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(}) Tartufi (rod 7Zisber) su jedne od najcjenjenijih gljiva u gastronomiji. Zbog njihova
@ =~ posebnog okusa i ograni¢ene dostupnosti, cijene tih podzemnih gljiva su iznimno

visoke. U Istri se nalaze najvaznije zone pronalaska gljiva iz roda 7izber na prostoru

Hrvatske. Ve¢ sedam — osam desetljeca Sire se usmene predaje o postojanju tartufa
na prostoru Zadarske Zupanije, no dosad nije dokumentiran njihov pronalazak.
U okviru ovoga istrazivanja tartufi su traZeni na razlic¢itim lokacijama u Zadarskoj
zupaniji, a nakon $to su pronadeni identificiranje je provedeno molekularnom
analizom. Rezultati su nedvojbeno pokazali da je ljetni tartuf, Tuber aestivum
Vittad., prisutan na podrudju Zadarske Zupanije.

KLJUCNE RUECE: tartufi, Tuber aestivum Vittad., Zadarska Zupanija

True truffles (7uber spp.) are among the most appreciated mushroom in gastrono-
my. Due to their particular taste and limited natural availability the price of these
underground mushrooms is high. In Croatia, the most important presence of
Tuber spp. was reported in Istria. Since seven to eight decades ago there have been
stories of Zadar’s truffles which are transmitted orally from generation to genera-
tion but, till now, no written document that could confirm it has been found. In
this study, truffles were searched for on different locations in Zadar County, the
presumed truffles were harvested and molecular analyses were performed to iden-
tify them. The results undoubtedly show that the summer truffle, Tuber aestivum
Vittad. is present in Zadar County.

Key worps: truffles, Tuber aestivum Vittad., Zadar County
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UvOD

Tartuf je uobicajen naziv za hipogene mikorizne
gljiive. Ovo ime ukljucuje razli¢ite rodove, ali pra-
vim tartufima smatra se samo rod Zuber. Procjenju-
je se da rod Tuber ukljucuje vise od 180 vrsta, od
kojih neke imaju priliéno veliku rasprostranjenost,
dok ostale rastu u manje ili viSe ograni¢enim geo-
grafskim podru¢jima (ZAMBONELLI I DR., 2015.).
Crni ljetni tartuf (7. aestivum) spada medu najra-
sprostranjenije vrste, a prisutnost mu je zabiljezena
u gotovo cijeloj Europi, od Spanjolske do zemalja
Isto¢ne, Sjeverne i Srednje Europe, Sjeverne Afrike
i Kine (WEDEN 1 DR., 2004.; GAazO 1 DR., 2005.;
Hiiszczanska 1 DR, 2008.; ZAMBONELLI I DR,
2012.; BUNGTEN I DR,, 2017.). S druge strane, geo-
grafska rasprostranjenost bijelog tartufa (7. magna-
tum) znatno je manja. ZabiljeZen je u ogranicenim
podrudjima Italije, juzne Francuske, hrvatske regije
Istre, Slovenije, Srbije, Svicarske i Madarske (Poma-
RICO I DR., 2007.; VASQUEZ I DR., 2014.; Riccioni 1
DR, 2016.). Ekologija i fiziologija roda 7uber nije u
potpunosti poznata te se istrazivanja i dalje provode.
Razliciti biotski i abiotski ¢imbenici mogu utjeca-
ti na zivotni ciklus i geografsku rasprostranjenost
tartufa. Razmjerno Sirok raspon vrsta domadina
zajednicki je za sve vrste tartufa, te pitanje dostu-
pnosti vrste domacina ne bi trebalo biti presudno
za rasprostranjenost. Naprotiv, vezano za abiotske
¢imbenike, vrlo je izvjesno da sastav tla ima vrlo
vaznu ulogu. Tartuf se obi¢no nalazi u vapnenastim,
blago bazi¢nim tlima (pH izmedu 7 i 8), s izuzet-
kom 7 borchii koji dolazi i na blago kiselim tlima.
Klimatski uvjeti vazni su za rasprostranjenost nekih
vrsta tartufa (THomas, 2014.; Boppy 1 DR,, 2014.).
M. Gryndler i dr. (2017.) naglasavaju utjecaj tem-
perature na prisutnost 7. aestivum u Ceskoj, gdje se
ljetni tartuf pronalazi samo na toplijim lokacijama.

Od davnina su se tartufi cijenili zbog njihova
posebnog ukusa i koristili kao hrana (HALL 1 DR,
2007.; Rosst, 2011.). Zapisi o prisutnosti tartu-
fa kao kulinarske delicije prisutne su u knjigama
od 17. stolje¢a do danas (Rosa-GRUSZECKA I DR,,
2017.). Zbog ograni¢ene dostupnosti, cijene tartu-
fa su visoke. Bijeli tartuf, 7" magnatum, jedna je od
najskupljih namirnica, a ovisno o raspolozivim go-
di$njim koli¢inama, cijene mogu dosegnuti i 4.000
eura za kilogram (FrcrLivoro 1 pr,, 2013.). Cijene
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INTRODUCTION

Truffle is a common name for hypogenous myc-
orrhizal mushrooms. This name includes different
genera, but true truffles are considered only those of
the genus Zuber. The genus Tuber is estimated to
include over 180 species, some of which have a rath-
er wide distribution while the other grow in more
or less restricted geographic areas (ZAMBONELLI ET
AL., 2015). The black summer truffle (7. aestivum)
is among the most widespread species. Its presence
was reported almost in all Europe from Spain to
Eastern European countries, Northern and Central
Europe, North Africa and China (WEDEN ET AL.,
2004; Gazo ET AL., 2005; HILSZCZANSKA ET AL.,
2008; ZAMBONELLI ET AL., 2012; BUNGTEN ET AL.,
2017). On the other hand, the geographical distri-
bution of 7" magnatum, the white truffle, is much
more limited. It was reported to be found in restrict-
ed areas of Italy, Southern France, Istria, a Croatian
region, Slovenia, Serbia, Switzerland and Hungary
(PomaRricO ET AL., 2007; VASQUEZ ET AL., 2014;
Ricciont ET AL., 2016). The ecophysiology of the
genus Tiuber is not completely understood and the
research is still ongoing. Different biotic and abiotic
factors can influence truffles life cycle and geograph-
ic distribution. The relatively wide host species range
is common for all truffle species and therefore the
host availability should be a minor issue. Among the
abiotic factors, the soil composition seems to have
an important role. Generally speaking, truffles are
found in calcareous, slightly basic soils (pH between
7 and 8), with the exception of 7. borchii which can
grow in slightly acidic soils. The climatic conditions
seem to be important for the distribution of some
Tuber species (BopDY ET AL., 2014; THOMAS, 2014).
M. Gryndler et al. (2017) underline the influence
of temperature on the presence of 1. aestivum in the
Czech Republic, since the summer truffle was found
only on warmer locations.

Since the ancient times truffles have been appreci-
ated for their particular taste and used as food (HALL
ET AL., 2007; Rossi, 2011). The records of the pres-
ence of truffles as delicacies are present in books from
the 17th century to the present day (Rosa-Gruszec-
KA ET AL., 2017). Due to the limited availability, the
price of true truffles is high. White truffle, 7. magna-
tum, is among the most expensive food; depending
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za T. aestivum su znatno nize i to zbog ve¢ih dostu-
pnih koli¢ina i rasprostranjenosti, duljeg razdoblja
branja i moguénosti uzgoja (MELLO 1 DR., 2000)..
Unatoc¢ tome, cijena ljetnih tartufa i dalje je visoka,
a ovisno o prinosu moze dosegnuti i nekoliko sto-
tina eura. Crni ljetni tartuf stoga je zanimljiv i za
uzgoj i zbog branja u prirodi. Tartufi su lako kvar-
ljivi pa se vrSe istrazivanja da im se produzi trajnost
(RoMANAZZI 1 DR,, 2016). U Hrvatskoj je Istra jedi-
na regija poznata po branju tartufa (ZAMBONELLI
I DR., 2015.; RICCIONI I DR. 2016.). Jedno od naj-
vaznijih podru¢ja rasprostranjenosti bijelog tartufa
(Tuber magnatum) u Istri je Motovunska Suma u
kojoj se tartufi beru od 1930-ih (Bragato 1 DR,
2004.). Tek je odnedavno uloZeno vise napora u
dokumentiranje i istrazivanje i drugih podrudja
rasprostranjenosti i pogodnosti za uzgoj tartufa u
Hrvatskoj. I. Tikvi¢ i dr. (2017.) istrazivali su pri-
rodnu rasprostranjenost tartufa u Hrvatskoj, ali je
njihovo istrazivanje obuhvacalo samo podrudje Po-
savine (regija uz rijeku Savu) i SZ Hrvatsku gdje su
pronasli primjerke crnih i bijelih tartufa. Prema I.
Tikvi¢u i dr., druge poznate lokacije tartufa, osim
Istre, postoje na razli¢itim podruédjima u Slavoniji,
a samo je jedno poznato podrudje u cijeloj juznoj
Hrvatskoj i to na poluotoku Peljescu. Dakle, do
sada se nigdje nije navodilo zadarsko podrudje koje
ima sve okolisne i prirodne uvjete za rast tartufa,
medutim ¢injenica je da do sada tartufi nisu ni tra-
zeni na tome podrudju. Po usmenoj predaji, tartufi
su se u proslosti povremeno nalazili u razlic¢itim di-
jelovima zadarskog podruéja. Spominje se i da je u
novinama tijekom talijanskog upravljanja gradom
objavljen ¢lanak koji govori o golemom tartufu
pronadenom u blizini Zadra. Nazalost, istraziva-
nje ovoga ¢lanka u arhivima nije dalo rezultata jer
nije pronaden. Uzimajuéi kao polazi$te u obzir
ovu usmenu informaciju te okoli$no-prirodne pre-
duvjete za rast tartufa, 2014. su potvrdeni nalazi

tartufa na razli¢itim lokacijama Zadarske zupanije.

PRIRODNE OSOBITOSTI MJESTA
ISTRAZIVANJA

Istrazivanja mogu¢ih nalaza tartufa provedena
su na razli¢itim potencijalnim lokacijama u Za-

darskoj Zupaniji, preciznije u okolici Novigrada,

on year’s harvest the prices can reach 4,000 euro per
kg (FigLuoro Et AL., 2013). The prices of 7. aes-
tivum are much lower, due to the major presence
and distribution, longer harvesting period and a ma-
jor possibility of cultivation (MELLO ET AL., 2000).
Nevertheless, the price of summer truffles is still high;
depending on yield it can reach a few hundred euro
per kg. That makes the black summer truffle interest-
ing both for cultivation and harvesting in the wild.
Truffles are highly perishable, and strategies to extend
their shelf life are under evaluation (RomMANAZZI ET
AL, 2016). In Croatia, the only region known for
collecting truffles is Istria (ZAMBONELLI ET AL., 2015;
Riccront et L. 2016). One of the most important
production area for 7. magnatum in Istria is Motovun
Forest, where truffles have been collected since the
1930s (Bragaro ET AL., 2004). Recently more effort
has been made in documenting other areas in Croa-
tia suitable for truffles growth. I. Tikvi¢ et al. (2017)
researched natural distribution of truffles in Croatia
but their research comprised only the area of Posavina
(a region along Sava River) and NW Croatia where
they found black and white truffle specimens. Ac-
cording to I. Tikvi¢ et al. (2017), other known truf-
fle locations, besides Istria, are in different areas in
Slavonia and there is only one known location in all
Southern Croatia (on Peljesac peninsula). There is no
mention of Zadar region which also has all environ-
mental conditions for truffle growth, but they were
never even searched for in that area. According to the
tales of older population, in the past the truffles were
occasionally found in different parts of the County.
Apparently, there was an article in a newspaper dur-
ing the Italian governance of the city about a huge
truffle found near the city of Zadar. Unfortunately,
the search for this article in archives gave no results.
Considering this story and the environmental condi-
tions suitable for spontaneous truftle growth, in 2014
we verified the presence of truffles in different loca-

tions of Zadar County.

NATURAL FEATURES OF STUDY SITE

The search for truffles was conducted in different
meadows in Zadar County, and to be more precise,
in the surroundings of cities of Sv. Rok, Novigrad,
Benkovac, Maslenica, Miljevci area, Rovanjska and
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Benkovca, Maslenice i Rovanjske. Lokacije su oda-
brane na temelju prirodnih znacajki tih podrudja s
obzirom na to da su klima i tla sli¢cna podru¢jima
rasta tartufa u Istri. Od svih istrazivanih podrudja
tartufi su u Zadarskoj Zupaniji pronadeni na tri lo-
kacije: Zegaru, Rovanjskoj i Maslenici.

Sve lokacije su u krskom podruéju, uglavnom
vapnenacke i dolomitne geoloske grade, najéesce
sa smedim tlima (kalkokambisoil) ili rendzinama
na vapnencu, te ponesto crnice na vapnencu (Ba-
$1¢, 2012.).

Podru¢ja pripadaju mediteranskoj vegetacijskoj
regiji, mediteransko-obalnom vegetacijskom pojasu
i submediteranskoj vegetacijskoj zoni (TRINAJSTIC,
1998.). Tipi¢na biljna zajednica ovoga podrudja je
$uma hrasta medunca i bijeloga graba (Querco-Car-
pinetum orientalis, Horvari¢, 1939.) (VUKELIC 1
DR., 2008.). Svojstvene biljne vrste su: hrast medu-
nac (Quercus pubescens Willd.), bijeli grab (Carpinus
orientalis Mill.), hrast cer (Quercus cerris L.), crni ja-
sen (Fraxinus ornus L.) i druge (TRINAJSTIC, 1998.).

Zadarsko zalede, $to je podrugje istrazivanja, ima
umjerenu klimu (klimatska zona C prema Képpe-
novoj klasifikaciji) te pripada klimatskim tipovima
Csa (sredozemna klima s vru¢im ljetom) i Csb (sre-
dozemna klima s toplim ljetom) (FiLiec¢i¢, 2000.)
koji u SI dijelu Zupanije prelaze u hladniju i vlaz-
niju klimu Cfa (umjereno topla vlazna klima s vru-
¢im ljetom) i Cfb (umjereno topla vlazna klima s
toplim ljetom). Zanimljivo je da se sva tri podruéja
gdje su pronadeni tartufi u sjevernoj Dalmaciji na-
laze na granici izmedu klimatskih tipova Cs i Cf.
U Istri su glavna podru¢ja tartufa u unutra$njosti
istarskog poluotoka (poput Motovunske sume) s
klimatskim tipom Cfb. Isti klimatski tip prisutan
je u SZ i isto¢noj Hrvatskoj (FiLirci¢, 2000.) gdje

su i druge lokacije pronalaska tartufa.

MATERIJALI I METODE

Uzimanje uzoraka tartufa

Tartufi su trazeni na razli¢itim lokacijama ma-
kije i gariga u Zadarskoj Zupaniji. To¢nije, trazeni
su u okolici Svetoga Roka, Novigrada, Benkovca,
Maslenice, Rovanjske i drugdje. Za trazenje tartufa
kori$tena su dva psa trenirana za traZenje tartufa

pasmine Lagotto Romagnolo i njihov voditelj s do-
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other. Locations were chosen based on natural fea-
tures of the area since climate and soils are similar
to the sites were truffles can be found in Istria. Out
of all research area, truffles were found in three lo-
cations: in Zegar, Rovanjska and Maslenica area,
all situated in Zadar County.

All locations are in karst area, mostly built of
limestone and dolomite and covered with brown
soils (kalkokambi soil) or rendsina soil on lime-
stone and also black soil (Basi¢, 2012)

Those areas belong to the Mediterranean vegeta-
tion region, Mediterranean-littoral vegetation belt
and the Submediterranean vegetation zone (TRINA-
jsTI¢, 1998). The typical plant community of this
area is forest of pubescent oak and oriental horn-
beam (Querco-Carpinetum orientalis, HORVATIC,
1939) (VUKELIC ET AL. 2008). Common species are:
pubescent oak (Quercus pubescens Willd.), oriental
hornbeam (Carpinus orientalis Mill.), turkey oak
(Quercus cerris L.), South European flowering ash
(Fraxinus ornus L.) and others (TRiNAJsTIC, 1998).

Zadar hinterland, including researched area, has a
temperate climate (C climate zone according to Kép-
pen classification), mostly Csa (hot-summer Medi-
terranean climate) and Csb (warm-summer Mediter-
ranean climate) climate types (FiLip¢i¢, 2000) which
in NE part of the County change to cooler and more
humid Cfa (humid-subtropical climate) and Cfb
(temperate oceanic climate) climate types. It is inter-
esting that all three areas where truffles were found
in the North Dalmatia, are situated on the border
between Cs and Cf climate types. In the Istria the
main locations of truffles are in the hinterland of the
peninsula (such as Motovun forest) which is situated
in Cfb climate zone. The same climate type is present
in the NW and East Croatia (FiLip¢ié, 2000) where

others truffle locations were found.

MATERIAL AND METHODS
Truffle hunt

The search for truffles was carried out in differ-
ent meadows in Zadar County, and, to be more
precise in the surroundings of cities of Sv. Rok,
Novigrad, Benkovac, Maslenica, Rovanjska and
other. A truffle hunter and his two Lagorto Romag-
nolo dogs trained for truffle hunt were recruited for
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zvolom za branje tartufa. Uzorci za koje se pret-
postavilo da su 7. aestivum stavljani su u sterilnu
papirnatu vredicu, zatvoreni i ¢uvani u zamrzivacu

na -20 °C do pocetka molekularnih analiza.

Molekularne analize

Ekstrakcija DNK iz 7. aestivuma provedena je
prema sljedecoj metodi. Tuberi su isprani pod mla-
zom tekude vode, zatim su oprani u demineralizi-
ranoj vodi i liofilizirani. Oko 30 mg plodnog tijela
samljeveno je u teku¢em dusiku i inkubirano preko
nodi na 55 °C u ImL C-TAB pufera za ekstrakciju
(NaCl 2,8 M; Tris-HCI 200 mM pH 8,0; EDTA
40 mM; C-TAB 4 % w/v; proteinaze K 100 mg/
mL). Nakon inkubacije uzorci su 20 minuta stavlje-
ni na 65 °C i zatim u led na 10 minuta. Uzorci su
centrifugirani 15 minuta na 4 °Ci 12,000 rpm i su-
pernatantu je dodan isti volumen mjesavine fenol-
kloroforma i izoamilnog alkohola (Phe:Chl:IAA
25:24:1 v:viv). Nakon 30 minuta inkubacije na 25
°C i 10-minutnog centrifugiranja na 8,000 rpm
gornjoj vodenoj fazi dodano je 1/10 volumena C-
TAB 1II pufera (C-TAB 10 % w/v, NaCl 0,7 M) i
1 volumen mjesavine Chl:IAA 24:1 v:v. Otopina
je centrifugirana 5 minuta na 13,000 rpm. Gornja
vodena faza je sakupljena i dodan je isti volumen
CTAB III otopine (C-TAB 1 % w/v; Tris -HCI 50
mM pH 8,0; EDTA 10 mM) i Chl:IAA 24:1 v:v te
je ostavljeno na 25 °C 30 minuta. Uzorak je cen-
trifugiran na 13,000 rpm 5 minuta, a nukleinske
kiseline su precipitirane dodavanjem 0,6 volumena
hladnog 2-propanola. Pelet je ispran sa 70 % (v/v)
hladnim etanolom, osusen i resuspendiran u 30 puL
sterilne vode koja je sadrzavala 20 mg/mL RNA-ze.

DNK (10ng) je koristen kao predlozak u PCR
analizi kako bi se provjerilo pripadaju li uzor-
ci vrsti 7 aestivum. PCR je izveden kako su
opisali Gryndler i dr. (2011.), pomocu sljede-
¢ih - specifienih - pocetnica (primera): Tu2sekvF
5-AGAGCACCAAACCACAG-3’; Tu2sekvR
5-ACCACAGCGTCTACCAA-3. PCR je izveden
s REDTaq” ReadyMix™ PCR Reaction Mix (Merck,
US) u totalnom volumenu od 25 pL. Program upo-
trijebljen za izvodenje PCR bio je: 4" na 95 °C i ko-
raci na 94° 30, 56 °C 30” i 72 °C 5’ ponovljeni
su u 35 ciklusa. Rezultati su vizualizirani metodom

elektroforeze na agaroznom gelu (1 % w/ v).

the research. The presumed truffles were collected,
put in sterile paper bag, sealed and put in freezer at
-20 °C until the analysis.

Molecular analysis

The DNA from T aestivum was extracted using
the following method. The truffles were first brushed
under a stream of tap water and subsequently washed
with deionized water and lyophilized. About 30 mg
of fruiting bodies was ground in liquid nitrogen and
incubated o/n at 55 °C with ImL C-TAB extraction
buffer (NaCl 2.8 M; Tris-HCl 200 mM pH 8.0;
EDTA 40 mM; C-TAB 4% w/v; proteinase K 100
mg/mL). After incubation, samples were placed at
65 °C for 20 min and then on ice for 10 min. The
samples were centrifuged at 12,000 rpm at 4 °C for
15 min and, the same volume of phenol-chloro-
form-isoamylic alcohol (Phe:Chl:IAA 25:24:1 v:v:v)
was added to the supernatant. After 30 min incuba-
tion at 25 °C and centrifugation at 8,000 rpm for
10 min, 1/10 volume of C-TAB II buffer (C-TAB
10% w/v, NaCl 0,7 M) and 1 volume of Chl:IAA
24:1 v:v was added to the upper aqueous layer. The
solutions were centrifuged at 13,000 rpm for 5 min
and collect upper aqueous layer. The same volume
of CTAB III solution (C-TAB 1% w/v; Tris -HCI
50 mM pH 8,0; EDTA 10 mM) and Chl:IAA 24:1
v:v were added and left at 25 °C for 30 min. After
centrifuge at 13,000 rpm for 5 min, the nucleic ac-
ids were precipitated by adding 0.6 volume of cold
2-propanol. The pellet was washed with 70% v/v
cold EtOH, dried and resuspended in 30 pL sterile
water containing 20 mg/mL RNase.

The DNA (10ng) was used as template to pro-
ceed with the PCR analysis to check if the samples
belong to the 7. aestivum species. The PCR was
performed as reported by Gryndler et al. (2011)
using the following species-specific primers: Tu2se-
kvF 5~ AGAGCACCAAACCACAG-3’; Tu2sekvR
5’-ACCACAGCGTCTACCAA-3’. The PCR was
performed with the REDTaq® ReadyMix™ PCR
Reaction Mix (Merck, US) in a total volume of 25
pL. The program used to perform the PCR was: 4’
at 95 °C and steps of 94° for 30, 56 °C for 30”
and 72 °C for 5 were repeated for 35 cycles, and
the results were visualized on agarose gel (1% w/v)

electrophoresis.
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REZULTATI

Tartufi su pronadeni na razli¢itim lokacijama.
Za molekularnu analizu odabrana su tri pronadena
uzorka prikupljena na razli¢itim lokacijama i pove-
zana uz biljke domac¢ine. Uzorak A pronaden je u
okolici Maslenice, uz korijenje bijeloga graba (Car-
pinus orientalis Mill.), a teZio je 71 gram. Uzorak
B pronaden je na lokaciji Zegar uz korijenje hrasta
medunca (Quercus pubescens Willd.), a tezio je 43
grama. Uzorak C pronaden je na lokaciji Rovanj-
ska takoder uz korijenje hrasta medunca, a tezio je
69 grama (SL. 1.).

Slika 2. prikazuje akrilamidni gel s rezultatima
sekvenciranja DNK pronadenih primjeraka. Veli-
¢ina sekvence (800 bp) dobivene kod vrsno speci-
fiéne pocetnice Tuber aestivum (GRYNDLER I DR.,
2014. pokazala je da tri prikupljena uzorka pripa-
daju toj vrsti.

A B

C W

RESULTS

Truffles were found in different locations.
Three samples collected in different locations and
associated with different host plants were chosen
for molecular analysis. Sample A was found in
the surroundings of Maslenica associated with
the roots of oriental hornbeam (Carpinus orienta-
lis Mill.) and weighed 71 g. Sample B was found
on a location Zegar associated to the roots of a
pubescent oak (Quercus pubescens Willd.) and it
weighed 43 g. Sample C was found on location
Rovanjska, it was also associated with pubescent
oak (Quercus pubescens Willd.) and weighed 69 g
(Fig. 1).

In Figure 2 the agarose gel with the amplifica-
tion results of the DNA of our samples is shown.
The amplicon size (800 bp) obtained with the
species-specific primers of 7 aestivum (GRYNDLER
ET AL., 2014) demonstrating that three collected
fruiting bodies belong to that species.

C

SvuikA 1. Crni ljetni tartufi pronadeni na lokacijama Maslenica (A), Zegar (B) i Rovanjska

(C)

FIGURE 1 The black summer truffie fruiting bodies found in Maslenica (4), Zegar (B) and

Rovanjska (C)

Marker 1 kb 1

SLIKA 2. Rezultati sekvenciranja uzorka (Linije 1, 2, 3) s pocetnicama Tul- sekvF/Tu2sekvR
F1GURE 2 Products of sample amplification (Lane 1, 2, 3) with primers Tul- sekvF/Tu2sekvR
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RASPRAVA I ZAKIJUCAK

Rezultati nedvojbeno upuéuju na to da je 77 ae-
stivum, ljetni crni tartuf, prisutan na podrudju Za-
darske Zupanije. Pronadeno je nekoliko primjera-
ka na razli¢itim lokacijama $to upucuje na to da
postoji moguénost da je rasprostranjen i na $irem
podru¢ju. Bududi da nisu postojale spoznaje o nje-
govoj prisutnosti te se nije ni prikupljao, tartuf je
vierojatno kolonizirao Siroko podrugje i ima ga
u veéim koli¢inama. Dobiveni rezultati su vazni
sa znanstvenog aspekta. Bilo bi zanimljivo vidjeti
kako su zadarski tartufi povezani s ostalim 7. aesti-
vum kolonijama rasprostranjenim diljem Europe.
Jedina hrvatska renomirana regija $to se tice tartu-
fa je Istra (GRYNDLER I DR, 2017.), pa se namece
pitanje u kakvoj su vezi zadarski i istarski tartuf.
Uzevsi u obzir razmjerno malu udaljenost izmedu
tih dviju regija (oko 250 km) postoji vjerojatnost
da te dvije populacije imaju zajednicke pretke. To je
bitno s aspekta buducih genetickih studija koje bi
se trebale provesti tako da se prikupe uzorci tartufa
u oba podrugja i analiziraju njihovi genomi. Drugo
pitanje koje se postavlja jest je li bilo ili jo§ postoji
kontinuirani rast tartufa na podrudju od Istre, duz
jadranske obale do zadarskog podrudja te eventual-
no i juznije. Provest ¢e se i istrazivanje prisutnosti 7.
aestivum izmedu zadarskog podrudja i Istre. Istra-
zivanje genetike populacije trebalo bi se provesti
kako bi se potvrdila povezanost izmedu dviju po-
pulacija te da bi se utvrdilo imaju li isto podrijetlo.
Druga moguénost, koju se ne moze iskljuciti, je da
su zadarski tartufi vise povezani s talijanskim nego
s istarskim. Tijekom dugogodisnje povijesti zajed-
nic¢ke uprave, primjerice za vrijeme Mletacke Repu-
blike i Austro-Ugarskog Carstva, bila je omogucena
laksa trgovina izmedu Zadra i nekih talijanskih re-
gija. Mnoge talijanske regije bogate su tartufima, a
medu njima je i nekoliko apeninskih regija s druge
strane Jadranskog mora poput regija Marche, Um-
brija i Abruzzo (PomaRrICO I DR., 2007.; VASQUEZ
AT AL., 2014.; ZAMBONELLI I DR., 2015.). Mogude
je da su tartufi slucajno uvezeni iz Italije (ili i iz
Istre) s nekim drveéem te su se kasnije spontano
progirili regijom. Odgovor na ova pitanja moze dati
samo dublja analiza genetike populacije sto se pla-
nira provesti u nastavku istrazivanja.

Rezultati takoder mogu imati utjecaja na gospo-

DISCUSSION AND CONCLUSION

The results show that 7. aestivum, the black
summer truffle, is present in Zadar County. It was
found on different locations indicating that its
presence could be widespread. The ignorance of its
presence, and therefore non-harvesting, has proba-
bly allowed the mushroom to colonize a large area
and to be present in abundance. From the scientific
point of view these results are important. It would
be interesting to understand how Zadar’s truffles
are related to other 77 aestivum colonies present in
Europe. In Croatia the only renowned region for
truffles is Istria (GRYNDLER ET AL., 2017), and the
question “What is the relation between Zadar and
Istrian truffles?” arises spontaneously. Considering
a relatively short distance between these two re-
gions (around 250 km) it is rather probable that
the two populations have the same ancestors. It is
important for further population genetic studies by
collecting truffles in both area and analysing their
genomes. Another question is if there was or still
is a continuous growth of truffles from Istria along
the Adriatic coast to Zadar County and, possibly
further south. The research of 7. aestivum presence
in the area between Zadar and Istria will be under-
taken. The study of population genetics should be
performed to verify the links between the two pop-
ulations and establish whether they have a com-
mon origin. The other possibility, that cannot be
excluded, is that Zadar truffle population is more
linked to the Italian population than to the Istrian
one. A long history of common governance, like
the Republic of Venice and the Austro-Hungari-
an Empire, has facilitated the trade between Za-
dar and some Italian regions. Many Italian regions
are reported to be rich with truffles, among whom
are also Appennine regions across the Adriatic Sea
such as Marche, Umbria and Abruzzo (Pomarico
ET AL., 2007; VASQUEZ ET AL., 2014; ZAMBONELLI
ET AL., 2015). The truffles might have been were
accidentally imported from Italy (as well as from
Istria) with some trees and afterwards spontane-
ously spread over the region. The answer to these
questions could be given only by an in-depth pop-
ulation genetics analysis which is in future plans.

The results could also have an impact on the
economy in the region. The truffles are among
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darstvo ovoga podrudja. Kao $to je spomenuto, tar-
tufi spadaju u najskuplju vrstu hrane. Na zadarskom
podrudju pronadeni su u zaledu, a neka od podrudja
koja su bogata tartufima izrazito su depopulirana.
Tartufi mogu pokrenuti lokalno gospodarstvo
i pruziti $ansu lokalnom stanovniStvu, pogoto-
vo onom mladem, za bolji Zivotom i omoguditi
im opstanak u njihovim selima. Na zadarskom
je podrudju razvijen turizam $to omogucuje laksi
plasman tartufa na lokalno trzite. Spontana pri-
sutnost tartufa upuc¢uje na to da je ovo podrucje
povoljno za njihov rast te da bi se tamo tartuf mo-
gao i uzgajati. Najbolji na¢in za tako ne$to mozda
bi bio reforestacijom stablima mikoriziranim au-

tohtonim izolatima.
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the most expensive food, as already told. In Zadar
County, they were found in hinterland and some
of the areas rich with truffles are depopulated. The
truffles could enhance the local economy and give
an opportunity for younger population to remain
in their villages. The developed tourism in the re-
gion could both benefit from the presence of truffles
and help the local population to place their truffle
products on the market. The spontaneous presence
of truffles indicates that this territory is suitable for
their growth and therefore in these areas some truf-
fle cultivation could be undertaken. Maybe the best
way could be through the reforestation using trees

mycorrhized with autochthon strains.
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