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This study aimed at testing the hypothesis that the genetically distinct Tuber aestivum population on the island of
Gotland, Sweden, is adapted to habitats different from French T. aestivum populations. The soil structure, soil chemistry,

bedrock, climate, vegetation and host tree continuity of 18 T. aestivum sites on Gotland were analysed and compared
with data from France. We conclude that T. aestivum can grow in soils with a broad soil structure range and that no
striking differences in soil chemistry were found. No T. aestivum indicator plants other than the host trees were found,

but the host tree continuity on the T. aestivum sites on Gotland was more than 300 yr. If the T. aestivum population on
Gotland constitutes an ecotype it is rather an adaptation to the colder and drier climate on Gotland. Selecting local
T. aestivum inoculum for truffle orchards in northern Europe could be important for successfull truffle production.

INTRODUCTION

Tuber aestivum (syn. T. uncinatum#), the Burgundy
truffle, is an ectomycorrhizal hypogeous ascomycete
found throughout Europe associated with, for ex-
ample, Quercus robur and Corylus avellana (Chevalier
& Frochot 1997). T. aestivum and T. mesentericum
(Wedén, Ericsson & Danell 2001) are the only black
truffles reported from Sweden, both being found only
on Gotland, an island off the east coast of Sweden in
the Baltic Sea isolated from the mainland since the last
ice age 11 600 yr ago (Fredén 1998). Our preliminary
studies on Gotland during the autumns 1998–2000
showed that T. aestivum, which until then only had
been recorded three times from Gotland (Sunhede
1978, Bohus Jensen 1988, Kers 1992), was well dis-
tributed over the island and adapted to local climate
and soil conditions (Wedén & Danell 1998, Wedén
et al. 2001). Randomly amplified polymorphic DNA

(RAPD) data indicated that the Gotland T. aestivum
was genetically distinct and separate from populations
in central Europe and probably derived from one or
two introductions (Wedén et al. 2004). It was also found
that the soil preferences of the Gotland T. aestivum
population seemed fundamentally different from what
was previously known from French populations
(Chevalier & Frochot 1997).

Understanding the climatic and edaphic preferences
of the T. aestivum Gotland population could be of
crucial importance when selecting inocula for planned
truffle orchards on Gotland. The research presented
here further investigated if the T. aestivum Gotland
population occurs in areas with soil and climatic
characteristics markedly different from French popu-
lations. The lack of soil profiles from forests or
meadows on Gotland further motivated this study
(Torbjörn Nilsson, pers. comm.).

MATERIALS AND METHODS

Tuber aestivum sites on Gotland were found using
trained truffle dogs with a site defined as a Quercus
robur and/or Corylus avellana stand disconnected
from other sites by, for example, roads or arable land.

* Corresponding author.
# According to tradition, French truffle specialists name the Got-

land black truffle Tuber uncinatum (M. Jalade, pers. comm.; D. De-
lage, pers. comm., L ’écomusée de la truffe, Sorges). As was stated in
Wedén et al. (2004), it is likely that T. aestivum and T. uncinatum are
the same species. Since the oldest name has priority, we only use the
name T. aestivum here.
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The soil was sampled by first removing the litter and
vegetation and then collecting 1 kg of soil from the soil
layer where the fruit body was found, i.e. down to
10–20 cm depth, depending on how rocky the soil was.
Six sites were sampled in Sept. 1999 (samples A-T2,
B-T5, C-T10, D-T9, E-T8 and P-T15) and the remain-
ing 12 in Sept. 2001. All the sites, where soil was
sampled and analysed, were also represented in our
previous RAPD study (Wedén et al. 2004). The veg-
etation was also recorded to determine if there was any
T. aestivum indicator species. We defined an indicator
species as a vascular plant which biotope preferences
coincide with those of T. aestivum. At one T. aestivum
site, the occurrence of mature T. aestivum fruit bodies
was recorded throughout 1998–2002 to estimate the
duration of the T. aestivum fruit body season on
Gotland. Representative specimens are preserved in
UPS.

The soil analyses were carried out by the Laboratoire
d’Analyses des Sols, Institut National de la Recherche
Agronomique (INRA; Arras, France). This laboratory
had previously carried out the analyses of the only
published study of soils from natural T. aestivum*
sites from Burgundy, Lorraine, Franche-Comté and
Auvergne regions of eastern France where the Bur-
gundy truffle is commonly found (Chevalier & Frochot
1997). Some soil data from other European T. aestivum
populations also exist (Bratek et al. 1991, 2001, Belloli
et al. 2001). These data are congruent with the French
soil data, but mainly consist of pH data, data from a
limited number of sites or summarised soil data where
the range is unknown, which obstruct more thorough
comparisons. The parameters measured in our study
were: particle size in five fractions : <2 mm (clay),
2–20 mm (fine silt), 20–50 mm (coarse silt), 50–200 mm
(fine sand), and 200–2000 mm (coarse sand) (Norme
Internationale ISO 11277) ; pH in water (NF ISO
13878); total CaCO3 content (NF ISO 10693); assimi-
lable P2O5 (Joret & Hebert 1955, Duval 1963); am-
monium acetate exchangable Ca, Mg and K (Thomas
1982, Ciesielski & Sterckeman 1997) ; organic carbon
and organic matter (NF ISO 10694) ; organic nitrogen
(NF ISO 13878) and C/N ratio.

Detailed 1:50 000 soil type maps (Munthe et al.
1927–40) were also studied in order to define the gen-
eral soil types and bedrock at the T. aestivum sites on
Gotland. Weather data (temperature and precipitation)
was derived from the Swedish Meteorological and
Hydrological Institute (SMHI) and Meteo France.

A cadastral, digitised 1:10 000 map of Gotland from
1700, showing land use such as arable land, meadow-
land and forest (MAPINFO 6.5), was superimposed
on modern 1:50 000 vegetation maps (MAPINFO 6.5),

to determine the management history of the Gotland
T. aestivum sites. We defined meadow as anything
from thickly wooded meadows with a more or less
closed canopy cover to more open, sparsely wooded
grasslands (Croneborg 2001). To estimate the conti-
nuity of the sites after year 1700, we also studied a
1:10 000 map of Gotland based on aerial photographs
made in 1930 (Gotland County Administration,
Visby).

RESULTS

Soil characteristics from Gotland are presented in
Table 1. In Fig. 1 and Table 2, soil analysis data
from Swedish and French Tuber aestivum sites are
summarised.

According to the detailed soil type maps (Munthe
et al. 1927–40), the soil at the T. aestivum sites is
characterised by either moraine marlstone or different
kinds of gravel and sand mixtures, or a mix of the two.
The bedrock belongs to five different groups which
from youngest to oldest are : bedrock belonging to the
Hemse group – stratified, predominantly crystalline,
partly fine oolithic limestone, reef shaped limestone,
reef limestone, marly limestone and marlstone (nine
sites) ; Mulde marlstone – marlstone and marly lime-
stone (one site) ; Halla limestone – stratified, more or
less marly limestone and reef limestone (one site) ; Slite
group – stratified, crystalline limestone and reef lime-
stone, marlstone and marly limestone, sand limestone
and lime sandstone (six sites) and on Högklint lime-
stone – stratified, more or less marly limestone and
marlstone, and reef limestone (one site) (Munthe et al.
1927–40).

Despite its relative northern location (latitudes
57–58x N, longitudes 18–19x E), Gotland belongs to the
warmest Swedish climate zone, together with the very
south of Sweden (latitudes 55.5x N, longitudes 13x E).
This is due to the warming effect of the large body of
water surrounding the island of Gotland, making the
climate milder than that of the mainland at the same
latitude. Gotland’s location east of the mainland also
results in lower precipitation and a greater number of
hours of sunshine than on the mainland. The annual
mean precipitation in Cruzy, Burgundy, France
(1971–2000) was 884.6 mm, while on Gotland (Sanda
weather station, 1971–2000) it was 527.5 mm. The
annual mean temperature (1971–2000) in Cruzy was
10.4 xC and on Gotland (Visby Airport, 1961–90) it
was 6.8 x. The duration of the T. aestivum fruit body
season is presented in Table 3.

The ectomycorrhizal host species Quercus robur and
Corylus avellana grew at all the 18 T. aestivum sites
on Gotland. The relative occurrence of the two species
differed between the sites, some being dominated by
Q. robur and others by C. avellana. In the vicinity of
where the T. aestivum fruit bodies were found, Fraxinus
excelsior occurred on at least half of the sites, while

* When French Tuber aestivum data is referred to, the data regards
truffles that in France are called T. uncinatum. There is yet no con-
vincing evidence that T. aestivum and T. uncinatum are different
species, why we only use the name T. aestivum in this article (see p. 304
footnote).
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Crataegus spp. grew at 13 of the 18 sites. Ground veg-
etation differed with the habitat type and no common
ground vegetation could be distinguished to indicate
the presence of T. aestivum, other than its host trees. In
more open habitats, the ground was sparsely vegetated
with different grasses and the earth could be more or
less covered by mosses such as Plagiomnium affine and
Brachythecium rutabulum. In the T. aestivum forest or
meadow habitats, the ground was more or less bare and
the very sparse ground vegetation was composed of, for
example,Hepatica nobilis andFraxinus excelsior shoots.
Seven sites were grazed by cattle or sheep, on three sites
the grass was cut and four sites were unmanaged but
shaded, thus restraining ground vegetation. On the re-
maining four sites, T. aestivum fruit bodies were found
both in a mown lawn and in two of these sites also in
an adjacent vegetable bed. Some of the T. aestivum
producing trees showed moderate truffle burns (brûlés),
which appeared as sparse vegetation around the trees
(Chevalier & Frochot 1997).

Of the 18 sites studied, 15 were found on land which,
according to the 1700 cadastral map, was defined as
meadow. The remaining three sites were found on land
within a 100 m. of what had been meadow in 1700. In
the first of these three sites, T. aestivum was located on
what was built-up area in 1700 adjacent to a meadow.
The second site was a field adjacent to a built up area
and meadow and the third site was located just outside
the border of a meadow. While great care was exer-
cised, it was possible that the different scales of the
1700 cadastral map (1:10 000) and the modern map
(1:50 000) could have led to slight translation errors.

DISCUSSION

Soil

The French and Swedish truffle populations both oc-
cupy land with high pH (7–8) soils and low phosphorus
concentrations (0.002–0.080%). The only exception
was the Swedish site B-T5 where the pH was 6.8, and
M-T17 where there was a high phosphorus concen-
tration of 0.12% (Table 1). The texture of the soil
samples from the Swedish Tuber aestivum sites was
silty to sandy, while French soils were more clayey
(Fig. 1). Due to the broad range in soil particle size
in both Swedish and French sites, we conclude that
T. aestivum has a wide soil texture tolerance and the
differences in the sites simply reflected regional geology.

Unlike French T. aestivum soils, which always re-
spond to the hydrochloric acid (HCl) test indicating
free CaCO3 (Chevalier & Frochot 1997), some T. aesti-
vum soils from Gotland failed to react indicating a
lack of free CaCO3, a finding supported by our analyses
(Table 2). However, the fraction of assimilable calcium
was often much higher in the Swedish than in the
French soils (Table 2). The Ca/Mg ratios were also of
interest, since calcium and magnesium compete for the
same positions on soil colloids. This means that sitesT

a
b
le
1
.
O
v
er
v
ie
w
o
f
th
e
so
il
co
m
p
o
si
ti
o
n
a
t
th
e
1
8
T
u
b
er

a
es
ti
vu
m

si
te
s
o
n
G
o
tl
a
n
d
,
S
w
ed
en
.

S
it
e
id
en
ti
fi
ca
ti
o
n

A
-T
2

B
-T
5

C
-T
1
0

D
-T
9

E
-T
8

F
-T
1
1

G
-T
1

H
-T
6

I-
T
7

J-
T
2
0

K
-T
1
9

L
-T
1
6

M
-T
1
7

N
-T
1
8

O
-T
1
3

P
-T
1
5

Q
-T
2
1

R
-T
2
2

S
o
il
p
a
rt
ic
le
si
ze

fr
a
ct
io
n
s
(%

)

<
2
m
m

(c
la
y
)

2
1
.4

1
5
.0

2
2
.4

N
o
d
a
ta

1
0
.4

3
2
.6

2
3
.1

1
4
.2

1
6
.4

1
8
.3

1
5
.8

2
2
.0

2
2
.9

1
8
.1

1
8
.1

2
1
.4

1
6
.8

1
8
.5

2
–
2
0
m
m

(fi
n
e
si
lt
)

1
4
.7

1
6
.2

4
9
.0

N
o
d
a
ta

6
.9

2
3
.1

1
8
.4

7
.1

1
2
.5

1
3
.1

1
6
.6

2
0
.4

1
8
.5

1
9
.5

1
6
.9

1
6
.6

1
5
.3

1
3
.2

2
0
–
5
0
m
m

(c
o
a
rs
e
si
lt
)

5
.4

1
0
.8

1
5
.7

N
o
d
a
ta

2
.9

9
.5

8
.8

4
.6

6
.4

7
.2

8
.2

1
0
.4

7
.2

5
.4

1
1
.4

4
.3

6
.8

4
.2

5
0
–
2
0
0
m
m

(fi
n
e
sa
n
d
)

1
1
.6

2
9
.6

6
.2

N
o
d
a
ta

9
.3

1
6
.9

2
2
.8

2
0
.6

4
3
.1

1
7
.7

2
8
.9

2
6
.7

1
9
.4

1
3
.3

2
5
.0

1
0
.9

2
0
.4

8
.1

2
0
0
–
2
0
0
0
m
m

(c
o
a
rs
e
sa
n
d
)

4
6
.9

2
8
.4

6
.7

N
o
d
a
ta

7
0
.5

1
7
.9

2
6
.9

5
3
.5

2
1
.6

4
3
.7

3
0
.5

2
0
.5

3
2
.0

4
3
.7

2
8
.6

4
6
.8

4
0
.7

5
6
.0

W
a
te
r
p
H

7
.0

6
.8

7
.1

7
.4

7
.6

7
.1

7
.2

7
.6

7
.9

7
.8

7
.6

7
.9

7
.7

7
.6

7
.4

7
.6

7
.5

7
.7

T
o
ta
l
li
m
e
st
o
n
e
(C

a
C
O

3)
(%

)
0
.2

0
.1

0
.2

0
.2

1
.7

0
.6

0
.1

0
.9

8
.2

8
.0

1
.7

2
.0

1
0
.5

6
.3

0
.3

4
.1

0
.6

7
.5

A
ss
im

il
a
b
le
p
h
o
sp
h
o
ru
s
(P

2O
5)
(%

)
0
.0
1
6
1

0
.0
2
2
8

0
.0
1
0
0

0
.0
0
4
4

0
.0
0
6
4

0
.0
0
2
8

0
.0
0
3
9

0
.0
0
5
3

0
.0
0
6
8

0
.0
0
6
2

0
.0
0
4
8

0
.0
3
2
4

0
.1
1
7
4

0
.0
1
4
2

0
.0
0
3
8

0
.0
8
4
4

0
.0
0
1
6

0
.0
0
5
4

E
x
ch
a
n
g
ea
b
le
ca
lc
iu
m

(C
a
)
(%

)
0
.3
5
6

0
.3
8
2

0
.4
4
3

0
.4
2
2

0
.5
6
3

0
.6
0
4

0
.5
8
8

0
.6
4
1

0
.9
9
1

0
.8
4
8

0
.8
3
2

0
.6
1
2

0
.8
1
8

0
.9
2
7

0
.5
1
9

0
.8
2
9

0
.6
6
4

1
.0
7
1

E
x
ch
a
n
g
ea
b
le
m
a
g
n
es
iu
m

(M
g
)
(%

)
0
.0
2
8
6

0
.0
2
3
3

0
.0
1
6
6

0
.0
0
9
1

0
.0
1
4
2

0
.0
1
8
6

0
.0
3
3
0

0
.0
1
3
0

0
.0
2
3
3

0
.0
2
0
6

0
.0
1
4
0

0
.0
1
2
9

0
.0
1
4
2

0
.0
1
3
7

0
.0
1
8
0

0
.0
4
5
1

0
.0
1
0
0

0
.0
1
7
8

E
x
ch
a
n
g
ea
b
le
p
o
ta
ss
iu
m

(K
)
(%

)
0
.0
6
2
7

0
.0
2
7
6

0
.0
1
2
7

0
.0
1
1
2

0
.0
1
2
7

0
.0
3
3
1

0
.0
1
0
9

0
.0
1
0
2

0
.0
3
4
8

0
.0
0
8
6

0
.0
0
7
6

0
.0
3
0
9

0
.0
5
6
5

0
.0
1
4
5

0
.0
0
7
7

0
.0
1
8
7

0
.0
0
8
1

0
.0
1
6
0

C
a
/M

g
1
2
.4

1
6
.4

2
6
.7

4
6
.4

3
9
.6

3
2
.5

1
7
.8

4
9
.3

4
2
.5

4
1
.2

5
9
.4

4
7
.4

5
7
.6

6
7
.7

2
8
.8

1
8
.4

6
6
.4

6
0
.2

K
/M

g
2
.2

1
.2

0
.8

1
.2

0
.9

1
.8

0
.3

0
.8

1
.5

0
.4

0
.5

2
.4

4
.0

1
.1

0
.4

0
.4

0
.8

0
.9

C
a
rb
o
n
a
n
d
n
it
ro
g
en

O
rg
a
n
ic
ca
rb
o
n
(%

)
5
.5
2
0

5
.4
6
0

4
.6
9
0

3
.4
7
0

8
.6
9
0

5
.7
9
7

6
.3
0
3

7
.3
5
8

8
.9
5
6

6
.2
1
7

9
.2
1
5

3
.4
6
5

5
.2
5
6

1
2
.3
3
8

4
.1
6
5

9
.1
1
0

7
.0
5
3

1
1
.6
7
4

O
rg
a
n
ic
m
a
tt
er

(%
)

9
.4
9

9
.3
9

8
.0
7

5
.9
7

1
4
.9
5

9
.9
7

1
0
.8
4

1
2
.6
6

1
5
.4
0

1
0
.6
9

1
5
.8
5

5
.9
6

9
.0
4

2
1
.2
2

7
.1
6

1
5
.6
7

1
2
.1
3

2
0
.0
8

O
rg
a
n
ic
n
it
ro
g
en

(%
)

0
.4
8
3

0
.4
2
2

0
.3
7
1

0
.2
6
4

0
.5
5
1

0
.4
8
8

0
.5
4
9

0
.7
5
6

0
.7
8
9

0
.4
9
7

0
.7
6
6

0
.2
7
0

0
.4
3
4

1
.0
6
0

0
.3
5
7

0
.5
0
0

0
.4
0
5

0
.8
0
0

C
/N

1
1
.4
3

1
2
.9
4

1
2
.6
4

1
3
.1
4

1
5
.7
7

1
1
.8
8

1
1
.4
8

9
.7
3

1
1
.3
5

1
2
.5
1

1
2
.0
3

1
2
.8
3

1
2
.1
1

1
1
.6
1

1
1
.6
7

1
8
.2
2

1
7
.4
1

1
4
.5
9

Tuber aestivum biotopes in Sweden 306



with low calcium levels in the soil may still be good sites
for T. aestivum, providing that the magnesium and
potassium levels are low and the pH is sufficiently
high (Table 1), although both the Swedish and French
T. aestivum soil showed great variation in this regard
(Table 2). From this we conclude that the French and
Swedish soils are functionally similar, but may differ
diagnostically for individual parameters, a finding that
is essential when prospecting for new natural truffle
sites or locations suited to the establishment of truffle
orchards. Consequently, one must be careful not to
limit the search profile, but base it on the actual range
of different soil characteristics and nutrient ratios
(Table 2). We concluded from our soil analyses that
there was no evidence to support the hypothesis that
the Swedish population is adapted to soil conditions
very different from those in France.

Clayey soils usually contain high amounts of
potassium (Eriksson, Andersson & Andersson 1997),
which may explain why the French potassium levels
are higher than the Swedish, although the differences
are not substantial (Table 2). The comparatively high
potassium levels in the French soils are unlikely to
indicate different habitat preferences, since it is rather
the ratio of K/Mg which is interesting biologically,
i.e. a K/Mg ratio over two affects the plant uptake of
magnesium negatively (Eriksson et al. 1997). Accord-
ing to both our Swedish data and the French data,
T. aestivum can be found on soils with a K/Mg ratio
well over two, with a rather high variation both in
Sweden and France (Table 2).

A high organic matter content was found in both the
Swedish and the French T. aestivum soils. In France,
the high content of organic matter together with the

Fig. 1. Diagram of soil texture of 25 Tuber aestivum sites in Eastern France (numbers 1–25) (Chevalier & Frochot 1997)

and of 17 T. aestivum sites on Gotland, Sweden (numbers 26–42 in italics). C=clayey, Si=silty, Sa=sandy, f=fine,
and vf=very fine. Illustration by Créations Philippe Toumire, France.
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CaCO3 give the soils a good structure, which com-
pensates for the otherwise heavy structured soils and
give them good drainage characteristics (Chevalier &
Frochot 1997, Chevalier et al. 2002). On Gotland, the
T. aestivum soils are lighter in structure (Fig. 1), but
the organic matter may still play an important role
in aerating the soil, which would benefit T. aestivum.
Although Pinus sylvestris constitutes up to 90% of the
forest on Gotland (Kloth & Lovén 1987) it does not
seem to form mycorrhizae with T. aestivum. However,
P. sylvestris is generally planted on poor land where
the soil layer can be very thin and the calcareous bed-
rock exposed. This is quite unlike the organic rich soils
at T. aestivum sites (Table 1) (Chevalier & Frochot

1997) which may be the reason why T. aestivum is not
associated with P. sylvestris.

The Swedish and French C/N ratios are also similar.
For agricultural land, a C/N ratio below 10 is known to
be an indication that the soil has been N-fertilised
(Eriksson et al. 1997). Only one Swedish soil sample
(Table 1, site H-T6, C/N=9.73) and two out of the
25 French soil samples (Chevalier & Frochot 1997) had
a C/N ratio below ten, indicating that T. aestivum
prefers soils which are poor in readily degradable nitro-
gen. This is well in accordance with the findings of
Wallander (1992), that a high nitrogen content in the
soil can act harmfully on mycorrhizas. T. aestivum does
not seem restricted to any particular kind of calcareous

Table 2. A soil composition comparison between Swedish (Table 1) and French T. aestivum sites, presenting the mean, SD and range.

French data originate from Chevalier & Frochot (1997).

Measured parameter

Mean¡SD Range

Sweden France Sweden France

Clay <2 mm % 19.3¡4.9 34.1¡11.1 10.4–32.6 13.6–52.8

Silt 2–50 mm % 25.1¡11.9 48.3¡11.6 9.8–64.7 17.3–67.4

Sand 50–2000 mm % 55.6¡14.9 17.5¡16.1 12.9–79.8 2.8–69.1

Water pH 7.5¡0.3 7.6¡0.2 6.8–7.9 7.1–8.0

CaCO3 (total) % 3.0¡3.5 16.7¡17.2 0.1–10.5 0.4–52.0

Exchangeable calciuma (Ca) % 0.67¡0.21 0.51¡0.14 0.36–1.07 0.28–0.79

Assimilable phosphorus (P2O5) % 0.020¡0.032 0.009¡0.017 0.002–0.120 0.002–0.082

Exchangeable magnesiuma (Mg) % 0.019¡0.009 0.017¡0.011 0.009–0.045 0.005–0.041

Exchangeable potassiuma (K) % 0.023¡0.017 0.059¡0.022 0.008–0.063 0.025–0.104

Ca/Mg 40.6¡17.3 58.5¡31.6 12.4–67.7 19.5–116.5

K/Mg 1.2¡0.9 4.5¡2.4 0.3–4.0 1.3–8.1

Organic matter % 11.9¡4.5 9.7¡4.2 6.0–21.2 4.4–21.1

Organic carbon % 6.9¡2.6 5.6¡2.4 3.5–12.3 2.6–12.3

Organic nitrogen % 0.54¡0.21 0.46¡0.14 0.3–1.1 0.3–0.8

C/N ratio 13.0¡2.2 11.9¡2.6 9.7–18.2 8.9–20.4

a French values are recalculated from m.e./100 g to %.

Table 3. Monthly mean precipitation and temperature, and the duration of the Tuber aestivum fruiting body season, on Gotland, Sweden

and in Burgundy, France. The Swedish precipitation data is derived from the weather station Sanda at the East Coast of Gotland (years

1971–2000) and the temperature data is derived from the weather station at Visby Airport, Gotland (years 1961–90). The reason for using

separate weather stations for the precipitation and temperature data was due to data availability. The French precipitation and temperature

data is derived from the weather station in Cruzy, Burgundy, France (years 1971–2000). The duration of the season for finding mature

fruiting bodies of T. aestivum in Burgundy refer to Chevalier & Frochot (1997).

Month

Monthly mean

precipitation (mm)

Monthly mean

temperature (xC)

Main season for finding mature Tuber aestivuma

fruiting bodies (exceptions exist)

Gotland Burgundy Gotland Burgundy Gotland Burgundy

January 43.3 73.6 x1.1 2.7 /////////////////

February 32.6 69.3 x1.8 3.6

March 34.6 69.3 0.1 6.5

April 29.3 60.4 4.0 9.0

May 28.0 81.9 9.6 13.2

June 39.5 75.9 14.3 16.0

July 51.6 65.4 16.3 18.7

August 48.5 66.4 15.9 18.6 /////////

September 56.8 72.0 12.1 15.1 ///////////////// /////////

October 50.5 80.0 8.1 10.9 ///////////////// /////////////////

November 57.5 83.2 3.9 5.9 ///////////////// /////////////////

December 55.5 87.1 0.7 3.8 /////////////////

a Data from Burgundy refer to the data of T. uncinatum from Chevalier & Frochot (1997).
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bedrock, but was found on five different kinds of
limestone.

Climate

Our comparison of the climatic data shows Gotland to
be drier and cooler than Burgundy, which is probably
why the season for mature Tuber aestivum fruit bodies
starts and ends earlier on Gotland than in France
(Table 3). It is also possible that the cold Swedish win-
ters are a strong selective force for suitable T. aestivum
strains. From the results of their study of T. melano-
sporum orchards in Italy, Bencivenga & Granetti (1988)
suggested the importance of using mycorrhized seed-
lings produced from seeds and spores of local ecotypes.
A test of the hypothesis that the T. aestivum population
on Gotland is an ecotype resulting from a climatic ad-
aptation, would be to study its survival in other areas
such as Burgundy in France, and vice versa.

Vegetation

Quercus robur and Corylus avellana are by far the most
common T. aestivum host species growing on Gotland.
Other known T. aestivum host species, such as Fagus
sylvatica, Carpinus betulus and Tilia cordata, although
common on the mainland of southern Sweden, only
occur very sparsely on Gotland. That both Q. robur
and C. avellana grow on all the investigated T. aestivum
sites onGotland, is probably only due to the two species
sharing the same biotope preferences. It is not uncom-
mon to find T. aestivum on Gotland under F. excelsior
surrounded by C. avellana. Although F. excelsior is
not an ectomycorrhizal species, the canopy cover it
provides and its influence on soil temperature and soil
conditions may have a positive effect on T. aestivum
fruiting. Similarly, the roots of Crateagus spp. may
have an aerating effect on the soil, which could also aid
T. aestivum development. Both of these possibilities
need further investigation. No common ground veg-
etation could be distinguished to indicate the presence
of T. aestivum, other than its host trees.

A comparison of the 1700 and 1930s cadastral maps
shows that it is very likely that the T. aestivum sites
have existed for at least 300 yr. The old tradition of
meadowland management allowed decidious trees to
grow in groups surrounded by grassland and has been
in practise on Gotland since the iron age, 1500 yr ago
(Kloth & Lovén 1987). The old management practise
involved cutting, removing and burning the grass in
mid-summer, and cutting the young branches of
decidious trees for fodder for cattle and sheep. Of the
estimated 82 000 ha meadows in 1700, only 2300 ha
remain (Länsstyrelsen i Gotlands län 2002) of which
only a small fraction are still traditionally managed.
The decrease in meadows has also decreased the total
area of potential T. aestivum habitats. Since T. aestivum
was never found on sites with tall grass, it seems to have
only survived in either managed habitats where grazing

by domestic animals or cutting the grass have con-
tributed to keeping down the ground vegetation, or
where the ground vegetation has been sparse due to
other factors. For example, in some of the former
meadowlands, the canopy cover has closed leaving the
forest floor very sparsely vegetated. Despite the con-
spicuous decline of meadowlands on Gotland, there are
still enough suitable T. aestivum habitats left to find
inoculum to produce seedlings aimed for the establish-
ment of new truffle orchards on Gotland. This could
be of great importance, since a climatically adapted
T. aestivum ecotype may be required on this northern
latitude.
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