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Abstract

Black truffle (Tuber aestivum Vitt.) is one of the most important species of ascomycete fungus
in Europe due to its growing conditions and high price. As previous studies show, soil conditions are
among the main factors which largely influence the spread and development of black truffle.
Therefore, the main objectives of this study were to identify soil conditions, climate and forest
vegetation which influence both directly and indirectly the distribution of black truffle (Tuber
aestivum Vitt.) in Romania, and to identify the areas from the Subcarpathian Hills of Transylvania
which support black truffle growth. Geo-informational techniques have been used for this purpose to
integrate spatial databases and to identify through spatial analysis the suitability of different areas
for the growth of black truffles. The results of land favorability analyses showed the highest
favorability level for Quercus robur (91.9%), followed by Carpinus betulus (89.24%) and Fraxinus
excelsior (88.4%). The lowest favorability percentage (5.83%) was recorded for Tilia platyphyllos
due to climate conditions.
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INTRODUCTION

According to previous reports (Linderman 1988, Streiblova et al.,
2010, Gryndler M. and Hrselové, 2012, Benucci et al., 2012) the spread and
development of black truffle species are highly influenced by soil conditions
as well as certain invertebrate animal species with direct and indirect
influence on soil such as protozoa, worms, and earthworms or other insects
whose influence can be felt up to 15 centimeters soil depth. These creatures
contribute to the aeration of the soil and increase its fertility by participating
directly in the decomposition of organic matter. Earthworms improve soil
aggregation and porosity through the channels they leave, thus becoming
indirect truffle indicators in the area (acidity level preferred by earthworms
is similar to pH range of 5.5-8.5 considered optimal for truffles).

Black truffle (Tuber aestivum) grows in symbiosis with forest tree
species belonging to the following genera: Castanea, Citrus, Corylus,
Fagus, Ostrya, Tilia, Picea, Carya, Pinus and Quercus (Wang et al., 2008,

157



Wedén et al., 2009; Chevalier 2009, Benucci et al., 2012; Stobbe et al.,
2013). In Europe 30 tree species were identified as potential hosts for truffle
growth (Ceruti et al. 2003).

Further studies were carried out by Moser et al. (2017) regarding
vegetation composition in favorable areas for black truffle in the
southwestern part of Germany and in the western part of Switzerland, were
the identified forest stands suitable for Tuber aestivum were consisted of
Fagus sylvatica, Carpinus betulus and Ostrya carpinifolia, as well as a
series of grass and shrub species indicating the existence of a warm and dry
climate, and an alkaline soil developed on a limestone rock substrate.

Other studies suggest that in the vicinity of the colonized trees there is
a low density of herbaceous species induced by the allelopathic compounds
released by the mycelium of Tuber aestivum in the soil (Streiblova et al.,
2012). The knowledge about these dependent relationships and reciprocity
are indispensable to determine the existence of these valuable fungi as well
as to improve their productivity (De Miguel et al., 2014). In this context, it
was found that grassland vegetation was associated with forest tree species
such as Fagus sylvatica, Quercus robur and Corylus avellana being
dominant and a very good indicator for estimating the potential existence of
Tuber aestivum species depending on the season and phenological
characteristics of the fungi. The most common host tree species were found
to be: Fagus sylvatica, Carpinus betulus, Quercus sp., Abies alba, Picea
abies, Pinus sylvestris, Betula pendula, Ostrya carpinifolia and Tillia sp.
(Moser et al., 2017).

Previous reports also show that the presence of termophyte species
such as Cornus sp., Corylus avellana, Crataegus sp., Prunus spinosa, etc. is
a good indicator for the existence of Tuber aestivum in any areas (Hall,
1988; Paolocci et al., 1997, Willner, 2002; Baciarelli et al., 2006; Reyna et
al., 2009; Murat et al., 2008; Reyna et al., 2014; Berch and Bonito 2016;
Bonet et al., 2006; Garcia-Montero et al., 2009; Willner et al., 2017). The
occurrence of Fagus sylvatica together with termophyte species were also
considered reliable indicators of the existence of Tuber aestivum species in
Italy (Bencivenga et al., 1995b), Southern Germany (Stobbe et al., 2012)
and Hungary (Hilszczanska et al., 2014) as well. Tuber aestivum can also
develop symbiotic relationships with Picea abies or Abies alba, indicating
thus a high phenotypic plasticity of this fungi. However, it was observed
that these territories were previously covered by beech forests with cold
climate and limestone soils (Stobbe et al., 2013). According to Gryndler et
al. (2014) Tuber aestivum can also establish symbiotic relationships with
herbaceous species as well such as Geum urbanum or Hedera helix as non-
host species for Tuber aestivum.
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Taking into consideration black truffle requirements against
environmental conditions, the main aim of this research was to identify land
favorability induced by forest vegetation for black truffle growth across the
Subcarpathian Hills of Transylvania using spatial analysis and quantitative
modeling G.I.S techniques.

MATERIAL AND METHOD

Among forest tree species, the most widespread across the studied
area were: Tilia platyphyllos, Carpinus betulus, Quercus robur, Acer
pseudoplatanus, Fraxinus excelsior. To determine the favorability of these
areas for black truffle growth, land favorability maps were generated based
on climatic parameters including annual average temperature, the amount of
annual average precipitation, the length of the bioactive period, relative
atmospheric humidity and wind regime.

Relief features were also analyzed such as altitude, slope orientation,
and soil characteristics: the degree of base saturation (%), soil acidity (pH),
type of humus, edaphic volume (m*/m?), the degree of soil compaction and
soil texture, according to the ecological records (Stanescu, 1987) to
determine land favorability levels for Tuber aestivum growth.

Regarding climate conditions and their influence on forest tree species
favorability for black truffle growth. the annual average temperature of the
study area ranged from 5.09 to 10.07 °C, providing favorable conditions for
all the investigated tree species, being divided in three different favorability
classes such as low, medium and high (Table 1).

The average amount of rainfall ranged between 640 and 1049 mm
/year recorded for the analyzed territories, which offers highly favorable
conditions for Carpinus betulus, Quercus robur and Fraxinus excelsior and
average favorability for Tillia platyphyllos and Acer pseudoplatanus found
in the most part of the territory (Gilman and Watson, 1993; Taheri et al.,
2013; Clinovschi, 2015). Beside temperature and precipitation, soil acidity
is a very important growth indicator of truffle species. Across the
investigated territories, the pH of the soil varied between 5.48-7.7 in most
parts of the Subcarpathian Hills of Transylvania providing thus a high
favorability level for the trees analyzed from this point of view.
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Table 1

Favorability classes of forest tree species based on climatic conditions across the
Subcarpathian Hills of Transylvania

Favorability Tilia Carpinus Quercus Acer Fraxinus
classes platyphyllos betulus robur pseudoplatanus excelsior
@ High 9-11 8-10 8-10 5-8 >8
T HE
E £ Z Medium 8-9,>11 6-8,>11 7-8,>11 4-5,8-10 6-8
<z g
e Low <8 <6 <7 <5,>10 <6
% High 500-600 600-800 600-800 800-1100 500-700
®
S = . 400-500, 500-600, 500-600 700-800, 700-900,
= £ Medium
K 600-700 800-900 800-100 1100-1300 400-500
= =
£ <500
= B
g Low <400 <500, >900 1000 <700, >1300 >900, <400
s o High >7 >6 >8 5.7 >7
z =
g,, ER- Medium 6-7 5-6 5-8 4.5,>7 5.7
SR
== Low <6 <5 <5 <3 <5

The degree of soil
moderately and heavily
Transylvania are moderately compacted, while lightly compacted soils have
been identified in the valley areas of Bistrita and Homoroadelor hills, which
provide a high favorability level for the investigated forest tree species.
Moderately compacted soils provide an average favorability especially for
lime and ash trees.

compacted. The

compaction divides soil classes as lightly,
Subcarpathian  Hills

of

Table 2
Forest tree favorability classes based on relief conditions of the Subcarpathian Hills
of Transylvania
Favorability Tilia Carpinus Quercus Acer Fraxinus
classes platyphyllos betulus robur pseudoplatanus excelsior

High 100-500 300-700 200-600 800-1200 <1100
D
] Medium <100, 700-1000 100-200 600-800, 1100-1300
£ 500-600 600-800 1200-1600
< Low >600 <200 <100 <600, >1600 >1300

>1000 >800

High Sunny Partly shady Sunny Partly shady Partly shady
£ Partly sunny Shady Partly sunny Shady Shady
= Depression Depression
Z2 areas areas
) Medium Partly shady Partly sunny | Partly shady Sunny Partly sunny
E Depression Shady Partly sunny
_% areas Depression areas
n Low Depression areas Sunny - - Sunny

Shady

Due to the clayey texture of the investigated area which represents
22.5% of the territory, these areas proved to be suitable for the growth of
ash trees (Fraxinus excelsior). For Carpinus betulus, Acer pseudoplatanus,
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Quercus robur and Tillia platyphylos medium favorability levels were
determined due to the clay texture of the soil (Table 3).

Table 3
Forest tree favorability classes based on soil conditions of the Subcarpathian Hills of
Transylvania
Favorabil Tilia Carpinus Quercus Acer Fraxinus
ity classes | platyphyllos betulus robur pseudoplatanus excelsior
= High >70 >60 >55 >55 >65
b E g Medium 50-70 40-60 35-55 35-55 45-65
=3 Low <50 <40 <35 <35 <45
— High 6.6-7 >6.3 6.4-6.8 5.8-7 6.6-7
E 2 Medium 4.6-6.6 5.6-6.3 5.2-6.4>6.8 4.8-5.8,>7 6-6.6;>7
Low <4.6 <5.6 <5.2 <4.8 <6
= High >0.45 >0.45 >0.60 >0.30 >0.45
E- Medium 0.30-0.45 0.15-0.45 0.45-0.60 0.15-0.30 0.15-0.45
G
2 2 Low <0.30 <0.15 <0.45 <0.15 <0.15
Sandy-loam
. Sandy-loam Loamy,
High Loamy Sandy-loam Loamy Loamy Loamy-clay
=
£ Loose Loose Very loose Loose,
2 . Moderately
g Medium Loose Moderately compact Loosen Moderately
£ compact P compact
O compact
Very loose Very loose Very loose Moderately Very loose,
Low Moderately compact
compact
compact
. Compact,
Ty comp compact omp omp
Medium Loamy Sandy-loam Sandy-loam Sandy-loam Loamy,
° Loamy Loamy Loamy-clay
5 Sandy-loam Loamy-
g ’ Clay-loam Loamy-clay,
3 Low Loamy-sand, sand, Clay-loam
= Loamy-Clay Sandy-loam
Loamy-clay Loamy-clay
Sandy, Sandy Clay Sandy, Sandy,
Loamy-sand
Clay-loam, Loamy-clay Sandy Loamy-sand
Loamy-clay
Clay Clay Loamy-sand Clay Clay

Carpinus betulus L. is considered a forest tree species with low
drought resistance (Hamerlynch et al. 2002; Pallardy 2008; Clinovschi
2015). The length of the bioactive period between 3-6 months in these
regions represents a limiting factor which ranks the investigated territories
in a medium favorability class for Acer pseudoplatanus and a low
favorability for the rest of the investigated forest tree species.

RESULTS AND DISCUSSION

Our results show that the area of low and medium hills characterized
by an altitude of 250-500 m, having a 46% spread across the investigated
area offer a high favorability level for the growth of lime, hornbeam and
oak, while the areas of high and very high hills (501-1000 m) offer high
favorability conditions for the development of sycamore tree and an average
favorability for hornbeam trees. In Romania, natural symbiotic relationships
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were observed between black truffle and hazelnut (Corylus avellana) which
led to the establishments of new truffle plantations which success is still
uncertain at national level, due to the lack of scientific information
regarding the economic efficiency of this type of plantations especially due
to the long period until the first harvest (5 to 10 years). High favorability for
lime is induced by soils with a clay texture for 7.4% of the territory and for
Carpinus betulus, Quercus robur and Acer pseudoplatanus on a clay-sandy
texture (for 11.9% of the territory). The results of land favorability analyses
revealed a very good favorability level for Quercus robur (91.9% of the
area), followed by Carpinus betulus (89.24%) and Fraxinus excelsior
(88.4%) as shown in Fig. 1.

Fig. 1. Distribution
o om  pecntage of

e ous betul Guercwr rubor Acerpoewdeplotamss Froskoud excelolor favorability classes for
@ Very High o High 0 Medium 8 Low .
tree species

A Favourability to
Ouercus robur

A Favourability to
cer pseudoplatanus

Fig. 2. Map of favorability Fig. 3. Map of favorability Fig. 4. Map of favorability Fig. 5. Map of favorability
for Tilia platyphyllos for Carpinus betulus for Acer pseudoplatanus for Quercur robur

The distribution of favorability classes and favorability maps for
each tree species are presented in Figures 3-6. The lowest favorability
percentage (5.83%) was recorded for Tilia platyphyllos due to climate
conditions.The importance and usefulness of GIS technologies in the
identification of favorability classes and limitations for diverse forest tree
species had already been demonstrated in previous studies carried out across
the Transylvanian Valley as described by Rosca et al. (2017).
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