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Abstract

In this paper, we present results of survey on the occurrence of true morels, conducted
in the Ojcéw National Park (ONP). The first data about true morels from the area
of the ONP date back to the nineteenth century. However, despite multiple surveys
in the next decades, their presence has not been confirmed. Therefore, true morels
were thought to be extinct in the ONP. In 2014 and 2015, two morphotypes of true
morel fruiting bodies were discovered in two sites, identified as black morels and
yellow morels. In 2016, we collected three fruiting bodies for detailed morphologi-
cal characterization and molecular identification. According to our results, these
morels were identified as Morchella deliciosa and Morchella esculenta. Our finding
is the first confirmation of the occurrence of both species (as they are presently
recognized) in Poland.

Keywords
rare fungi; Ascomycota; fungi; nature conservation; edible fungi; mycobiota of
Poland

Introduction

The Ojcéw National Park (ONP) is the smallest national park in Poland, it has only 2146
ha, however it is characterized by unique biodiversity and the occurrence of almost
10.4 thousand species of fungi, plants, and animals that have been reported here [1].
Unfortunately, for many species of fungi these records are outdated and not confirmed
recently. Therefore, these species have been deemed extinct in the ONP [2]. True morels
Morchella spp. are among interesting and rare fungi, which occurrence have not been
confirmed in the ONP, for more than 100 years.

True morels are sac fungi belonging to Morchellaceae family. Their fruiting bodies
appear generally in spring, albeit sometimes even from early spring to mid-winter
[3-5]. They are saprotrophs or form biotrophic relationships with trees [6]. True morels
belong to the most valuable and widely recognized, edible fungi [7]. Five species of true
morels have been reported from Poland: Morchella esculenta, M. elata, M. conica, M.
gigas, and M. crassipes, all of them are under partial protection [8,9].

True morels are highly polymorphic, what impedes their taxonomic distinction
[10-12]. They can differ in head shape and color, ridges and pits arrangement, and stalk
to head ratio [11,13]. General agreement exists that two groups can be morphologically
distinguished: the first comprises taxa with darken, grey or black regular ribs (“black
morels”, Elata clade), while the second one encompasses taxa with yellow or cream to
tan, irregular ribs (“yellow morels”, Esculenta clade) [14,15].

There are only two reports from the nineteenth century of true morels from the area
of the ONP, i.e., Morchella esculenta and M. deliciosa [16]. Because there were no further
reports of the occurrence of true morels from this area, they were considered extinct in
the ONP [2,17,18]. On the list of protected and endangered fungi of Poland [19] there is
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no information about true morels occurring in the area of ONP, although information
exists about nearby sites, e.g., Krakow.

During the surveys of the area of the ONP in 2014 and 2015, two sites with occurring
true morels, one site with black and one site with yellow morels, were discovered. In
2016, fruiting bodies in those sites have not been found, but three additional sites with
occurring true morels were discovered: one with black and two with yellow morels.
Fruiting bodies from these locations were sampled for detailed analyses and identifi-
cation. In this paper, we present the results of morphological analyses and molecular
identification of two species of true morels, recorded in the Ojcéw National Park.

Material and methods

The area of the ONP was surveyed for the occurrence of true morels in 2016. For each
site where true morels occurred, detailed site conditions were recorded, including: slope
inclination, exposition, and plant species composition. Additionally, information on
the soil type was verified according to the map of soils of the ONP [20]. All occurring
fruiting bodies were counted, measured, and photographed. A single fruiting body
was collected from each site for further analyses conducted in the laboratories of the
Department of Forest Pathology, Mycology and Tree Physiology, Faculty of Forestry,
University of Agriculture in Krakow.

Microscopic morphological analysis was performed using a Zeiss Axiophot light
microscope with differential interference contrast (DIC) illumination and an Ax-
ioCam MRc5 camera (Carl Zeiss, Germany). For each fruiting body, at least six slides
containing preparations of the stalk and apothecium were analyzed. H,O was used for
microscopic investigation. Dimensions of microscopic structures were based on 30
measurements. Ascospores were measured after release from asci, in brackets there are
occasional extreme values. Herbarium specimens were deposited in the mycotheca of
the Department of Forest Pathology, Mycology and Tree Physiology, Faculty of Forestry,
University of Agriculture in Krakow.

Pure culture isolations were performed using malt extract agar medium supplemented
with tetracycline [MEA+T; 20 g L™ malt extract (Difco, USA), 15 g L™ agar Difco
supplemented with 200 mg L™ tetracycline (Tetracyclinum TZF Polfa, Poland)]. For each
fruiting body, 24 explants, ca. 2 x 2 x 2 mm, excised from the stalk and apothecium after
removal of the superficial tissue, were cultured. Cultures were incubated at 20°C in the
dark for 2 weeks, after that time, regular observations of the culture morphology began.
Obtained Morchella pure mycelia were subcultured using fresh MEA+T plates.

Next, the molecular identification was performed for each studied fruiting body.
Ca. 2 cm’® of the upper part of the apothecium was used for DNA extraction. Mycelium
was pulverized in liquid nitrogen in a mortar and total genomic DNA was extracted
using the modified CTAB protocol of Gawel and Jarret [21]. One-hundred-fold diluted
(20-100 ng pL™') DNA extracts were used as templates in the amplification of three target
sequences — ITS region (primers ITS1 and ITS4 [22]), a fragment of LSU gene (prim-
ers LR7 and LROR [23]), and a fragment of rpb2 gene (primers RPB2-9f and RPB2-3r
[24]). The PCRs, clean-up of amplification products, and bidirectional sequencing were
performed as described in other survey [25]. Sequences were processed with Chromas
Pro 1.6 software (Technelysium, Australia) and queried against the NCBI GenBank
database with the BLAST search tool to retrieve the most similar sequences. The best
representatives of each unique ITS, LSU, and rpb2 sequences were deposited in NCBI
GenBank with the accession numbers KY792586-KY792591.

Results
Molecular identification

Based on sequence analysis of ITS, LSU, and rpb2, we identified two different species
of true morels: a black morel Morchella deliciosa Fr.: Fr. in Fries occurring at one site,
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and a yellow morel Morchella esculenta (L.: Fr) Pers. occurring at two sites. All three
target fragments for both species were identical with their respective GenBank acces-
sions (Tab. 1).

Collected specimens
Morchella deliciosa

DESCRIPTION OF ASCOCARP. Ascocarp 120 mm high, hymenophore 90 mm
high, 35 mm wide at widest point, dark brown conical, pitted and ridged with verti-
cal ridges (Fig. 1a). Stipe 30 mm high; 29 mm wide, whitish. The cap-adnate section
was the widest part of the stipe. Asci cylindrical, 280-320 x 17-20 um, eight-spored.
Ascospores mostly uniseriate, sporadically irregularly biseriate, single-celled, hyaline,
broadly ellipsoid 21-23(26) x 12-15 pum (Fig. 1b). Paraphyses ramified at the base,
septate, sometimes constricted near septa.

Tab.1 Results of molecular identification of specimens with ITS, LSU, and rpb2 sequences.

Species
M. deliciosa ITS
LSU
rpb2
M. esculenta ITS
(two specimens)
LSU
rpb2

Target fragment

Accession number  100% match with / reference / country of origin

KY792586 GU551429 / [14] / NS
DQ257334 / DS / China
KM588006 / [12] / France
JQ321873 / [33] / China
JQ618584 / [34] / NS
JQ618624 / [34] / NS
KR073753 / [35] / China
KR073758 / [35] / China
KR073764 / [35] / China
KR073766 / [35] / China
KR073767 / [35] / China
KR073770 / [35] / China
KR073771 / [35] / China
KR073772 / [35] / China
KR073777 / [35] / China
JN085110 / [36] / Turkey
JN085131 / [36] / Turkey

KY792588 KM588029 / [12] / France
JN085248 / [36] / Turkey
JN085247 / [36] / Turkey
JN085226 / [36] / Turkey

HMO056473 / [24] / Turkey

KY792589 AJ623265 / [10] / Montenegro
JQ691475 / [38] / France
JQ691496 / [38] / Ukraine
JQ618814 / [33] / NS
KM588016 / [12] / France
KM588023 / [12] / France
KM587925 / [12] / France
[12]

12
KM587951 / [12] / Spain

KY792591 HMO056508 / [24] /Turkey
GU551313 / [14] / Czech Republic

GU551684 / [14] / Czech Republic

DS - no reference / direct submission; NS - not specified in GenBank submission.

© The Author(s) 2017
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DESCRIPTION OF CULTURES (NO. 21106). Colony fast growing, after 5 days at 20°C,
reached 90 mm in diameter, with radial arranged hyphae. Initially medium adhered,
hyaline to light beige, dark brown with time, with puffy aerial mycelia (Fig. 1c). On
the surface of some colonies, reddish-brown stromatic structures, composed of large
(33-39 x 23-30 pum) pseudoparenchymatic cells were formed (Fig. 1d). Hyphae vari-
able in color and dimensions: (i) hyaline, up to 6 um in diameter, regular in shape (Fig.
le), (ii) brown, 12 to 20 um in diameter, smooth or rough (Fig. 1f), and (iii) monilioid
hyaline and brown, oval cells 32-50 x 20-32 um (Fig. 1g). After about 6 weeks, a few
branched conidiophores were observed for some colonies, producing circular or oval,
hyaline conidia 6-11 x 6-10 pm in size (Fig. 1h).

Fig. 1 Morchella deliciosa. a Fruiting body (photo by J. B.). b Released ascospores
in H,O. ¢ Five-day-old colony on MEA+T. d Stromatic structures on the colony
surface. e Hyaline hyphae from the mycelial culture. f Brown hyphae with rough
surface from the mycelial culture. g Monilioid hyphae from the mycelial culture. h
Conidia of anamorphic stadium on the colony (b-h photos by Tadeusz Kowalski).

ANALYZED MATERIAL AND DESCRIP-
TION OF LOCALITY. Three specimens,
one mature, two decayed, were found on
May 2, 2016 (herbal specimen No. 46.16).
The site was located in the central part of
“Skalbania” ravine, on the ravine slope,
on the old forest track (SE exposure, in-
clination 25°, track inclination 4°). Soil
brown rendzina. The overstory, 50% cover,
included mostly Abies alba and Picea abies,
with small share of Fagus sylvatica and Tilia
platyphyllos. The shrub layer, 10% cover,
included Tilia platyphyllos, Acer pseudo-
platanus, Picea abies, Euonymus verrucosa,
and Fraxinus excelsior. The herb layer, 60%
ground cover, included Galeobdolon luteum,
Ranunculus lanuginosus, Impatiens noli-
tangere, Impatiens parviflora, Viola reichen-
bachiana, Brachypodium sylvaticum, Oxalis
acetosella, Stachys sylvatica, Geum urbanum,
Urtica dioica, Mercurialis perennis, Veronica
montana, Chaerophyllum temulum, Cerasus
avium, Carex silvatica, Asarum europaeum,
Galium odoratum, Athyrium filix-femina,
Stelaria nemorosa.

Morchella esculenta

DESCRIPTION OF ASCOCARPS. Asco-
carps 50 to 110 mm high. Hymenophore
25-60 mm high, 23-60 mm wide at the
widest point, subglobose to ovoid (some
slightly conical); light beige or yellowish
scattered pits and ridges. Stipe 25-50 mm
high, 15-28 mm wide, light beige or whit-
ish. Ascocarps did not darken with age
(Fig. 2a,b). Micromorphological analysis
based on the specimen from the Site 1:
asci cylindrical, 260-340 x 16-25 pm,
eight-spored (Fig. 2c). Ascospores mostly
uniseriate, sporadically irregularly biseri-
ate, single-celled, hyaline, broadly ellipti-
cal, smooth, 16-22 x 10-12 um (Fig. 2d).
Paraphyses ramified at the base, septate,
slightly broadened at the top. Despite slight
morphological difference between fruit-
ing bodies on Site 1 and 2, they proven to
be genetically uniform for all three target
sequences, ITS, LSU, and rpb2.
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DESCRIPTION OF CULTURES (NO. 21105)
(obtained from the fruiting body collected
on the Site 1). Colony generally similar to M.
deliciosa, fast growing, after 5 days at 20°C
reached 90 mm in diameter. Initially light
beige and medium adhered, dark brown with
time (Fig. 2e). On the superficies of some
colonies stromatic structures were formed (as
shown in Fig. 1d for M. deliciosa). Variable
hyphae in the aerial mycelium: (i) hyaline up
to 6 pm in diameter, (ii) brown 12 to 23 pm
in diameter, smooth or rough, hyphae with
unicellular, oval lateral ramifications up to
30 x 15 pum or with seta-like ramification up
to 175 x 10 pum, and (#ii) monilioid hyphae
with oval cells, mostly 42-75 x 27-32 pm.
No conidia production was observed.

N
=
=
=1
=

ANALYZED MATERIAL AND DESCRIP-
TION OF LOCALITIES. Site 1: five specimens
found on April 19, 2016 (herbal specimen No.
45.16). The site was located next to the “Smard-
zowicki” ravine, on a tourist trail and directly
next to it (SWW slope exposure, inclination
20°). Three specimens grew on a wooden step
on the trail, while the other two, 2 m next to
the trail. Soil brown rendzina. The overstory,
90% cover, comprised Carpinus betulus as a
dominant species. The shrub layer, 30% cover,
included: Corylus avellana, Lonicera xylosteum,
Ribes uva-crispa, Fagus sylvatica, and Acer
plataniodes. The herb layer, 50% ground cover,
included: Acer platanoides, Abies alba, Fraxinus
excelsior, Brachypodium sylvaticum, Hepatica
nobilis, Oxalis acetosella, Asarum europaeum,

Fig. 2 Morchella esculenta. a Fruiting body collected in the Site 1 (photo by

J. B.). b Fruiting body collected in the Site 2 (photo by Dariusz Wawro). ¢ Asci Primula veris, Aegepodium podagraria, Galeob-
containing ascospores in H;O. d Ascospores inside asci in H,O. e Seven-day- dolon luteum, Viola reichenbachiana, Anemone
old colony on MEA+T (c-e photos by Tadeusz Kowalski). nemorosa, Pulmonaria obscura, Neottia nidus-

avis. Site 2: there was one specimen, the site

was located in the lower part of the Saspowska
valley, near to a tourist trail. The site was flat, located a few meters from the southern
slope. Soil leached brown. The overstory, 80% cover, included: Carpinus betulus, Fraxinus
excelsior, and Acer pseudoplatanus. The shrub layer, 20% cover, included: Padus avium,
Ribes uva-crispa, Abies alba, Acer platanoides, and Sambucus nigra. The herb layer, 60%
ground cover, included: Galeobdolon luteum, Ranunculus lanuginosus, Poa nemoralis,
Viola reichenbachiana, Aegepodium podagraria, Geranium pheum, Pulmonaria obscura,
Agrimonia eupatoria, Oxalis acetosella, Mercurialis perennis, Carex silvatica, Asarum
europaeum, Galium odoratum.

Discussion

The exact number of Morchella species is not clear. Index Fungorum lists 332 records
within Morchella genus, and the MycoBank 296 records [26,27]. In the morphology-
based classifications of the genus, the number of species varies from 3 to 52 (discussed
in [10] and [12]). Some doubts concern two taxons: Morchella conica and M. elata, both
of them regarded in Polish literature and legal regulations as separate species [8,9]. This
status is, however, disputed as some authors regard Morchella conica as a distinct species
[28-31], while the other as a synonym of Morchella elata (e.g., [32]). The uncertainty
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described above is an example of problems arising from attempts to accommodate
morphologically defined species names to molecularly defined monophyletic groups.
The inaccuracy in using of morphologically defined binomial species names to describe
genetic diversity detected with molecular methods resulted in adoption of provisional
system of species designations (see [7,24,33-36]), where M. deliciosa is referred to as
Mel-26 and M. esculenta as Mes-8. According to the newest data provided by Richard
et al. [12], the name Morchella conica is illegitimate at the species rank, while the
Morchella elata status needs further study to be definitively resolved. Morchella deliciosa
is regarded a valid species, formerly sometimes under different names: M. conica var.
deliciosa, M. conica var. flexuosa, M. conica var. nigra, M. conica var. violeipes, M. conica,
or M. intermedia [12].

According to our results, two species of true morels, M. deliciosa, and M. esculenta,
were identified. This finding is the only report of the occurrence of true morels in
the area of the Pradnik Valley, including ONP, for more than 100 years, as they were
recorded previously only by Berdau [16]. For studied specimens macroscopic and
microscopic features: sizes of fruiting bodies, asci, and ascospores, does not deviate
from descriptions reported in literature for M. conica var. deliciosa and M. esculenta
[28,33,37]. There are also no differences between these two species in microscopic
features. Similarly, all sequences for all three target fragments for the studied specimens
do not deviate from the previously reported. Additionally, the sequences detected in
our specimens occurred also (100% match) in specimens collected in: Czech Republic,
France, Montenegro, Turkey, Spain, and Ukraine - M. esculenta [7,10,12,24,38] and
in: China, France, and Turkey - M. deliciosa [7,12,24,33-36]. This fact indicates that
both morels species found in the ONP belong to widely distributed genotypes.

As for habitat requirements, the ONP morels generally follow the usual habitat
pattern: yellow morels occur predominantly in deciduous forest, while black morels
in conifer forest, however, both can also grow in different habitats [13,35,39,40]. Our
observation supports this pattern, as two sites of M. esculenta were located in C. betulus
dominated or C. betulus, E excelsor, A. pseudoplatanus mixed stands, and M. deliciosa
site was located in A. alba / P. abies dominated stand. It is known that some morels are
considered saprotrophs, while other can form biotrophic relations with plants, some
researchers even believe that morels can form mycorrhiza-like interactions with trees
[6,41,42]. While we did not consider that aspect in our study, it could be, however,
interesting subject for future studies.

Giieler and Arkan [43] pointed out that Morchella mycelium is the fastest growing
of all mushrooms and has the same nutritive content and aroma as its ascocarps. The
fast growth of the cultures was confirmed in our experiments for cultures isolated from
the ONP specimens. Some researchers informed also about the formation of sclerotia
in pure cultures of Morchella spp. [43,44]. Buscot [44] observed two types of sclerotia:
the first type involves numerous sclerotia formed along periphery of the colony, 2
days after the colony reached the edge of a Petri dish, while the second type comprises
the sparse sclerotia formed after 12 days and randomly distributed over the medium.
However, the colony structure and development of Morchella spp., including sclerotia
formation, depends strongly on the incubation temperature and medium composition
[43,44]. Giieler and Arkan [43] used three medium types: potato dextrose agar, malt
extract agar, and complete yeast medium prepared with casein, casamino acids, peptone,
and sodium nitrate, while Buscot [44] used malt extract agar and yeast extract agar. We
used only malt extract agar to culture our isolates. Perhaps for this reason, in colonies
of both analyzed Morchella species sclerotia, as described above, were not observed. On
the surface of some colonies, however, stromatic structures were formed, but dissimilar
to described by Buscot [44].

The interesting observation is that in some M. deliciosa cultures, conidia were formed.
The first author who observed the formation of anamorphic state was Molliard [45,46],
who classified it in Costantinella genus. Later, Paden [47] obtained the Costantinella
state for M. elata cultures. Another observation of conidial state found in Morchella
cultures was reported by Buscot [44], while Barron [48] indicated the close relationship
of Costantinella and Nodulosporium asexual states. The next step was the observation
of Costantinella colonies in nature: on soil, moss, and woody debris in fall in the in-
land Pacific Northwest USA; from these colonies, pure cultures of Costantinella were
isolated [49]. According to these authors, the widespread occurrence of asexual states
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of morels, false morels, and allied taxa suggests that their life cycles are more complex
than previously thought. Conidiophores and conidia observed on M. deliciosa cultures
from the ONP corresponded to features of Costantinella [50].

The survival of true morels in the ONP seems to be unthreatened. Some of the sites
are located next to tourist trails, however, mushroom picking in the ONP is forbidden
[51]. Despite small area of the ONP and more than 200 years research history, it is
still not totally explored place, especially concerning fungi. There is no doubt that the
community of fungi in the ONP requires further studies.

Acknowledgments

We are especially grateful to Prof. Tadeusz Kowalski for his help in laboratory analyses as well
as valuable contributions to the text. We also thank Pawel Glowacki and Dariusz Wawro for
providing us with the information about occurrence of morels. Dariusz Wawro is additionally
acknowledged for the photographs of fruiting body.

References

1. Partyka J, Klasa A. Ojcowski Park Narodowy. Wiadomos$ci ogélne. In: Klasa A, Partyka J,
editors. Monografia Ojcowskiego Parku Narodowego. Przyroda. Ojcéw: Ojcowski Park
Narodowy; 2008. p. 19-28.

2. Wojewoda W. Grzyby wielkoowocnikowe Ojcowskiego Parku Narodowego. In: Klasa
A, Partyka J, editors. Monografia Ojcowskiego Parku Narodowego. Przyroda. Ojcéw:
Ojcowski Park Narodowy; 2008. p. 317-334.

3. Goldway M, Amir R, Goldberg D, Hadar Y, Levanon D. Morchella conica
exhibiting a long fruiting season. Mycol Res. 2000;104:1000-1004.
https://doi.org/10.1017/50953756200002598

4. Tagkin H, Dogan HH, Biiyiikalaca S. Morchella galilaea, an autumn species from Turkey.
Mycotaxon. 2015;130(1):215-221. https://doi.org/10.5248/130.215

5. Masaphy S, Zabari L, Goldberg D. New long-season ecotype of Morchella rufobrunnea
from northern Israel. Micol Aplicada Int. 2009;21(2):45-55.

6. Dahlstrom JL, Smith JE, Weber NS. Mycorrhiza-like interaction by Morchella with
species of the Pinaceae in pure culture synthesis. Mycorrhiza. 2000;9(5):279-285.
https://doi.org/10.1007/PL00009992

7. Boa ER. Wild edible fungi: a global overview of their use and importance to people.
Rome: Food and Agriculture Organization; 2004. (Non-Wood Forest Products; vol 17).

8. Chmiel MA. Checklist of Polish larger ascomycetes. Krytyczna lista
wielkoowocnikowych grzybéw workowych Polski. Cracow: W. Szafer Institute of Botany,
Polish Academy of Sciences; 2006.

9. Rozporzadzenie Ministra Srodowiska z dnia 9 pazdziernika 2014 r. w sprawie ochrony
gatunkowej grzybdéw. Journal of Laws of the Republic of Poland (Dziennik Ustaw), 2014
Oct 9, Item 1408.

10. Kellner H, Renker C, Buscot E Species diversity within the Morchella esculenta group
(Ascomycota: Morchellaceae) in Germany and France. Org Divers Evol. 2005;5:101-107.
https://doi.org/10.1016/j.0de.2004.07.001

11. Masaphy S, Zabari L, Goldberg D, Jander-Shagug G. The complexity of Morchella
systematics: a case of the yellow morel from Israel. Fungi. 2010;3:14-18.

12. Richard F, Bellanger JM, Clowez P, Courtecuisse R, Hansen K, O’'Donnell K, et al. True
morels (Morchella, Pezizales) of Europe and North America: evolutionary relationships
inferred from multilocus data and a unified taxonomy. Mycologia. 2015;107(2):359-382.
https://doi.org/10.3852/14-166

13. Kuo M, Dewsbury DR, O’Donnell K, Carter MC, Rehner SA, Moore JD, et al. Taxonomic
revision of true morels (Morchella) in Canada and the United States. Mycologia.
2012;104:1159-1177. https://doi.org/10.3852/11-375

14. O’Donnell K, Rooney AP, Mills GL, Kuo M, Weber NS, Rehner SA. Phylogeny and
historical biogeography of true morels (Morchella) reveals an early Cretaceous origin
and high continental endemism and provincialism in the Holarctic. Fungal Genet Biol.

© The Author(s) 2017 Published by Polish Botanical Society Acta Mycol 52(1):1094 7 of 9


https://doi.org/10.1017/S0953756200002598
https://doi.org/10.5248/130.215
https://doi.org/10.1007/PL00009992
https://doi.org/10.1016/j.ode.2004.07.001
https://doi.org/10.3852/14-166
https://doi.org/10.3852/11-375

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

© The Author(s) 2017

2011;48:252-265. https://doi.org/10.1016/j.fgb.2010.09.006

Bunyard BA, Nicholson MS, Royse DJ. A systematic assessment of Morchella using
RFLP analysis of the 28S ribosomal RNA gene. Mycologia. 1994;86(6):762-772.
https://doi.org/10.2307/3760589

Wojewoda W. Macromycetes Ojcowskiego Parku Narodowego. I. Flora. Acta Mycol.
1974;10(2):181-265. https://doi.org/10.5586/am.1974.007

Wojewoda W. Zanikanie stanowisk Macromycetes w Polsce. Phytocoenosis. 1976;5(3-
4):377-386.

Wojewoda W. Grzyby wielkoowocnikowe. In: Zabierowski K, editor. Przyroda
Ojcowskiego Parku Narodowego. Warszawa: Panstwowe Wydawnictwo Naukowe; 1977.
p. 161-181. (Studia Naturae: B; vol 28).

Kujawa A, Gierczyk B. Rejestr gatunkow grzybéw chronionych
i zagrozonych [Internet]. 2016 [cited 2017 Jul 10]. Available from:
http://www.grzyby.pl/rejestr-grzybow-chronionych-i-zagrozonych.htm

Zelewa S. Gleby Ojcowskiego Parku Narodowego. In: Klasa A, Partyka J, editors.
Monografia Ojcowskiego Parku Narodowego. Przyroda. Ojcéw: Ojcowski Park
Narodowy; 2008. p. 137-146.

Gawel N, Jarret R. A modified CTAB DNA extraction procedure for Musa and Ipomoea.
Plant Mol Biol Report. 1991;9:262-266. https://doi.org/10.1007/bf02672076

White TJ, Bruns T, Lee S, Taylor J, Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. In: Innis M, Gelfand ], Sninsky J, White TJ,
editors. PCR protocols: a guide to methods and applications. New York, NY: Academic
Press; 1990. p. 315-322. https://doi.org/10.1016/b978-0-12-372180-8.50042-1

Vilgalys R, Hester M. Rapid genetic identification and mapping of enzymatically
amplified ribosomal DNA from several Cryptococcus species. ] Bacteriol. 1990;172:4239-
4246. https://doi.org/10.1128/jb.172.8.4238-4246.1990

Taskin H, Biiyiikalaca S, Dogan HH, Rehner SA, O’Donnel K. A multigene molecular
phylogenetic assessment of true morels (Morchella) in Turkey. Fungal Genet Biol.
2010;47:672-682. https://doi.org/10.1016/j.fgb.2010.05.004

Boron P, Grad B. The occurrence of Tubakia dryina in Poland — new hosts and ITS
variation. For Pathol. 2017;47(1):e12294. https://doi.org/10.1111/efp.12294

Index Fungorum [Internet]. 2016 [cited 2017 Jul 10]. Available from:
http://www.indexfungorum.org/Names/Names.asp

MycoBank [Internet]. 2017 [cited 2017 Jun 8]. Available from:
http://www.mycobank.org/quicksearch.aspx

Breitenbach ], Kranzlin E Pilze der Schweiz: Beitrag zur Kenntnis der Pilzflora der
Schweiz. Bd 1, Ascomyceten (Schlauchpilze). Luzern: Verlag Mykologia; 1984.

Gursoy N, Sarikurkcu C, Cengiz M, Solak MH. Antioxidant activities, metal contents,
total phenolics and flavonoids of seven Morchella species. Food Chem Toxicol.
2009;47:2381-2388. https://doi.org/10.1016/j.fct.2009.06.032

Masaphy S, Zabari L, Jander-Shagug G. Morchella conica Pers. proliferation
in post-fire forests in northern Israel. Isr J Plant Sci. 2008;56(4):315-319.
https://doi.org/10.1560/1JPS.56.4.315

Masaphy S. Diversity of fruiting patterns of wild black morel mushroom. In: Proceedings
of the 7th International Conference on Mushroom Biology and Mushroom Products;
2011 Oct 4-7; Arcachon, France. Villenave d’Ornon: Institut National de la Recherche
Agronomique; 2011. p. 165-169.

Krieglsteiner GJ. Verbreitungsatlas der Groppilze Deutschlands (West). Band 2:
Schlauchpilze. Stuttgart: Ulmer; 1993.

Du XH, Zhao Q, O’Donnell K, Rooney AP, Yang ZL. Multigene molecular phylogenetics
reveals true morels (Morchella) are especially species-rich in China. Fungal Genet Biol.
2012;49(6):455-469. https://doi.org/10.1016/j.fgb.2012.03.006

Du XH, Zhao Q, Yang ZL, Hansen K, Tagkin H, Biiyiikalaca S, et al. How well do

ITS rDNA sequences differentiate species of true morels (Morchella). Mycologia.
2012;104(6):1351-1368. https://doi.org/10.3852/12-056

Du XH, Zhao Q, Xu ], Yang ZL. High inbreeding, limited recombination and divergent
evolutionary patterns between two sympatric morel species in China. Sci Rep.
2016;6:22434. https://doi.org/10.1038/srep22434

Published by Polish Botanical Society Acta Mycol 52(1):1094 8 of 9


https://doi.org/10.1016/j.fgb.2010.09.006
https://doi.org/10.2307/3760589
https://doi.org/10.5586/am.1974.007
http://www.grzyby.pl/rejestr-grzybow-chronionych-i-zagrozonych.htm
https://doi.org/10.1007/bf02672076
https://doi.org/10.1016/b978-0-12-372180-8.50042-1
https://doi.org/10.1128/jb.172.8.4238-4246.1990
https://doi.org/10.1016/j.fgb.2010.05.004
https://doi.org/10.1111/efp.12294
http://www.indexfungorum.org/Names/Names.asp
http://www.mycobank.org/quicksearch.aspx
https://doi.org/10.1016/j.fct.2009.06.032
https://doi.org/10.1560/IJPS.56.4.315
https://doi.org/10.1016/j.fgb.2012.03.006
https://doi.org/10.3852/12-056
https://doi.org/10.1038/srep22434

36. Taskin H, Biiyiikalaca S, Hansen K, O’'Donnell K. Multilocus phylogenetic analysis
of true morels (Morchella) reveals high levels of endemics in Turkey relative to other
regions of Europe. Mycologia. 2012;104:11-180. https://doi.org/10.3852/11-180

37. Kanwal N, Kainaat W, Kishwar S. In vitro propagation of Morchella esculenta and study
of its life cycle. Journal of Bioresource Management. 2016;3(1):6.

38. Barseghyan G, Kosakyan A, Isikhuemhen O, Didukh M, Wasser S. Phylogenetic
analysis within genera Morchella (Ascomycota, Pezizales) and Macrolepiota
(Basidiomycota, Agaricales) inferred from nrDNA ITS and EF-1alpha sequences.

In: Misra JK, Tewari JP, Deshmukh SK, editors. Systematics and evolution of fungi.
Jersey: Science Publishers; 2012. p. 159-205. (Progress in Mycological Research; vol 2).
https://doi.org/10.1201/b11606-8

39. Du XH, Zhao Q, Yang ZL. A review on research advances, issues, and perspectives of
morels. Mycology. 2015;6(2):78-85. https://doi.org/10.1080/21501203.2015.1016561

40. Mihail JD, Bruhn JN, Bonello P. Spatial and temporal patterns of morel fruiting. Mycol
Res. 2007;111(3):339-346. https://doi.org/10.1016/j.mycres.2007.01.007

41. Tedersoo L, May TW, Smith ME. Ectomycorrhizal lifestyle in fungi: global diversity,
distribution, and evolution of phylogenetic lineages. Mycorrhiza. 2010;20(4):217-263.
https://doi.org/10.1007/500572-009-0274-x

42. Kellner H, Luis P, Buscot E. Diversity of laccase-like multicopper oxidase genes
in Morchellaceae: identification of genes potentially involved in extracellular
activities related to plant litter decay. FEMS Microbiol Ecol. 2007;61(1):153-163.
https://doi.org/10.1111/j.1574-6941.2007.00322.x

43. Giiler P, Arkan O. Cultural characteristics of Morchella esculenta mycelium on some
nutrients. Turkish Journal of Biology. 2000;24(4):783-794.

44. Buscot F. Mycelial differentiation of Morchella esculenta in pure culture. Mycol Res.
1993;97(2):136-140. https://doi.org/10.1016/S0953-7562(09)80234-7

45. Molliard M. Mycelium et forme conidienne de la morille. C R Hebd Seances Acad Sci.
1904;138:516-517.

46. Molliard M. Forme conidienne et sclerotes de Morchella esculenta Pers. Revue Général de
Botanique. 1904;16:209-218.

47. Paden J. W. Imperfect states and the taxonomy of the Pezizales. Persoonia.
1972;6(4):405-414.

48. Barron GL. The genera of Hyphomycetes from soil. Baltimore, MD: Williams and
Wilkins; 1968.

49. Carris LM, Peever TL, McCotter SW. Mitospore stages of Disciotis, Gyromitra and
Morchella in the inland Pacific Northwest USA. Mycologia. 2015;107(4):729-744.
https://doi.org/10.3852/14-207

50. Wong MK, Yanna TKG, Hyde KD. Two new species of Costantinella from Hong Kong.
Fungal Divers. 2001;8:173-181.

51. Ustawa z dnia 16 kwietnia 2004 roku o ochronie przyrody. Journal of Laws of the
Republic of Poland (Dziennik Ustaw), 2004 Apr 16, Item 880.

© The Author(s) 2017 Published by Polish Botanical Society Acta Mycol 52(1):1094 9of 9


https://doi.org/10.3852/11-180
https://doi.org/10.1201/b11606-8
https://doi.org/10.1080/21501203.2015.1016561
https://doi.org/10.1016/j.mycres.2007.01.007
https://doi.org/10.1007/s00572-009-0274-x
https://doi.org/10.1111/j.1574-6941.2007.00322.x
https://doi.org/10.1016/S0953-7562(09)80234-7
https://doi.org/10.3852/14-207

	Abstract
	Introduction
	Material and methods
	Results
	Molecular identification
	Collected specimens

	Discussion
	Acknowledgments
	References

		2017-07-26T09:15:30+0100
	Piotr  Otręba




