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Abstract: Background: The objective of this study was to analyze the current situation of the truffle
sector in the main producing countries of the Mediterranean area. Additionally, we identified the
challenges for the future and the priority actions to develop the truffle sector in the region. Methods:
We used a Delphi process approach, and we selected a total of 17 expert panelists in different positions
within the supply chain of the target countries (Spain, France, Italy, Croatia, and Greece). Results:
The results obtained allowed us to have a complete description of the current truffle supply chain.
We confirmed an evolution of the sector due to the cultivation success of several Tuber species. The
maturity of the sector has produced shifts in the roles that form the traditional truffle supply chain
operators. We confirmed the trend of a decrease of collectors that hunt truffles in the wild and sell
to small travelling buyers, whilst truffle hunters that collect for farmers and specialty wholesalers
are emerging. However, a trend of truffle price decrease in the last few years has alerted the sector.
Conclusions: As production increases due to truffle cultivation, it will be necessary to promote truffle
consumption. We identified actions to develop the truffle sector: (a) strengthen the link between
truffles, tourism, and gastronomy; (b) increase the effort at European level for the recognition of
truffle production, helping to develop truffle culture and marketing; (c) increase the awareness and
consumption of truffles among consumers; and (d) develop tourism workshops for truffle farmers.
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1. Introduction

Wild edible fungi play an important ecological role in nature, and their fruitbodies
are among the most valuable non-wood forest products, with great potential for trade
expansion [1]. Up to 268 fungal species are authorized to be marketed in Europe, but only
60 of them can be cultivated [2]. Truffles belonging to the Tuber genus are among the few
and most successful attempts to cultivate edible mycorrhizal fungi [3]. Truffles are the
fruiting bodies of hypogeous ascomycete fungi which form ectomycorrhizal associations
with gymnosperm or angiosperm trees or shrubs [4]. At least 180 species of Tuber have
been reported around the world [5], even if only about 13 have any commercial interest [6].
Nowadays, some of these species, such as Tuber melanosporum Vittad., Tuber aestivum Vittad.,
Tuber borchii Vittad. and Tuber brumale Vittad., are routinely and successfully cultivated [7].
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Tuber magnatum Picco cultivation has been difficult in contrast to the previously mentioned
species, but recently a successful attempt at its cultivation in France, outside the natural
range of this species, also demonstrates the feasibility of its cultivation [8]. T. brumale
plantations may also be economically beneficial, but because it was considered as a con-
taminating fungus in T. melanosporum plantations, its cultivation is less developed [9,10].
T. borchii cultivation has become widespread mainly in Italy and, more recently, also in
New Zealand, Australia, and North and South America [11]. However, in spite of the new
alternatives for truffle species cultivation, the most cultivated species of the genus Tuber
still are T. melanosporum and T. aestivum, mainly in the Mediterranean area.

The unique and intense aroma of truffles make them one of the most expensive foods in
the world [12]. Tuber magnatum is the most famous and valued truffle, with prices ranging
from EUR 1000-1500 per kg due its particular and attractive aroma [8,13]. T. aestivum
is the most common species across Europe but less appreciated, with prices from EUR
25-70 per kg in Spain [14] to EUR 200-600 per kg in Switzerland [15]. T. brumale has a
characteristic musky odor and is the less appreciated of the winter truffles in Europe [12],
with prices ranging from EUR 60-120 per kg in Spain [14]. T. borchii, can reach prices of up to
EUR 200-250 per kg in Italy when the season of other species of the genus Tuber is bad [14],
and is becoming increasingly popular in the market [16]. Among them, T. melanosporum is
one of the most appreciated fungi in the market and its hunting in the wild and cultivation
is important for rural livelihoods and landscapes in southern Europe [6,17,18]. In Spain,
the average price paid to wild collectors and growers of T. melanosporum during the last
decade has ranged from EUR 170 to 550 per kg [14], whereas prices of selected truffles in
international markets reach the EUR 2000-4000 per kg range [6].

T. melanosporum is naturally harvested in Europe, mainly in the Mediterranean areas
of Spain, France, and Italy [6]. Historically, truffles were collected from the wild, but the
success in inoculating host trees with T. melanosporum in the 1970s [19] opened the door
to the species cultivation in managed plantations. The commercialization of inoculated
seedlings brought the expansion of black truffle cultivation that nowadays sources the
larger part of marketed truffles, while the quantity of truffles collected in the wild has
been falling since the last century [20]. This decline of wild truffle production is likely
due to socioeconomic factors such as changes in forest use and rural abandonment [20].
Climate change has also been proposed to explain this decline of wild truffle production in
Europe [21,22].

In recent decades, T. melanosporum cultivation has expanded from the Mediterranean
to all Mediterranean-climate regions around the world and beyond. Thanks to inoculated
seedlings, the research advances and the economical profits obtained with the black truffle
crop T. melanosporum has been introduced in Australia, New Zealand, USA, South Africa,
Chile, Morocco, Greece, Turkey, and China, among others. Despite the decline of wild pro-
duction, the amounts in the market have increased during the last years due to cultivation
efforts. Spain is leading the world production of T. melanosporum and its cultivation, with
a mean annual production of 47 tons per year during the period 2013-2018 [14], having
more than 20,000 hectares currently planted and around 80, 100, and 104 collected tons
during the last three seasons (2018/19, 2019/20, and 2020/21, respectively) [23]. France and
Italy have produced an average of 43 and 19 tons per year, respectively, during the period
2013-2018 [14], however, there has not been the same increase during the last three seasons
as in Spain. Australia, with 11 tons per year [24], and Chile, with 1.3 tons in 2020 [25], are
also becoming players in the black truffle world arena.

In France, Italy, Spain, and Australia, truffles are an emerging ‘global industry’ [26]. The
economic activity of the truffle sector generates tens of millions of euros annually [27-30].
Besides direct benefits, black truffle production promotes other activities, such as truffle
tourism [18], production of seedlings mycorrhized with T. melanosporum, production of
truffle products, technical consulting [31]; it stimulates interdisciplinary research [32],
and increases land value in rural areas [31]. However, the increase of global black truffle
production in a very short time, especially in Europe, has brought a certain fatigue to
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the European market. We expect further increases of T. melanosporum production in other
countries within the framework of a global market, which should imply a risk of change
of truffle gravity center from the Mediterranean to other areas, as well as changes in the
market operator roles.

During the last decades, the European market has undergone changes due to the
cultivation of truffles. New producers have appeared in a traditional sector linked to wild
production, and new business opportunities have emerged through online sales, giving
more visibility to the truffle. This new player, the truffle grower, in addition to selling fresh
truffles to intermediaries or retailers in the country, exports truffles directly to the final
consumer or to retailers worldwide.

The objective of this study is to analyze the current situation of the truffle sector
in the main Mediterranean producing countries, the different challenges that the sector
is facing, and the priority actions to guarantee the resilience of the truffle sector in the
region. The analysis covers the main truffle producing countries (Spain, France, Italy,
Croatia) and emerging Mediterranean countries such as Greece. The analysis has been
performed through a Delphi survey carried out in the frame of the INCREdible project
(www.incredibleforest.net (accessed on 1 August 2021)) that collected the opinion of the
supply chain operators. The collected information can be valuable for the operators of
the entire supply chain, including academia and policy makers, who usually only have a
fragmented or partial vision of the truffle sector.

2. Materials and Methods

The truffle sectorial analysis has been developed through a Delphi survey methodol-
ogy that encompasses the selection of an expert panel which is requested to individually
answer a questionnaire in a limited number of rounds. The Delphi survey technique is
based on the idea that the opinions from a structured group of individuals is more accu-
rate, and thus more powerful, than those from unstructured groups [33]. The method has
demonstrated its robustness in market trends analysis as well as in sectorial forecasting [34].

The Delphi process started with the selection of the Truffle Expert Panel, which in-
cluded members from the countries participating in the INCREdible project (Spain, France,
Italy, Croatia, and Greece), but also representatives from international organizations.

A total of 17 expert panelists actively participated in the survey with an unbalanced
number of participants per country, due to the different development of the truffle supply
chains in the targeted countries. The respondents were requested to answer only the
questions on those topics in which they had expertise.

The panelists were selected so they belonged to different positions in the supply chain
so that we would see their different approaches to any given topic. Therefore, producers
(wild collectors and growers), processors, but also forest managers or technicians, and
experts from technological centers, associations, and academia took part in the process.

The questionnaire was divided into four sections: (1) description of the supply chain,
(2) SWOT analysis of the Strengths, Weaknesses, Opportunities, and Threats of the sector,
(3) future challenges of the sector and, finally, (4), prioritized actions to be taken in order
to increase the resilience of the sector. The initial list of sector challenges as well as the
prioritized actions were obtained by crossing the identified SWOT statements.

The expert panelists in the first round of the questionnaire were asked to identify and
weight the relevance of several statements about the truffle sector, based on the knowledge
collected during activities developed in the INCREDIBLE project. Such activities included
three international workshops which were held in Spain, Italy, and Croatia between the
years 2018 and 2019 with the participation of 164 attendants (www.incredibleforest.net
(accessed on 1 August 2021)). The questions were mainly quantitative (weighting was
between 0 (no relevance) and 10 (utmost relevance)), but qualitative questions were also
included. The outcomes and opinions collected in the first round were analyzed to reshape
the questionnaire for a second round, after refining or dividing some statements and adding
new topics proposed by some of the experts for the consideration of the entire panel.


www.incredibleforest.net
www.incredibleforest.net
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This second questionnaire was individually addressed. Each expert panelist received a
comparison of his/her own marks with the average score of all panelists for each statement.
The individual expert was requested to confirm his/her own marks in the first round or to
modify it according to the opinion of the rest of the expert panelists, looking for possible
harmonization or consensus-without neglecting possible regional or supply-chain position
related differences in their points of view. During the whole process, experts” identities and
performance were treated individually and there was no possibility to trace the information
they provided. All the individual results were analyzed and used in an aggregate way.

To describe the truffle supply chain, a first attempt was conformed during previous
INCREdible events with different experts and agents of the truffle supply chain. The
selected experts received a proposal with associate text that intended to describe the truffle
supply chain and they were requested to confirm or refine their validity. The suggested
improvements collected during the first round were also submitted to the consideration of
all the panelists during the second round. Finally, we reached a consensus to define the
truffle supply chain with the panelists.

The obtained results are presented as an average of the ratings assigned by the experts
and the standard deviation of all the experts” answers.

3. Results
3.1. Description of the Supply Chain

Truffles are collected in wild truffle beds in forests or in truffle orchards. The owner and
the hunter are often the same person in a truffle orchard, but the figure of the professional
truffle hunter, who harvests plantations for a fee, has emerged in recent times. In the case
of wild truffle beds, the situation was the opposite. The truffle hunters are not usually the
forest owners, and they hunt in unregulated areas or in private areas by purchasing the
right to collect, or directly without permission in public or privately owned forest areas.
Truffles are revealed with the help of dogs and are extracted from the soil with specific
tools. Once the truffle is collected, the wild and cultivated production merges without
distinguishing the origin. The truffles may be directly consumed as a fresh product or
processed (preserved food) as an ingredient for manufactured food products. The direct
sale from producers to consumers exists, but more frequently sales are made through
the industry and/or retailers. The general roadmap from producer to consumer includes
the truffle intermediary or trading companies (wholesalers) and the retailers (Figure 1).
Tourism, including truffle hunting and truffle consumption in restaurants or cooking in
situ is relatively recent, and it is much more developed in some areas of the Mediterranean
than in others.

The expert panelists also contributed to forecast the future of the truffle supply chain
in the next decade in Mediterranean Europe (Italy, Spain, France, Croatia, and Greece). The
main results obtained were (i) the supply chain will not change a lot in the next decade
and the only expected variations would be the impact of some stakeholders and their
weights, although one expert stated that changes could be expected at national but not at
the international level; (ii) truffle producers will develop their own marketing network in
order to sell directly on the retail markets or using online trading, although it seems not to
be a homogeneous trend in all the Mediterranean area, expecting less changes in France;
(iii) more online buying and selling of fresh and processed products is expected, as well as
more consumption at country level and increase in truffles supply worldwide and year-
round; (iv) with the increasing offer worldwide, there will be a price drop, if the market
dimension remains the same, but it will be stabilized if the demand keeps the current global
growing trend. In this context, local producers will seek to distinguish themselves through
an environmentally friendly product or to develop territorial designations; (v) the decrease
of wild production will continue due to forest and land management abandonment and
climatic extreme events, such as long droughts, strong winds or heavy rain storms, although
this trend will not be the same for all truffle species (climate change will differentially
affect truffle species occurrence) [24]. With less consensus than the previous ones, we
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highlight: (vi) It is expected to have global competition, and thus truffles could lose their
uniqueness (Table 1).
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Figure 1. Description of the truffle supply chain developed during the INCREdible events and
validated by the truffle panel experts.

3.2. SWOT Analysis of the Truffle Sector

The SWOT analysis is divided into analysis of Strengths (S), Weaknesses (W), Op-
portunities (O), and Threats (T) (Table 2). We identified the five most important strengths
of the truffle sector (Table 2). The top ranked strengths rely on the recognized value of
truffles as a gastronomic product as well as their increasing use in cuisine. The mystery
and the adventure that is also associated with truffle hunting (hidden product located with
the help of a dog) is also positively perceived by expert panelists. The compatibility of
truffle cultivation with environmental conservation and the leadership of Mediterranean
truffle business companies obtained marks of 8.2 and 8.4 (out of 10), respectively, and
are also among the top strengths of the truffle sector. In contrast, the experts within the
supply chain were not so optimistic about the positive truffle prices evolution pattern
(5.2 out of 10). Similarly, the experts questioned the high profitability of truffle cultivation
(6.3 out of 10), although this perception is dependent on the property size and the country
(Italy = 5.8 & 1.6; France = 5.6 £ 1.4; Spain = 8.4 £ 0.7). The full set of statements rated by
the experts can be found in Table S1.

The most relevant weaknesses of the truffle sector are mainly related to the gap period
between the establishment of the truffle plantation and the regular truffle harvesting that
can be achieved after 7-10 years (Table 2). The truffle farmers complain against having to
contribute to agricultural social security without having any economic return for the first
years. In spite of the recognized value of the truffle by the consumers, the panelists highly
rated (8.6 out of 10) the fact that consumers are not informed enough about the potential
uses of truffles and truffle products as a culinary ingredient. The lack of knowledge also
emerged as a truffle sector weakness. It relates to different aspects of the truffle sector,
such as the imprecise management techniques for truffle cultivation (8.2 out of 10), the
still existing knowledge gaps about the truffle life cycle (7.4 out of 10), or the lack of
official market statistics (7.2 out of 10). The sector also identifies as a weakness the lack of
professionalism (8.4 out of 10), and the poor cooperation within the supply chain operators
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(7.6 out of 10). Other identified weaknesses were less rated probably due to the intrinsic
nature of truffle ecology (Table S2). Among them, the high truffle production variability
due to weather variability was scored with 7.8 (out of 10), especially in the case of T. borchii
(9.8), T. melanosporum (9.6), and T. magnatum (8.1) species, whilst the continuous decrease of
wild truffle production was rated with 7.3 (out of 10). On the contrary, other weaknesses
have not been considered as relevant as the previous ones. The lack of continuing education
focused on producers and technicians and the lack of technical support for truffle farmers
were both scored with 6.4 (out of 10).

Table 1. Forecast of the future of the truffle supply chain by the expert panel. The table summarizes the total number of

responses (agree/disagree/not answer) of the 17 panelists to the question: How the supply chain will change in the next

decade in Mediterranean Europe (Italy, Spain, France, Croatia, Greece)?

Statement Yes, I Agree Not, I Disagree I Don’t Know

Supply chain will not change a lot in the future, the only thing that

14 2 1

could change is the impact of some stakeholders and their weights

Truffle producers will become more powerful actors, developing

more and more their own marketing network, selling directly on the
retail market, or selling online

It is expected to have global competition, and thus truffles will lose
their uniqueness

11

The increasing offer worldwide, will bring (generally) a price drop.
In this context, local producers will seek to distinguish themselves
through environmental quality of their production or to develop
territorial designations

13

There will be a decrease in wild production whilst more plantations
in Southern Mediterranean Europe will be established, but without
affecting the supply chain

10

Some intermediaries will disappear, due to the better organization of
the owners and hunters

12

More online buying and selling of fresh and processed products.
More local consumption and increase in truffles supply worldwide
and year-round

16

It is expected to have an important increase of both demand and offer
(more slowly) in areas of Greece

12

It is expected to have a more complex supply chain, with more truffle
species that have been somewhat sidelined until now in the market

11

The truffle operators display truffle-based tourism activities as an opportunity if the
truffle sector links such a product with gastronomy (8.9 out of 10) as well as with other
services to develop multiproduct and multisession tourism (e.g., wines, olive oil, pates,
lavender, cold cut meats, cheeses) and the “terroir” concept (8.4 out of 10) (Table 2). In
spite of the increase of truffle plantations surface, the expert panelists still consider as
an opportunity the growth potential of truffle cultivation in the Mediterranean countries
(8.4 out of 10), maybe due to the fact that truffle demand is still increasing (8.3 out of 10).
However, the experts clearly differentiate the demand by market segments, expecting an
increasing demand of the gourmet market (8.1 out of 10), considering less relevant the
organic (4.6 &= 1.0) and the proximity (4.1 & 2.7) market. Other identified opportunities
also obtained a relevant mark in spite of not been top ranked. The newly irrigated areas
available for truffle cultivation (mainly in Spain) or the development of quality branding
for the consumers to better identify the product obtained a mark of 7.9 and 7.4, respectively.
On the other hand, other opportunities have not been considered as relevant as these.
Among them, the potential for cultivation of other Tuber species (6.7 out of 10), with a
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poor mark in the case of T. brumale cultivation (3.6 out of 10), and the innovation with new
truffle-based products (6.4 out of 10) (Table S3).

Table 2. Top five ranked strengths, weaknesses, opportunities, and threats identified by the truffle expert panel at the end of

the second round.

Statement Mark (SD) (0-10) ! SWOT Category
The truffle is characte?lz.ed by a very p.assmnate dimension also 9.1 (0.8) Strengths
providing additional incomes
Truffles are very unique Products, appreaa.ted for their organoleptic 9.0(12) Strengths
quality and highly appreciated in gastronomy
Increasing awareness of the truffle possibilities in the culinary world 8.8 (0.6) Strengths
There are strong business companies in the Mediterranean that are 84(12) Strengths
leading the sector
The cultivation of black truffles is compatible with environmental
. o . . . . 8.2 (1.5) Strengths
conservation as it is easily adaptable to organic farming requisites
Truffle growers have to contribute to the agricultural social security as
soon as they start the activity whereas the truffle production will only 8.9 (2.0) Weaknesses
take place after 7 years or so
Consumers are not informed .enoug.h about truffles and truffle products 8.6 (2.0) Weaknesses
and their use in gastronomy
In spite of associationism, the productive sector is atomized and
non-professional. There is an increase of local initiatives, but a lack of 8.4 (1.4) Weaknesses
cooperation for the development of greater scope projects
Imprecise manageme.n.t te?hnlques .(1.e., irrigation mapage?ment, weed 8.2(0.7) Weaknesses
control, fertilization, pruning) for truffle cultivation
The return-on-investment Perlod is long for black truffle plantations (in 79 (2.0) Weaknesses
comparison with other agricultural products)
Big potential for truffle-associated touristic and gastronomic activities 8.9 (1.0) Opportunities
Mediterranean countries still have high potential for truffle cultivation 8.4 (1.1) Opportunities
Integration of the truffle with other products with high rural values
that will be attractive for luxury tourism (“terroir” concept) in several 8.4(1.2) Opportunities
regions
Markets are still demanding more truffles, both fresh and processed 8.3 (1.1) Opportunities
Increasing market trend of high quality, organic and proximity s
products (three of the main features of the truffles) 80(12) Opportunities
Present pandemic and f.utur.e globa.I events might create economic 9.3 (0.9) Threats
crises in tourism sector
Use of phytosamta.ry products in trufﬂe cultivation is altering the 8.9 (1.9) Threats
image of an organic product
Large disturbance such as mega-fires could affect the truffle yields 8.2 (1.9) Threats
Increa.se of Wlld boar populatlons.threats mostly w1.1d truffle 8.1(17) Threats
populations (in spite of their ecological role of spreading spores)
The chemical additives used as “truffle flavoring” in second tier 7.7 (3.0) Threats

restaurants decreases truffles’ prestige

1 The mark ranges between 0, non-relevant to 10, highly relevant. SD: standard deviation. The full list of strengths, weaknesses,
opportunities, and threats with the correspondent marks can be found in Tables S1-54.

The truffle sector identifies large disturbances, such as mega-fires (8.2 out of 10) or
unexpected global events (i.e., pandemics) (9.3 out of 10), as potential threats for the sector,
which is highly sensitive to the economic crises affecting tourism and gastronomy-related
activities (Table 2). The local disturbances in wild and cultivated truffle beds caused by the
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increasing wild boar populations (8.1 out of 10) also worried the truffle operators. The use
of phytosanitary products in truffle cultivation, which can affect the image of the truffle
as an organic product, and the use of chemical additives used as “truffle flavoring” are
also considered among the top ranked threats (8.9 and 7.6 out 10, respectively). In this last
identified threat, some experts suggested the need to have a legal requirement at the EU
level that request a minimum amount of truffle in truffle-labelled products (9.0 out of 10).
Table 54 lists other threats that, in spite of not having been scored at the top of the ranking,
are relevant for the sector, at least in certain areas. This is the case of the increase of land
price in suitable areas for truffle cultivation (7.5 out of 10), the observed decrease of black
truffle production due to climate change (7.4 out of 10), or the fact that several supply chain
players are still operating outside the law (7.2 out of 10). The potential impact of pests and
diseases that can affect truffle plantations is perceived as a very relevant threat to the sector
in Spain (7.9 out of 10), but not in France (5.5 out of 10), Italy (4.0 out of 10), or Greece
(2.0 out of 10) (Table S4).

3.3. Challenges of the Truffle Sector

The challenges of the sector vary with the position in the supply chain, namely produc-
tion/harvesting, transformation, and commercialization (Table 3). The experts agreed that
one of the most relevant challenges in truffle production (8.9 out of 10) is to guarantee the
quality of the truffle-inoculated seedlings by promoting common certification procedures.
The increase of the size of plantations implies the need for increasing mechanization of
truffle farms (7.9 out of 10), parallel to the need for increasing research efforts in truffle
plantations management (6.7 out of 10) (Table S5). The promotion of a Common Market
Organization (CMO) for truffles (8.6 out of 10) raised to the top position of the transforma-
tion challenges for the expert panelists, who also agreed on the need to promote common
quality standards (7.9 out of 10), as well as the traceability of truffle products (7.7 out of 10),
decreasing the presence artificial “truffle” flavors in truffle products (7.4 out of 10). In
contrast, the truffle actors do not consider so relevant the need to guarantee the truffle
chain of custody (4.0 out of 10) (Table S5).

Table 3. Top ranked challenges of the truffle sector identified by the truffle expert panel at the end of the second round (only

marks higher than 7 have been included in the table).

Challenge

Type of Challenge

Mark (SD) (0-10) !

Common procedure for the certification of truffle-inoculated

seedlings (not only for T. melanosporum) Production/harvesting 8909

The improvement of the mechanization of truffle farms Production/harvesting 7.9 (2.0)

Promote the CMO (Commgn market organizations) for truffles Transformation 8.6 (1.6)

in Europe

Common Quality standards Transformation 7.9 (1.6)

Promote the traceability of truffle products Transformation 7.7 (2.9)

Promote the phasing out of artificial “truffle” flavors Transformation 7.4(23)

Increasg of the communicatiyg efff)rts focusing on cogntries Commercialization 89 (0.8)
which do not have a tradition in truffle consumption

Truffle tourism Commercialization 8.6 (1.5)

Traceability, labels, regional and cooperative brands Commercialization 7.7 (1.9)

Education, training, and awareness Other challenges 79(1.7)

Minimize the fraud in truffle markets Other challenges 7.4 (1.7)

Consolidation of the actor organizations, particularly the
producers by adequate means, before an inter-professional Other challenges 7.3(0.9)

integration

! The mark ranges between 0, non-relevant to 10, highly relevant. SD: standard deviation.
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The main challenge in truffle commercialization relies on the need to disseminate
truffle products in countries without tradition in their consumption (8.9 out of 10). This
challenge is in parallel with the idea of fostering truffle labels and regional or cooperative
truffle brands (7.7 out of 10), and increasing the effort in education, training, and awareness
(7.9 out of 10), not only for the consumers, but also for the truffle actors along the supply
chain. The reduction of fraud in truffle markets (7.9 out of 10), the promotion of truffle
tourism (8.6 out of 10), and the promotion of an interprofessional integration of the truffle
actors (7.3 out of 10) have been detected as relevant challenges that can also contribute to
guarantee the resilience of the truffle sector.

3.4. Actions to Develop the Truffle Sector and Guarantee Its Resilience

The prioritized actions to be taken in order to reinforce the truffle sector derive from
the sectorial analysis made by the expert panelists (Table 4). Those experts generally agreed
on the strong values associated with truffle, which is perceived as an extraordinary product
by consumers. This positive fact can support the idea of strengthening the link between
truffles, tourism, and gastronomy (9.1 out of 10) as a disseminating driving force. This
action can also be supported at European level with the recognition of truffle production
(8.9 out of 10), homogenizing the international EU trade and taxation policies (8.9 out of
10), and promoting its consumption (8.1 out of 10). Other large-scale action that generated
a high level of consensus within the panel is the need for promoting common protocols
for the certification of mycorrhized seedlings (8.7 out of 10). The truffle sector also needs
to reinforce its internal capacities by increasing the training of the actors. In this sense,
the promotion of tourism training for truffle farmers and the evaluation of the quality of
fresh truffles and truffle products, both with a mark of 8.2 (out of 10), are examples of
training actions to be promoted. Nevertheless, other actions, such as the improvement
of the current legislations, seems to be country-dependent, having been highly rated in
Spain (7.4 out of 10), rather than in Croatia, Italy, France, and Greece (with marks of 6.7,
6.3, 6.1, and 5.0 out of 10, respectively). The domestication of new truffle species that can
contribute to diversification of truffle product markets seems not to be a prioritized action
in view of the low score obtained (3.5 out of 10) (Table S6).

Table 4. Top prioritized actions to be taken in the truffle sector identified by the truffle expert panel at the end of the second

round (only marks higher than 8.5 have been included in the table).

Prioritized Actions to Be Taken Mark (SD) (0-10) *
Strengthen the link between truffles, tourism, and gastronomy 9.1(0.9)
Evaluate the role of truffles as important mycorrhizal symbionts in reforestation after large forest fires 9.1(1.2)

Increase the effort at European level for the recognition of truffle production, helping to develop

truffle culture, and marketing 8.9(1.2)
Homogenize the international EU trade and taxation policies 8.9 (1.6)
Develop a common protocol for the certification of the mycorrhized seedlings 8.7 (1.0)

! The mark ranges between 0, non-relevant to 10, highly relevant. SD: standard deviation.

4. Discussion

In this study, we described the truffle supply chain in the Mediterranean. The in-
creasing economic activity generated by the truffle sector has promoted different activities
related to the production and harvesting both in forests and in cultivated orchards. The
activities related to the truffle sector have been expanded from selling fresh truffles to the
transformation as an ingredient for several truffle products. Similarly, new activities such
as truffle tourism as well as new commercialization channels, such as direct selling over
the internet, are now part of the truffle economy map. These aspects are reflected in the
truffle supply chain defined in this study by a consensus among panelists.

The experts agreed that truffles are a recognized gastronomic product with high
growth potential (in both segments: fresh truffles, and truffle-based ingredients) in interna-
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tional markets, with the strongest companies leading the sector in the Mediterranean area.
However, we have detected a certain concern about the evolution of prices. Cultivation has
led to a substantial increase of black truffle in the market in a very short time, especially
in Spain, and a certain fatigue in the prices paid to farmers has emerged in the last few
seasons. Thus, there has been a price drop of 39% and 33% in the two most important
markets in Spain and France, respectively, from 2015-2018 to 2018-2020. If we include
the COVID-19 effect in the last season (2020-2021), the drop was 45% and 42% between
2015-2018 and 2018-2021 [35].

Truffle plantations are a highly profitable investment, which may be used by farmers
to diversify and increase their benefits [36], with an internal rate of return (I.R.R.) over
9% [37,38]. However, we showed the difficulties for new farmers to start this activity. This
may be due to: (a) the long period to obtain a return on the investment, (b) the imprecise
plantation management techniques for truffle cultivation due to basic information gaps
in its biology and ecology, and (c) the atomized and not professionalized primary sector
in some countries or regions. All this leads to Spain being the only country in this study
where truffles are considered as a highly profitable crop. However, the potential to develop
truffle cultivation in Mediterranean countries was considered as one of the most important
opportunities for the truffle sector. In addition, we identified the opportunity of newly
irrigated areas available for truffle cultivation, which is likely to have overcome concerns to
consider a not-so-profitable crop perceived in France and Italy. The panel experts identified
the following as challenges to develop truffle cultivation: the common procedure for the
certification of truffle-inoculated seedlings and the improvement of mechanization of truffle
farms. The quality of seedlings is one of the main factors that determine the success of a
truffle orchard [39]. In fact, the truffle expert panel identified the development of a common
protocol for certification of mycorrhized seedlings as a prioritized action to be taken to
develop the truffle sector. On the other hand, the need for introducing mechanization in
truffle plantations responds to the observed change of the truffle orchards’ typology. As
truffle farmers are becoming more professional, truffle culture is no longer a complementary
activity and is becoming the exclusive economic activity for truffle farmers. The logical
effect of this evolution is the increase in truffle plantation size, with consequent need of
mechanizing the yearly truffle activities such as weed control, pruning, or the technique
called “truffle nests” or “Spanish wells”, consisting of an application of spores and peat in
the soil to promote truffle fruiting [38,40,41].

The main threats shown in truffle cultivation were the use of phytosanitary products,
mainly herbicides, which could undermine the image of a natural organic product. Yet there
are currently alternatives to herbicides, such as mulches, with very positive results for the
development of the mycelium of T. melanosporum in young truffle orchards [27,42-44]. The
potential impact of pests and diseases affecting truffle plantations is perceived differently
among countries, and it was considered an important threat for truffle cultivation only in
Spain. This could be a consequence of the large continuous areas with this crop, which has
caused the appearance of several pests and diseases [45], and the greater professionalization
in the primary sector in Spain with respect to the other countries.

Contrary to expectations, the lack of continuing education focused on producers and
technicians and the lack of technical support for truffle farmers have not been considered
as the most relevant weaknesses. This could be due either to thinking that this demand
is already met, or that it is useless because of the low quality of the training provided. It
is also remarkable that the potential development of cultivation of other truffles is not
considered a priority, varying depending on the truffle species. This fact is confirmed by
the priority actions defined by the panelists, who do not consider as a priority the valuation
or cultivation of truffle species other than T. melanosporum.

In the market, consumers are not sufficiently informed about the possibility to con-
sume truffles and truffle products and their use in gastronomy. This could be explained
by the fact that the consumption of truffles is relatively new in some countries, large
year-to-year truffle production variability due to weather conditions, and its historical
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dependence on wild production, which cannot guarantee a stable annual supply. As a
result, the industry has not planned to expand truffle marketing, never knowing if they
would have enough product to sell. The increase and stabilization of production of black
truffles thanks to cultivation, especially in Spain, is supporting marketing efforts. Tourism
and gastronomy linked to production is a new opportunity to promote truffle consump-
tion [46]. In fact, the truffle expert panel identified strengthening the link between truffles,
tourism, and gastronomy as the most important action to be taken. Another aspect that
could help in the promotion of truffles, is the development of the gourmet market, which
can be complemented with quality branding to better identify the product.

Nevertheless, the present COVID-19 pandemic and future global events that might
impact the tourism sector [26] must be taken into consideration when taking actions to
promote truffle consumption. Developing a market, and local consumption of truffles,
could help minimize such dependence on tourism. Another threat would be the use of
synthetic aromas in the cuisine and in truffle products. These added aromas mask the
original flavor and are more penetrating than the authentic truffle, giving consumers a
confusing image about the real flavor of the black truffle [47]. According to the panelists,
chemical substitutes of the truffle aroma should be fully discarded in the industry.

5. Conclusions

In this study, we conducted a Delphi survey through an expert panel that involved
17 actors of the truffle supply chain from five Mediterranean Europe countries. The results
of our study describe the current truffle supply chain in the Mediterranean, realizing the
maturity of such truffle supply chain due to the consolidation of T. melanosporum cultivation.
The increase of truffle cultivation allows a steady production over time, encouraging the
emergence of new companies specialized in the truffle market and consolidating the
existing ones. We also observed important shifts in the roles that made up the traditional
truffle supply chain operators, and as collectors that used to hunt in the wild and sell to
small travelling buyers fade, hunters that collect for farmers and specialty wholesalers
are emerging.

In the last few years, there have been concerns about price drops as cultivation in-
creases. In this sense, the COVID-19 pandemic has brought an interesting lesson. Pandemic
lockdown imposed the total closing of the restaurants with a consequent collapse of the
price, however, the 2020-2021 truffle crop was completely sold, revealing the wide interest
that the black truffle arouses in new private consumers. In spite of this positive data, as
production increases, it will be necessary to promote truffle consumption. This will not be
difficult, since the vast majority of the population is hardly aware that truffles are within
their reach. In this study, we identified actions to develop the truffle sector, being the
most important to: (a) strengthen the link between truffles, tourism, and gastronomy; (b)
increase the effort at European level for the recognition of truffle production, helping to
develop truffle culture and marketing; (c) increase the awareness and consumption of
truffles among consumers; and (d) develop tourism workshops for truffle farmers.

Even though truffle cultivation is considered a profitable investment, we showed
some difficulties in developing it in the countries studied, except in Spain, where it seems
that black truffle cultivation is very consolidated and has a professionalized primary sector.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/12091174/s1, Table S1: Strengths identified by the truffle experts in the SWOT analysis of
the truffle sector, Table S2: Weaknesses identified by the truffle experts in the SWOT analysis of the
truffle sector, Table S3: Opportunities identified by the truffle experts in the SWOT analysis of the
truffle sector, Table S4: Threats identified by the truffle experts in the SWOT analysis of the truffle
sector, Table S5: Top ranked challenges of the truffle sector identified by the truffle expert panel, Table
S6: Actions to be taken by the truffle sector identified by the truffle expert panel.
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