
Chapter 14
European Black Truffle: Its Potential Role 
in Agroforestry Development in the Marginal 
Lands of Mediterranean Calcareous Mountains

S. Reyna-Domenech* and S. García-Barreda

Abstract The European black truffle is the highly valued fruiting body of the 
ectomycorrhizal fungus Tuber melanosporum Vitt. Despite the technical advances 
achieved during the 19th and the 20th centuries, truffle production has suffered a pro-
nounced decline. At present, the ecological requirements of this fungus are relatively 
well-known and cultural practices have been developed to meet these requirements; 
nevertheless, plantation yields remain highly unpredictable. Black truffles are natu-
rally found in many Mediterranean calcareous mountains with limited agricultural 
and forestry potential. An agroforestry approach, integrating management of truffle-
producing forests and cultivation of the fungus in marginal agricultural land could 
contribute to sustainable rural development of these less favoured areas, thanks to the 
socio-economic and environmental implications of the black truffle cultivation.

Keywords Non-timber forest products,sustainable development, truffle  cultivation, 
Tuber melanosporum Vitt., truffle silviculture

Introduction

The European black truffle (Tuber melanosporum Vitt. or T. nigrum Bull.) is an 
ectomycorrhizal fungus from the class Ascomycetes. Its fruiting body (sporocarp) 
is found underground and is highly valued in international haute cuisine, because 
of its refined and pervasive flavor. Current black truffle production comes almost 
exclusively from France, Spain and Italy. These countries comprise most of the 
worldwide black-truffle natural distribution area (Fig. 14.1).
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Historical Evolution of Truffle Production

The definitive rise in truffle use in French and Italian cooking began in the 16th 
century and was driven by kings, princes and other aristocrats. Increased culinary 
use led to technical advances in the management of naturally occurring truffières 
(non-planted truffle-producing stands) and expanded truffle harvesting in France 
and Italy during the 19th century, which is known as the golden age of black 
 truffle production. In 1868, French production was estimated to be around 1,588 t 
(Chatin 1869).

At the beginning of the 19th century, a French farmer named Joseph Talon made 
an important finding on the relation between truffles and oaks, which he summed 
up in the sentence “If you want truffles, sow acorns”. Thousands of hectares of oak 
trees were planted thanks to this simple idea.

The dread plague Phylloxera also played a role in this golden age, since truffle 
cultivation was used as an alternative to vineyards (Olivier et al. 1996). The French 
reforestation laws of 1860 and 1882 contributed to the expansion of truffle-
 producing trees, like the evergreen holm oak (Quercus ilex L.), in calcareous 
 mountains such as the Luberon and Mont Ventoux (Diette and Lauriac 2005). In 
Italy, the reforestation activities driven by Mattirolo and Francolini were outstand-
ing (Granetti 2005a).

In the 20th century, however, French truffle production declined spectacularly, 
and the current annual production in this country is between 10–50 t (Fig. 14.2). 
It is commonly accepted that this decline was a consequence of rural depopulation 
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Fig. 14.1 Main natural distribution areas for Tuber melanosporum (French area is taken from 
Delmas 1983, Italian from Gregori 2007 and Spanish is modified from Reyna 2000)
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caused by two World Wars and by the rural to urban drift. This rural abandonment 
resulted in the practical disappearance of firewood cutting, charcoal production, 
lands dedicated to marginal agricultural activities and forest grazing by the once-
vast flocks of sheep. As a consequence, forest stand density increased greatly. In 
addition, much of the farmers’ empirical knowledge on truffle management was 
lost (Blondel and Aronson 1995; Olivier et al. 1996; Bye and Chazoule 1998; 
Sourzat 2001).

In Italy, the decline in production was smaller and limited to the first half of the 
century (Manna 1990). The main reasons for this decline were deforestation during 
the war periods 1914–1918 and 1939–1945 (truffle trees were cut for firewood) and 
the traditional problems of poaching and over-harvesting, which are related to 
Italian property laws. Despite this, Italian truffle production seems to have increased 
since the 1950s (Pettenella et al. 2004) (Fig. 14.2).

In contrast to France and Italy, Spain has only recently incorporated truffles into 
its popular gastronomy. And although Chatin (1892) had already mentioned a small 
Spanish truffle production (the first harvesters in Spain were probably Frenchmen 
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Fig. 14.2 Evolution of black truffle production in France during the 20th century (a) and comparison 
of production trends in France, Spain and Italy from 1950 to 2005 (b). In Italy, all harvested 
species are considered (French production is taken from Diette and Lauriac 2005, Spanish from 
Reyna 2000 and Italian from Pettenella et al. 2004)
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searching for truffles in the Catalan Pyrenees), it was not until the 1950s that the 
systematic collection of naturally occurring Spanish truffles began. By the 1970s, 
most of the naturally occurring Spanish truffières had been found and exploited. 
The oldest known truffle plantation in Spain dates from 1968 and is located in 
Castelló (eastern Spain). It followed methods similar to those used in traditional 
French and Italian plantations.

An alarming reduction in Spanish truffle production was observed in the 1970s 
(Fig. 14.2). This can be explained by the increasing rural depopulation, the collapse 
of many traditional forest uses and the intensive harvesting practices that prevented 
the natural reinoculation of short roots by means of spores. Additional reasons for the 
decline could be that reforestation activities using conifers were carried out in truffle-
producing stands, and that, according to wild fauna data, there was a  spectacular 
increase in the number of wild boars. Although truffle spores are dispersed when 
eaten by wild boars, this species has the potential to damage the roots and the soil of 
the truffières through its extensive and deep rooting activity (Reyna 2000).

In the 1970s, another relevant discovery was made in France and Italy. 
Mycorrhizal seedling production was developed by researchers from the INRA 
(French National Institute for Agricultural Research) and the IPLA (Piedmont 
Institute for Trees and the Environment), on the basis of the experiments by 
Mannozzi-Torini (Chevalier 2001b). The introduction of mycorrhizal-infected 
seedlings on the market greatly increased plantation activity in France and Italy, in 
an attempt to mitigate the worldwide scarcity of truffles.

Moreover, truffle growers in France began to form associations at the end of the 
1960s, and the French government established subsidies for truffle plantations on 
agricultural lands in the 1970s. Public technical assistance and training activities 
for agriculturalists were also developed (Bye and Chazoule 1998).

It is estimated that French truffle agriculturalists planted 1,000 ha year−1 between 
1990 and 2005 (Sourzat 2005). At present, it is estimated that there are about 
8,000 ha of young mycorrhizal-infected plantations (less than 10 years old) and 
about 10,000 ha with ages ranging from 10 to 30 years (Escafre and Roussel 2006). 
The main tree species used in these plantations are downy oak (Quercus humilis 
Mill. or Q. pubescens Willd.), evergreen holm oak and hazel (Corylus avellana L.). 
The most active regions (with the highest production levels and plantation rates) are 
located in the southeast (Vaucluse, Drôme and Gard) and the southwest (Lot and 
Dordogne).

The most active regions in Italy at present are located in the centre of the country 
(Marche, Umbria and Abruzzo). Detailed data on the area occupied by truffle planta-
tions are not available, but considering all the plantations of the different truffle spe-
cies (including Tuber magnatum Pico, T. aestivum Vitt., T. borchii Vitt., T. brumale 
Vitt., etc., which are a minority in comparison with T. melanosporum), it is estimated 
that there are about 5,000 ha (Gregori 2007). In T. melanosporum  plantations, the 
most commonly used host tree is downy oak, but hazel, European hop-hornbeam 
(Ostrya carpinifolia Scop.) and evergreen holm oak are also common.

In 1971, the world’s largest truffle plantation belonging to a single landowner 
was planted in Soria (northern Spain). It consists of 600 ha mainly planted with 
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evergreen holm oak, 250 ha of which are irrigated (Reyna et al. 2007). Despite the 
presence of this huge plantation, Spanish truffle plantations did not spread until 
the end of the 1980s, when mycorrhizal-infected plants were first made available 
on Spanish markets (Rodríguez-Barreal et al. 1989). At present, it is estimated 
that there are more than 4,000 ha of truffle plantations in Spain. The current 
annual rate of planting is estimated between 250 and 500 ha year−1. The most 
active regions are located in the east (Teruel, Castelló) and the northeast (Soria, 
Huesca). The most planted tree species is evergreen holm oak, although hazel, 
downy oak and Portuguese oak (Quercus faginea Lam.) are also common (Reyna 
et al. 2005).

These privately initiated plantations have succeeded in stopping the decline in 
truffle production in France and Spain, but a real recovery in national productions 
has not yet been observed (Sourzat 2005; Reyna et al. 2005). As a result, the current 
production of black truffles in Europe has two clearly differentiated provenances: 
naturally occurring truffières or truffle plantations. There are no official data on 
this, but opinion surveys among dealers and experts suggest that fewer than 10% of 
French black truffles and about 70% of Spanish ones come from natural truffières. 
In Italy, considering all truffle species together, about 50% come from natural 
truffières (Gregori 2007; Sourzat 2007).

Truffle research has been promoted in France and Italy by the five International 
Congresses on Truffles held since 1968. In Spain, it was not until the 1990s that 
research activity increased. Most current research groups in the three countries are 
limited by modest staff, poor financial resources and little collaboration with the 
private sector. The experience of the experimental stations in Le Montat (Lot) and 
Sant’ Angelo (Marche), in which there is close collaboration between researchers 
and truffle growers is especially interesting.

Ecology

Life Cycle

Since it is a symbiotic fungus, the black truffle depends mainly on living host trees 
as a carbohydrate source. Its symbiotic phase is formed by ectomycorrhizae (ECM) 
and their attached mycelium. Nevertheless, T. melanosporum mycelium conserves 
some pathogenic and saprophytic capabilities: it can infect the roots of some weeds 
and grasses producing necrosis in the root cortices and it forms stromata on the 
roots of host trees (Plattner and Hall 1995; Pargney et al. 2001a). These capabilities 
and/or the toxic substances produced by the fungus (Bonfante et al. 1971; Pacioni 
1991; Papa et al. 1992) seem to be responsible for the formation of the brûlé (burn). 
The brûlé is the area where most of the sporocarps appear; it is characterised by its 
scarce vegetation. Other interesting vegetative structures are the latent hyphae 
found in old, non-active ECM by Pargney et al. (2001b).
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In relation to the sexual stage, the environmental and biological determinants 
of the fruiting process have not yet been discovered. A strictly self-fertilizing 
reproductive system was proposed by Bertault et al. (1998), but recent research 
on T. magnatum suggests that this truffle outcrosses (Paolocci et al. 2006). The 
morphology of the fertilization process also remains unknown (Poma et al. 2006). 
Callot et al. (1999) described T. melanosporum ascogonium, but the antheridia of 
this species have not been identified.

A great number of truffle primordia can be found in the soil of productive brûlés 
in June (Olivier et al. 1996; Callot et al. 1999; Di Massimo et al. 2006). Most of 
them die without achieving maturity. The sporocarp is supposed to grow 
 autonomously, without any attachment to the host tree, from the initial stages of 
development (Barry et al. 1994; Callot et al. 1999). From December to March, the 
mature sporocarps produce their particular smell and attract various mammals and 
insects, which disperse their spores.

Symbiont Plants

T. melanosporum has a relatively wide range of host species (Ceruti et al. 2003). 
The most widespread truffle-producing plants are evergreen holm oak, downy 
oak and hazel. Locally, other species can also sustain good truffle production, 
depending on the climate and the soil: English oak (Quercus robur L.), kermes 
oak (Q. coccifera L.), Portuguese oak, European hop-hornbeam, European horn-
beam (Carpinus betulus L.), Oriental hornbeam (C. orientalis Mill.), etc.

The root system of each plant species develops in a different way and this affects 
T. melanosporum ECM numbers. In 3-year-old plantations, Olivera (2005) found 
that hazel seedlings had a more extensive root system and a higher percentage of 
ectomycorrhzial short roots colonized by T. melanosporum than evergreen holm 
oak and Portuguese oak. In an older plantation (7 years), however, Etayo (2001) 
found a higher number of soil-resident fungi colonizing short roots of hazel than 
those of evergreen holm oak, suggesting that hazel short roots are more readily 
 colonized by T. melanosporum, but also by soil-resident fungi.

Climate

Most truffle-producing regions are located in transition zones between Mediterranean-
type climates and temperate ones. They usually experience a summer arid period 
(the mean temperature in degree celsius being more than twice the amount of rain-
fall in millimeter), but this is not as marked as in the typical Mediterranean-type 
climate (with an arid period of 3 or more months). The mean annual temperature in 
the truffle-producing regions is 8.6–14.8°C, the mean temperature of the warmest 
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month is 16.5–23°C, the mean temperature of the coldest month is 1–8°C and the 
mean annual rainfall is 450–900 mm, although areas with up to 1,500 mm have been 
cited in France (Pacioni 1987; Reyna 2000; Ricard et al. 2003).

Summer rainfall (July and August) is a highly unpredictable climatic factor in 
most of the T. melanosporum distribution area, and it is the climatic factor with the 
greatest influence on sporocarp yield in productive brûlés (Callot et al. 1999; 
Ricard et al. 2003). In this period the sporocarp is likely to grow autonomously, and 
it seems to be sensitive to low soil moisture.

Since there is considerable variability between regions, analyses of climatic data 
do not show any clear summer rainfall threshold for yield reduction, but Ricard 
et al. (2003) point out that August rainfall in years of maximum production ranges 
from three to four times the mean temperature. The number of summer days 
 without rain which the sporocarps can withstand depends on soil characteristics and 
maximum temperatures, but the experience of truffle growers and climatic analyses 
suggest that it is around 30–35 days (Roux 2001).

Soil

Black truffle typically inhabits calcareous soils, with pH 7.5–8.5 and some content 
of calcium carbonate in soil gravels, fine mineral particles or clay-humus complex. 
These soils are never saline (conductivity lower than 0.35 mmhos cm−1, measured 
in solution 1:5). Their organic matter is usually 1–8%, the C/N ratio is usually 5–15 
and they lack leaf litter (Bencivenga et al. 1990; Sourzat 1997; Reyna 2000).  Sand-
size organic matter and microbial activity are lower than in surrounding soil (Callot 
et al. 1999; Ricard et al. 2003). They are well-aerated and well-drained soils, with 
a well-developed structure and no soil crust and are never hydromorph soils (Lulli 
et al. 1999; Callot et al. 1999). Truffle-producing soils are usually found on low 
south-facing slopes (5–30%).

Soil biology (especially microflora and macrofauna) might also be important, 
but present knowledge is limited (Mamoun and Olivier 1992; Callot et al. 1999; 
Mello et al. 2006).

Stand Vegetation

Truffle-producing stands show a convergent vegetation physiognomy. Most of the 
best naturally occurring truffières locate in areas with open vegetation (canopy 
cover lower than 30%, Hart-Becking index higher than 1.5, scarce shrub cover) and 
receive direct sunlight on their soil surface (Fig. 14.3). Most of the new truffières 
appear in such a situation (Olivier et al. 1996; Reyna et al. 2004; Sourzat 2004; 
Granetti 2005b).
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The Hart-Becking index is calculated as the ratio between the average spacing 
of trees and their dominant height. It is a practical index for assessing the stand 
density of the forest (i.e. tree cover on an area).

Competitor Ectomycorrhizal Fungi

The soil contains propagules from a high diversity of ectomycorrhizal fungi. 
The soil inoculum potential accounts for all the propagules that can effectively 
colonize fine roots. It depends on land use: soils that have not supported ectomy-
corrhizal plants (oaks, pines, etc.) for a long time show a lower ectomycorrhizal 
inoculum potential. Therefore, if seedlings inoculated with T. melanosporum are 
planted on these soils, their roots are less likely to be contaminated with soil-
resident fungi (Fig. 14.4, Frochot et al. 1990). T. melanosporum competes poorly 
with many soil-resident fungi, and this seems to be related to the low level of 
genetic diversity of the black truffle and its narrow tolerance to environmental 
variation (Bertault et al. 1998).

The use of mycorrhizal-infected seedlings reduces root colonization by 
soil- resident ectomycorrhizal fungi when compared to non-mycorrhized control 
seedlings (Frochot et al. 1990; Reyna et al. 2006). The quality of seedling mycor-
rhization (number and percentage of colonized roots) is consequently an important 
component in black truffle cultivation. Bourrières et al. (2005) found that the 
percentage of short roots colonized by T. melanosporum in the nursery and 4 years 
later in the field were correlated.

The most important competitor in many truffle orchards is T. brumale, 
especially in France. This truffle shows similar ecological requirements to T. 
melanosporum, but has wider ecological amplitude (Mamoun and Olivier 
1993; Callot et al. 1999; Raglione et al. 2001). It is commonly accepted that 
the main problems appear in plantations where the cultural practices have not 
taken into account the ecological requirements of T. melanosporum (low pH, 
lack of soil aeration, excessive irrigation, shade, fertilization or organic matter). 
Linear mechanised tilling helps to expand the propagules of this species 
(Sourzat 2004).

Fig. 14.3 Plant succession in abandoned agricultural land, showing the stage at which T. melano-
sporum is usually found
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Harvesting and Improvement of Naturally Occurring Truffières

Truffle Silviculture

In many black truffle-producing forests and old truffle orchards in France, Italy and 
Spain, the stand density is higher than advisable (canopy cover higher than 30%, 
Hart-Becking index lower than 1.5). Truffle silviculture models have been designed 
and experimentally applied in Spain (Hernández et al. 2001; Reyna et al. 2004) and 
Italy (Gregori et al. 2001; Tagliaferro 2001) to combat this situation. They consist of 
opening the vegetation and eliminating the non-productive, competitor trees and their 
associated ECM. Trees and shrubs from species that do not produce black truffles are 
clearcut, whereas trees from black truffle-producing species are pruned, until a canopy 
cover lower than 30% is achieved around the brûlés. Other cultural practices can also 
be applied when necessary: weeding, soil tillage, liming, slash burning, etc.

With clearcutting, pruning and weeding, Gregori et al. (2001) immediately 
regenerated truffle production (around 5 kg ha−1) in an old truffle orchard in Marche. 
Previously, the orchard hardly produced black truffles, and after the treatment no 
black truffles were found in the corresponding unmanaged control plot.

In natural truffières in Castelló, Reyna and Garcia (2005b) monitored the  evolution 
of ECM and sporocarp yields after truffle silviculture (clearcutting pines, pruning of 
Quercus and removing shrubs) was applied in 2000–2001 (Fig. 14.5). A slight but 
non-significant increase in the percentage of ectomycorrhizal short roots colonized by 
T. melanosporum was observed (Fig. 14.6). In relation to  sporocarp yield, given that 
no unmanaged control plots existed, the evolution of the production was assessed 
through comparison to yield data previous to the  treatment. Given that sporocarp 
yield is highly variable from year to year, mainly for climatic reasons, an index for 
the meteorological suitability of the year was incorporated (i.e. black truffle produc-
tion in Spain). In this way, it seems that the truffières responded positively to the 
silvicultural treatments (Fig. 14.6), but only after 3 years (in 2003–2004, when 
the ratio between sporocarp yield and the suitability index was for the first time 
higher than in 1997–1998, before the management  treatment was imposed).
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Fig. 14.5 Application of truffle silviculture in a mixed pine-oak forest with a low density of 
brûlés (Reyna et al. 2004). Clearcutting of pines and pruning of oaks are carried out only around 
currently producing brûlés (brûlés in white)
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Property Conflicts and Harvesting Regulation

In Spain and France, truffles belong to the landowner by right of accession (Omaggio 
2001; Trull 2007). In Italy, however, truffles are considered “res nullius” or ownerless 
property (i.e. they are not the object of rights of any specific subject and therefore they 
belong to the first taker) if the soil is not cultivated (De Angelis 2005).

Due to the high market price of T. melanosporum, over-harvesting is common. 
Because the spores of the truffle are completely encased in the sporocarps, 
 systematic and intensive harvesting prevents reinoculation of the exploited truffières 
and colonization of new ones.

Over-harvesting and the use of destructive harvesting techniques are more likely 
to occur when the legal property rights of mycological resources are not properly defined 
or when a private exploitation system does not exist (common property resources). 
Sustainability should be guaranteed through reinoculation of the truffières and/or 
harvesting regulation (Gil et al. 2001).

Cultivation of the Black Truffle

Cultural Practices

Truffle cultivation consists of three clearly differentiated stages: the plantation 
and colonization period (the first 4–7 years, in which the plant adapts to field 
conditions and the fungus spreads), the consolidation period (until the 10th–
15th year: the brûlé is developed and the first truffles appear) and the exploita-
tive period (i.e. the productive stage, from the moment the orchard attains full 
production).

As the requirements of the cultivated fungus are slightly different at each stage, 
the cultural practices must also be specifically applied. Cultural practices also differ 
depending on local climate, soil conditions and previous experience of the agricul-
turalist. Thus, a variety of trufficulture models exist (e.g. in France: Pallier and 
Tanguy methods) (Olivier et al. 1996; Callot et al. 1999).

Most available experimental data on truffle cultivation focus on its effect on 
T. melanosporum ECM, which is mainly useful for the pre-productive period, not 
the exploitative period. Unfortunately, experiments on cultivation technique effects 
on sporocarp yield are scarce, lack scientific design and are highly influenced by 
 interannual meteorological variability. Despite this, some remarks are provided 
below regarding present experiments on this subject, because of their practical 
interest to managers and researchers.

First of all, the establishment of the trees is critical, since plants with quicker 
growth are the first to form the brûlé and to produce sporocarps (Shaw et al. 1996; 
Granetti and Baciarelli 1997; Lulli et al. 1999; Letizi et al. 2001). Widespread 
fertilization is recommended by some authors (Chevalier and Poitou 1989). Bonet 
et al. (2006) found no detrimental effect from low-level foliar fertilization 
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(fertilizer: 12% w w−1 nitrogen, 7% w w−1 phosphoric anhydride and 7% w w−1 
potassium oxide, diluted in water to 1.2%) on T. melanosporum ECM in the short 
term (18 months); however, a meta-analysis of mycorrhizal response to phospho-
rus and nitrogen showed some potential detrimental effects of fertilization on 
mycorrhizal abundance (Treseder 2004).

Quality of the seedlings (morphology and physiological status of plants) and 
previous preparation of the ground also play a role in successful establishment. 
Tree shelters can be helpful as well: Olivera (2005) found that they increased shoot 
growth in Q. ilex L. seedlings without any effect either on root biomass or on 
T. melanosporum ECM.

Soil management of the plantation influences soil moisture, evolution of soil 
organic matter and soil biology. A choice must be made between chemical control 
of weeds, mechanical soil tilling and grassing (i.e. maintaining a spontaneous or 
seeded grass cover between the rows of trees).

Pesticides are not generally recommended because their long-term effects on 
T. melanosporum, soil fauna and soil microflora are unknown; only glyphosate and 
ammonium gluphosinate (herbicides) have been scientifically tested, and they seem 
harmless in the short term (Garvey and Cooper 2001; Bonet et al. 2006). Presence 
of the grass Festuca ovina L. (which is common in productive brûlés in France) has 
a detrimental effect both on 1-year-old hazel survival and on T. melanosporum 
ECM (Mamoun and Olivier 1997); thus, the close proximity of grasses to young 
seedlings should be avoided. Bonet et al. (2006) also found that chemical weed 
control increased seedling survival during the 1st year, as compared to mechanical 
tilling and unmanaged control.

Mechanical soil tilling is also used during the exploitative period to increase 
sporocarp production. No conclusive data exist on its effectiveness, but Ricard et al. 
(2003) suggest that it increases sporocarp size and depth and yields more rounded 
sporocarps.

In relation to soil moisture management, excessive irrigation should be avoided. 
Bonet et al. (2006) found that high levels of summer irrigation (totally compensat-
ing for the water deficit) during the establishment period reduced the number of 
Q. ilex short roots and T. melanosporum ECM when compared to moderate 
 irrigation (compensating for half the water deficit) and unmanaged control. 
Mamoun and Olivier (1990) found that a high level of irrigation (soil moisture 
31%) increased root growth in hazel, reduced the number of T. melanosporum 
ECM and increased root colonization by other ectomycorrhizal fungi, when 
c ompared to more reduced irrigation levels (soil moisture 12% and 21%).

During the exploitative period, summer irrigation is commonly used to increase 
sporocarp production, especially in dry summers. No conclusive data exist on its 
long-term effects, the optimum dose or the frequency required, but the available 
results (Ricard et al. 2003; Hernández et al. 2005) suggest that it increases the total 
weight of the truffles produced, but not their mean size. Hernández et al. (2005) 
performed two waterings of 5–15 mm per summer (water interval: 15–25 days), and 
Ricard et al. (2003) carried out four waterings of 20 mm (water interval: 20 days) 
per summer.
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Mulching usually consists of calcareous stones, shrub branches or cereal straw. 
It aims to prevent soil water evaporation (Horton et al. 1996), but it can also have 
side effects on ECM. In a young plantation, Etayo (2001) found that permanent 
mulching with cereal straw reduced short root colonization by T. melanosporum 
and increased the number of other ectomycorrhizal species colonizing the short 
roots. Zambonelli et al. (2005) found the same effect in a T. uncinatum plantation. 
In productive truffières, no conclusive data are available, but Hernández et al. 
(2005) found that mulching with calcareous stones increased weight yield of 
 sporocarps. In a productive truffle orchard in southeastern France, soil stoniness 
appeared as the main ecological factor accounting for spatial variability in  sporocarp 
production (Oliach et al. 2005).

Finally, tree management (pruning, choice of planting distance) is mainly 
related to stand density and becomes important when the plantation ages. The 
trees are usually pruned from the 3rd–5th year (when the trees reach an approxi-
mate height of 1 m) and an inverted cone-shaped crown is sought. The most 
 common planting distances range from 4 × 5 to 8 × 8 m for oaks, hazel and 
hop-hornbeam.

Sporocarp Yield and Economic Evaluation

In contrast to saprobic species, which can be easily grown, ectomycorrhizal fungi 
are far more difficult to cultivate. Some black truffle plantations produce more 
than 20 kg ha−1 year−1 at the age of 15 while others, at the same age, have not 
started to produce (Olivier et al. 1996; Bye and Chazoule 1998; Callot et al. 1999; 
Bencivenga and Di Massimo 2000; Reyna et al. 2007). Technical assessment 
would be necessary to find out if the reasons that account for these differences 
are environmental (soil, climate), biological, or due to management practices 
(Sourzat et al. 2001). The economic yield of a plantation will depend on the age 
it attains full production and the percentage of trees producing sporocarps. 
Duration of the exploitative period is unknown, but it seems to be at least 25–30 
years, since plantations of this age range are currently in production and show no 
signs of depletion.

In spite of these uncertain factors, economic evaluations have been attempted in 
France, Italy and Spain. Bonet and Colinas (2001) reviewed some of them and 
found that the internal rate of return- IRR (the discount rate that makes the net 
present value of cash flow of a project equal to zero, that is, the interest yield 
expected from the investment) was always above 9%, although the investment 
return time was longer than 10 years.

As an example, an economic evaluation is presented which attempts to deal with 
two of the most uncertain factors in the truffle plantation project: sporocarp yield 
and truffle price. The price of European black truffles varies greatly from year to 
year and its future level is likely to depend on the evolution of global black truffle 
production. The estimated IRR for the chosen assumptions is shown to vary from 
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4–12% in the lower yield scenarios to 18–33% in the higher yield ones (Table 14.1). 
Public subsidies, which are common in many regions, are not included in these 
calculations.

Socio-economic and Environmental Impact of Black Truffle

Economic Importance: Estimated Production and Prices

Making a correct evaluation of the total truffle production is difficult because of the 
level of secrecy that generally surrounds the sector. In recent years, however, infor-
mation has become more transparent and accessible, especially since plantations 
are beginning to predominate. According to the GET (European Tuber Group), 
from 1990 to 2002 the mean annual European production of T. melanosporum was 
59 t (approximately 40% France, 40% Spain and 20% Italy). Annual variability in 
truffle production remains high because it is strongly correlated with summer rainfall 
(annual production varied between 10–50 t in France, 5–80 t in Spain and 2–30 t in 
Italy). An undetermined amount of truffles are sold unofficially and are not  quantified 
in the statistics, e.g., Gregori (2007) suggests that current Italian production is about 
50–80 t). The GET estimates that international markets could absorb a truffle 
 supply ten times higher.

Prices are also highly variable. From 1991 to 2005, the mean black truffle price 
paid by wholesalers to truffle growers in France varied between 200–650 euros kg−1 
(Sourzat 2007), whereas in Spain it varied between 150–520 euros kg−1 from 1995 
to 2006 (prices measured in constant 2005 euros). The prices paid by wholesale 
dealers to truffle growers depend on the annual production (law of supply and 
demand); the quality, size and degree of impurities of the truffles (truffles from 
plantations are usually higher valued) and the country where they are sold (yearly 

Table 14.1 Estimated internal rate of return for a truffle plantation when considering different 
assumptions related to sporocarp yield, irrigation and truffle price. Establishment and exploitation 
costs have been calculated for eastern Spain a. It is assumed that the plantation starts producing at 
the age of 8 and reaches full production at the age of 15. Lifetime of the project: 25 years

 Black truffle price (euros kg−1)

Sporocarp yield at full production, irrigation 200 400 800

5 kg ha−1 – unirrigated   4   8  12
10 kg ha−1 – unirrigated   5  10  15
15 kg ha−1 – unirrigated  10  15  21
20 kg ha−1 – irrigated  10  15  21
30 kg ha−1 – irrigated  13  19  25
60 kg ha−1 – irrigated  18  25  33
a Cropland price: 4,500 euros per hectare, 250 seedlings per hectare are planted at a price of 6 euros 
each, establishment and exploitation cost: 25,000 euros for non-irrigated plantations and 52,000 
euros for irrigated plantations
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prices paid to French truffle growers are about 40% higher than those received by 
their Spanish counterparts). Apart from these variations, the price of the black 
truffle in Spain is estimated to have increased 4% each year over the last 50 years 
(Fig. 14.7). In France, a similar tendency emerges from the 1991-to-2005 data, and, 
in addition, truffle growers are increasingly using retail e-commerce to sell their 
truffles (Sourzat 2007).

Consumer prices can be much higher (e.g. the price of fresh black truffles in 
Paris reached 2500 euros kg−1 in 2005).

The average annual value of black truffle production in France (revenues for 
truffle growers) is estimated to be 20 million euros, while the total economic impact 
of trufficulture is estimated to be 70 million euros (Escafre and Roussel 2006). 
In Italy, the value of the production of all species of truffles was estimated to be 18 
million euros for the year 1999 (Pettenella et al. 2004). In Spain, an annual value 
of 2.4–9.7 million euros is estimated for black truffle production (years 2000–2005) 
on the basis of the estimated production and the mean price paid to truffle growers 
at the Vic market (northeastern Spain) (Reyna et al. 2005).

Social Implications: Rural Development

In many regions of the T. melanosporum distribution area, but especially in the 
southernmost ones, ecological conditions limit the agricultural potential and yields 
of traditional Mediterranean crops. For instance, in the Iberian Mountain Range 
(northeastern Spain) agricultural activity is usually centred on the cultivation of 
cereals; however, barley production levels rarely exceed 2,000 kg ha−1, which is at 
the very limit of positive economic returns. Other unirrigated crops such as almond, 
carob and olive trees are not feasible because of inadequate temperature conditions, 
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Fig. 14.7 Evolution of mean black truffle prices in Spain (paid by wholesalers to truffle harvesters), 
measured as constant euros of 2005 (Reyna et al. 2005)
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and vineyards are almost always outside the areas protected by official guarantees 
of origin and quality. Moreover, due to poor accessibility, these areas also show lit-
tle industrial development and, as a result, they have suffered significant depopula-
tion and ageing.

At present, trufficulture offers a viable development alternative and is helping to 
stop rural depopulation in these regions. Black truffle is also having indirect 
implications on agricultural land prices. According to Samils et al. (2003), land 
prices in Sarrión (a town in Teruel where truffle orchards are quickly spreading over 
former cropland and wasteland) increased 300% from 1995 to 1999, while unirrigated 
cropland prices increased 75% and 14% in the neighbouring provinces of Teruel 
and Zaragoza, respectively.

For most farmers in France, Italy and Spain, truffles are not the main source of 
income, but they provide economic diversification and extra incomes. In France it 
is estimated that there are 15,000 truffle growers, while in Italy it is estimated that 
there are about 200,000 truffle harvesters, although only 5% are professional har-
vesters or growers (Pettenella et al. 2004; Escafre and Roussel 2006).

Apart from agricultural activities and direct retail of fresh truffles, the fungus is 
also responsible for a variety of new activities such as mycorrhizal plant nurseries, 
preparation of canned truffles, retail of manufactured food products, organization 
of truffle fairs, development of local mycological gastronomy and agrotourism 
(guided visits to truffle orchards, visits to traditional truffle markets, ecomuseums 
in Sorges, Dordogne, and Metauten, northern Spain, etc.). In Italy, the National 
Association Città del Tartufo (Towns of Truffles) was founded for the promotion of 
truffles and the organization of shows.

Environmental Value: Sustainability and Multifunctionality

By providing many renewable resources, Mediterranean forests have historically 
played an essential role in the livelihood of Mediterranean peoples. However, on 
the northern shore the objectives of forest management have shifted in the last dec-
ades from production of material products (firewood, charcoal, livestock, etc.) to 
production of non-material goods and services (leisure, landscape, erosion and 
water-cycle control, biodiversity, etc.), due to social changes and low timber yields. 
As a result, the link between rural populations and their environment has in part 
been lost.

In this situation, revenues from the black truffle (or other non-timber forest 
products like game management) maintain this link and contribute to the conserva-
tion of natural formations of Mediterranean oaks. They also contribute to oak 
extension through new plantations.

Many truffle orchards can easily be considered as organic crops as they are 
grown without pesticides and synthetic fertilizers, produce quality and healthy food 
products and safeguard infiltrated water quality (IFOAM 2006). In addition, truffi-
culture keeps many small and marginal field plots cultivated and thus limits soil 
erosion risk and increases water infiltration rates.
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In summary, in Mediterranean mountainous counties, truffle harvesting has an 
added value in that it falls fully within the concept of sustainable development, due 
to the ecological conditions in which it is produced and the socio-economic 
 environment benefiting from its production.

In relation to other possible forest products and services, forest management for 
truffle production is largely compatible with wildlife and game (except for 
 excessive populations of wild boar), extensive livestock production and wildfire 
hazard reduction.

Fuelbreaks are the basis of wildfire hazard reduction. Their target vegetation 
structure is very similar to that of truffle silviculture; thus, the biocidal effects of 
truffles can be used in fuelbreaks as a means of reducing maintenance work and 
promoting a multifunctional and more sustainable management (Fig. 14.8). In fact, 
productive truffle orchards constitute excellent fuelbreaks, due both to brûlés and 
tillage (Reyna and Garcia 2005a).

Future Prospects

Black truffle is naturally found in many Mediterranean calcareous mountains with 
limited agricultural and forestry potential. An agroforestry approach that integrates 
the management of truffle-producing forests with truffle cultivation in marginal 
agricultural lands could contribute to the sustainable rural development of these less 
favoured areas, thanks to the socio-economic and environmental implications of the 
black truffle. However, some legal, institutional, cultural, ecological and technical 
issues must be taken into account.

Future prospects for naturally growing truffières are poor unless adequate silvi-
cultural measures are applied. If this does not take place, these truffières will 
 continue to thicken, thus preventing the permanence of the truffle and, more impor-
tantly, the appearance of new truffières. The present decline has also been caused 
by abusive practices that are gradually disappearing, though, unfortunately, they are 
still being applied in certain areas. There are only two ways to eliminate these 
unprofessional practices: by developing legal regulations that address the reality of 
the  situation and, especially, by developing agrarian extension activities for the 
people who are directly implicated.

In contrast, from the point of view of plantation trufficulture, the potential is 
high, due to the extension of both calcareous soils and climatically appropriate 
areas. One serious problem is the risk of accidentally introducing Asiatic truffles in 

Fig. 14.8 Truffle plantations could potentially be used in fuelbreaks as a means of controlling the 
spread of spontaneous vegetation and enhancing the sustainability of wildfire hazard reduction 
structures
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European plantations; these include Tuber himalayense Zhang et Minter, T. indicum 
Cook et Massee, T. pseudohimalyense Moreno, Manjón, Diez et García-Montero 
and T. pseudoexcavatum Wang, Moreno, Riousset et Manjón, all of which lack 
 commercial value and can be found in European truffle batches. The confusion or 
deceit that Spanish, French and Italian nurserymen may be subjected to by those 
who sell low-value truffle species for inoculation purposes constitutes a grave threat 
for the sector, not only because of the economic repercussions involved for the 
agriculturalist, but also because of the serious ecological problems derived from the 
uncontrolled introduction of very invasive exotic species.

In the last years, specific protocols for rapid molecular identification of Tuber 
spp. ECM are being developed (Paolocci et al. 1999; Douet et al. 2004). Molecular 
methods could assure a more accurate monitoring of nursery-inoculated seedlings, 
but they can also be used to prevent the fraudulent use of sporocarps of species 
other than T. melanosporum, as well as for ecological studies, e.g., studies on 
intraspecific genetic variability, reconstruction of the past history of truffles, 
 characterization of the ectomycorrhizal community, detection of T. melanosporum 
mycelia in soil, etc. (Mabru et al. 2004; Richard et al. 2005; Mello et al. 2006; Suz 
et al. 2006).

Currently, there are no official directives regulating either the production in 
nurseries of seedlings inoculated with European black truffle or the certification of 
their quality and purity. A European-scale truffle certification protocol is needed to 
serve as a reference for European truffle controllers.

At present, truffle plantations in some regions receive subsidies from the 
Common Agricultural Policy (CAP) for the afforestation of agricultural land. These 
subsidies have two key aspects that should be emphasized. First of all, the planta-
tions that receive subsidies from the CAP are granted the legal consideration of 
forest areas, and this could make their management difficult in the medium term if 
unaccompanied by complementary legislative measures, because legal limitations 
on cultural practices obviously differ between agricultural and forest land.

Secondly, if the cost of the land is excluded, CAP subsidies mean no cost for the 
farmer. In similar situations, subsidies higher than 80% have shown little 
 effectiveness, because in many cases the aim shifts from producing the product to 
simply accessing the subsidy, which becomes a business in itself. Obviously, this is 
not the case in regions with a tradition of trufficulture, where these subsidies are 
likely to work; however, in some other regions plantations established thanks to 
subsidies will be bad examples of truffle cultivation.

An interesting opportunity arises from the new European Union Regulation on 
Rural Development (EAFRD 2005); its measure “First establishment of  agroforestry 
systems on agricultural land” could be exploited by Member States for truffle planta-
tions, e.g., Hungary intends to include mycorrhizal plantations aimed at producing 
T. aestivum, T. magnatum, T. macrosporum Vitt. and Mattirolomyces terfezioides 
(Mattir.) E. Fisher (FVM 2007). The French government and the French Federation 
of Truffle Growers are also looking for a way that truffle plantations can receive sin-
gle farm payments (SPF), by deriving from the European definition of permanent 
woodland a French-specific definition that excludes truffle plantations (MAP 2007).
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Professional associations of truffle harvesters and growers are well-developed in 
France and Italy, while they are more recent in Spain. The national federations have 
recently formed the GET. Thus, the various public administrations now have valid 
interlocutors to help them to both organise the markets and establish co-financing 
mechanisms for the producing sector. A result of this association is the joint truffi-
culture project being developed by France, Italy and Spain with the aim of producing 
quality truffles, in large amounts, and with long production periods (GET 2004).

The general ecological requirements of the black truffle are relatively well-
known, but research is still needed regarding its sexual reproduction, environmental 
determinants of fruiting and influence of soil microorganisms. Yields from truffle 
plantations remain highly unpredictable; thus, research effort must also be 
addressed at improving trufficulture models that are suitable for local situations. 
Some researchers are also studying whether the genetics of the tree plays a role in 
its production of truffles (Callot et al. 1999; Chevalier 2001a).
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