previous experiences supported by a set of field samples
with soil information. MCA is a decision method that
works with the weighting of properly selected environ-
mental variables. These variables are geographically
defined to show the results depending on their original
spatial distribution (Malczewski, 1999). The work pro-
cess (Figure 1) included the selection of parameters, allo-
cation of weights, GIS integration and land use selection.

These parameters were clustered in three groups by
their nature (Colinas et al., 2007; Garcia-Barreda,
Reyna, Pérez, Rodriguez-Barreal, & Dominguez, 2012;
Hall et al, 2007): the first group (i) embraces
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Figure 1. Work process of MCA. Adapted from Serrano-Notivoli et al. (2015).

topographic factors such as altitude (ALT), slope (SLO)
and aspect (ASP). The second group (ii) refers to cli-
matic factors. Black truffles grow in semiarid or Medi-
terranean (dry with continental
influence) with annual precipitations from 600 to
900 mm (Garcia-Barreda et al., 2012). Most precipi-
tation falls in spring, late summer and autumn (mainly
in thunderstorms). Variables included in this group
were mean annual precipitation (PTOT), mean

environments

summer precipitation (PSUM), mean annual tempera-
ture (TMED), mean temperature of the warmest month
(TMAX) and mean temperature of the coldest month
(TMIN). The third group (iii) is composed of edaphic
factors and is the most important because these factors
set the conditions of the direct environment where the
species have to be developed. Black truffles need very
specific soil properties and, as there was no map of
the soils of study area, we selected the most important

Table 1. Explanatory parameters for black truffle presence used to compute potential habitat.

Topographic Climatic Edaphic
Param. Categ. Weight Param. Categ. Weight Param. Categ. Weight
ALT (0.75, 10.20%) <200 0 PTOT (0.6, 8.716%) <400 0 ALIM (1, 13.61%) <0.1 0
200-400 0.2 400-600 0.8 0.1-30 1
400-600 0.8 600-900 1 >30 0
600-1000 1 900-1500 0.7 TEX (0.75, 10.20%) TEX1? 1
1000-1200 0.8 >1500 0 TEX2P 0.5
1200-1500 0.2 PSUM (0.85, 11.56%) <50 0.1 TEX3¢ 0
>1500 0 50-75 0.7 MAT (0.4, 5.44%) <2 0.8
SLO (0.4, 5.44%) 0-5 0.5 75-185 1 2-10 1
5-15 1 185-250 0.5 >10 0.5
15-30 0.8 >250 0.1 pH (1, 13.61%) <75 0
30-60 0.5 TMED (0.4, 5.44%) <8 0 75-85 1
>60 0.2 8-10 0.8 >8.5 0
ASP (0.3, 4.08%) (S,SE,SW) >600 m 1 10-15 1
(S,SE,SW) <600 m 0.5 15-18 0.7
(N,NENW) >600m 0.5 >18 0
(N,NE,NW) <600 m 1 TMAX (0.5, 6.80%) <17 0.7
(EW) 0.8 17-24 1
>24 0
TMIN (0.4, 5.44%) <1 0
1-8 1
>8 04

Notes: The range of values and assigned weights (0-1) are indicated for each category. The global weight (0-1) for each parameter is shown in bold;

percentage over total in italics-bold.
TEX1: loam, sandy clay loam, sandy loam.
BTEX2: sandy clay, silty clay loam, clay loam, silt loam, sandy loam.
TEX3: clay, silt, silty clay, sand, loamy sand.
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edaphic parameters to be pH which has to be between
7.5 and 8.5, active lime (ALIM) with values under
30%, soil textural class (TEX) understood as the pro-
portion of sand, clay and loam, and organic matter
(MAT) (Colinas et al., 2007; Hall et al., 2007; Olivier,
Savignac, & Sourzat, 2012; Reyna, 2012).

In the next phase, we integrated all of the infor-
mation in a GIS to unify formats and spatial distri-
bution. Surface data (ALT, SLO, ASP, PTOT, PSUM,
TMED, TMAX and TMIN) was resampled to a
500 m spatial resolution and point data (pH, ALIM,
TEX and MAT) were interpolated using ordinary kri-
ging at the same resolution.

Soil data came from 2026 field samples acquired by
the Agrifood Research and Technology Centre (CITA)
and Agroenvironmental Laboratory of Aragén. Climate
data were extracted from the Climatic Atlas of Aragén
(Lépez, Cabrera, & Cuadrat, 2007), and base maps
(boundaries, roads and Digital Elevation Model (DEM))
from the Spanish Geographic Institute (IGN). All par-
ameters used were managed spatially by a GIS, obtaining
final values for each point over the entire study area.

We reviewed literature to set the aptitude ranges for
each parameter (Colinas et al., 2007; Igor, Matteo, &
Paolo, 2010; Olivier et al., 2012; Reyna, de Miguel, Pala-
z6n, Hernandez, & de Roman, 2003), then assigned
different weights (from 0 to 1) to each parameter
(Table 1) depending on its importance for species pres-
ence in the territory. The relative weighting was made
based on the parameters required by the species and
adapted to the area where the potential habitat was
computed. We used 12 parameters (Table 1, bold) to
compute a weighted sum (1) that gave final values of
aptitude for the entire area

n
F_ Zi:l VIM‘}I (1)

where FM is the value for each pixel in the final map
computed from the sum of each parameter (v;)

Table 2. Categories of the forestry map of Spain 1:50,000
(FMS50) and Corine land cover (CLC50) used to obtain the

cultivation potential map and percentage of area
represented in the potential habitat map.

Area (%)

Category CLC

Dry-land farming 3.12
Vineyard 0.17
Dry-land fruits 0.04
Olive 0.03
Agricultural-land generic 1.62
Category FMS50

Disperse mixed forest 0.00
Disperse deciduous 0.01
Mixed forest in Mediterranean region 0.07
Oak 042
Juniper 0.03
Non-native and native deciduous 0.00
Mixed evergreen with non-native and native deciduous 0.00
Gall-oak 0.11
Savine forests 0.04

multiplied by its specific weight (w;), divided by the
sum of all weights.

The areas valued at less than 5 were considered not
suitable.

Finally we filtered the potential habitat map with
several categories of the Forestry Map of Spain
1:50,000 and Corine Land Cover (level 5) land use
that are considered the best for black truffle cultivation
(Table 2). We removed forests, where competing ecto-
mycorrhizal fungi are more common and can compro-
mise truffle production (De Miguel et al., 2014; Reyna,
Garcia-Barreda, & Folch, 2006).

3. Results and conclusions

The result of this work is a 1:275,000 map of Zaragoza
province (Spain) showing a Main Map containing the
cultivation potentiality of black truffle, a secondary
map with potential habitats that identifies suitable
areas for species development, and three complemen-
tary maps showing climatic, edaphic and topographic
potential. All of them are divided into four classes
defining unsuitable and progressively suitable areas
for each variable (Figure 2).

Several parameters in Zaragoza province are
restricting because they completely rule out the possi-
bility of species emergence in specific places due to
its characteristics (altitude, annual precipitation,
mean annual temperature, mean temperature of warm-
est month and mean temperature of coldest month),
and others condition the presence of the species in
magnitude and intensity in that place (summer precipi-
tation, slope, etc.). The combination of environmental
parameters with zero value (limiting) produces
excluded zones coinciding with the low zones of the
Ebro Valley, and the warmest and driest areas in gen-
eral; these zones have the minimum value (not
suitable).

Climatic potential is very good in general mainly
due to annual and summer precipitation distribution,
considered important for black truffle development
during its growing cycle (Garcia-Barreda et al., 2012).
The edaphic map shows moderate suitability over the
entire distribution. Topographic potential is generally
good in the whole study area. Low altitudes are com-
mon in Zaragoza province, however, those which are
well suited to species’ development are best considered
due to their combination of altitude and aspect
(Serrano-Notivoli et al., 2015).

Potential habitat overall shows good suitability in
the southwestern and northern areas. The filtering of
this cartography produces a map with fewer zones
(42.9% less than potential habitat) covered by suitable
areas. However, the best areas are better defined,
especially for the northern zone.

Despite the ranges of environmental parameters
used, it is very important to have in-depth knowledge


http://dx.doi.org/10.1080/17445647.2015.1113392

JOURNAL OF MAPS (&) 997

100
95
90 -
85 -
80 -
75 A

©
e
©
.
o
ES
70 -
65 -
60 -
55 1
50 T T : ;
Potential habitat Cultivation Climatic potentiality Edaphic potentiality Topographic
potentiality potentiality

Not suitable Low suitability

¥ Modetrate suitability

® High suitability

Figure 2. Percentage of area included in each category of suitability for each map.

of the study area. Therefore, human intervention is
required for this method, especially in the weighting
of the parameters.

Software

The point data from field samples were managed in a
Microsoft Access database, and integrated in an Esri
ArcGIS project. With this software, these points were
interpolated using geoprocessing tools and the weight-
ing calculation by map algebra. The final layout was
also edited with ArcGIS and exported to a PDF to pre-
serve the vector-based format.
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