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Abstract: Truffles, belong to the Tuber genus of the Tuberaceae family and are the fruit of
a mycorrhizal fungi and have been worldwide regarded as ecologically and commercially
valuable. Truffle mushroom, known for its culinary value, has a very high nutritional value. Truffles,
are a distinct category of hypogeous fungi known for their unique aroma and exceptional
nutritional value. Truffles are expensive because they are rare and difficult to grow, making them
one of the most expensive foods in the world. The fact that it is difficult to find in nature and is
gastronomically valuable has led to the development of culturing methods for truffle mushrooms.
Truffles can grow in temperate climates, including regions of Turkiye Italy, France, Spain,
Australia and the US. Interest in truffle hunting and trade in Turkiye has been increasing in recent
years.

In this study, truffle species were determined in different localities of Aydin, Denizli, Mugla,
and Usak and the truffle potential of these provinces were revealed. Naturally growing in Aegean
region, obtained from the field studies constitute the main materials. Photographs of the collected
specimens were taken and their ecological and morphological characteristic were recorded. The
aim of the study is to determine the naturally growing truffle habitats in the Aegean Region and
to highlight the regions with truffle potential.
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Ege Boélgesi’nin Triif Potansiyeli Agisindan incelenmesi

Oz: Truf mantarlari, Tuber cinsine ait olan ve Tuberaceae familyasinda yer alan mikorhizal
mantarlardir ve ekolojik ve ticari agidan biylk 6neme sahiptir. Mutfak degeri ile taninan trif
mantarlari, nadir olmalari ve yliksek besin igerigi nedeniyle diinyadaki en pahali yiyeceklerden
biridir. Dogada zor bulunmalari ve gastronomik cazibeleri, kilttr yontemlerinin gelistiriimesine yol
acmistir. Trif mantarlan, Tirkiye, italya, Fransa, Ispanya, Avustralya ve ABD gibi iiman
iklimlerde yetismektedir. Son yillarda Turkiye’'de trif avciligi ve ticaretine olan ilgi artmaktadir.

Bu calismada, Aydin, Denizli, Mudla ve Usak'taki farkl lokalitelerde trif tlrleri belirlenmis
ve bu illerin trif potansiyeli ortaya konulmustur. Ege Boélgesi'nde dogal olarak yetisen truf
ornekleri, saha c¢alismalarindan elde edilmistir. Toplanan &rneklerin fotograflari ¢ekilmis ve
ekolojik ile morfolojik 6zellikleri kaydedilmistir. Calismanin amaci, Ege Bolgesi'nde dogal olarak
yetisen truf habitatlarini belirlemek ve trif potansiyeli tagiyan bdlgeleri vurgulamaktir.

Anahtar kelimeler: Trif, Mantar, Ege Bolgesi, Turkiye
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Introduction

Tlrkiye's location at the intersection of the
continents of Asia, Europe, and Africa, along with its
diverse geomorphological regions, geographical and
topographical variations, and elevation differences
ranging from O to 5000 meters, contributes to its
extraordinary biological diversity. The presence of various
ecological and climatic characteristics, as well as the
European-Siberian, Mediterranean, and Irano-Turanean
phytogeographic regions and their transition zones, are
among the factors explaining Turkiye’s rich biodiversity
(Kence, 1987; Ozhatay and Kiiltir, 2006). Parallel to the
richness of its flowering plant flora, Turkiye also boasts a
diverse mushroom flora (Ozturk et al., 2019). Due to its
climate and variety of vegetation, as well as different
altitudes, Turkiye is one of the countries with high
mushroom diversity. The number of recorded mushroom
species in the country is listed as 5865 (Sesli et al., 2020).
It is also noted that there are approximately 300 edible
wild mushroom species (Simsek and Onek, 2021).

Edible mushrooms have attracted human interest
for centuries and have made significant economic
contributions to their respective countries. Edible
mushroom species are classified within macrofungi (Boa,
2007). Additionally, due to their high nutritional value,
mushrooms can serve as alternatives to both meat and
vegetable groups, making them a unique food product
(Nicholas and Ogamé, 2006). Furthermore, many
mushroom species are utilized for their properties to
enhance the quality and shelf life of food products and for
medicinal purposes (Valverde et al., 2015; Bakratsas et
al., 2021).

Approximately half of the edible mushroom species
found worldwide belong to the ectomycorrhizal group
(Yun and Hall, 2004). This type of symbiosis, which is
particularly common in the roots of tall trees and shrubs,
is generally more prevalent in temperate and northern
regions compared to tropical areas. The establishment of
ectomycorrhizal relationships occurs in three distinct
phases: recognition of a suitable host by the fungus,
invasion of the host root tissues, and finally, the
production of an outer sheath that envelops the root like
a glove (Kibar and Peksen 2007). Edible ectomycorrhizal
mushrooms represent one of the most economically
significant groups of fungi, possessing a substantial
market share globally, with their total market value
reaching billions of US dollars (Yun and Hall, 2004).

Truffles are the fruiting bodies of underground fungi
that grow beneath the soil. They resemble potatoes and,
unlike other mushrooms, require animals for the
dispersion of their spores, completing their development
entirely underground. The edible part, known as the
sporocarp, forms 5 to 20 cm below the soil near the roots
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of trees. Truffle species can develop through a symbiotic
life cycle with ectomycorrhizal plant species such as
beech, oak, birch, hornbeam, hazel, and pine trees
(Benucci and Bonito, 2016; Zambonelli, et al., 2016).
Truffle mushrooms are highly sought after due to their
strong aromas, high culinary and economic values, and
significance in both human and animal diets. In the
culinary world, truffle mushrooms hold a prestigious
status, often referred to as the "underground gold" or
"apple of the kitchen." Their unique aromatic compounds
derived from dimethyl sulfide distinguish truffles from
other mushrooms, contributing to their special appeal
(Ustiin et al., 2018, Lee et al.,2020).

Edible truffle mushrooms not only serve as food but
also provide positive contributions to the national
economy and serve as a source of livelihood for rural
communities (Peksen and Akdeniz, 2012). Truffle species
belonging to the Tuber genus are economically valuable
fungi that belong to the Ascomycetes division and the
Pezizales order, exhibiting ectomycorrhizal symbiosis
(Hall et al., 2007; Mello and Balestrini 2018). Tuber genus
truffles form mycorrhizae as a result of their symbiotic
relationships with tree species that are fundamental to
forest ecosystems, such as pine, cedar, fir, and oak, as
well as with shrub species like Cistus creticus L.
(Chevalier and Frochot, 2002; Stobbe et al., 2012). In
particular, truffle mushrooms predominantly develop
ectomycorrhizae with oak species (Quercus spp.).
Biodiversity and mycorrhizae are essential components of
oak forests.

The genus Quercus, within the Fagaceae family,
contains the most diverse range of species and is widely
distributed in the temperate and subtropical regions of the
Northern Hemisphere. Tlrkiye is particularly rich in oak
species, with a wide range of pure and mixed oak forests
naturally growing at elevations up to 2300 meters above
sea level across various regions and climate types
(Yaltink, 1984). Turkiye hosts 17 species and 24 taxa of
oaks (Quercus spp.) across diverse habitats, from the
humid conditions of the Black Sea Region to the steppes
of Central Anatolia. The oak genus includes a total of 24
taxa, including species, subspecies, and varieties, among
which Q. vulcanica, Q. macranthera subsp. syspirensis,
and Q. trojana subsp. yaltirikii are endemic to Turkiye
while Q. aucheri is found in Southwest Anatolia and the
nearby Aegean Islands (Akkemik, 2016).

In the Aegean Region where this study was
conducted, the following oak species naturally occur
Quercus coccifera L., Q. ilex L., Q. pubescens Willd., Q.
cerris L., Q. ithaburensis Decne and Q. infectoria Oliver
(Q. ithaburensis subsp. ithaburensis, Q. infectoria subsp.
veneris (Yaltirik, 1984). This indicates the high potential
for truffle mushrooms in Aegean region.
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Although it is estimated that there are between 180
and 230 species of truffle mushrooms in the world, only
about 13 of these are commercially traded. The most
recognized and economically valuable truffle species
include Tuber magnatum Picco (Italian white truffle),
Tuber melanosporum Vittad. (black truffle), and Tuber
aestivum (Wulfen) Spreng (summer truffle). Due to their
known significance and economic value in various parts
of the world, research has intensified to determine their
systematic, nutritional, and medicinal properties as well
as their commercial potential, leading to increased
genetic, molecular, and cultivation studies (Hall et al.,
2007; Zambonelli et al., 2016; Lazzari, et al.,1995; Kamle,
et al.,, 2017; Kagan-Zur, and Roth-Bejerano, 2008;
Ozderin et al., 2018). In Tiirkiye studies have revealed a
rich diversity of truffle species, with common species
including T. aestivum, T. borchii, and T. brumale. Recent
research has introduced many new species to the
scientific community (Kaya, 2009; Gezer et al.,, 2014;
Tirkoglu and Castellano, 2014). According to the existing
literature, 67 truffle species belonging to 23 genera within
15 families grow in Turkiye (Sen et al., 2016). Currently,
scientific research continues on truffle hunting and truffle
cultivation (Ozderin and Alli, 2020).

T. aestivum is the most widely distributed and
consumed truffle species globally. It is known as the black
summer truffle due to its harvest period between May and
October. Its aroma and taste are less intense compared
to T. melanosporum and T. melanosporum is known
worldwide as the Périgord truffle. It is harvested between
December and March, earning it the name black winter
truffle. It has a very strong aroma and flavour and grows
in temperate climates with an average rainfall of 900-1800
m3 and summer rains. It is hypothesized that it could exist
in very specific microclimatic areas in the Eastern Black
Sea region or Mediterranean climate zone of Turkiye
although its presence has not yet been confirmed. Tuber
magnatum is the truffle species with the highest aroma
and taste, making it one of the most expensive food
products in the world. It is a rare species due to its limited
and specific growing areas, and its distribution ranges
from ltaly to Turkiye Although suitable environments for
its growth are known to exist in Turkiye its presence has
not yet been confirmed.

Material and Metod

In this study, truffle species were determined in
different localities of Aydin, Denizli, Mugla, Usak and the
truffle potential of these provinces were revealed.
Growing naturally in the Aegean region, obtained from the
field studies constitute the main material. Photographs of
the collected specimens were taken and their ecological
and morphological characteristic were recorded.
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Examples of truffle mushrooms were brought to the
laboratory, where they were diagnosed under suitable
environmental conditions and then processed into
fungarium material for storage.

Studies related to the identification of mycorrhizal
plant samples in fieldwork have determined that truffle
mushroom species grow in association with various host
plants. Specifically, Quercus cerris L. (Figure 2a),
Coryllus avellana L. (Figure 2d), Pinus nigra Arnold
(Figure 2b,2c), Quercus coccifera L., and P. brutia Ten.
(Figure 2e) were identified. These identifications were
compared with samples from the Herbarium of Mugla
Sitki Kogman University Faculty of Science, following the
guidelines of Davis (1970,1984-1985). For the
identification of the truffle samples, the relevant literature
was used (Trappe & Castellano 1991, Pegler et al. 1993,
Montecchi & Sarasini 2000, Breitenbach &Krénzlin 1983).

i

Figure 1. Map of the research area

Results

In the field studies conducted in the Aegean region,
the species T. aestivum (Wulfen) Spreng, Tuber
macrosporum Vittad, Tuber borchii Vittad. and Tuber
rufum Picco have been identified.

Family: Tuberaceae

Genus: Tuber

Species: Tuber aestivum (Wulfen) Spreng.

Locationl: Usak, Esme, Kayapinar mevkii, 764m,
A 6893. (Figure2a)

Host species: Quercus cerris L.

Date of collection: 14 May 2023

Location2: Kutahya-Tavsanlh mevkii, 1050m, A
7451. (Figure2b)

Host species: Pinus nigra Arnold

Date of collection: 16.05.2023.

Location3: Denizli, Honaz, 843m, A 7120.
(Figure2c)

Host species: P. nigra Arnold.

Date of collection: 16.05.2023.
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Location4: Aydin, Cine, Madran mevki, 970m, A
6942 (Figure 2d)

Host species: Coryllus avellana L.

Date of collection: 27.04.2023

Location5: Mugla, Kotekli Mevkii, A 6923 (Figure
2e)

Host species: P. brutia Ten.
Date of collection: 22. 04.2023

Flgure 2. Tuber aestivum (Wulfen) Spreng Locatlonl(a)
Location2(b), Location3(c), Location4(d), Location5(e)

Species: Tuber borchii Vittad. (Figure3)

Location: Aydin, Cine, Madran mevki, 780m, A
6926

Host species: Pinus brutia Ten-Quercus coccifera

r

Date of collection: 22.04.2023

Figure 3. Tuber borchii Vittad
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Species: Tuber macrosporum Vittad. (Figure4)
Location: Mugla-Fethiye Uzimlii mevkii, 645m, A 6924.
Host species: P. brutia Ten.

Date of collection: 22.04. 2023

.__,F a;-'

Figure 4. Tuber macrosporum Vittad

Species: Tuber rufum Picco (Figure 5)

Location: Usak, Esme, Kayapinar mevkii, Mugla
Mentese, Yaras Mevkii, 645m, A 6925.

Host species: Pinus brutia Ten-Quercus coccifera L
Date of collection: 22.05.2024

Figure 5. Tuber rufum Picco

Discussions

This study area encompasses the Aegean region,
specifically situated in the C2 quadrant according to
Davis’s grid system. As a result of the research conducted
between 2022 and 2023, truffle samples were collected,
leading to the identification of four taxa belonging to the
Tuber genus. The identified species include Tuber
aestivum (Wulfen) Spreng., Tuber rufum Picco, Tuber
macrosporum Vittad., and Tuber borchii Vittad.Tuber
species are highly valuable due to their excellent texture,
pleasant aroma, culinary quality, and various medicinal
properties. Despite Turkiye's rich diversity of Tuber spp.,
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there is insufficient utilization of these resources. The
ongoing climate change and the unregulated collection of
truffle  mushrooms pose significant threats to this
emerging sector in the country, resulting in decreasing
yields and even endangerment of these species.

With the establishment of truffle plantation areas in
many countries around the world, accelerating efforts to
grow truffles in Turkiye can both prevent the extinction of
these mushrooms and make a significant contribution to
the rural economy by encouraging the use of arid and
semi-arid lands that are not suitable for traditional
agriculture. As a result, high yields can be achieved with
proper planning and conscious practices.

Turkiye has significant potential in the global trade
of edible wild mushrooms. Considering the country’s
resources, increasing mushroom production and exports
could contribute greatly to the economy by adding value
and generating foreign exchange.

In order to benefit from this potential, initiatives to
increase mushroom production and exports should be
encouraged and supported. Encouraging entrepreneurs
in the sector, implementing training and support
programs, and adopting sustainable production methods
will increase Turkiye's competitiveness in mushroom
trade.

(2024)15(Special issue)91/97

Additionally, developing effective marketing
strategies and supporting local producers through various
incentives can accelerate growth in this sector. Thus,
Turkiye can establish a stronger presence in international
markets and become a major player in mushroom
exports.

With this study, truffle locations that grow naturally
in the Aegean region were identified. These locations will
be a guide for entrepreneurs who want to establish a
truffle garden
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