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Abstract  
 
Truffle cultivation is an original agroforestry system. Historical data and distribution of truffle species, their 
characteristics and with which tree species are in symbiosis are indicated. Harvesting truffles is natural and artificial 
and has specifics in their hunting around the world. Italian entrepreneurs offer successful agriculture, which is related 
to science, and this is what they rely on in Romania. Truffle plantations on the Balkan Peninsula are an excellent form 
of alternative high-yield agriculture. The main accents when growing truffles are careful selection of field with 
appropriate soil and pH, exposure, area, climatic features and quality seedlings. In truffle plantations, yields are 
planned and quality is guaranteed. The facts about the rich chemical content of truffles and their beneficial effect on 
human health are objective. This paper aims at turning attention to the species distribution of truffles and the 
contemporary approach to their cultivation in Europe. As ectomycorrhizal fungi, truffle species also perform many 
important ecosystem functions, including organic matter decomposition, nutrient cycling and retention, soil 
aggregation, and transferring energy through soil food webs. 
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INTRODUCTION  
 
The genus Tuber F.H. Wigg. (Ascomycota, 
Pezizales, Tuberaceae) is globally famous and 
historically appreciated for the production of 
hypogeous ascomata known as ‘truffles’ 
(Polemis et al., 2019). Truffles are 
ectomycorrhizal fungi characterized by 
hypogeous fruitbodies (Bonito et al., 2010; 
Lacheva, 2012). Ecologically, Tuber spp. form 
obligate mycorrhizal symbiosis with the roots 
of trees, such as oak, poplar, willow, hazel 
(Harley & Smith, 1983), pecan (Bonito et al., 
2013), hornbeam (Ceruti et al., 2003), and 
some shrubs, such as Cistus (Mello et al., 
2006), play important roles in forest 
functioning and biogeochemical cycles (Smith 
& Read, 2008; Todesco et al., 2019). In 1881 
Carlo Vittadini gave a more elaborate 
description and was the first to recognize the 
importance of mycorrhizae to the nutrition of 
the host tree species (Trappe et al., 2009).  
Albert B. Frank first recognized the 
mycorrhizal symbiosis in 1885 when he 
showed that fungi in the truffle-forming genus 
Tuber were found growing on the roots of 
living plants (Frank, 2005). The survival of 

truffles is based on their ability to form 
mycorrhizae from the roots of host trees, and in 
return the trees receive the nutrients that are 
important for their survival (Siachoono et al., 
2016), as they are therefore in a symbiotic 
relationship (Trappe et al., 2009). Bonito et al. 
(2010) point to Paolocci et al. (2006) and 
Riccioni et al. (2008) who have intensively 
studied the ecology and host associations of a 
few commercialized European Tuber spp.  
As ectomycorrhizal fungi, truffle species also 
perform many important ecosystem functions, 
including organic matter decomposition, 
nutrient cycling and retention, soil aggregation, 
and transferring energy through soil food webs. 
These functions contribute to the overall health, 
resiliency, sustainability of forest ecosystems  
(Trappe еt al., 2009)  and contributes to a stable 
bioeconomy in rural areas (Hilszczańska et al., 
2019).  
The protection of forest ecosystems is vital for 
the hypogeous fungi, such as valuable truffles' 
conservation (Kaounas, 2020).  
This paper aims at turning attention to the 
species distribution of truffles and the 
contemporary approach to their cultivation in 
Europe. 
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MATERIALS AND METHODS 
 
Recent years have witnessed an upsurge of 
interest in truffles in particular, thus resulting in 
information collected from recognized 
specialists representing the historical 
development of truffles; their ecosystem 
functions; as well as that they form obligate 
mycorrhizal symbiosis with the different 
ligneous species (pines, oaks, poplars, orchids, 
and commercially important trees, such as 
hazelnut, and pecan). Special attention is paid 
to the species considered most valuable to 
Europe, such as Tuber melanosporum Vittad, 
Tuber magnatum Pico, and Tuber aestivum 
Vittad., their preferences for рН, soils, and 
reporting the ways for their cultivation and 
harvesting from natural habitats. 
 
RESULTS AND DISCUSSIONS  
 
The very first uses of truffles date back to 
6,000 years ago when ancients believed that 
truffles had magical powers aphrodisiacs 
(Ştefan, 2016). The first recorded account of 
truffles is by the ancient Greeks who used to 
love and appreciate them. Aristotle declared 
them an aphrodisiac and Pythagoras agreed, 
while for the Romans they were simply ‘earth 
fruit’. During the Renaissance they returned to 
the tables of the wealthy 
(http://www.trufflegrowers.com.au).   
References to edible hypogeous fungi exist in 
many ancient texts and it seems that the 
Mesopotamians, Egyptians, Greeks and 
Romans greatly appreciated truffles (Kaounas, 
2020). Francis I of France was the first to bring 
truffles to rank culinary delicacy, demanding 
that at its sumptuous banquets he mandatory 
seasoned with truffles to be the most important 
preparations. Also, in France Louis XIV 
commissioned the first scientific research 
dedicated to cultivating truffles (Ştefan, 2016). 
Mello et al. (2006) cite Ciccarelli (1564) who 
points out that the first paper devoted to the 
nature of truffles appeared in 1564. After the 
Second World War, due to changes in the 
social character and forest management, the 
knowledge about truffles was lost 
(Hilszczańska et al. 2019) 
The genus Tuber is present globally in 
temperate areas including over 200 species 

(Bonito et al., 2013; Todesco et al., 2019). The 
variety of truffles is significant- about 180 
species (Bonito et al., 2010), although only 
about 13 have a commercial interest (Reyna & 
Garcia-Barreda, 2008; Bonito et al., 2009; 
Reyna & Garcia-Barreda, 2014), while Ştefan 
(2016) reports that many of them have only 
scientific value. Siachoono et al. (2016) reports 
that 50 genera of hypogeous fungi are recorded 
for Europe, only two being endemic 
(Marjanović et al., 2010, 2012). Montecchi & 
Sarasini (2000) describe 22 European species 
that belong to the genus Tuber, and Ceruti et al. 
(2003) lists 32 species from Europe (Iberian 
and Apennine Peninsulas and Southern France) 
as regions with the greatest diversity of 
hypogenic Ascomycota, and especially 
Tuberaceae.  
Тruffles in recent years have become 
increasingly popular around the world. Many 
truffle species are found in Italy, France, Spain, 
Australi, and Romania (Ştefan, 2016). Polemis 
et al. (2019) cite the authors Jeandroz et al. 
(2008) who point out that the variety of truffles 
is well documented in Europe, but until 
recently the Balkan Peninsula was poorly 
investigated. The geographic distribution of 
known truffle species (about 100) mainly 
covers the temperate zones of the northern 
hemisphere, with at least three differentiation 
areas: Europe, South-East Asia, and North 
America (Gajos & Hilszczańska, 2013). Pieroni 
(2016) cites authors (Mandeel & Al-Laith, 
2007; Samils et al., 2008) who point out that 
truffles have been the focus of very few 
ethnobiological studies, mainly in desert areas. 
Trappe et al. (2009) reported that Helen Gilkey 
specialized in the “true” truffles, i.e., the 
ascomycetes, whereas Sanford Zeller worked 
with the basidiomycetes, sometimes called the 
“false” truffles.  
The literature points out that the number of 
truffles found in nature decreases as a result of 
environmental pollution and massive 
deforestation. Truffles mostly grow at various 
altitudes - from a few meters above sea level to 
between 800 and 1000 m (Pacioni & 
Comandini, 1999), as strong ecological 
relationships exist between Tuber spp., host 
plants and soil type (Lulli et al., 1999; Gajos & 
Hilszczańska, 2013). Truffles grow best mainly 
in Rendzic soils (Hilszczańska et al., 2019). 
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Truffle species present common ecological 
features, such as a relatively wide range of host 
species and the need for calcareous soils with a 
sub-alkaline pH (7 to 8) (Pacioni & Comandini, 
1999), except Tuber borchii tolerating slightly 
acidic soils (Mello et al., 2006). Gajos & 
Hilszczańska (2013) cite author Granetti (1994) 
who point out that well-aerated and well-
drained soils with a good amount of Ca, K and 
S are suitable for truffles. 
Truffles are seasonal wild fungi growing after 
rain at a depth of 5 to 15 cm under the ground 
(Rana et al., 2020) or at a depth of 4 to 40 cm 
(Ştefan, 2016). And because they grow up to 30 
cm deep into the soil, they need to be found 
with the help of trained dogs or pigs 
(Hilszczańska et al., 2019). In order to find 
truffles after maturation, the acute sense of 
smell of certain animals is required. The fine 
sense of smell of the pig makes it very 
efficient, but it requires constant vigilance, 
because of the risk of truffles being damaged, 
or even swallowed. Moreover, the animal gets 
tired rather quickly and its transport is difficult. 
Unlike pigs, dogs are not naturally interested in 
truffles and can be trained to indicate with their 
paws the place where the fragrant mushrooms 
are located. Truffles can also be localized by 
fly species (genus Suillia), which often hover 
above the place where a truffle is hidden (Talou 
et al., 1990). The role of the dog in the search 
for truffles is considered crucial, because the 
animal works in many cases like a ‘translator’ 
for nature, providing essential information for 
the trifulau, thanks to its keen senses and 
extensive training (Pieroni, 2016). Polemis et 
al. (2019) cite authors Hanson et al. (2003), 
Trappe & Claridge (2010) pointing out that 
truffles serve as a source of nutrition for the 
soil micro-fauna and several mammals.  
Rana et al. (2020) cite authors (Rota et al., 
2008; González & Marioli, 2010) indicating 
that the weight of truffles is ranges from 30 to 
300 g. Ştefan (2016) points out that those 
truffles are called ‘the earth diamonds’ due to 
their high prices when sold on the market, and 
several of them are highly prized due to their 
unique aroma (Bonito et al., 2010) and culinary 
identity (Siachoono et al., 2016; Polemis et al., 
2019). Some species, such as T. magnatum 
Pico, and T. melanosporum Vittad., are in great 
demand by the food market in many countries 

because of their special taste and smell, 
resulting from a blend of hundreds of volatile 
compounds (Bellesia et al., 1998; Gioacchini et 
al., 2005; Mello et al., 2006). The analyzes 
have proven to contain 9% protein, 13% 
starchy materials, 1% fat, vitamin B2, that is 
rich in vitamin A. It also contains a quantity of 
nitrogen in addition to carbon, oxygen and 
hydrogen, which makes the composition 
similar to the composition of meat (Rana et al., 
2020). Truffles are used in the food industry in 
the development of the luxury gastronomic 
culture, the pharmaceutical and cosmetic 
industries (Ştefan, 2016). 
There are important differences in the 
geographical distribution of truffles (Mello et 
al., 2006). Todesco et al. (2019) point out that 
the most valuable truffle species are Tuber 
melanosporum Vittad., Tuber magnatum Pico, 
and Tuber aestivum Vittad.  
The edible fruiting body of Tuber 
melanosporum Vittad. is commonly known as 
Périgord truffle, ‘black truffle’ (Kaffsack, 
2006) and also locally known as “sweet” truffle 
(Pieroni, 2016). The Périgord truffle has a 
much smaller ecological range (Delmas, 1978; 
Čejka et al., 2020) and is collected in the South 
and West Europe - Italy, France, and Spain 
(Mello et al., 2006; Barchfield, 2008; 
Santelices & Palfner, 2010). The migration of 
Périgord truffles into higher latitudes in the 
north of the European Alps (Thomas & 
Büntgen, 2017; Büntgen, et al., 2019), and the 
recently documented harvest has declined in 
the species’ southern European habitats 
(Büntgen et al., 2012), being attributed to 
global warming (Thomas & Büntgen, 2019; 
Čejka et al., 2020). Todesco et al. (2019) cites 
Reyna & Garcia-Barreda (2014) saying that                
T. melanosporum plantations are found not 
only in the Mediterranean area but also outside 
their native range, including Australia, South-
America, and West USA. Black truffles are 
grown in symbiosis, especially with oaks, and 
during its limited harvesting season, mainly 
winter, one finds them in several regions of 
southern Europe (Talou et al., 1990). Stobbe et 
al. (2013) points out that, besides harvests from 
natural habitats, T. melanosporum plantations 
across the Mediterranean have gained 
importance over the past decades (Bonet et al., 
2009), especially following the application of 
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the technique for artificial mycorrhization of 
host plants developed in the 1970s, which soon 
became the standard for truffle cultivation (Hall 
et al., 2007). The demand for black truffle has 
stimulated studies on species (Rosa-Gruszecka 
et al., 2017). T. melanosporum was first 
cultivated in France during the 19th century 
(Olivier et al., 1996). It is currently cultivated 
worldwide (mainly in regions with a 
Mediterranean-like climate) (Reyna & Garcia-
Barreda, 2014) and is highly regarded for its 
culinary properties (Thomas et al., 2016). 
Thomas (2014) presents a very detailed 
analysis of the climatic parameters required for 
growing T. melanosporum, including data from 
Africa, Asia, Australia, Europe, North 
America, and South America. This study 
provides information about countries that have 
a natural population of T. melanosporum and 
those that do not have a history of natural 
populations but are in the suitable climatic 
ranges of this species. The author points out 
that truffle cultivation is successful in areas that 
have lower temperature and higher rainfall 
levels than expected. The data compiled are 
extremely valuable and useful for cultivators in 
choosing suitable locations for a plantation. 
Büntgen et al. (2019) cite the authors (Thomas 
& Büntgen, 2019) reporting that the quality and 
quantity of truffles are affected by more 
frequent Mediterranean summer droughts, 
although many plantations are grown under 
irrigated conditions.  
Tuber magnatum Pico, commonly known as 
the Italian and the ‘white truffle’ fruiting bodies 
have so far been collected in Italy and in East 
Europe- Croatia, Slovenia, and Hungary- 
resulting in a limited availability (Mello et al., 
2006; Rosa-Gruszecka et al., 2017). According 
to Murat et al. (2005), for T. magnatum there is 
still a lack of cultivation methodology, 
although T. melanosporum, T. brumale and                
T. aestivum have been grown on plantations 
(Rosa-Gruszecka et al., 2017).  
Tuber aestivum Vittad., commonly known as 
the summer and Burgundy truffle, is an 
ectomycorrhizal Ascomycete associated with 
numerous trees and shrubs. Its life cycle occurs 
in the soil, and thus soil parameters could 
influence it, such as temperature and water 
availability (Todesco et al., 2019).  Gajos & 
Hilszczańska (2013) state that according to 

Chevalier & Frochot (1997) the natural 
geographical distribution of T. aestivum ranges 
from North Africa to Sweden and from Ireland 
to Russia. The burgundy truffle is a species 
with a huge market and a wide geographic 
spread (https://plantationsystems.com). It is 
often reported that France, Italy and Spain are 
home to the Burgundy truffle, and nowadays 
much of the supply comes from an ancient 
woodland in a country like Romania. In 
Romania truffles have spawned a niche in rural 
tourism. Truffle tourism has a future in 
Romania because it has environmental 
management and provides jobs for rural areas 
(Ştefan, 2016). Currently growing in much of 
Europe (Stobbe et al., 2013), the Burgundy 
truffle is expected to offer a great potential to 
be cultivated in new regions as climate change 
progresses (Stobbe et al., 2012; Čejka et al., 
2020). Romania has large tracts of native 
woodland that become heavy with truffle 
collectors from across Europe hunting these 
fertile grounds. Indeed, Transylvania produces 
some of the best summer truffles on the market 
(https://plantationsystems.com).  
Kaiser & Ernst (2016) specify that the most 
highly valued truffles species are native to 
Europe: the Périgord ‘black truffle’ and the 
Italian ‘white truffle’ dominate the market, and 
the Burgundy truffle has a lower value.  
A new species of truffle- Tuber pulchrosporum, 
was described in Greece and Bulgaria (Polemis 
et al., 2019) and is not recommended due to its 
rarity collection (Kaounas, 2020). While            
T. borchii and T. maculatum are found 
throughout Europe (Riousset et al., 2001; Mello 
et al., 2006), Csorbainé et al. (2008) indicate 
that T. macrosporum mainly occurs on water-
affected river banks, temporarily flooded river 
valleys or in deep and shaded valleys in the 
Czech Republic, Hungary, Romania, and 
Ukraine. Gregory et al. (2003) points out that  
T. macrosporum can also have a wider 
tolerance to drought. Mandić et al. (2018) 
points out that in personal communication with 
Ivan Ratoša it is understood that in the ‘70s the 
traditionally illegal truffle market, mainly held 
by Slovenian smugglers, was the only route for 
selling truffles from Serbia. The author points 
out that in the early 2000s M. Milenković 
organized courses and sold written instructions 
on truffle hunting, as a result of which the 
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number of truffle hunters in Serbia grew 
rapidly. Truffles currently are gaining attention 
in Poland, mainly due to the establishment of 
truffle orchards as a source of benefits in 
agroforestry, as the grow and collection of 
truffles stimulates planting oak and hazel (main 
host-plant species).  
Truffles were first found in Bulgaria 15 years 
ago in Ludogorie, the Shumen Plateau and 
Strandzha Mountain. History shows that during 
Socialism there were plenty of planted species 
of oak, pine tree, and beech, and the 
development of truffles was furthered by the 
fact that some nursery gardens had micelle 
grown in truffles and sapling roots were 
infected. In the 90s of the ХХ century Patricio 
Panfili discovered the first black truffle in the 
area between Ugarchin and Lovech. There are 
now also Bulgarian companies offering 
saplings infected with micelle, as suitable trees 
here are hazelnut tree, oak, and lime tree. The 
Italians and the French recommend cultivation 
on lime tree, oak, and pine tree, as the hazelnut 
tree is the main tree species used for this 
purpose in Bulgaria (https://www.duma.bg).  
Truffle agroforestry is the original and practical 
utilization of uncultivated lands with truffle 
mycorrhizal saplings of the fruit tree Truffle 
mycorrhizal saplings or forest-ornamental tree 
species, which form a more stable ecosystem, 
e.g. truffières. In Bulgaria there is hazelnut 
truffière, oak and hazelnut truffière, poplar 
truffière (http://www.kipro-bg.com). A truffle 
farm near the Balchik village of Obrochishte is 
one of the newest tourist destinations for 
tourists in Bulgaria (https://bgtourism.bg).  
Plantations of trees where truffles are 
cultivated, as well as natural truffle forests, are 
known as truffières (Kaiser & Ernst, 2016). A 
research on truffle cultivation began in the mid 
1800's. However, it was not until the late 1970's 
that truffles were harvested in French and 
Italian truffle orchards that had been 
established with artificially inoculated 
seedlings. Despite this success, the majority of 
black truffles and all other species of truffles 
have been collected over the years from natural 
areas rather than from artificial truffières. The 
truffle species most commonly and successfully 
cultivated is T. melanosporum, the famous 
"French" black truffle. Its hosts include many 
tree species, but the trees most frequently 

inoculated are C. avellana, O. carpinifolia and 
Quercus spp. (Lefevre & Hall, 2001). In order 
to cultivate T. melanosporum, tree species are 
inoculated with the fungi and once the 
mycohrriza is established, these young tree 
saplings are planted into carefully controlled 
field sites (Thomas, 2014). Besides forest 
ecosystems, ectomycorrhizal trees were also 
implanted in agroforestry ecosystems and in 
dedicated orchards for producing non-wood 
products such as edible fungi. The inoculation 
of tree seedlings with selected ectomycorrhizal 
fungi in nurseries (i.e., controlled 
mycorrhization) started a hundred years ago, as 
this technique has been used extensively since 
the 1970s to grow truffles (Murat, 2015). 
Todesco et al. (2019) report that according to 
the authors Reyna & Garcia-Barreda (2014), 
Murat, (2015) since the first commercialization 
of seedlings inoculated with T. aestivum and             
T. melanosporum in 1973, considerable 
progress has been made to improve the quality 
of the inoculated plants. Santelices & Palfner 
(2010) point out that according to Ramírez et 
al. (2004) previous studies carried out in Chile 
have demonstrated the feasibility of producing 
mycorrhizal plants of C. avellana inoculated 
with black truffle, matching the highest quality 
standards demanded on the European markets. 
Ştefan (2016), analyzes the different methods 
of micorrhization used in the truffle culture and 
their advantages for encouraging the cultivation 
of truffles. Reyna et al. (2001) have reported 
attempts to inoculate adult trees with Tuber 
spp. conducted in Italy by Lo Bue et al. (1990), 
given the extremely painstaking effort required 
and the costs of their method, it is generally 
considered impractical and unlikely to have any 
commercial potential. However, Reyna (1992) 
have posed the possibility of generating 
receptive root systems and then inoculating 
them with a sporal suspension while Chevalier 
& Frochot (1997) have reported French 
experiments to replace T. brumale infections 
with T. aestivum by surface sporal injection. 
The experiments reported herein by us have 
investigated the effects of inoculating 
established Q. faginea and Q. ilex with                      
T. melanosporum over three years (Reyna et 
al., 2001). Reyna et al. (2001) point out that 
nursery inoculation of plants and their 
cultivation under controlled conditions have 
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resulted in the development of more or less 
refined techniques. The authors point out that 
there are many bibliographic references in this 
direction, some of which describe the most 
extensively used and practical inoculation 
techniques (Honrubia et al., 1992), while others 
analyze the advantages and disadvantages of 
some of the techniques specifically targeted at 
T. melanosporum (Palazón et al., 1999).  
T. melanosporum fruiting bodies are consumed 
by animals and the spores are dispersed in their 
excrement. However, when truffles are 
harvested by man and completely removed 
from the natural habitat there is little or no 
opportunity for new trees to become infected 
by spores. It is possible that this may partly 
account for decreases in the productivity of 
natural T. melanosporum truffières. Another 
possible reason for the decline in production is 
the excessive plant density now found in 
natural T. melanosporum truffières that 100 
years ago were kept open by domesticated 
grazing animals and the collection of firewood 
(Reyna, 2000; Reyna et al., 2001).  
The invasive biology of Tuber is of interest, 
because some of the economically important 
species are being intentionally introduced into 
ecosystems around the world (Hall et al., 2007; 
Bonito, 2009), yet the phenomena of human-
mediated long-distance dispersal of 
mycorrhizal fungi are not well understood 
(Bonito et al., 2010). Reyna & Garcia-Barreda 
(2014) cites authors who indicate that                  
T. aestivum Vittad., T. borchii Vittad. and the 
T. indicum complex have been successfully 
cultivated (Zambonelli et al., 2000; Hu et al., 
2005), whereas without success though by T. 
magnatum (Gregori, 2007; Bencivenga et al., 
2009). With a flavor that varies through the 
season, early summer varieties are often mildly 
flavored and quite clean on the palate, while 
those harvested from late summer onwards can 
be really quite intense - in a similar vein to the 
Perigord truffle 
(https://plantationsystems.com). 
 
CONCLUSIONS  
 
Truffles are the icons of the fungal world. Their 
strong aromatic scent gives them a unique 
culinary identity, thus becoming in recent years 
increasingly popular worldwide. The most 

highly valued truffle species are native to 
Europe - the Périgord black truffle, the Italian 
white truffle, and the Burgundy truffle that 
mainly grows under deciduous trees with host 
tree species being oaks, hazelnuts, hornbeam, 
alder, willows, lindens, and poplars.  
In recent years a decrease has been observed in 
the number of truffles found in nature as a 
result of environmental pollution and massive 
deforestation. That is why attention is paid to 
the plantations of trees where truffles are 
cultivated (truffières) which is a successful 
approach to truffle growing in Europe. 
Truffle species also perform many important 
ecosystem functions, including organic matter 
decomposition, nutrient cycling and retention, 
soil aggregation, and transferring energy 
through soil food webs.  
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