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Truffles have a long tradition

in Italy. They were already
used in ancient Roman times.

However, these were not true
truffles. They were desert
truffles, from the Terfezia
genus.
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Information on true truffles starts in the
Renaissance.

In the 18th century, Piedmont truffles Tuber magnatum
began were highly valued.
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From this time on, interest in truffles increased in Italy.
So people started to think about cultivation.

At that time, people did not know that truffles are mycorrhizal fungi.
So they tried to grow them like button mushrooms. Obviously , these
attempts were not successful.
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Only at the end of the 19th century did truffle cultivation really begin In France .
Joseph Talon planted acorns collected under truffle-producing oak trees.
However, his approach was still very empirical.

When this method was later applied in Italy, in the early 1900s, it did not succeed.
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Modern truffle cultivation started only in the 1960s and 1970s
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Even today, most truffles in
Italy are found in natural
forests.

In the past, pigs were often
used, especially in France.
Today, however, only trained
dogs are used.

42 ha
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"Truffle hunting and extraction in Italy" was officially inscribed on the UNESCO
Representative List of the Intangible Cultural Heritage of Humanity in 2021.

en/video/57854
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https://ich.unesco.org/en/video/57854

Why are wild truffles declining?

Less natural forest.

-
.

2. Forest abandonment
3. Climate change.

4. Too many collectors.
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Bidogy and Fertly of Solls
https /dalorg 10.1007/500374-018-1296-3

ORIGINAL PAPER

@ CrossMark

Effect of summer soil moisture and temperature on the vertical
distribution of Tuber magnatum mycelium in soil

3 - Climate change.

Mirco lotti' - Pamela Leonardi? - Giuliano Vitali* () - Alessandra Zambonelli?

Received: 7 Februaty 2018/ Revised: 5 June 2018/ Acepted: 12 June 2018
© Springer-Verlag GmbH Germany, part of Springer Nawre 2018

Climate change has direct effects on truffles.
e Hotter summers and less summer rainfall

e Extreme events.
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4- Too many collectors.

Intensive truffle harvesting can contribute to a decline in production. Studies have
shown that repeated digging may damage Tuber ectomycorrhizae and the soll
mycelial network, and may also reduce the chances of successful fertilization.

Spores seem to have a fundamental role in truffle fertilization and fruit body

formation, providing further support for the need to protect natural truffle
grounds.
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Number of autorized truffle harvesters in italy

REGION

Population in2014

Number of

Truffle hunters %
Abruzzo 333939 7277* 0.546%
Basilicata 578391 1652 0.286%
Calabria 1014316 68 0.007%
Campania 5869965 1249% 0.021%
Emilia Romagna 4446354 14945% 0.336%
Friuli Venezia Giulia 1229363 436 0.035%
Lazio 5870451 3284 0.056%
Liguria 1591939 225 0.014%
Lombardia 9973397 3548 0.036%
Marche 1553138 12093 0.778%
Molise 314725 4601 1.462%
Piemonte 4436798 6350 0.143%
Puglia 4090266 309 0.008%
Sicilia 5094937 2% 0.000%
Toscana 3750511 7198* 0.192%
Trentino Alto Adige 1051951 416 0.040%
Umbria 896742 7422 0.828%
Valle D'Aosta 128591 ] 0.001%
Veneto 4926818 2521* 0.051%
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Truffle spores are very important for truffle diffusion
It is well known that animals like mammals or marsupials in Australia are attracted by truffle
aromas as well insects.

Olfactory orientation of the truffle beetle, Leiodes

cinnamomea
Pacioni G, Bologna MA & Laurenzi M (1991) Insect attraction byTuber: Michael E. Hochberg!*, Guillaume Bertault!, Karine Poitrineau® & Arne Janssen?
a Chemlcal eXplanatlon. MYCO|OgIC8| Research 95: 1359_1363. 'ISEM, Université Montpellier I1, Place E. Bataillon, CC065, 34095 Montpellier, France; IBED, Section Population Biology,

University of Amsterdam, PO Box 94084, 1090 GB Amsterdam, Netherlands

Accepted: 21 August 2003

Key words: attraction, truffle, odour, fungus, behaviour, Coleoptera, Staphylinoidea, Leiodidae
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Polymorphism at the ribosomal DNA ITS and its relation to
postglacial re-colonization routes of the Perigord truffle
Tuber melanosporum

Clande Murat"2%, Jesiis Diez' %, Patricia Luis"®, Christine Delaruelle!, Chantal Dupré?, Gérard Chevalier*, Paola
Bonfante® and Francis Martin!

'UMR INRAJUHP 1136 Interactions Arbres/Micro-Organismes’, Centre INRA de Nancy, F-54280 Champenous, France; *Dipartimento di Biologia
Vegezale dell Universiti di Torine, Viale Mattioli [-10125 Torine, Iy ‘D:purum:mod.c Bialogia Vegetal, Universidad de Alcals, E-28871 Alcali de Henares,
Spain; *UMR 1095 INRA-UBF ‘Amélioration et Santé des Flantes’, Site de Crouelle, 234 avenue du Brézet, F-63039 Clermont-Ferrand Cedex 2, France; These
authars contributed equally to this work; “Present address: Insitut fiir Botanik — Terrestrische Okologie, Universitit Leiprig — Johannisallee 21-23 DA04103
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Their role in truffle long distance
dispersal may be extremely
important.
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In order to support this theory we wanted to
verify the vitality and infectivity of truffle
spores after the passage through pig the
digestive tract, are not negatively affected.

So | fed my pig with T. gestivum and
inoculated oak seedlings with the spores
digested by my big and with fresh spores
coming from the same fruiting bodies.
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The digested spores were vital but also had the ascus wall dissolved, and the spore wall
seemed to be partially corroded when viewed using an atomic force microscope which may

have favored their germination .

» - Swry
L g v \\
N & _"‘
Ty . ? T
=¥ 1 :
4 d b o o
.
2%,
L J by
2
2 > » 3
# ; S - P
wk 15 i
- -tm» ‘
¥ =
a y b
7 available at www sciencedirect. com
N ScienceDirect
i 2 (e |
A
aaaaaaaaaaaaaa ge: www.elsevier.com/locate/funeco
Viability and morphology of Tuber aestivum spores ®<wm
after passage through the gut of Sus scrofa
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Effect of slug mycophagy on Tuber aestivum spores
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Collecting all the truffles in the soil may reduce their

reproduction.

It can also reduce the production of fruiting bodies.

Paolocci et al. (2006) and Belfiori et al. (2008) suggest that try

In 2010 black
Truffle genome
sequencing
confirmed it

ffle are:hetherothallic.thismeans they need two compatible partners to reproduce. pature

LETTERS

Périgord black truffle genome uncovers evolutionary
origins and mechanisms of symbiosis

Francis Martin', Annegret Kohler', Claude Murat', Raffaclla Balestrini’, Pedro M. Coutinho’, Olivier Jalllon**
Barbara Montanini’, Emmanuelle Morin', Benjamin Noel**, Riccardo Percudani’, Bettina Porcel*®,

Andrea Rubini®, Antonella Amicucci®, Joelle Amselem'®, Véronique Anthouard®®, Sergio Arcionl”,

Francois Artiguenave®®, Jean-Marc Aury®"®, Paola Ballario'', Angelo Bolchi’, Andrea Brenna'', Annick Brun
Marc Buée', Brandi Cantarel”, Gérard Chevalier'’, Amaud Couloux™®®, Corinne Da Sitva™"®, France Denoeud*®,
Sébastien Duplessis', Stefano Ghignone”, Benoit Hilselberger™'®, Mirco lotti'’, Benoit Margais', Antonietta Mello’
Michele Miranda'’, Giovanni Pacioni'’, Hadi Quesneville'*, Claudia Riccioni®, Roberta Ruotolo’, Richard Splivalio™,
Vilberto Stocchi®, Emilie Tisserant', Arturo Roberto Viscomi', Alessandra Zambonell'’, Elisa Zampieri®,
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This finding emphasizes the importance of leaving at least some mature
truffles in the soil. Their spores not only contribute to dispersal but may
also provide the paternal partners necessary for successful fertilization
and the production of new truffles. ONIVERSITA DI BOLOGNA




Mycorrhiza (2025) 35:2

Truffle traps or truffle nests

REVIEW

i

Advances in molecular genetics have increased knowledge of Tuber
species’life cycle and population genetic structure, indicating ways to
improve yield

Mahesh C. A. Galappaththi'*© . William A. Dunstan®( - Giles E. St. J. Hardy**© . Jen McComb?
Mark P. McHenry?( . Alessandra Zambonelli* - Treena |. Burgess®

C. Murat, L. Bonneau , H. De la Varga , I.M. Olivier, Italian Journal of Mycology vol. 45 (2016) ISSN 2531-734;

F. Sandrine, F. Le Tacon

DOI: 10.6092/issn.2531-7342/6346

Received: 28 March 2024/ Accepted: 17 October 2024
© Crown 2024

a.
Trapping truffle production in holes: a promising
technique for improving production and
unravelling truffle life cycle

Murat Claude'”, Bonneau Lucien ?, De la Varga Herminia', Olivier Jean-Marc?,

Sandrine Fizzala®, Le Tacon Francois'

scientific reports
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OFEN  Efficiency of the traditional practice
of traps to stimulate black truffle

production, and its ecological
mechanisms

C.

E.Taschen?, G. Callot™?, P. Savary™*, M. Sauve, Y. Penuelas-samaniego®, F. Rousset®,
X. Parlade®, M.-A. Selosse”® & F. Richard*

The black truffle Tuber melanosporum was disseminated all aver the world, propelled by the

Limit of the
development of a wide variety of empirical practices. A widespread practice, called ‘truffle trap’,
consists of placing pieces of truffles into excavations dug under host trees, and of collecting truffle
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The decrease in production is also linked
to cultivation.

Truffle cultivation has not always been
successful.

A key point is the quality of the plants.
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Spore inoculation

The spore inoculation technique perfected during the 1970s and 1980s

Spore

The spore method of inoculation is still the most used method of inoculation
of truffles.

Spore inoculum is obtained from fresh or preserved ascocarps used to
inoculate sterile seedlings or cuttings of forestal plants.
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The market has two sides

On one side, there are good
nurseries. They produce high-
quality plants

On the other side, there are unreliable
nurseries. Their plants are poorly
mycorrhizal or not mycorrhizal at all with
the declared truffle

Vivaistica delle piante micorrizate
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Inoculum control second condition

When large quantities of fruit bodies are used to prepare inocula operators
may accidentally incorporate less valuable species of truffles which can then
become established on the host plants. These less valuable truffles are

often more infective and consequently can contaminate entire batches of
plants.
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»T. melanosporum truffles can be beconfused with those of T. indicum, T. brumale and

T. aestivum
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Control of the produced plants

™

ST g e SR
L Pl

Ml




T. melanosporum T.aestivum AD

Trichophaea woolhopeia
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Molecular methods such as PCR with specific primers and multiplex PCR,
sequencing, have the potential of checking the inoculum and later identifying
contaminating Tuber mycorrhizae on plants prior to outplanting

, 5 ectomycorrhizae

DNA extraction

l ITS region

PCR amplification

A quick and precise technique for identifying
ectomycorrhizas by PCR

Mirco I0TTI, Alessandra ZAMBONELLI*
Dipartimento di Protezione e Valorizzazione Agroalimentare, Universitd degli Studi di Bologna, via Fanin 46, 1-40127 Bologna, Italy
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The mycorrhizae of black truffle species are often very difficult to distinguish
using morphological characters alone.

For this reason, accurate identification using molecular techniques is essential,

especially when dealing with black truffle species whose mycorrhizae are
morphologically very similar
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Mycelial inoculation

Vegetative growth
of the mycelium

Mycelial pure

culture .

In our lab we are perfecting the mycelial method of inoculation
The advantage of this inoculation method is that fruiting

bodies do not need to be purchased and there is no risk Qfﬂ
introducing contaminants with the inoculum. i




Experimental
truffiere of
Cadriano (BO

Establisled in
2007

5 different
strains:
Tb98, 2352,
2292, 1Bo,
2364 inoculated
alone and in
mixture
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2016

100 truffles - 722 g in
two months

The truffles were found
above all in the plants
inoculated with a single

Mycorhiza @
Cromark
DOI 10.1007/500572-016-0703-6

SHORT NOTE

First evidence for truffle production from plants inoculated
with myecelial pure cultures

Mirco lotti' + Federica Piattoni® - Pamela Leonardi” - lan R. Hall® -
Alessandra Zambonelli®

N 57088
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* This is the first demonstration of truffle production from
plants inoculated with pure cultures and opens up the
possibility of producing truffle-colonized plants using
cultures rather than spores.
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In a recent research we demonstrated that different T. borchii
strains have a different tolerance at high temperatures.

28°C

Fungal Erology 20 (2017) 30-29

'-ir::f':‘l‘sl‘:é;? Contents lists available at ScienceDirect
Pty Fungal Ecology
LSEVIER journal 1 www.elsevi

Morphological and functional h ng s in mycelium and mycorrhizas
of Tuber borchii due to heat stre

Pamela Leonardi *, Mirco lotti ™, Sabrin. Dﬂnal]' Zeppa *, Enrico Lancellotti ¢,
Antonella Amlcum Alessandra Zambonell

)
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 Diepartment of Agriculture, University ef Sossar, via Enric e Micola 1, 07100 Sussar, haly
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We developed and patented a new technique for
producing truffle-infected plants using pure culture
mycelium.

Home  Oursolution Ourproject Theteam Contactus

The truffle cultivation
revolution

Truffle production is complex and expensive. Traditional methods involve high
production costs, a significant risk of contamination, and genetic limitations.
Moreover, natural truffle yields are declining due to environmental factors, and

he
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market lacks adequate regulation. 4",1’*‘,1%’\&1‘-
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Thank you very much for your attention
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