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Abstract. This article highlights historical data regarding truffles’ occurrence in Poland. Along with the soil
parameters the plant communities at the sites were studied. The results of the chemical soil analyses showed that the
soil water pH at 5 sites was acidic (from 4.3 to 6.1), and only in one, Wiazowna, was the pH (7.2) conductive to truffle
development. Similarly, the content of calcium carbonate (CaCOs) in soil samples was low (from 0 to 0.03 %), except
for Wiazowna, where CaCO; was 0.12 %. Among the 24 reported species of trees and shrubs, 7 species were host-
plants of summer truffle (Tuber aestivum Vitt.). Out of these 7 species, oak and hornbeam were present at four
locations. Across the sites, 31 species of ground-layer plants were identified. Among these, Epipactis helleborine was
only one host-species of summer truffle. Our findings indicate that the formation of truffle fruiting-bodies depends on
specific habitat characteristics. The key factors determining this process are soil parameters, such as: texture, pH and
calcium content. Our inventory showed that the sites we studied still persist as natural stands, although only one of them
seems to be favorable for truffle development: this site is located in Wiazowna, where soil is of pH 7.2 and E.
helleborine (host species for truffles from Orchidaceae) is found, fulfills the environmental requirements of truftles.

Key words: truffle, host plants, soil parameters, habitat, historical sites

1. Wstep

Trufle naleza do grzybow charakteryzujacych sig
podziemnym (hypogeicznym) trybem zycia. Tworza
mykoryzg, symbioz¢ o charakterze mutualistycznym z
wieloma gatunkami drzew i krzewow lesnych, m.in.
debem, bukiem, lipa, grabem, leszczyna. Wysoka war-
to$¢ kulinarna i handlowa trufli jest efektem charakterys-
tycznego zapachu owocnikéw (Brillant-Savarin 1825).
Pierwsza wzmianke na temat trufli w polskich zrédtach
pisanych mozna znalez¢ u Czernieckiego (1682). Jest to
pierwsza polska ksiazka kucharska, w ktorej autor po-
daje przepis na ,tertofele w popiele”. Kolejne zapisy
traktujace o uprawie i wlasnosciach kulinarnych tych

cennych grzybdéw podziemnych znajduja si¢ w publika-
cjach z konca XIX i pierwszej potowy XX w. (Aleksan-
drowicz, Btonski 1894; Gawarecki 1895; Spausta 1897;
Swoboda 1928; Dabrowska 1996).

Jeszcze w latach 40. ubiegltego wieku, mimo bogatej,
jak na owe czasy, literatury, wystgpowanie trufli w Pol-
sce bylo poddawane w watpliwos¢ (Orlos 1947).
W 1953 r. Lubelska opisata stanowiska wystgpowania
Tuber aestivum (trufli letniej). Jednakze, brak mate-
riatéw zielnikowych nie pozwala na potwierdzenie toz-
samosci odnotowanych przez autorke owocnikow trufli.
Kolejnym gatunkiem trufli wystgpujacym w Polsce jest
Tuber mesentericum (trufla wglgbiona), znaleziona i zi-
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dentyfikowana przez Lawrynowicz (1999) na jednym
stanowisku Wyzyny Krakowsko-Czgstochowskiej.

W 2007 r. owocniki 7. aestivum Vittad. stwierdzone
zostaly na kilku stanowiskach w Polsce przez
Hilszczanska i wspdtautordw (2008). Nie wyklucza sie,
ze owocniki tego grzyba wystepuja w Polsce niemniej
licznie niz np. owocniki Boletus, jednak z uwagi na
hypogeiczny rozwdj grzyba (owocniki zwykle znajduja
si¢ w glebie na gigbokosci ok. 10 cm), jak rdwniez na
brak tradycji zbioru dla celéw kulinarnych sa gatunkiem
mato znanym.

Celem badan byta ocena historycznych stanowisk
Tuber spp. na podstawie parametréw glebowych i bo-
gactwa gatunkowego roslinnosci w aspekcie warunkdéw
srodowiskowych sprzyjajacych rozwojowi trufli.

2. Materialy i metody

Na podstawie danych historycznych przeprowadzo-
no analiz¢ Srodowiskowa dawnych stanowisk trufli.
Zebrano informacje dotyczace geologii terenu, sktadu
gatunkowego, wieku i historii drzewostanéw. Wybrano
6 lokalizacji w centralnej czgsci kraju (tab. 1), kryterium
wyboru byta obecno$é drzew i krzewdw wchodzacych z
truflami w symbioz¢ mykoryzowa. Wspodtrzedne
geograficzne badanych powierzchni nie sa podane w
publikacji z uwagi na potencjalne zagrozenie, jakim
moze by¢ np. nadmierna penetracja stanowisk. Pi¢¢ spo-
$réd wybranych powierzchni ma charakter lesny i sa
uzytkowane gospodarczo. Jedynie lokalizacja ,,Wia-

zowna” jest pozostatoscia ogrodu truflowego uprawia-
nego przed Il wojna Swiatowa. Dziatalno$¢ cztowieka na
tej powierzchni jest ograniczona, ale znaczacy wplyw na
sktad gatunkowy dawnej plantacji wywiera naturalna
sukcesja roslinnosci.

Od konca czerwca do potowy lipca 2012 r. kolejno na
kazdej z lokalizacji przeprowadzono poszukiwania
owocnikow trufli z psem tropiacym rasy Lagotto roma-
gnolo. Nastepnie zatozono kwadratowa powierzchnig
prébna o boku 10 m. Sporzadzono listg wszystkich ga-
tunkdéw drzew i krzewow, a takze roslin runa obecnych
na wyznaczonej powierzchni (100 m?®). Wskazano
potencjalnych partnerow mykoryzowych trufli letniej
(tab. 3). Z centralnej czg$ci powierzchni usunigto war-
stwe $ciotki i roslinno$é, a nastepnie pobrano okolo
0,5 kg gleby do glebokosci 30 cm w celu zbadania sktadu
chemicznego i tekstury. Analiza frakcji granulometrycz-
nych gleby zostata wykonana zgodnie z norma PN ISO
11277 (2005). Gleby sklasyfikowano wg normy PN-EN
ISO 14688-2 (2005) (ryc. 1).

Oznaczono pH gleby na podstawie normy PN-ISO
10390 (1997). Zawartos¢ weglanu wapnia okreslono
metoda Scheiblera (ISO 10693 1994). Procent N usta-
lono wg metody PN-ISO 13878 (2002), natomiast udziat
C badano zgodnie z PN-ISO 10694 (2002). Zawartos¢
podstawowych sktadnikéw pokarmowych analizowano
wg procedury badawczej PB-14 ed. 2 z dnia 01.01.2010.
Analizy wykonano w Polskim Centrum Akredytacji nr
AB740. Charakterystyke chemiczng gleby poréwnywa-
no z wynikami z pigciu opisanych wspoétczesnie sta-
nowisk Tuber aestivum w Polsce (Hilszczanska 2008).

Tabela 1. Charakterystyka badanych stanowisk historycznych Tuber spp.

Table 1. Characteristics of Tuber spp. historical sites

Wyso- Data
Lp. Stanowisko Polozenie Ty}) pownerzcl}m kos¢ mwen- L’ltf:ratura Gatunek trufli
Plot Site Location (lesna/plantacja) n.p.m taryzacji zrodlowa Tuber specics
No Type (forest/plantation)  Altitude Date References uber sp
(m)  ofinventory
1 Skuty Wysoczyzna Rawska powierzchnia lesna 189  28.06.2012 Lawrynowicz 1988  Tuber rufum
Rawa Plateau forest stand
2 Wiazowna Réwnina plantacja zalozona przed 149 09.07.2012 Dabrowska 1996 Tuber sp.
Garwolinska II wojna Swiatowa

Garwolin Plain
ore World War II

plantation established bef-

3 Maciejowice Wysoczyzna
1 Zelechowska
Zelechow Plateau

forest stand

powierzchnia le$na

143 09.07.2012  Aleksandrowicz  Tuber aestivum

i Blonski 1894

4  Maciejowice Wysoczyzna
2 Zelechowska
Zelechéw Plateau

forest stand

powierzchnia le$na

130 09.07.2012  Aleksandrowicz  Tuber aestivum

i Blonski 1894

5  Kepa Solecka Kotlina Chodelska

Chodel Basin forest stand

powierzchnia lesna

127 10.07.2012  Aleksandrowicz  Tuber aestivum

i Blonski 1894

6  Tuszyn

1.6dz Plateau forest stand

Wazniesienia L.odzkie powierzchnia le$na

205 11.07.2012 Spausta 1897 Tuber sp.
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Rycina 1. Klasyfikacja granulometryczna gleb
z 6 stanowisk historycznych wyst¢powania
trufli — trojkat (za Tarnawski et al. 2011,
zmodyfikowane). Cyfry od 1 do 6 wskazuja
lokalizacje oznaczone w tabeli 1.

Figure 1. Soil texture diagram of 6 truffle
historical sites — the triangle (according to
Tarnawski et al. 2011, altered). Numbers 1 — 6
indicate location depicted in Table 1.

70 80

3. Wyniki

Po przeprowadzeniu poszukiwan z psem tropiagcym
nie stwierdzono obecnosci owocnikow trufli na zadnej
z badanych powierzchni. Wyniki badan wilasciwosci
chemicznych i struktury gleb przedstawiono w tabeli 2.
Gleby badanych powierzchni byly bardzo zréznicowane

pyl piaszczysty

pod wzgledem pH. Odczyn gleby na powierzchniach w
Skutach 1 Kepie Soleckiej byt silnie kwasny, a w Ma-
ciejowicach 1 —kwasny. Wyzsze pH stwierdzono w Ma-
ciejowicach 2 i Tuszynie, odpowiednio 6,1 1 6,0. Jedynie
na powierzchni Wigzowna wykazano odczyn gleby na
granicy obojetnego i zasadowego (7,2). Zawartos¢ weg-
lanu wapnia w analizowanych probach glebowych wy-

Tabela 2. Parametry gleby z historycznych stanowisk Tuber spp.
Table 2. Overview of the soil composition at the Tuber spp. historical sites

Powierzchnia badawcza

Parametry Site
Measured parameter - . .

Skuty Wiazowna  Maciejowice I ~ Maciejowice 2 Kgpa Solecka Tuszyn
Frakcje granulo- ilasta / clay 8,87 11,89 7,77 5,65 3,73 8,71
metryczne (%) yjacta / silt 11,52 11,35 13,41 16,50 2,68 23,94
Soil particle size
fractions (%) piaszczysta / sand 79,61 76,76 78,82 77,85 94,59 67,35
pH H,O / Water pH 43 7,2 5,1 6,1 44 6,0
CaCO; catkowity / CaCO; total (%) 0,00 0,12 0,00 0,03 0,00 0,03
Ca (%) 0,030 0,490 0,090 0,160 0,010 0,110
P (%) 0,012 0,043 0,036 0.021 0,009 0,023
Fe (%) 0,110 0,790 0,530 0,250 0,090 0,550
Mg (%) 0,070 0,150 0,060 0,050 0,010 0,110
K (%) 0,110 0,100 0,100 0,080 0,030 0,150
Ca/Mg 0,43 3,27 1,50 3,20 1,00 1,00
K/Mg 1,57 0,67 1,67 1,60 3,00 1,36
C calkowity (%) / C total (%) 1,156 3,840 1,996 2,480 0,627 2,140
C organiczny (%) / C organic (%) 1,156 3,826 1,996 2.476 0,627 2,136
N calkowity (%) / N total (%) 0,087 0,351 0,176 0,177 0,050 0,177
C/N 13,30 10,90 11,30 14,00 12,50 14,00
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nosita od 0 do 0,03%, z wyjatkiem stanowiska w Wia-
zownie, gdzie udziat CaCO; wynosit 0,12%.

W pordéwnaniu do powierzchni le$nych, rowniez
udzial Ca, Mg i K oraz pierwiastkow kwasotworczych
(P i Fe) byt wyraznie wyzszy na dawnej plantacji. Wy-
kazano, ze zawartos¢ kationdw fosforu jedynie na po-
wierzchniach w Maciejowicach 1 i w Wigzownie prze-
kraczata 0,03%. Na wszystkich stanowiskach, z wyjat-
kiem Kepy Soleckiej, zawartos¢ kationéw potasu wyno-
sita od 0,08-0,15%.

Stosunek wapnia do magnezu w glebie wynosit od
0,43 (Skuty) do 3,27 (Wiazowna). Proporcja potasu do
magnezu nie przekraczata wartosci 3,5, osiagajac naj-
wyzszy poziom w Kepie Soleckiej — 3,00, najnizszy zas
w Wiazownie — 0,67.

Zawartos¢ wegla 1 azotu w badanych glebach byta
najnizsza w Kepie Soleckiej (C — 0,627%; N —0,087%)
oraz Skutach (C — 1,156%; N — 0,050%), a najwyzsza w
Wiazownie (C — 3,840%; N — 0,351%). Stosunek wegla

do azotu miescil si¢ w przedziale od 10,9 dla powierz-
chni w Wiazownie do 14,0 dla powierzchni w Tuszynie
i Maciejowicach 2. Dokonano podziatu gleb zgodnie
z trojkatem ISO ,,Krajowym”, wg ktorego glebg z Wia-
zowny, Skul, Tuszyna i Maciejowic 1 zakwalifikowano
do piaskéw ilastych (cISa), z Maciejowic 2 do piaskow
pylastych (siSa), za§ z Kepy Soleckiej do piaskow (Sa)
(ryc. 1).

Wsrod 24 gatunkéw drzew i krzewdw wykazanych
ogolem na wszystkich powierzchniach, 7 to gatunki two-
rzace symbioze mykoryzowa z trufla letnia. Najczesciej
spotykane byty dab szypulkowy i grab zwyczajny, obec-
ne na czterech stanowiskach. Leszczyna pospolita i lipa
drobnolistna wystepowaly na trzech stanowiskach
(tab. 3). Wsrod pozostatych drzew i krzewdw, bedacych
potencjalnymi partnerami dla trufli, stwierdzono wyste-
powanie buka oraz dwdch gatunkow iglastych: sosny
zwyczajnej i $wierka pospolitego. Zidentyfikowano
réowniez 31 gatunkow roslin runa, wsérdd nich jednego

Tabela 3. Lista gatunkéw ro§lin stwierdzonych na powierzchniach badawczych. Ro§liny — gospodarze trufli letniej

(T. aestivum) wyrézniono w ramkach

Table 3. Plant species recorded on the studied plots of Tuber spp. historical sites. Potential host plants are distinguished in boxes

Gatunki / Species Skuty Wiazowna  Maciejowice 1 ~ Maciejowice 2 Kepa Solecka Tuszyn
Drzewa i krzewy / Tree and shrubs
Abies alba +
Acer platanoides +
Acer pseudoplatanus +

Aesculus hippocastanum
Alnus glutinosa
Betula pendula

Carpinus betulus
Cornus sanguinea

Corylus avellana
Crataegus monogyna +

Fagus sylvatica
Frangula alnus

+H++

Fraxinus excelsior + +
Padus avium +
Picea abies

Pinus sylvestris
Populus tremula + +

Quercus robur
Ribes nigrum +
Salix caprea +

Sorbus aucuparia

Tilia cordata

Ulmus glabra +
Viburnum opulus +
Razem / Total 11 8
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Gatunki / Species Skuty Wiazowna

Maciejowice 1

Maciejowice 2 Kepa Solecka Tuszyn

Rosliny runa / Plants of the forest floor

Aegopodium podagraria +
Anemone nemorosa +

Asarum europaeum +

Athyrium filix-femina

Campanula latifolia +
Convallaria majalis +

Epipactis helleborine
Equisetum arvense

Galeobdolon luteum +

Galium aparine +
Galium sylvaticum

Geum urbanum +
Glechoma hederacea +
Hepatica nobilis +

Hypericum perforatum

Impatiens noli-tangere

Lathyrus sylvestris

Lysimachia nummularia +
Maianthemum bifolium

Melittis melissophyllum +

Oxalis acetosella

Polygonatum odoratum

Polygonum persicaria

Pulmonaria obscura +
Ranunculus cassubicus +

Rubus sp. +
Solidago sp. +
Stellaria holostea +

Vaccinium myrtillus

Viola reichenbachiana +

Viola riviniana +

Razem / Total 10 11

+

++ + +

symbionta trufli — kruszczyka szerokolistnego (Epipac-
tis helleborine). Ogodtem, na poziomie florystycznym,
najwigksze bogactwo gatunkowe wykazano na powierz-
chni Skuly (21 gatunkow) i Wiazowna (19 gatunkéw),
najmniejsze zas na powierzchni Kepa Solecka (11
gatunkdw).

4. Dyskusja

Rozwdj grzybdéw nalezacych do rodzaju Tuber, a
szczegoblnie faza owocnikowania, jest wciaz stabo po-
znany, gtdéwnie ze wzgledu na podziemny przebieg tego
procesu. Tworzenie si¢ owocnikéw moze zachodzié
dzigki pozostawaniu trufli w zwiazku symbiotycznym z

niektorymi roslinami i tylko w szczegolnych warunkach
siedliskowych (Stobbe et al. 2012). Poza roslinnoscia
kluczowa rolg w rozwoju trufli odgrywa gleba, jej struk-
tura, odczyn i zasobnos$¢ w kationy wapnia to podstawo-
we czynniki determinujace wystgpowanie tych grzybow
(Chevalier 2012).

W glebie z badanych powierzchni historycznych
stwierdzono niezwykle niskq zawarto$¢ wapnia, jedynie
w przypadku stanowiska w Wiazownie udziat tego pier-
wiastka ksztattowat si¢ w dopuszczalnym dla rozwoju
trufli zakresie wartosci. Taki wynik kaze postawic py-
tanie, czy grzyby w przesztosci odnotowane jako trufle,
rzeczywiscie nalezaly do rodzaju Tuber. Kolejnym
czynnikiem poglebiajacym watpliwosci jest odczyn
podloza. Z poréwnania wartosci pH gleby badanych
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stanowisk do wartosci jakie ma odczyn gleby na
wspolczesnych stanowiskach T. aestivum (Hilszczanska
etal. 2008) wynika, ze jedynie powierzchnia w Wiazow-
nie charakteryzowata si¢ odpowiednim odczynem gleby
(7,2). W Europie owocnikowanie trufli letniej na gle-
bach o pH nizszym niz 7 odnotowano dotychczas
jedynie na Gotlandii (Weden et al. 2004). Nalezy jednak
zaznaczyc¢, ze mimo stosunkowo niskiej wartosci pH w
glebie stwierdzono podwyzszong zawartos¢ fosforu.

Zawartos¢ kationdw fosforu w przedziatach charak-
terystycznych dla wystgpowania trufli letniej (Hilsz-
czanska et al. 2008) potwierdzono na powierzchniach w
Maciejowicach 1 i w Wiagzownie. Podobne wyniki uzys-
kano, analizujac zawarto$¢ zelaza, poza wymienionymi
stanowiskami, jego udzial byt znacznie nizszy od normy
uznawanej za korzystng dla rozwoju grzybow rodzaju
Tuber (Bruhn, Hall 2011). W tym aspekcie po raz ko-
lejny stanowisko w Wiazownie spetnialo kryteria ko-
rzystne dla rozwoju trufli.

Sktad granulometryczny gleby na stanowiskach na-
turalnych 7. aestivum jest bardzo zréznicowany zarow-
no w Polsce (Hilszczanska et al., dane niepublikowane),
jak i w Europie (Wedén et al. 2004; Garcia-Montero et
al. 2008, 2012). W Polsce owocniki trufli letniej znajdo-
wano na glebach ,,ci¢zkich”, z udziatem gliny wyzszym
niz 55%, jak rdwniez na glebach ,,lekkich”, z udziatem
piasku powyzej 92,5%. Te ostanie uwaza si¢ za mato
sprzyjajace rozwojowi trufli. Jednak, jesli sa zasobne w
wapn, mozna na nich z powodzeniem prowadzié uprawe
T. aestivum (Chevalier, Sourzat 2012). Chociaz gleba ze
stanowiska w Wigzownie nie w pelni spetnia stawiane
wymagania, to pozostaje jedyng wiarygodng i odpo-
wiednia powierzchnia do hodowli trufli sposréd bada-
nych historycznych stanowisk.

Kolejnym czynnikiem determinujacym rozwoj trufli
sa zbiorowiska roslinne, przede wszystkim rosliny—gos-
podarze, tworzace ektomykoryzy z trufla, jak réwniez
rosliny niewchodzace z nia w symbioze. Te ostatnie, jak
na przykltad Fraxinus excelsior czy Crataegus spp.,
ksztattuja odpowiednie, stymulujace rozwdj trufli sto-
sunki powietrzne w glebie. Wedlug Wedén i in. (2004)
jesion (F. excelsior), dzigki wtasciwej dla tego gatunku
budowie korony, dobrze wpltywa na temperature gleby.
Natomiast obecnos¢ gatunkow nalezacych do rodzaju
Crataegus pozytywnie ksztaltuje stosunki powietrzne
w glebie. Jesion czgsto towarzyszy gatunkom, ktore sa
podstawowymi gospodarzami grzybéw truflowych, ta-
kim jak: Quercus robur, Corylus avellana, Fagus sylva-
tica, Carpinus betulus 1 Tilia cordata. Owocniki
T. aestivum czgsto znajdowano w jego sasiedztwie (Ga-
zo et al. 2005). Sposrod badanych stanowisk obecnosé
jesionu stwierdzono w dwoch, tj. Wiazownie i Skutach.

Na powierzchni w Wigzownie odnotowano najwyz-
sza liczbg gatunkéw runa (11) w porownaniu do pozo-

statych powierzchni (tab. 3). Wystgpowanie w zbioro-
wisku roslinnos$ci runa Epipactis helleborine, storczyka,
ktéry jest jednym z symbiontéw mykoryzowych trufli
letniej (Selosse et al. 2004) potwierdza odpowiednie dla
tego grzyba warunki siedliskowe.

5. Podsumowanie

Przeprowadzone badania wykazaly istnienie
nielicznych potnaturalnych zbiorowisk roslin lesnych,
sprzyjajacych rozwojowi grzybow rodzaju Tuber spp. w
rejonach ich historycznego wystepowania. Analizy gleb
na powierzchniach o potencjalnie korzystnej szacie ros-
linnej wykazaly jednak, ze sktad chemiczny i struktura
gleby odbiegaja znaczaco od charakterystyk glebowych
znanych ze wspotczesnych stanowisk tych grzybow.

Najkorzystniejsze do rozwoju trufli warunki $rodo-
wiskowe wystepuja w Wigzownie. Ostatnie dane o
odnajdywaniu owocnikéw na tej powierzchni pochodza
z konca lat 40. ubiegtego wieku. Niewykluczone, ze
owocniki trufli wcigz wystepuja, jednak z uwagi na
nieuregulowany stan prawny wtasnosci nie prowadzi si¢
regularnych badan.
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Abstract. This article highlights historical data regarding truffies” occurrence in Poland. Along with the soil parameters
the plant communities at the sites were studied. The results of the chemical soil analyses showed that the soil pH in water
on 5 sites was acidic (from 4.3 to 6.1), and only in one, Wigzowna, was the pH (7.2) conductive to truffles development.
Similarly, the content of calcium carbonate (CaCO,) in soil samples was low (from 0 to 0.03%), except for Wigzowna,
where CaCO, was 0.12%. Among the 24 reported species of trees and shrubs, 7 species were host-plants of summer
truffle (Tuber aestivum Vitt.). Out of the 7 species, oak and hornbeam were present at four localisations. Across the sites,
31 species of ground-layer plants were identified. Among these, Epipactis helleborine was only one host-species of
summer truffle. Our findings indicate that formation of truffles fruiting-bodies depends on specific habitat characteristics.
The key factors determining this process are soil parameters, such as: texture, pH and calcium content. Our inventory
showed that the sites we studied still persist as natural stands, although only one of them seems to be favorable for truffles
development: this site is located in Wigzowna, where soil is of pH 7.2 and E. helleborine, (host species for truffles from

Orchidaceae) is found, fulfills the environmental requirements of truffles.

Key words: truffle, host plants, soil parameters, habitat, historical sites

1. Introduction

Truffles are fungus characterised by underground
fruiting bodies (hypogeal organism). They create my-
corrhiza, a mutualistic symbiosis with many species of
forest trees and bushes, for instance with oak, beech,
tilia, hornbeam and hazel. The high culinary and com-
mercial value of truffles is because of its characteristic
smell of fruiting bodies (Brillant-Savarin 1825). The
first mention about truffles in the Polish literature can
be found in Czerniecki’s book (1682). It is the first
Polish cookbook in which the author wrote the recipe
for ‘tertofele w popiele’ (truffles in ash). Other notices
about cultivation and culinary properties of the valua-

Received 24 July 2013, accepted after revision 12 September 2013.

© 2014, Forest Research Institute

ble underground fungus can be found in some books
published at the end of the 19" century and at the be-
ginning of the 20" century (Aleksandrowicz, Btonski
1894; Gawarecki 1895; Spausta 1897; Swoboda 1928;
Dabrowska 1996).

Despite rich literature about truffles, truffle occur-
rence in Poland was questioned until the 1940s (Orlo$
1947). In 1953, Lubelska described sites where Tuber
aestivum occurred. However, there are no herbarium
materials available to confirm the identity of truffle
fruiting bodies noticed by Lubelska. Tuber mesenteri-
cum is another truffle species that occurs in Poland. It
was found and identified by Lawrynowicz (1999) at one
site in Krakow-Czgstochowa Upland.



6 A. Rosa-Gruszecka et al. / Le$ne Prace Badawcze, 2014, Vol. 75 (1): 5-11.

In 2007, fruiting bodies of T. aestivum Vittad. were
found by Hilszczanska et al. (2008) at several sites in
Poland. It is not excluded that sporocarps of the fungus
occur in Poland in large numbers, for instance, fruiting
bodies of Boletus. However, the species is not known so
well due to hypogeal growth (fruiting bodies are in the
soil, 10 cm under the ground) as well as due to lack of
tradition of picking truffies for culinary purposes.

The aim of the research is evaluation of historical
sites of Tuber spp. on the basis of soil parameters and
the diversity of plant communities with regard to en-
vironmental conditions that are conducive to truffles’
growth.

2. Materials and methods

Based on the historical data, environmental analysis
of the old sites where truffles formed was performed.
Collected information regards geology of the terrain,
species composition, the age and history of stands. 6
localisations were chosen in the central part of Poland
(Table 1). The occurrence of trees and bushes interacting
with truffles in mycorrhiza symbiosis was the criterion
for the selection. Geographic coordinates are not in-
cluded in the publication due to the danger of excessive
sites penetration. Five out of six selected sites are forest
stands, managed and cultivated. Only Wigzowna site is
the former truffle garden, plantation that was cultivated
before the World War II. Human activity is limited at the

Table 1. Characteristics of Tuber spp. historical sites

site, but natural succession of plants influences species
composition of the former plantation.

From the end of June to the mid-July 2012 hunt-
ing for truffle fruiting bodies was conducted at all sites
with the help of the scent hound, Lagotto romagnolo.
Then, the square test site was established of 10 m long
side. The list of all tree and bush species was done,
as well as the list of plants in the forest floor within
the established site (100 m?). Potential mycorrhizal
partners of the summer truffle (Tuber aestivum Vittad.)
were pointed (Table 3). From the central part of the
site the forest floor and some plants were removed and
the 0.5 kg soil sample (up to 30 cm depth) was taken
for further research of the chemical composition and
texture of the soil. Soil particle size fractions analysis
was done according to standard PN ISO 11277 (2005).
Soil was classified according to standard PN-EN ISO
14688-2 (2005) (Fig. 1).

Soil pH was marked on the basis of standard PN-
ISO 10390 (1997). Calcium carbonate was estimated by
Scheibler method (ISO 10693 1994). The percentage of
N was estimated by PN-ISO 13878 (2002) method, and
the percentage of C was estimated according to PN-ISO
10694 (2002). The content of basic nutrients was ana-
lysed according to the method PB-14 ed. 2 (01.01.2010).
Analyses were conducted in the Polish Centre for Ac-
creditation No. AB740. Chemical soil characteristic was
compared to results obtained from five sites of Tuber aes-
tivum described recently in Poland (Hilszczanska 2008).

Plot . . Type Altitude Date of Tuber
Site Location . . References .
No. (forest/plantation) (m) inventory species
Rawa .
1 Skuly forest stand 189 28.06.2012 Lawrynowicz (1988) Tuber rufum
Plateau
Garwolin plantation
2 Wiazowna Plain established before 149 09.07.2012 Dabrowska (1996) Tuber sp.
World War 11
Zelechow Aleksandrowicz Tuber
3 Maciejowice 1 forest stand 143 09.07.2012
ACICIOWICE T plateau orest stan i Blonski (1894) aestivum
Zelechow Aleksandrowicz Tuber
4 Maciejowice 2 forest stand 130 09.07.2012
aciejowiee Plateau oreststan i Btonski (1894) aestivum
Chodel Aleksandrowicz Tuber
5 Kepa Solecka Basin forest stand 127 10.07.2012 i Blofiski 1894 aestivam
Lodz
6  Tuszyn forest stand 205 11.07.2012 Spausta 1897 Tuber sp.

Plateau
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3. Results

Hunt with the dog gave no results and truffie fruiting
bodies were not found at any site. Results of the chemical
analysis and soil texture are presented in Table 2. Soils
from researched stands differ significantly with regard
to pH. Analyses showed that in Skuty and K¢pa Solecka
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Figure 1. Soil texture diagram of 6 truffle historical sites — the
triangle (according to Tarnawski et al. 2011, altered). Numbers
1 — 6 indicate location depicted in Table 1.

silt

sites, soil pH was highly acidic, and in Maciejowice 1
site, it was acidic. In Maciejowice 2 and Tuszyn sites,
analyses showed higher soil pH — 6.1 and 6.0. Only in
Wiazowna site, analyses showed that soil pH was on the
verge of alkaline and neutral (7.2). The content of cal-
cium carbonate was 0-0.03% in analysed soil samples
with the exception of Wigzowna site — 0.12% CaCO,.

Table 2. Overview of the soil composition at the Tuber spp. historical sites

Site

Measured parameter

Skuty Wiazowna  Maciejowice I Maciejowice 2 Kepa Solecka ~ Tuszyn

) ) ) ) clay 8.87 11.89 7.77 5.65 3.73 8.71
(SOZI)I particle size fractions &, 11.52 11.35 13.41 16.50 2.68 23.94
sand 79.61 76.76 78.82 77.85 94.59 67.35

Water pH 43 7.2 5.1 6.1 4.4 6.0

CaCO, total (%) 0.00 0.12 0.00 0.03 0.00 0.03
Ca (%) 0.030 0.490 0.090 0.160 0.010 0.110
P (%) 0.012 0.043 0.036 0.021 0.009 0.023
Fe (%) 0.110 0.790 0.530 0.250 0.090 0.550
Mg (%) 0.070 0.150 0.060 0.050 0.010 0.110
K (%) 0.110 0.100 0.100 0.080 0.030 0.150

Ca/Mg 0.43 3.27 1.50 3.20 1.00 1.00

K/Mg 1.57 0.67 1.67 1.60 3.00 1.36
C total (%) 1.156 3.840 1.996 2.480 0.627 2.140
C organic (%) 1.156 3.826 1.996 2.476 0.627 2.136
N total (%) 0.087 0.351 0.176 0.177 0.050 0.177
C/N 13.30 10.90 11.30 14.00 12.50 14.00
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The content of Ca, Mg, K and acidifiers (P and Fe)
was significantly higher in the former truffle plantation
than in the forest site. The content of phosphorus ions
was over 0.03% only in Maciejowice 1 and Wigzowna
sites. At all sites, with the exception of K¢pa Solecka
site, the content of potassium ions was 0.08-0.15%.

Calcium relation to magnesium in soil was from 0.43
(Skuly site) to 3.27 (Wiazowna site). Potassium rela-
tion to magnesium does not exceed 3.5. The highest re-
sult was in Kepa Solecka site — 3.00, and the lowest in
Wiazowna site — 0.67.

The content of carbon and nitrogen in researched soil
was the lowest in Kepa Solecka site (C — 0.627%; N —
0.087%) and Skuty site (C — 1.156%; N — 0.050%) and
the highest in Wigzowna site (C 3.840%; N — 0.351%).
The carbon relation to nitrogen was from 10.9 (Wiazow-
na site) to 14.0 (Tuszyn and Maciejowice 2 sites).

Soils were divided according to the ISO ‘Krajowy’
triangle. According to the triangle, soil was qualified as
loamy sand (cISa) at Wiazowna, Skuty, Tuszyn and Ma-
ciejowice 1 sites; as silty sand (siSa) at Maciejowice 2
site; and as sand (Sa) at Kepa Solecka site (Fig. 1).

Among 24 tree and bush species indicated altogether
at all sites, 7 species create mycorrhiza symbiosis with
the summer truffle. Oak and hornbeam were the most
common and were found at four sites. Hazel and tilia
were at three sites (Table 3). Among the rest of tree and
bush species, which are potential partners for truffies,
beech and two conifer species (Scots pine and Norway
spruce) were found. Thirty-one species of forest floor
plants were identified. Among them, one species —
broad-leaved Helleborine (Epipactis helleborine) — was
symbiotic to truffles. In general, Skuty site (21 species)
and Wigzowna (19 species) were the richest with regard

Table 3. Plant species recorded on the studied plots of Tuber spp. historical sites. Potential host plants are distinguished in boxes.

Species Skuty Wiazowna

Maciejowice I Maciejowice 2 Kepa Solecka

Tuszyn

Tree and shrubs

Abies alba

Acer platanoides

+

Acer pseudoplatanus

Aesculus hippocastanum

Alnus glutinosa

Betula pendula

Carpinus betulus

[+ |+ ]+ ]+
[+]
[+]

+ ||+ |+

Cornus sanguinea

Corylus avellana

+ ||+

Crataegus monogyna

Fagus sylvatica

[+
[+

Frangula alnus

Fraxinus excelsior + +

Padus avium +

Picea abies

Pinus sylvestris

EaplE3

Populus tremula

[+] |+

Quercus robur

Ribes nigrum +

Salix caprea +

Sorbus aucuparia

Tilia cordata

Ulmus glabra

Viburnum opulus +

Total 11 8
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Species Skuty Wiazowna

Maciejowice I Maciejowice 2 Kgpa Solecka

Tuszyn

Plants of the forest floor

Aegopodium podagraria +

+

Anemone nemorosa

Asarum europaeum

Athyrium filix-femina

Campanula latifolia +

Convallaria majalis +

Epipactis helleborine

+ [+

Equisetum arvense

Galeobdolon luteum +

Galium aparine +

Galium sylvaticum

Geum urbanum

Glechoma hederacea +

Hepatica nobilis

Hypericum perforatum

Impatiens noli-tangere

Lathyrus sylvestris

Lysimachia nummularia +

Maianthemum bifolium

Melittis melissophyllum +

Oxalis acetosella

Polygonatum odoratum

+ |+ |+ ]+

Polygonum persicaria

Pulmonaria obscura +

Ranunculus cassubicus +

Rubus sp.

Solidago sp.

Stellaria holostea +

Vaccinium myrtillus

Viola reichenbachiana +

Viola riviniana

Total 11

to floral diversity, while Kepa Solecka site (11 species)
was the poorest.

4. Discussion

Tuber fungus growth, especially during fruiting, is still
poorly examined due to the fact that it is the underground
process. Fruiting bodies can be formed because of symbi-
osis between truffles and some plants and only in special

habitat conditions (Stobbe et al. 2012). Besides flora, soil
has the key role in truffles” growth. Soil texture, pH and
the amount of calcium ions are the basic factors that de-
termine the presence of truffles (Chevalier 2012).

The content of calcium was very low in soil at the
researched historical sites. Only in the soil at Wigzow-
na site, the content of calcium was on the acceptable
level for truffles’ growth. Thus, one has to verify if fun-
gus registered as truffles in the past was really Tuber
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sp. Soil pH questions it as well. Comparison between
soil pH in the researched sites and soil pH at the pres-
ent sites of 7. aestivum (Hilszczanska et al. 2008) shows
that only Wigzowna site was characterised by correct
soil pH (7.2). In Europe truffles’ fruiting in soils of pH
lower than 7 was observed only in Gotland (Wedén et al.
2004). However, in spite of low soil pH, the content of
phosphorus was high at Wigzowna site.

The content of phosphorus ions, within the range
characteristic for places where summer truffles grow
(Hilszczanska et al. 2008), was observed in Maciejow-
ice 1 and Wigzowna sites. Similar results were obtained
when the content of iron was analysed. Besides the
aforementioned sites, the content of iron was significant-
ly lower than the standard beneficial for Tuber fungus
growth (Bruhn, Hall 2011). In this regard, Wigzowna
site fulfils positive criteria for truffles’ growth.

Soil particle size composition at natural site of 7. aes-
tivum 1is very diverse both in Poland (Hilszczanska et
al., unpublished data) and in Europe (Wedén et al. 2004;
Garcia-Montero et al. 2008, 2012). In Poland, summer
truffles fruiting bodies were found both in ‘clay’ soil,
with over 55% of loam, and in ‘light’ soil, with over
92.5% of sand. The latter claims to be non-beneficial
for truffles’ growth. However, if sandy soil is rich in
calcium, 7. aestivum can be cultivated in such ground
(Chevalier, Sourzat 2012). Although soil from Wigzow-
na site does not fulfil completely all requirements, it is
still the only appropriate site for truffle culture among
the researched historical sites.

Plant communities are other factors that determine
truffles’ growth. They comprise host plants, which cre-
ate mycorrhiza symbiosis with truffles, and other plants
that do not create symbiosis with the fungus. The latter as
Fraxinus excelsior or Crataegus spp. form beneficial air
content in soil that stimulates truffles’ growth. According
to Weden et al. (2004), fraxinus (¥ excelsior), which has
special canopy structure, has positive influence on soil
temperature, whereas Crataegus spp. has positive influ-
ence on air content in soil. Fraxinus often accompanies
species that are basic host plants for truffies, for instance,
Quercus robur, Corylus avellana, Fagus sylvatica, Carpi-
nus betulus and Tilia cordata. T. aestivum fruiting bodies
have been often found in such neighbourhood (Gazo et al.
2005). Among the researched sites, fraxinus was found at
Wiazowna and Skuly sites.

At Wigzowna site, the highest number of forest floor
species (11) was registered in comparison to other sites
(Table 3). Epipactis helleborine, an orchid in the plant
community of the forest floor at the site, confirms ben-

eficial habitat conditions for the fungus because orchid
is one of the plants that create mycorrhiza symbiosis
with summer truffies (Selosse et al. 2004).

5. Summary

The research conducted indicated few half-natural for-
est habitats that can be beneficial for Tuber spp. fungus
growth at historical sites where fungus used to occur. Soil
analyses at sites of potentially beneficial flora showed,
however, that chemical composition and soil texture di-
verge significantly from soil characteristics known from
the present sites where truffles were found. The most ben-
eficial environmental conditions for truffles’ growth are
at Wigzowna site. The last information about discovering
truffles fruiting bodies at the site comes from the 1940s.
It is conceivable that truffles fruiting bodies can be still
found there, but due to unregulated legal status of the es-
tate, no regular research is conducted at the site.
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