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Abstract: The cultural characteristics of Morchella esculenta mycelium were investigated in potato
dextrose agar, malt extract agar and complete medium yeast plates prepared with casein (cas),
Casamino Acids (caa), peptone (p) and sodium nitrate (NaNO3). Aerial and vegetative mycelium types
were determined in the agar media with cas, caa and p. The third colonial characteristic was observed
in the agar media with NaNO3. In this media, a colonization increase in circular forms spreading from
the centre to the edges was determined. Mycelium colonization periods were 20-24 days in agar media
with NaNO3.
Key Words: Cultural characteristics, Morchella esculenta, mycelia development, nutritious.

Bazı Besleyiciler Üzerindeki Morchella esculenta Misellerinin Kültürel
Özellikleri
Özet: Kazein (cas), Kazamino asit (caa), pepton (p) ve sodyum nitrat (NaNO3) ilavesiyle hazırlanan
patates dekstroz agar, malt ekstrakt agar, komplete medium yeast agar üzerinde geliştirilen Morchella
esculenta misellerinin kültürel özellikleri incelendi. Cas, caa,p ilaveli besiyerlerinde hava ve vegetatif
misel tipleri belirlendi. NaNO3 eklenen besiyerlerinde üçüncü bir koloni misel tipi belirlendi. Bu
besiyerlerinde kolonizasyon merkezden kenarlara doğru dairesel gelişme göstererek arttı. NaNO3’lı
besiyerlerinde misel kolonizasyon süresi 20-24 gündür.
Anahtar Sözcükler: Kültürel özellikler, Morchella esculenta, misel gelişimi, besleyiciler.

Introduction
Morels (Morchella spp.) are some of the most desirable edible mushrooms known (1). There
are numerous studies dealing with the spore germination, culture, cytology, morphology,
anatomy and physiology of morels (2-9), but few reports (10-12) dealing with the details of
morels’ reproduction and life-cycle. Morel spores germinate quickly, and extensive mycelium
forms in a relatively short time. However, when mycelium encounters a physical boundary, a
non-nutritional zone or competitors, it stops expanding, collapses and forms a subterranean
structure called a sclerotium (13). Studies on the sclerotia formation of Morchella esculenta,
Morchella crassipes and Morchella conica have been published (4, 10-12, 14-16). Volk and
Leonard (1989 b) (11) reported that the Casamino Acids had the most significant effect on
* Bu çalışma Perihan Güler’in yüksek lisans tezinin bir bölümüdür.
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sclerotium production. Of the two-way interactions, only the interaction of the Casamino Acids
with trace elements was significant, although the interaction of Casamino Acids with peptone
was nearly significant. Casamino Acids containing all amino acids would be expected to boost
both vegetative growth and sclerotium formation. Morel mycelium is the fastest growing of all
mushrooms and has the same nutritive content and aroma as its ascocarps (13,17-20). The
morphological, cytological and nutritional characteristics of the morel vegetative mycelium are
well known (8). In various studies, (17,20-25) Morchella mycelia have been grown on agar
media with a variety of undefined substrates such as vegetable wastes, sulfite liquor, peat
hydrolysates, citrus wastes, cheese whey, pumpkin and carob bean. Dizbay and Karaboz (1986)
(17) reported that black olive juice, beet molasses, potato, pumpkin and carob are used as
substrates in submerged culture mediums.
This paper reports the mycelial characters of pure cultures of Morchella esculenta grown on
sixteen different agar media with added casein, Casamino Acids, peptone and sodium nitrate.
Materials and Methods

Morchella esculenta fructifications were collected from İçel-Anamur, Türkiye, in March
1990. Representative ascocarps were placed individually in paper bags and stored in a cooler for
transport to the laboratory. They were dried in a sterile inoculation cabin and then
refrigerated at 4°C. Stock cultures were grown on potato dextrose agar (PDA) (26), complete
medium yeast (CYM) (10,11), 2% malt extract agar (2% MEA) (20) and 3% malt extract agar
(3% MEA) .
These media were modified to yield 16 test systems by adding 4 g/l of casein (cas), peptone
(p), Casamino Acids (caa) and sodium nitrate (NaNO3). The pH of the media without amendment
was 6.5. The pH in the modified media was between 4.4 and 6.5 (Table 1).
In this research, the ascospores were inoculated and germinated into agar media with the
purpose of forming main cultures. The ascospores were collected by shaking dried mature
ascocarps. Inoculation and germination were accomplished by the multiple spore method (27).
Mycelial discs with a diameter of 8 mm taken from main cultures were transferred to the
center of 70-90 mm diameter petri dishes and incubated at19 to 23°C with a humidity value of
75% in the dark except during daily checks. Colony diameters were measured daily until the
mycelium completely covered the agar. Cultures were then kept in the refrigerator at 4°C.
Results
Mycelium development and color changes in the main culture had common characteristics
in which mycelia and pigmentation spread starting from the center of inoculation. The criteria
used in the study of mycelium forms and types concerning culture colonies were circular beamed
in mycelium forms and vegetative mycelia growing vertical to the surface in a form identical to
lace, wool and thread. Furthermore, the density of the vegetative mycelia, increased on joining
the aerial mycelia, which resembled flappy cotton advancing from the surface of the agar plate
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Table 1.

The pH values of the agar media used during the research.

Agar media
pH

PDA
6.5

2 % MEA
6.5

3 % MEA
6.5

CYM
6.5

Agar media
pH

PDA+cas
5.6

2 % MEA+cas
5.4

3 % MEA+cas
4.6

CYM+cas
5.6

Agar media
pH

PDA+p
5.6

2 % MEA+p
5.6

3 % MEA+p
4.5

CYM+p
5.8

Agar media
pH

PDA+caa
5.3

2 % MEA+caa
4.7

3 % MEA+caa
4.5

CYM+caa
5.5

Agar media

PDA+
NaNO3
5.4

2 % MEA+
NaNO3
4.6

3 % MEA+
NaNO3
4.4

CYM+
NaNO3
5.0

pH

towards the petri cover. The pigmentation in the main culture of mycelium showed a variety of
colors: yellow-brown and brown.
1. Mycelium development in the agar media of the control groups:
Mycelia that grew in the center of PDA agar media covered the whole area (90 mm) of the
petri dish in 5 days. No pigmentation was observed in mycelia that grew in the form of
vegetative hyphae. MEA agar media were prepared by adding malt extract of 2% and 3%. In
the MEA agar media prepared with 2% malt extract, mycelia development began 24 hours after
inoculation, and colonization was complete within 4 days. Mycelia with poor development
formed a rather regular vegetative hyphae in linear longitude. Yellow pigmentation was
observed. Mycelia in 3% agar media was accomplished and colonization was completed within
7 days . No pigmentation was observed in mycelia that grew in the form of aerial hyphae. The
mycelia in the CYM agar media that had a composition like ice crystals and that formed
vegetative hyphae was in the CYM agar media and covered the entire area of the petri dish in 5
days. The period of colonization was 5 days (Fig.1, Figs. 2-5).
2. Mycelium development in enrichened agar media
2.1. The effect of casein (cas) on mycelium development
Mycelia colonization in 3% MEA+cas agar media was complete within a period of 8 days. In
this period, while spreading from the center to the surrounding area, mycelia colonized
irregularly. It was noted that mycelia that formed in the first half of the colony region increased
in density, whereas in the second half the newly formed mycelia were weaker. Mycelia completed
colony formation in 5 days in 2% MEA+cas, and in 7 days in CYM+cas and PDA+cas (Fig. 6,
Figs. 7-10).
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Figure 1.
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Figures 2-5. Development of Morchella esculenta mycelia in agar media of the control groups 2- PDA, 3- 2% MEA, 43% MEA, 5- CYM.
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Figure 6.
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Figures 7-10. Development of Morchella esculenta mycelia in agar media with the addition of casein 7- PDA+cas, 8- 2
% MEA+cas, 9- 3 % MEA+cas, 10- CYM+cas.
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In colonies where aerial and vegetative hyphae formation was observed, with the exception
of PDA+cas agar media, the pigmentation that started with yellow color took on a yellow-brown
color two days after the inoculation.
2.2. The effect of Casamino Acids (caa) on mycelium development
In our research, the fastest mycelial colonization was traced in agar media that had been
subjected to the addition of Casamino Acids. Mycelia covered to whole petri dish in 4 days in the
PDA+caa agar media. A dark brown pigmentation was observed in mycelia that formed aerial
hyphae. In the MEA+caa agar media to which 2% malt extract was added, development of
mycelia that formed colonies within 6 d started on the second day after the inoculation, and this
development continued with an increase in density. Brown pigmentation was observed. In the
MEA+caa agar media to which 3% malt extract was added, mycelia that finished colonization in
7 days formed aerial hyphae. Brown pigmentation was noted.
In the CYM+caa agar media mycelia that formed aerial hyphae, colonization was complete
within 6 days. No pigmentation was noted (Fig.11, Figs. 12-15).
2.3. The effect of peptone (p) on mycelium development
While mycelia covered the total surface of the petri dish in the agar media to which PDA and
2% MEA had been added with in a week, in the 3% MEA+p agar media this period was 11 days.
In the PDA+p agar media, mycelia formed linear vegetative hyphae, and in the 2% MEA+p agar
media they formed linear aerial hyphae. In 2% MEA+p and 3% MEA+p agar media, brown
pigmentation was observed. Mycelia completed colonization in 6 days and formed aerial
hyphae in the CYM+p agar media (Fig. 16, Figs. 17-20).

Figure 11.
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Figures 12-15. Development of Morchella esculenta mycelia in agar media with the addition of Casamino Acids.12PDA+caa, 13- 2 % MEA+caa, 14- 3 % MEA+caa, 15- CYM+caa.
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Figures 17-20. Development of Morchella esculenta mycelia in agar media with the addition of peptone.17-PDA+p,182% MEA+p,19-3 % MEA+p, 20- CYM+p.

2.4. The effect of sodium nitrate (NaNO3) on mycelium development
Mycelia began to develop on the second day after inoculation and while increasing their
density, they continued their development in the form of rings. Meanwhile, they formed ball-like
hyphae. The maximum development rate of mycelia in PDA+NaNO3, and CYM+ NaNO3 was 20
days, in 2% MEA+ NaNO3 it was 24 days and in 3% MEA+ NaNO3 the rate was 21 days. The
pigmentation observed during the mycelium development was pink in PDA+ NaNO3, greenish in
CYM+ NaNO3, yellow-pink in 2% MEA+ NaNO3 and black in 3 % MEA+ NaNO3 (Fig. 21, Figs.
22-25).
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Figure 21.
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Figures 22-25. Development of Morchella esculenta mycelia in agar media with addition of sodium nitrate. 22PDA+NaNO3, 23- 2 % MEA + NaNO3,24- 3 % MEA+ NaNO3, 25- CYM+ NaNO3.
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Discussion
The development of Morchella esculenta ascospores and mycelia was observed under in vitro
conditions and in different agar media.
The effects of sodium nitrate, peptone, casein and Casamino Acids on the development of
vegetative mycelium were studied. Sixteen different agar media obtained with the addition of
these substances to the control groups had various pH values, which are indicated in Table I. The
pH of the control groups was set at 6.5. The neccesity to obtain an optimum value of pH of
6.5 for Morchella mycel development has been noted in various studies (21,23) when the radial
development rate of mycelia in all the agar media is taken into consideration. It has been
observed that mycelia have a very slow development rate in agar media to which sodium nitrate
has been added and their period of colonization is 20-24 days. It has also been noted by Kaul
(1977)(28) that nitrate is used in a limited way by high Basidiomycetes, and their influence an
mycelium development has been noted by Volk and Leonard (1989 b) (11).
Kaul (1977) (28) reported that sodium and potassium nitrates give moderate to good
growth of different morel species. Brock (1951) (29) also found sodium nitrate to be a
moderate source of nitrogen for Morchella esculenta. Nitrates are considered excellent sources
of nitrogen for many fungi, though inability to utilize it has been reported for higher
Basidiomycetes, Saprolegniaceae and Blastocladiales (30). Hurni (1946) (31) found ammonium
nitrate to be a moderate source of nitrogen for M. esculenta. Casein was used because of its
positive effect on the mycelium development of Agaricus types in liquid cultures, and its effect
on the mycelium development on Morchella types was examined. Dijkstra and his colleagues
(1972) (32) reported casein’s positive effects on Agaricus, but no such positive effects were
observed on Morchella types. Peptone is composed of a mixture of amino acids. A mixture is
preferred over single amino acids by organisms in general. Peptone was the only compound
besides asparagine which was utilized well by Morchella esculenta (28).
It has been observed that the colonization characteristics of vegetative mycelium developed
in solid nutritional environments showed different qualities. Three different colony properties of
vegetative mycelium development in agar media were noted. Two of these mycelium
developments are aerial hyphae and vegetative hyphae, and they were reported by Hervey and
his colleagues in 1978 (8). The third colonial characteristic that was observed in our research
was in agar media with NaNO3 and with which M.esculenta mycelial pellet discs have been
inoculated. When agar media with NaNO3 were studied by transferring mycelial pellets to their
centers, a colonization increase in circular forms spreading the center to the edges was
observed.
References
1.

2.

Royse, D.J. & May, B., Interspecific allozyme variation among Morchella spp. and its inferences for systematics
within the genus. Biochemical Systematics and Ecology , Vol., 18, No, 7/8, 475-479, 1990.
Amir, R., Levanon, D., Hadar, Y. & Chet. I., Morphology and physiology of Morchella esculenta during sclerotial
formation, Mycol. Res., 97 (6), 683-689, 1993.

792

P. GÜLER, O. ARKAN

3.

4.

Arkan, O., Hyphal fusions and heterokaryon formation between monoascosporous strains of Morchella conica
Pers.. Doğa-Tr. J. of Biology, 16, 203-216, 1992.
Arkan, O. & Güler, P., The sclerotia formations in Morchella conica Pers.. Doğa-Tr. J. of Biology, 16, 217-226,
1992.

5.

Buscot, F., Mycelial differentation of Morchella esculenta in pure culture. Mycol. Res., 97, 130-140, 1993.

6.

Güler, P., Arkan, O., Erik, S.,Some morphological and anatomical investigations on fructifications of Morchella
conica Pers. and Morchella esculenta Pers. Ex St. Amans. Tr. J. of Biology, 19, 3, 281-291, 1995.

7.

Güler, P., Arkan, O., Erik, S., Cultural characteristics of Morchella conica Pers. on the some nutritious. Tr. J. of
Biology, 20, 75-86, 1996.

8.

Hervey, A. G., Bistis, G. & Leong, I., Cultural studies of single ascospore isolates of Morchella esculenta .
Mycologia, 70,1269-1274, 1978.

9.

Schmidt, E.L.,Spore germination of and carbohydrate colonization by Morchella esculenta at different soil
temperatures: Mycologia, 75, 870-875, 1983.

10.

Volk, T.J. & Leonard, T.J., Experimental studies on the morel. I. Heterokaryon formation between
monoascosporous strains of Morchella. Mycologia, 81, (4), 523-531, 1989 a.

11.

Volk, T.J. & Leonard, T.J., Physiological and environmental studies of sclerotium formation and maturation in
isolates of Morchella crassipes. App. and Environmental Microbiology, 55, 3095-3100, 1989 b.

12.

Volk, T.J. & Leonard, T.J., Cytology of the life-cycle of Morchella . Mycol. Res., 94, (3), 399-406, 1990.

13.

Stamets, P., The morels: land-fish mushrooms of the genus Morchella. Gourmet and Medicinal Mushroom, 401418, 1993.

14.

Ower, R.D., Notes on the development of the morel ascocarp; Morchella esculenta: Mycologia, 74, 142-144,
1982.

15.

Ower, R.D., Mills, G.L. & Malachowski, J.A., Cultivation of Morchella U.S. Patent No: 4,594,809, 1986.

16.

Ower, R.D., Mills, G.L. & Malachowski, J.A., Cultivation of Morchella U.S. Patent No: 4,757,640, 1988.

17.

Dizbay, M. & Karaboz, İ., Morchella türlerinin batık kültürde büyümesi ve ascocarp üretimi: Doğa TU Bio D. 10,
3, 326-330, 1986.

18.

Gilbert, F. A., The submerged culture of Morchella: Mycologia, 52, 201-209, 1960.

19.

Karaboz, İ. & Öner, M., Batık kültürde üretilen Morchella conica var. costata Vent. miselyumunun, kimyasal yapısı
ve tek hücre proteini (THP) olarak değerlendirilmesi; Doğa TU. Biyol (Genetik, Mikrobiyoloji, Moleküler Biyoloji,
Sitoloji) D, 12, 3, 190-196, 1988 a.

20.

Karaboz, İ. & Öner, M., Tek hücre proteini (THP) üretmek amacı ile batık kültürde yetiştirilen Morchella conica
var. costata Vent. miselyumunun üremesini etkileyen faktörler. Doğa TU. Biyol (Genetik, Mikrobiyoloji, Moleküler
Biyoloji, Sitoloji) D, 12, 3, 197-203, 1988 b.

21.

Litchfield, J.H., Overbeck, R.C. & Davidson, R.S., Factors affecting the growth of morel mushroom mycelium is
submerged culture. Agricultural and Food Chemistry, Vol., 11, No.2, 158-162, 1963.

793

Cultural Characteristics of Morchella esculenta Mycelium on Some Nutrients

22.

Janardhanan, K.K., Kaul, T.N., Husain, A., Use of vegetable wastes for the production of fungal protein from
Morchella species, J.Food Sci.and Technology 7,197- 199, 1977.

23.

Kosaric, N. & Miyata, N.,Growth of morel mushroom mycelium in cheese whey, Journal Dairy Research, 48, 149162, 1981.

24.

Leduy, A., Kosaric, N., Zajic, J.E.,Transfer function matrix of the continuous cultivation system of Morchella
crassipes in ammonia base waste sulfite liquor. Biotechnology and Bioengineering, 19, 1653-1666, 1979.

25.

Martin, A.M., Submerged growth of Morchella esculenta in peat hydrolysates. Biotechnology Letters, 4, 13-18,
1982.

26.

Ghosh, S. & Majumdar, K., Effect of some minerals on the production of Morchella esculenta mycelium. Journal
of Food Science and Technology, India, 23 (4), 232-233, 1986.

27.

Fritsche, G., Experiments on the maintenance of strains of cultivated mushroom. III. Propagation by multispore
culture. Mushroom News, 20, 8, 4-19, 1972.

28.

Kaul, T.N., Physiological studies on Morchella species. II. nitrogen utilization. Mushroom J., 58, 328-332, 1977.

29.

Brock, T.D., Studies on the nutrition of Morchella esculenta Fries, Mycologia 43: 402- 422, 1951.

30.

Cochrane, V.W., Physiology of fungi-John Wiley & Sons, Inc, New York, 1958.

31.

Hurni H., Zur physiologie von Morchella esculenta. Ihre Ancurin synthese unter Jerschieden Bedingungen. Mitteil
Naturforsch. Gessell Berne III, 4, 11-18 (Chem Abstr. 45: 9140), 1946.

32.

Dıjkstra, F., Scheffers, W.A., Wıken,T.O., Submerged growth of the cultivated mushroom, Agaricus bisporus.
Antonie van Leeuwenhoek, 38, 329-340, 1972.

794

