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Abstract Burgundy truffles (Tuber aestivum syn. Tuber
uncinatum) are the highly prized fruit bodies of subterranean
fungi always occurring in ectomycorrhizal symbiosis with host
plants. Successful cultivation can be achieved through artificial
mycorrhization and outplanting of mostly oaks and hazel on
suitable terrain. Here, we review ecological requirements, the
influence of environmental factors, and the importance of
molecular techniques for a successful cultivation of T.
aestivum across Europe. The historical background and
current knowledge of T. aestivum cultivation are discussed
in light of its socioeconomic relevance.
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Introduction

Truffles are subterranean fruit bodies of ascomycete fungi
belonging to the genus Tuber (Trappe 1979). While the
worldwide number of Tuber spp. presumably exceeds 180
(Bonito et al. 2010), only a few species are praised by chefs
and gourmets for their distinctive culinary value. Three

major species dominate the international market: the most
exclusive is Tuber magnatum, the white Piedmont truffle,
followed by Tuber melanosporum, the black Périgord truffle,
and Tuber aestivum syn. Tuber uncinatum (Weden et al.
2005), the Burgundy truffle (Hall et al. 2007).

Tuber spp. rely on a symbiotic association to form
ectomycorrhiza with certain host plants and to complete
their life cycle with the development of spore-bearing fruit
bodies—the truffles (Mello et al. 2006). Besides harvests
from natural habitats, T. melanosporum plantations across
the Mediterranean (i.e., Spain, France, and Italy) have
gained importance over the past decades (Bonet et al.
2009). A technique for artificial mycorrhization of host
plants was already developed in the 1970s and soon became
the standard for truffle cultivation (Hall et al. 2007).
Unfortunately, disappointments seem to be almost as fre-
quent as successes, leaving a considerable risk to those
aiming to establish a plantation (Guerin-Laguette et al.
2013). The factors and mechanisms involved in the pro-
duction of fruit bodies, however, remain poorly under-
stood (Büntgen et al. 2012b). Some species such as T.
magnatum resisted most cultivation attempts (Hall et al.
1998), whereas T. melanosporum plantations proved to be
widely prosperous in suitable habitats around the world
(Lee 2008; Bonet et al. 2009).

After numerous studies on T. melanosporum cultivation
in Mediterranean habitats (see references herein), we focus
on the potential and limitation of T. aestivum cultivation in
more temperate European habitats. We provide an overview
of the ecological requirements for T. aestivum growth and
the influence of biotic and abiotic drivers on cultivation
success. Particular emphasis is given on the rising impor-
tance of molecular techniques. Moreover, we outline the
historical background and the current knowledge of truffle
cultivation. We also provide a critical discussion on ample
reasons for cultivation failure and link this perspective to
socioeconomic aspects.
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Ecological requirements and environmental drivers

T. aestivum is indigenous to nearly all European countries
and beyond, with habitats reaching as far east as China
(Zambonelli et al. 2012). This wide range consists of a
specific composition of unique ecological characteristics
(Fig. 1).

Southern habitats with a warm climate reach higher
altitudes (Morocco, ~1,600 m above sea level (asl)),
whereas northern habitats are often located near sea level

(Sweden, <50 m asl). The fruiting season has two maxima
(July and November) in the temperate habitats of Germany,
although finds occur throughout the entire year (Stobbe et al.
2012). An earlier fruiting season is observed in warmer regions
and at lower altitudes (fromMay to July in Greece), and a shift
toward winter occurs in northern habitats and at higher
altitudes (August to November in Sweden) (Diamandis
and Perlerou 2008; Weden et al. 2004a, b). Annual mean
temperature varies from 6.8 to 11.5 °C, which is typical
for Mediterranean to temperate climates. Of particular
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Fig. 1 The ecological
amplitude of T. aestivum
including all relevant biotic and
abiotic factors. The thick line in
the middle of each partial
graphic indicates the factors
optimum, followed outwards by
the standard deviation and the
minimum and maximum
respectively. Host plants are
given in relative proportions.
Species abbreviations are Qusp
Quercus spp., Qupe Quercus
petraea, Quce Q. cerris, Quro
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(Howard 1944; Groß 1975;
Pegler et al. 1993; Chevalier
and Frochot 1997; Weden et al.
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al. 2007, 2012; Hall et al. 2007;
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2008; Hilszczanska et al. 2008;
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Gregori 2010; Khabar 2010;
Urban and Pla 2008; Stobbe et
al. 2012, Global Biodiversity
Information Facility 2013)
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importance are the mean temperatures of the coldest and
warmest months, which may account for a stop in truffle
production due to frost or a decrease of production due to
heat-induced drought. The mean value for the coldest
month generally ranges >0 °C, whereas significantly lower
air temperatures can easily be buffered by snow cover,
with the corresponding belowground values describing less
distinct depressions (Stobbe et al. 2012).

Annual precipitation totals range from ~400 to 1,500 mm,
making rainfall alone a very variable factor. The annual distri-
bution of rain seems to be a muchmore crucial point for truffle
growth, as long-term summer drying of the Mediterranean
Basin translates into declining truffle harvests across Spain,
France, and Italy (Büntgen et al. 2011, 2012b). The ground of
utmost truffle habitats is calcareous with pH levels >7
(Chevalier and Frochot 1989), although exceptional sites with
pH >5.9 and the absence of active carbonate have been
reported (Gogan et al. 2012).

The association with certain host trees mainly mirrors
species-specific forest distribution, and appropriate tree
species are present in most European regions. Among
numerous suitable oak species, a frequent symbiotic associa-
tion to Quercus robur has been observed for temperate habi-
tats. In Mediterranean habitats, this relationship shifts toward
a preference for Quercus cerris. Similarly important and
widely distributed hosts are Corylus avellana and Fagus
sylvatica. Besides numerous well-known host trees, new spe-
cies are recently found to be symbiotic partners for T.
aestivum. The discovery of productive Burgundy truffle sites
in association with Norway spruce (Picea abies) is a surprise
(Stobbe et al. 2013 article accepted by now), which encour-
ages rethinking the species’ ecological and distributional pat-
terns. New truffle habitats and cultivation potential therefore
appear in areas where spruce forests occur on calcareous soils
(Stobbe et al. 2013). Another example of economic relevance
is the pecan tree (Carya illinoinensis), which functions as a
suitable host for various Tuber spp. (Heimsch 1958). Pecan
nut groves are known to produce truffles continuously
without anthropogenic support, with Tuber spp. being the
dominant ectomycorrhizal species in their root systems
(Bonito et al. 2011a). Recent inoculation experiments revealed
that mycorrhization of C. illinoinensis with T. aestivum is
possible which makes truffle–nut coproduction an economi-
cally interesting task (Benucci et al. 2012).

In addition to abiotic climatic controls and host require-
ments, biotic environmental factors are similarly important
for fruit body formation. Soil-borne microbial communities,
especially bacteria, involved in the development and func-
tioning of ectomycorrhiza symbiosis (the so-called helper
bacteria; Frey-Klett et al. 2007), are hypothesized to facili-
tate truffle production (Mello et al. 2010). To incorporate
such knowledge may be important for plantation efforts.
Intra-annual growth patterns and the total carbon budget of

symbiotically associated host trees are known to influence
fruit body production of mycorrhizal fungi (Büntgen et al.
2012b; Martinez-Peña et al. 2012). This seems relevant for
truffle growth since truffle plantations exceeding an age of
about 30 years tend to decrease in yield (Hall et al. 2007).

The importance of molecular techniques

Molecular techniques are indispensable tools to elucidate
all aspects of truffle biology, ecology, and evolution
(Martin et al. 2010; Mello et al. 2006; Rubini et al.
2007). By enabling a closer look into community and
population genetics, interactions, and sexuality, these
methods ultimately allow us a better understanding of
the crucial point of truffle cultivation—the completion
of the truffle's life cycle with fruit body formation.

Difficulties in the distinction of fruit bodies, mycorrhiza,
or pure mycelia fuelled the desire to improve the often
misleading morphological identification methods. With the
development of the polymerase chain reaction, species
delimitation from very small amounts of tissue became
possible. This has paramount implication for truffle cultiva-
tion, such as the reliable identification of inoculum sources
and the control of mycorrhizal seedling production. In addi-
tion, the diagnosis and monitoring of mycorrhizal develop-
ment in plantations, and the quality control of marketed fruit
bodies and truffle products were enhanced.

Species-specific primers have first been developed for T.
magnatum and T. melanosporum to discriminate them from
similar but less valuable species (Amicucci et al. 1998;
Mello et al. 1999; Paolocci et al. 1997). Correct species
typing not only is fundamental from an economic point of
view but also has ecological implications. Uncontrolled
introduction of nonnative and highly competitive species
such as T. indicum in Europe and other parts of the world
can have unpredictable ecological consequences (Bonito et
al. 2011b; Murat et al. 2008). Primers specific to T. aestivum
were initially designed to resolve the controversial taxonomic
position of T. aestivum in relation to T. uncinatum (Mello et al.
2002). Weden et al. (2005) seemed to clear this point by
analyzing the internal transcribed spacer (ITS) region of
rDNA from many samples of different origins, showing
that the two species were intermingled in one monophyletic
group. However, since the ITS region is not phylogeneti-
cally informative enough for intraspecific studies, it is still
possible that genetically distinct subpopulations or ecotypes
exist in this widely distributed species.

Using random amplified polymorphic DNA analysis,
several studies indicate intraspecific diversity in T. aestivum
populations (Gandeboeuf et al. 1997; Weden et al. 2004b).
Nevertheless, codominant molecular markers such as the
microsatellites published byMolinier et al. (2013) are required
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to perform profound population genetic studies. Taking into
account intraspecific genetic variation in truffle cultivation
will help to identify the best adapted ecotypes for plantations
and prevent genetic degeneration.

Patterns of linked genetic and geographic distribution have
also been observed for T. melanosporum (Murat et al. 2004)
and T. magnatum (Rubini et al. 2005), making it possible to
trace the postglacial recolonization from their Mediterranean
glacial refuges together with their host plants. Studying natu-
ral populations across their geographic range can also provide
hints as to whether culinary properties are genetically and/or
environmentally based. In this context, Splivallo et al. (2012)
showed that intraspecific genetic variation determined the
concentration of key truffle volatiles in T. aestivum and con-
futed the past assumption that genetic variation plays a minor
role in this respect (Bertault et al. 1998). T. aestivum shows
higher intraspecific genetic variation than other Tuber species
(Bonito et al. 2010; Mello et al. 2002) and inhabits a broad
geographic range, which calls for population genetic and
phylogeographic studies using the newly developed markers.

A fundamental cornerstone toward reliable cultivation is
the conclusion that T. melanosporum, and very likely most
Tuber spp., seem to be heterothallic and outcrossing (Martin et
al. 2010; Rubini et al. 2011a). To complete their life cycle and
to produce fruit bodies, strains with opposite sexuality have to
be present. Previous mating models, based on methodological
artifacts of DNA isolation, suggested a homothallic and
selfing strategy (Bertault et al. 1998; Rubini et al. 2007).
Once the mating type genes are described, screening inocu-
lated plants or inoculatingmycelia for the two different mating
types may be a promising tool for cultivation success (Rubini
et al. 2011b). First attempts of detecting and quantifying
truffle mycelia and mating types in the soil have been carried
out for T. melanosporum (Rubini et al. 2011b; Zampieri et al.
2012), and reliable methods to detect mycelia in the soil are
available for T. aestivum (Gryndler et al. 2011). These tech-
niques can be useful in elucidating the influence of ecological
and cultural conditions on the appearance of mycelia and fruit
body biomass production.

The sequencing of additional Tuber spp. and other
mycorrhizal fungi genomes (Martin et al. 2011) will help
to identify conserved genes implicated in mycorrhizal
symbiosis (Martin et al. 2010), conserved Tuber specific
gene sets and pathways, and also molecular markers of
environmental adaptation. Knowledge about the genomic
features of associated bacterial and fungal communities
can be helpful for cultivation, as they are assumed to influence
mycelial growth, nutrient absorption, mycorrhiza formation,
fruit body maturation, and taste (Murat et al. 2005; Barbieri et
al. 2007; Frey-Klett et al. 2007; Mello et al. 2010; Gryndler et
al. 2012). The use of next generation sequencing technologies
for metagenomic analyses of soil, rhizosphere, and fruit body
samples is promising for the better understanding of biotic

interactions and may help to prevent cultivation failure.
The use of diverse molecular approaches in the field in
combination with abiotic environmental assessments
(Büntgen et al. 2012a) will help to gain further insight
into the biology, ecology, and evolution of the still hidden
underground life of truffles.

Historical background and current truffle cultivation

During the Renaissance, the European culture realigned many
aspects of the Greek and Roman antiquity, and ancient texts
moved increasingly into focus. The Roman author Pliny
described truffles as a delicacy, though most likely referring
to desert truffles (Terfeziaceae) from Mediterranean regions
in North Africa. Since the seventeenth century, interest in
the exclusive product increased in aristocratic circles due to
the truffles’ culinary appeal and the enigmatic circum-
stances of their occurrence. In Italy and France, the “truffle
hunt” became an exotic and popular category of hunting
(Rittersma 2010). In the eighteenth century, truffle hunting
extended to areas north of the Alps. Noblemen in Germany,
Poland, and England imported trained dogs and invited
truffle hunters from Italy and France (Fischer 1812).

Until the mid-nineteenth century, the long history of
truffle utilization was characterized by truffle hunting in
the wild. This started to change when an indirect culti-
vation technique, known as Talon’s method, got popular
(Bye 2000). By sawing acorns or disseminating truffle
residues, truffières developed in southwestern France in
already known truffle regions. Cultivation trials have
been also carried out in Central Europe as early as in
the nineteenth century (von Bornholz 1825). They were
of little success, and were not pursued more intensively,
possibly due to frequent wild T. aestivum occurrences
(Fischer 1812; Hesse 1891).

In 1885, Albert Bernhard Frank described the truffle–
host symbiosis and coined the term “mycorrhiza,”, thus
laying the foundation for scientific investigations on truffle
cultivation (Chatin 1892). During the two World Wars,
activities in this field came to cessation, and the truffle
harvest of the main producer France decreased by 80 %.
Truffle production could not recover after WW II, and
public awareness was low (Bye 2000). Changed land-use
systems with intensified cultivation, mechanization, and
increased cultivation of staple foods caused a sharp decline
of natural and artificial truffières. East of France, prewar
truffle culture fell into oblivion, whereas in the western
Mediterranean area, interest in this exclusive agricultural
product gradually resumed. In the late 1970s, the French
developed a technique to establish successful truffle planta-
tions (Chevalier and Frochot 1989). It includes the inocula-
tion of seedlings with spores or mycelia, a 1- to 2-year
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period of growth in a controlled environment to develop
mycorrhization, and finally, the outplanting on appropriate
sites (Weden et al. 2009). After 5 to 10 years, the first
truffles appear, with yearly harvests being possible for decades
afterwards (Hall et al. 2007).

Today, the French “truffle tree” nurseries have a yearly
output of ~400,000 plants, most of them inoculated with T.
melanosporum (Hall et al. 2007). The cultivation of T.
aestivum is concentrated along its natural distribution from
the center (Auvergne), over the north (Champagne, Lorraine),
and to the east (Bourgogne, Franche-Comte) (Chevalier and
Frochot 1997). Simultaneously, Spain went into the plantation
business with a focus on T. melanosporum (De Roman and
Boa 2004; Bonet et al. 2009). T. aestivum is known from
several regions (Soria, Navarra, Aragon, and Valencia) but
plays a minor role in cultivation and commerce (De Roman
and Boa 2004). Alongside France, the classic truffle country is
Italy. With an estimated >200,000 truffle hunters gathering
30–100 t/year (Pettenella et al. 2004), Italy is one of the
biggest truffle producers worldwide. Truffle cultivation is
mainly carried out with T. melanosporum. Out of around
120,000 truffle trees planted per year, only 15% are inoculated
with T. aestivum. Due to their recent establishment, the success
of most of these plantations is still uncertain, although good
harvests have been reported (Bencivenga et al. 2009).

The surprising discovery of T. aestivum habitats on the
Swedish islands of Gotland and Öland was an initial hint to
look beyond known boundaries. T. aestivum was found to be
spread all over the island and adapted very well to the local
soil and climate (Kers 2003; Weden et al. 2004a, b). Fuelled
by the first truffle finds, several plantations with a total of
over 2,000 trees were established from 1999 to 2001. With a
good mycorrhizal development, the first plantation truffle
was harvested in 2005, 6 years after planting (Weden et al.
2009). The Swedish truffle project is a good example for
the Scandinavian region and led to the planting of more
than 5,500 inoculated trees on over 60 plantations and the
founding of truffle associations and companies, which
positively impacted the rural economy (Weden et al.
2009). Inspired by Swedish activities, cultivation attempts
were also made in Finland and the Baltic region (Shamekh
et al. 2009; Orczan et al. 2010). The first T. aestivum orchards
were established in 2006 but have not yet produced their first
yield (Shamekh and Turunen 2011).

An important European truffle country is Hungary. It relies
mainly on natural harvests to produce 4–9 t of T. aestivum per
year under a wide range of ecological conditions (Gogan
Csorbaine et al. 2007, 2012). Since the early 1990s, the estab-
lishment of truffle plantations got popular. From 2004 to 2006,
11 experimental orchards were established in cooperation with
the French INRA (Bratek et al. 2010). Besides the import of
mycorrhized seedlings, an in situ inoculation of plants is com-
mon. This method includes the sowing of acorns in a high

density and a subsequent inoculation of the germinating
seedlings with spore suspension. Alternatively, the acorns
are dipped into the suspension prior to planting. Although
there is a high risk of contamination through competing
ectomycorrhizal fungi, the method is popular for its low
costs (Gogan Csorbaine et al. 2007).

Several newcomers are currently pushing the development
of truffle cultivation. In contrast to Germany’s vivid truffle
culture before the early nineteenth century, truffles are con-
sidered to be very rare in present times, and all species are
protected. Public awareness for the abundance of truffles in
Germany was nearly nonexistent but is rapidly rising with
the publication of newly discovered habitats and cultivation
endeavors (Stobbe et al. 2012). T. aestivum is widespread
and so are suitable habitats for the establishment of plan-
tations. With the availability of inoculated trees, several
plantations were established since 2010, four of them under
scientific surveillance. In Switzerland, the utilization of
wild truffles can be legally practiced in natural forest
habitats all over the country. In recent years, there is an
increasing interest in private harvesting using trained truffle
dogs. Some small plantations have recently been
established in northern and western Switzerland, and a
truffle association was founded in 2010. However, since
scientific knowledge is scarce, ecology and distribution of
Swiss truffles are subjects of ongoing research activities. In
the eastern and southern parts of Austria, truffle hunting
has been practiced for centuries without ever getting very
popular (Röll 1855). Today, only a few studies on T.
aestivum are published, and public awareness is still low
(Urban and Mader 2003). The eastern lowlands are partic-
ularly suitable for truffle cultivation, locally inoculated trees
are available, and several plantations have been developed
(Urban and Pla 2008).

In neighboring Slovenia, the current knowledge is still
sparse, although all valuable truffle species are present and
suitable regions are widespread. However, truffle research
and cultivation endeavors are emerging rapidly (Grebenc et
al. 2008). Since 2010, truffles are no longer protected, and
limited harvesting is allowed. Regulations on truffle collec-
tion methods, collection periods, cultivation, and trading are
proposed and awaiting validation (Grebenc 2013, personal
communication).

Great cultivation potential is present on the Balkan
Peninsula and further east. Several field studies emphasize
the wide distribution of 12 truffle species in Serbia, parts of
Montenegro, and Macedonia (Glamoclija et al. 1997;
Marjanovic 2008; Marjanovic et al. 2009). While its neighbor
Croatia produces great quantities of T. magnatum (Bragato et
al. 2004), Serbia’s intricate protection and licensing regulations
prevent a sensible utilization of the abundant T. aestivum
occurrence and the development of truffle cultivation. A reason
might be the “mycophopic” character of Serbian culture with
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regard to observation, conservation, and utilization of the
endemic fungi (Krstajic 2012). On the southern tip of the
Balkan Peninsula, Greece is also venturing towards truffle
cultivation. With widely present calcareous terrain, the culti-
vation of T. aestivum and T. melanosporum has been promoted
since 2008 (Diamandis and Perlerou 2008). Greek farmers
realize the good economic potential, which is desperately
needed in rural areas (Diamandis and Perlerou 2008). A first
plantation was established in 2006 and is developing well
without starting to produce yet (Chetan and Morar 2011). Yet
scientifically unexplored truffle grounds can be found further
east in the countries around the Black Sea. Sporadic reports on
truffle finds, together with great climatic and geologic poten-
tial, suggest a vast distribution of T. aestivum and widespread
cultivation potential (Chevalier and Frochot 1997). A look on
the provenance of truffles offered via internet further indicates
increasing truffle utilization.

Some countries deal with issues in promoting truffle culti-
vation. Poland lacks historic find reports and general informa-
tion about T. aestivum, which is probably due to the virtually
nonexistent truffle consuming tradition (Hilszczanska et al.
2008). Suitable areas are located in the southern part of the
country, where T. aestivum habitats are endangered by anthro-
pogenic impact (Lawrynowicz et al. 2008; Hilszczanska et al.
2008), and a first experimental plantation was established in
2009 (Hilszczanska and Sierota 2010). Despite numerous
historic records, T. aestivum seems to be neglected in the

Czech Republic, as Streiblova et al. (2010) put in their review
publication. Aside of the recent work on innovative molecular
methods specific to T. aestivum (Gryndler et al. 2011), very
few truffle research is carried out. Although considered criti-
cally endangered and protected, the species is found to be
abundant under suitable habitat conditions, and cultivation
potential is present (Streiblova et al. 2010). A similar situation
exists in Slovakia. New T. aestivum habitats were detected
even though the species is classified as critically endan-
gered (Gazo et al. 2005). Many potential habitats are
threatened by anthropogenic activities such as deforestation,
mismanagement, and land-use changes, making habitat pro-
tection a primary goal (Gazo and Miko 2010).

Cultivation challenges and socioeconomic consequences

The Burgundy truffle ranges among themost expensive foods,
along with luxury products such as beluga caviar and saffron,
making its market very profitable (Chevalier and Frochot
1997; Hall et al. 2003). With decreasing harvests in the
Mediterranean and an increasing global demand (Hall et al.
2003; Martin et al. 2011; Büntgen et al. 2012b), the cultivation
of truffles in Central and Eastern Europe appears to be an
economically promising endeavor. Particularly in rural areas,
truffle plantations can support socioeconomic development
with good perspectives for agriculture, gastronomy, and

climate
precipitationtemperature snow cover

distribution of precipitation
frost duration & frequency

mycorrhization
control

mating types
genetic diversity

tree nursery

plant provenance
inoculation technique

truffle provenance

plant protection
plant densityplant species

plantation

site preparation

fertilizing
liming

soil cultivation

physical
soil properties

chemical 
soil properties

C/N ratio

nutrients
calcium carbonate

pH value
organic matter

soil

soil water

host tree

fruit body formation

mycorrhization
soil organisms competing fungi

competing vegetation

shadingplant health
growth

root growth

lighting

accompanying vegetation

irrigation

pruning
pest control

maintenance

ground watergeologysoil type drainagesoil aeration

site characteristics

previous land use
present vegetation

location
altitude

inclination
exposition

Fig. 2 Schematic illustration of
the factor complex effecting
successful truffle cultivation.
All factors in the grey areas
aboveground can be influenced
directly, belowground,
indirectly. Factors outside the
grey area are given habitat
characteristics. The arrows
indicate the possible directions
of action

5220 Appl Microbiol Biotechnol (2013) 97:5215–5224



tourism (Samils et al. 2008; Bonet et al. 2009; Weden et al.
2009; Aumeeruddy-Thomas et al. 2012).

A shift in truffle production already occurred, bringing
rising competition for the traditional truffle countries and
good chances for newcomers. T. aestivum nowadays regu-
larly originates from Eastern Europe instead of France and
Italy (Gogan et al. 2007). T. melanosporum is mainly
exported from Spain (Bonet et al. 2009) and Australia
(Lee 2008), and T. magnatum is often harvested in Croatia,
Serbia, and Hungary, instead of being an exclusively Italian
affair (Marjanovic et al. 2009). There is seasonal offset
production in the southern hemisphere, which makes fresh
truffle available almost all year round (Lee 2008). The
economic potential is growing, and it is not restricted to
certain geographic areas anymore.

Beyond being lucrative, truffle cultivation represents an
innovative and sustainable form of land use in accord to the
prevalent Zeitgeist. Compared to conventional agriculture, it
has a low environmental impact with very little use of
machinery and chemicals (Hall et al. 2007), and promotes
the development of well-adapted ecosystems with a rich
biodiversity (Stobbe et al. 2012).

Numerous publications report on the establishment of
truffle plantations, compared to a lack of information
concerning their desired harvests. One reason might be that
nobody wants others to peek into business matters, and that
is exactly what truffle harvests come to, but there is certainly
more to the picture. Compared to the plantations under
scientific surveillance, private ventures are probably ac-
counting for the majority of plantations and are thus out of
the public focus. Truffles are often marketed under the
counter, avoiding tax matters and regulations (Hall et al.
2007). The official records of truffle sales are not likely to
represent the real numbers (Büntgen et al. 2012b). On top of
that, truffles from plantations and the wild are marketed all
over Europe in a mix-up, making it impossible to trace back
their origin. Generally, the truffle business is a very secretive
one, and reliable data are hard to come by (Hall et al. 2007).

On the other hand, the reason for collusiveness can as
well be failure of truffle production because nobody likes to
talk about disappointments. Sources can occur throughout
the cultivation cycle, from the production process of inocu-
lated trees, over plantation preparation to plantation man-
agement. Proper inoculation methods are very important to
produce well-mycorrhized plants without unwanted contam-
inant fungi. The use of cheap early season truffles from
distant origin bears the risk of weak inoculation due to
immaturity and a failure of truffle production due to defi-
cient habitat adaption (Rubini et al. 2007; Hall et al. 2010;
Zambonelli et al. 2010). Another probable cause is the
inoculation with asexually proliferated mycelia (Rubini et
al. 2011b). The last step of plant production should include a
quality assessment to prevent the outplanting of weakly

inoculated and contaminated plants, which are unlikely to
produce. Although adequate protocols are developed
(Fischer and Colinas 1996), plant quality can still be a
problem (Hall et al. 2007). Truffle plantations are designed
to produce a specific truffle species. Under certain condi-
tions, the targeted species may be replaced over the years by
other, more competitive, truffle species with minor value,
e.g., T. melanosporum by Tuber brumale and Tuber
maculatum in New Zealand (Guerin-Laguette et al. 2013),
or the ever-present threat of T. indicum in Italy (Zambonelli
et al. 2012). Such interspecific interactions may harm the
economic output of a plantation and demonstrate the need
for research on the key factors determining the distribution
and equilibrium of mycorrhizal species in productive versus
unproductive truffières.

A careful choice of the plantation site according to the
requirements of the truffle and the host tree species is a basic
factor of success. Prior to planting, low soil pH levels are often
adjusted by liming, and physical soil properties are improved
with machinery (Hall et al. 2007). Later on, the appropriate
management measures are manifold (Chevalier and Frochot
1997; Hall et al. 2007), and their comprehensive explanation
would exceed the scope of this study. Figure 2 illustrates all
relevant factors involved in a successful truffle cultivation. At
last, many T. aestivum plantations are established too recently
to be in production yet. However, presuming a 5- to 10-year
waiting period for the first harvests, successes should be
reported soon.
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