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INTRODUCTION

Continuing investigations of the occurrence of arbuscular mycorrhizal fungi
(AMF) in sand dune soils of Poland (Biaszkowski 1993, 1994; Blaszkowski
Tadych and Madej 2002; Tadych and Biaszkowski 2000), the next area con-
sidered was the Vistula Bar.

‘The Vistula Bar is a narrow, sandy peninsula of a total length of ca. 90 km and a
width of 1 10 2 km (Kondracki 1998). About 55 km and 193 km” of ts length and
area, respectively, belong to Poland, and the other part to the Kaliningrad district of
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Russia. The Vistula Bar was created due to the influence of waves and the drift of
sands coming from the abrasion of the shores of the Sambii Peninsula, Russia. These
sands formed dunes of a height of extending 30 m. The northern border of the Vistula
Bar is the shore of the Gdarisk Bay, and the southern one that of the Vistula Bay.

One of the most widely disributed fngal groups are arbuscular mycorshizal fun-
i (AMF) of the order Glomerales, phylum Bler, Schwa-
rzot and Walker 2001). These fungi are obligate symbmnls co-oceurring with
most vascular plants (Smith and Read 1997).

“The sites especially favouring the occurrence of abundant and diverse communi-
ties of AMF are sand dunes (c.g., Blaszkowski 1993; Dalpé 1989; Giovan-
netti and Nicolson 1983; Koske 1987, Mohankumar et al. 1988;
Nicolson and Johnston 197%; Stirmer and Bellei 1994; Tadych and
Blaszkowski 2000; Biaszkowski et al. 2002), mainly because of the exceptio-
nally low content of soil phosphorous (Koske 1988; Nicolson and Johnston
1979).

AMF comprehensively influence plant and environment. For example, they in-
crease the root absorptive area and, thereby, the plant nutrition (Bieleski 1973),
influence the succession and composition of plant communities (Janos 1980; Ta-
dych and Biaszkowski 2000), their competitiveness (Allen and Allen 1984)
and phenology (Allen and Allen 1986), equalize the level of nutrition of co-exi-
sting plants by formation of hyphal bridges transferring nutrients between them
(Newman 1988), and improve soil structure through binding sand grains into
aggregates by extramatrical hyphae (Koske, Sutton and Sheppard 1975). Ad-
ditionally, AMF alleviate the influence of high concentrations of, ¢. g, NaCl (Hil -
debrandt etal. 2001), increase the resistance of plants to water shnnagc (Augé
2001), pathogenic fungi and nematodes (Schnbeck 1978),as well as significantly
modify the numerical and qualitative composition of rhizosphere microorganisms
(Marschner, Crowley and Lieberi 2001).

The soils contain more abundant and diverse communities of AMF, the their
plant associations have more persistent obligate mycorrhizal plant species (Miller
1979; Reeves etal. 1979).

Few investigations aimed at the utilization of AMF in stabilization and restora-
tion of dune areas showed that inoculation resulted in more rapid establishment of
transplants, stimulating the formation of AM hyphal networks and consequently ac-
celerated the succession and stabilization of dunes (Gemma and Koske 1997;
Tadych and Biaszkowski 2000). However,the nfluence of AMF on plants

d both the used and the plant N d(Ta-
dych and Blaszkowski 1999; Sylvia and Burks 1988). Generally, the AMF
most effectively assisting plants were local ecotypes (Saif 1986).

However, the numerical and qualitative composition of AMF of different dune
areas of the world highly differed (Biaszkowski 1993; Koske and Tews 1987).
Additionally, recent investigations using the technique of trap cultures showed that
many species of AMF associated with roots of dune plants do not sporulate in the
field (Stutz and Morton 1996; Braszkowski etal. 2002). Therefore, the aim of
the investigations presented here was to determine the occurrence of AMF associa-
ted with dune plants of the Vistula Bar based on spores isolated from field-collected
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enable to utilize them in protection or restoration of endangered areas of the Bar.
MATERIALS AND METHODS

Study site. The study was conducted on maritime dunes of the Polish part of
the Vistula Bar located in north-eastern Poland (54°24'N, 19°30°E; Fig. 1). The dunes
considered were those adjacent to the Gdarisk Bay.

Climate. The Vistula Bar is located within the central and eastern part of the
climatic region of the shore of the Gdaiisk Bay (Herbich and Markowski 1998).
‘The mean annual sum of rainfalls is 550 mm, and the average annual air temperature
ranges from 7.1 10 7.5°C.
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Fig. 1. Vistula Bar (arrow), from which root-shizosphere soil samples were collected

Vegetation. Three plant associations consisting of ca. 370 taxa of vascular
plants mainly represent the vegetation of the Vistula Bar (Piotrowska 1976; Pio-
trowska and Stasiak 1982). The wind-blow sand of white dunes s colonized by
the Elymo-Ammophiletum Br.-Bl. et De Leeuw 1936 plant association. Apart from
Ammophila arenaria Link and Elymus arenarius L., the plant species present in this

iati japonicus Willd. subsp. maritimus (L.) P. W. Ball, Petasi-
tes spurius (Retz.) Rehb., Linaria odora (M. Bieb.) Fisch., and Festuca rubra L.s. s.

‘The subsidiaries of the white dunes harbour the Helichryso-Jasionetum litoralis
Libb. plant association with, ¢.g., Artemisia campestris var. sericea (Fr.) Lemke et
Rothm,, Viola tricolor L.s. ., and Eryngium maritimunm 1.
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Carrying away from the shore of the Gdaisk Bay, the Helichryso-jasionetum plant
association gradually transforms into Empetro nigri-Pinetum (Libb. et Siss. 1939 n.n.)
WojL. 1964 plant association

Although the total number of plant species of the Vistula Bar is exceptionally high
compared with that of other maritime dune areas, 84% of taxa arc sporadic specics,
growing singly or in very sparse populations (Piotrowska and Stasiak 1984).

Collection of sam ixtures of roots and rhizosphere soils of randomly
selected plants were collected on 19 July 1997. The mixtures were excavated from a
depth of 5-30 cm using  small trowel. A 0.5-1.0-L mixture represented cach plant.
The mixtures were placed in plastic bags and then stored at 4°C for 2-6 months until
processed.

Isolation, trap culture establishment, and identification of
AMF. In the laboratory, 100 g of cach of the root-soil mixture collected was used to
determine the abundance of spores and the richness of species produced in the field.
The other part was mixed with an autoclaved coarse-grained sand (1:1 viv). The
mixtures were placed in 0.5-L plastic pots and seeded with Plantago lanceolata L.
Hence, each plant growing in the field was represented by one root-soil sample col-
lected from the field and one trap culture.

‘The cultures were grown in a greenhouse for four months with supplemental 16-h
lighting provided by sodic lamps placed 1 m above pots. Plants were watered 2-3 ti-
mes a week. No fertilization was applied. At harvest, watering was terminated and
the cultures were allowed to dry in situ for 2 weeks. Plant tops were cut and a 100-g
root-soil mixture was taken from cach pot. The pots with their contents were sub-
sequently stored at 4°C for 2 months. After that time, ca. 100 g of an autoclaved dune
sand was added to each pot to complete the growing medium. The medium was
eded with the same plant host and the cultures were grown in conditions similar to
those described above for next 4 months. The second-cycle trap cultures were dried
in situ and stored at 4°C for 2 months. Another 100-g root-soil mixture was taken
from cach pot.

Spores of AMF were isolated from the root-soil mixtures by wet sieving and de-

canting (Gerdemann and Nicolson 1963). Both intact and spores crushed in
polyvinylialcohol/glycerin (PVLG) and a mixture of PVLG and Melzer's reagent
were investigated.

e fungi were identified according to their original descriptions (Schenck and
Pérez 1990), revisions (Morton 1995; Franke and Morton 1994 Stirmer
and Morton 1997), information and specimens obtained from Prof. R. E. Koske
(Rhode Island University, US.A.), Prof. J. M. Morton (West Virginia Universily,
US.A.), Prof. J. M. Trappe (Oregon State University, US.A.), and Dr. C. Walker
(U.K.). Vouchers of all the fungal species recovered are preserved in the authors’
collections. Nomenclature of the fungi mentioned in this paper follows Wa lker and
Trappe (1993). The classification is that of Sch B ler etal. (2001). Colour names
arc from Kornerup and Wanscher (1983).

Statistical analysis. Differences in the structure of arbuscular fungal com-
munities were investigated by determining the frequency of occurrence of species,
spore abundance and species richness, and by calculating dominance cocfficients
(G6rny and Gruma 1981) and total spore volumes. Spore abundance, coeffi-
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cients of dominance, and the total volume of spores of cach species recovered werc
determined based on spores isolated only from field-collected samples. Frequency of
occurrence and specics richness were calculated based on spores isolated from both
field-collected samples and trap cultures. The accepted values were the highest ones
of those regarding the occurrence of a given species in the field samples, as well as in
the first- and second-cycle trap cultures. Frequency of oceurrence was calculated by
determining the percentage of field-collected samples and trap cultures from which
spores of a particular species were recovered. Spore abundance and species richness
were defined by determining the number of spores and species, respectively, occur-
ring in 100 ¢ dry soil. Dominance coefficient expresses the proportion of the number
of spores of a particular species in all spores of AMF recovered. The total spore volu-
me was calculated by multiplying the total number of spores of a given species by the
average volume of individual spores. The average volume of spores was calculated
from their average diameter i equation of a sphere.

RESULTS AND DISCUSSION

Generaldata. Tl f AMF associated with plants of maritime d
nesofthe Vistula Bar ined based on 31 and root mixtures
collected in 1997. The mixtures represented five species in four plant familics (Table
1). The plant family most frequently examined was the Poaceae. The plant speci
most frequently sampled was Am. arenaria, followed by F. rubra and R. rugosa.

Table |
Plants examined and soil samples in which the occurrence of arbuscular mycorrhi-
zal fungi was investigated

er of soil sample
1167, 1169, 11731176

Ammopiila arenaria
Fominiee:
Tafhyrs Japonics sp. iy
Fovargasa

TiS1, 152,114, o

Spores of AMF occurred in 17 field-collected soil-root samples, . e., 54.8% of all
the samples investigated. They represented three of the eight existing genera of the
phylum Glomeromycota (SchiiBler ct al. 2001; Table 2). The spore populations
isolated comprised eight species. Most taxa came from the genus Glomus.

Additionally, culturing of the soil-root mixtures in two cycles of trap cultures
revealed nine species (1 Archacospora and 8 Glomus spp.) and three undescribed
morphotypes of the genus Glomus earlier not found in the field samples (Table 2). Of
the species of AMF found to accur in the field, only four sporulated in trap cultures.

The refatively low percent of the field-collected root-soil mixtures with the excep-
tionally not numerous spores of AMF, the disclosure in trap cultures of seven species
and four undescribed morphotypes not sporulating in the field, and the frequent
accurrence of spores of species found in this study in the field of other dune sites of
Poland and the world indicate that the dunes of the Vistula Bar do not favour AMF
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of arbuscular i ion of AMF is hi-
ghly assocated with the level of mycorrhizal colonization of their plant hosts (Ga-
zey, Abbott and Robson 1992).

Arbuscular mycorrhizal fungi isolated from field-collected root-soil mixtures
and 1* and 2% cycle trap cultures

Fungal specics

Acaulospora clegans

Glomus corymbiforme

Scutellospora armeniaca 129 97 - 199 130 |
Scutellospora dipurpurcscens 35 ®7 | B5 ] %59
Scatellospora pellucida 65 B z 15

‘The high predominance of members of the genus Glomus in the communities of
AMF of the Vistula Bar agrees with the species composition of these fungi recovered
from dunes of the Baltic Sea (Biaszkowski 1993), the Hel Peninsula (Biasz-
kowski 1994), Italy (Giovannetti and Nicolson 1983; Puppi and Riess
1987), Scotland (Nicolson and Johnston 1979), Madras, India (Mohanku-
mar etal. 1988), Canada (Dalpé 1989), Florida (Sylvia 1986; Sylvia and Will
1988), Wisconsin (Koske and Tews 1987), San Miguel, California (Koske and
Halvorson 1989b; Koske, pers. comm.), and Hawaii (Koske 1988; Koske and
Gemma 1996). In contrast, maritime dunes of Massachussets (Bergen and Ko-
ske 1984 Gemma and Koske 1988; Gemma, Koske and Carreiro 1989),
Rhode Island (Fries and Koske 1991; Koske and Halvorson 1981), the
Atlantic coast from New Jersey to Virginia (Koske 1987), northern California
(Rose 1988), and New South Wales, Australia (Koske 1975) were dominated by
Gigaspora and Scutellospora spores.
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The high predominance and diversity of members of the genus Glomus in dunes
of the Vistula Bar supports earlier reports of a good adaptation of these fungi o a
e range of physical and chemical soil conditions (Anderson, Liberta and
Dickman 1984; Grey 1991; Haas and Menge 1990; Porter, Robson and
Abbott 1987). Daniels and Trappe (1980) found that the optimal temperature
for germination of spores of Glomus spp. was 14-22°C, i. e., a temperature range of a
vegetative period of the Vistula Bar (Herbich and Markowski 1998). In con-
trast, species of Gigaspora and Scutellospora prefer warmer soils (Koske 1981;
Schenck, Graham and Green 1975). Koske (1987) proved statistically that
temperature was the main abiotic factor determining the structure of AMF commu-
nity in dunes extending from New Jersey to Virginia. Acaulospora and Archaeospora
spp. rarely dominate in AMF communities (Btaszkowski 1991a, 1993a, 1994c;
Gerdemann and Trappe 1974).

‘The main reasons of the lack of sporulation in both cycles of trap cultures of four
of the eight species revealed in the field-collected samples and of the disappearance
of spore production of four species in the second cycle of trapping probably were (1)
expulsion o suppression of these fungi by species more competitive or faster adju-
sting 10 the conditions of the trap cultures and (2) incompatibiliy of the above- and
the plant host of the he ecological requ-
irements of these fungal species.

Frequency of occurrence. In the field, the fungi most frequently found
were Scu, dipurpurescens and Scu. armeniaca (Table 2). Other frequently encounte-
red species were G, fasciculatum and Scu. pellucida.

In the first-cycle trap cultures, spores of Scu. dipurpurescens, Arch. trappei and
Seu. armeniaca were most frequently found (Txble 2) Apart from Arch. trappei, these

ltures alsoyielded spores of trevealed in the
field-collected samples.

The fungal species most frequently encountered in the second-cycle trap cultures
were Scu. dipurpurescens, Arch. trappei, and Gl. laccatum (Table 2). Of the fungi fo-
und to sporulate in these cultures, only GL. aggregatum, G. fasciculatum and Scu. di-
purpurescens produced spores in the field. The second cycle of trapping revealed two
next specics (GL claroideun, Gl. lamellosum) and an undescribed Glomus 122 that
were not observed either in the field or in the first cycle-trap cultures. Compared with
the first cycle, no sporulation of Scu. armeniaca, Gl. arenarium, Gl. verruculosum, and
Glomus 129 was found.

Considering the number of records of species and morphotypes in the field sam-
plesand the two cycles of trap cultures (Table 2), the AMF most frequently occurring
in dunes of the Vistula Bar were Scu. dipurpuresens (35.5% of records), followed by
Arch. trappei (25.8%), Gl. laccatum (12.9%), and Scu. armeniaca (12.9%).

Dominance. The cudominants (coefficient of dominance D>10.0%) of the
Vistula Bar dunes were Scu. dipurpurescens, Gl. fasciculatum, and Scu. armeniaca
(Table 2). The dominant (D=5.1-10.0%) was only GL. aggregatum. No species attain-
ed the level of subdominants (D=2.1-5.0%).

Seutellospora dipurpurescens also dominated in dunes of the Slowifiski National
Park (SNP; Blaszkowski 1993; Tadych and Blaszkowski 2000). In contrast,
the dunes of the Szczecin coast were dominated by G. corymbiforme, G. pustulatum
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and S. dipurpurescens, and those of the Gdaiisk coast by G. constrictum and G. ? hete-
rosporum Smith et Schenck (B 1993). Glomus
purescens and G. constrictum predominated in the Hel Peni
(Blaszkowski 1994). The dominant AMF of ltalian dunes were G. mosseae (Ni-
col. et Gerd.) Gerd. et Trappe, 5. calospora (Nicol. et Gerd.) Walker et Sanders, G.
macrocarpum, and G. microcarpum (Giovannetti and Nicolson 198:
and Ricss 1987). The maritime sand dunes of Scotland harboured only G. aggrega-
num (Nicolson and Johnston 1979 Koske pers. comm.). Glomus aggregatum
also dominated in maritime sand dunes and shores of Quebec, New Brunswick and
Nova Scotia, Canada (Dalpé 1989). In the Lake Huron dunes, Canada, the domina-
ting AMF were G. caledonium (Nicol. et Gerd.) Trappe et Gerd. and a species for-
ming yellow brown spores (Koske etal. 1975). The populations of AMF of duncs of
the castern coast of the U.S.A. were dominated by A. scrobiculata Trappe, G. gigan-
tea, G. deserticola, G. fasciculanum, and Seutellospora weresubiae Koske ct Walker
(Bergen and Koske 1984; Koske 1987; Koske and Halvorson 1981; Sy-
Ivia 1986; Sylvia and Will 1988). The most abundantly sporulating fungus in the
Wisconsin Great Lake dunes was G. etunicatum (K oske and Tews 1987). Scutello-
spora coralloidea (Trappe, Gerd. et Ho) Walker et Sanders, S. heterogama (Nicol. et
Gerd.) Walker et Sanders, and S. calospora (Nicol. et Gerd.) Walker et Sanders pre-
dominated in the Lanphere-Christensen sand dunes of the Pacific Coastline (Rose
1988). Scutellospora hawaiiensis Koske et Gemma, G. microaggregatum Koske, Gem-
ma et Olexia, G. sinuosum (Gerd. et Bashi) Almeida et Schenck, Glomus 807, G.
intraradices, and G. spurcum Pieiffer, Walker et Bloss belonged to the most abundant
species in the oot zone of plants of Hawaiian dunes (Koske 1988; Koske and
Gemma 1996). In duncs of San Miguel Island, the species most frequently oceur-
ring were G. etunicatum, Gl. pansihalos, and G trimurales (Koske, pers. comm.).
Most spores isolated from sand dunes of Santa Catarina, Brazil, belonged to A. scro-
biculara (Starmer and Bellei 1994). The dune plants of the west coast of India
most frequently hosted Gl albidum, Gl. clarum, and Gl. fasciculatum (K ulkarni,
Rawiraja and Sridhar 1997). The coastalsand dunes of New South Walcs werc
by A. scrobiculata and a pored species (Koske 1975).

ble 3
Spore abundance® and species richness* of arbuscular mycorrhizal fungi among
roots of four plant families of the Vistula Bar +S.D.

Family - n Sporc abundance
Tsweraceac 1 il i s
Leguminosae ]

Poaceac 7

Rosaceae 5

Explanation:“in 100 dry sl

Spore abundance. The overall average (5.D.) spore abundance of AMF in
the field-collected soil-root mixturcs was 4.527.4 and ranged from 0to 31 spores in
the family +7.9)and

: Table 3). The plant specics harbouring the most abundant spo-

Poaceac (av. 4.5+
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rc populations were R. rugosa (av. 5.5+7.9) and Am. arenaria (av.5.49.2; Table 4),
which also hosted numerous and diverse communities of AMF in other dunes of Po-
land (Btaszkowski 1993, 1994; Tadych and Blaszkowski 2000). No spores
were found in the root zone of Ar. campestris, despite this plant has earlier been fo-
und to favor the sporulation of AMF (Btaszkowski 1993). However, this plant
was sampled only once.

-
Spore abundance* and species richness* of arbuscular mycorrhizal fungi among
roots of five plant species =S.D.

I—r T 5 Sporc sbundance | Speciesrchness |
(Al e W
{Aremicecampesiis

[ Festuca rabra ‘

Lathyras japonicus subsp. mariimis 1
Tosa rugosa 6

Explanation: *in 100 g dry soi

Such a low spore abundance of AMF has been recorded only in dunes of Cape
Cod, Massachusetts (0.2-16.2 spores in 100 g dry soil; Bergen and Koske 1984),
Santa Catarina, Brasil (0-69; Stirmer and Bellei 1994), and Pakistan (1-29;
Khan 1974). n Poland, the wverage abundances of spors in 100 g dy il of the

St the former Gdansk a
06.7 and 72.0, respechvcly (Blaszkowski 1993), the Hel Peninsula-99.8 (Btasz-
kowski 1994), and SNP 75.9 (Tadych and Blaszkowski 2000).

Species richness. Taking into account the spores isolated from both the
ficld-collected samples and trap cultures, the overall average (=S.D.) species rich-
ness of AMF in dunes of the Vistula Bar was 2.1:1.9 and ranged from 010 7in 100 g
dry soil. The plant families harbouring most species were the Poaceae (av. 2.122.1)
and the Rosaceac (av. 2.0+ 1.3; Table 4). On an average, most species were associa-
ted with F. rubra (av.2.4+2.5) and R. rugosa (2.0£1.3; Table 4). Ammophila arenaria
hosted on an average of 1.9 1.8 species in 100 g dry soil.

Total spore volume. The species of AMF of the Vistula Bar forming spores
of the greatest total spore volume were Scu. dipurpurescens and Scu. armeniaca (Ta-
ble 2). Great spore volumes also came from Scu. pellucida and Gl. fasciculatum.

Plant-AM fungal species associations. Considering the spores reve-
aled in both the field d soil-root samples and the Ta-
ble 2), the plant species associated with the highest number of species of AMF was
Am. arenaria (10 species and 2 undescribed morphotypes), followed by F. rubra
(8 species) and R. rugosa (6 species and 1 undescribed morphotype).

Ammophila arenaria harboured most species of AMF in SNP, when sampled 691i-
mes in 1993-1996 (Tadych and Blaszkowski 2000). Its close American relative,
Am. brevil also hosted diverse f these fungi (Koske 1987, Ko-
ske, pers. comm.).

Fungal community similarity. The occurteuce of AIF in maritime du-
nes of Poland ‘worldhdssof.\r donsp
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from field-collected samples. Therefore, in the comparisons presented below, spe-
cies of the fungi isolated only from the field of the Vistula Bar were first considered.
Subsequent comparisons included species also revealed in trap cultures.

The species composition of AMF of the field soils of the Vistula Bar most resem-
bled that revealed in dunes of the New South Wales, Australia (C=0.77; Koske
1975), followed by Szczecin (C=0.37; Btaszkowski 1993), and SNP (C=0.37; Ta-
dych and Blaszkowski 2000).

When the comparisons considered species also revealed in trap cultures, the spe-
cies composition of AMF of the Vistula Bar was most similar to that of SNP (C=0.41;
Tadych and Btaszkowski 2000), followed by Szczecin (C=0.37), and Gdansk
(C=0.34; Btaszkowski 1993).

Taking into account all the AMF recognized in the Vistula Bar and those revealed
in 15 maritime dune sites located outside Poland (Bergen and Koske 1984; Da-
1pé 1989; Giovannetti and Nicolson 1983; Koske 1975, 1987; Koske and
Gemma 1996, 1997; Koske and Halvorson 1981, 198%; Koske and Tews
1987; Mohankumar et al. 1988; Kulkarni etal. 1997 StGrmer and Bellei
1994; Sylvia 1986), the highest similarity occurred in the Vistul Bar/Canada com-
parison (C=0.33).

The unexpecmd high similarity of the Vistula Bar/New South Wales comparison
probably mainly resulted from the poor recognition of species diversity of AMF at
the time when the Australian i of the
revealed, only two received species names (Koske 1975).

‘The high similarity of the communities of AMF of dunes of the Vistula Bar, the
former Gdafisk and Szezecin voivodeships, and Canada supports earlier suggestions
that the main factor influencing the distribution of AMF is climate (Anderson et
al. 1984; Biaszkowski 1993; Koske 1987).

‘The occurrence of arbuscular mycorrhizal fungi in dunes of the Vistula Bar
and notes on their general distribution

Comments on the reports of the species from other localities refer only to collec-
tions made in sand dunes.

Abbreviations: n — the number of ficld-collected samples with spores of a given
fungus; 1~ the number of first cycle-trap cultures with spores of a given fungus; n -
the number of second-cycle trap cultures with spores of a given fungus. The numbers
following are those of soil-root samples listed in Table 1.

Acauloslmru Elﬂgum Trappe et Gerd.
n=1, 150.

Only one spoxe o( this fungus in one field sample collected from under L. japoni-
cus subsp. maritimus was found in the study discussed here. Acaulospora elegans did
not sporulate in trap cultures.

“This species has been reported from sand dunes in Washington, Oregon, and nor-
thern California (Gerdemann and Trappe 1974; Rose 1988) and Brazil (Tru-
fem 1995).
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Archacospora rappei (Ames et Linderman) Morton et Redecker
n=0, n=8, n=8: 1146, 1147, 1149, 1152, 1154, 1159, 1160, 1174, 1146, 1147, 1149,

Spores of Arch. trappei werc only revealed in trap cultures of the first and second
cyeles. Of the plants sampled, only L. japonicus subsp. maritimus did not host this
fungus.

The lack of finding of Arch. trappei in the ficld may have resulted from cither the
omission of its spores or their absence at the time of collection of the soil-root sam-
ples because of on or seasonality of sporulati ra
produces small, colourless spores with one wall consisting of thin and delicate layers.
Seasonal sporulation has been revealed in many species of AMF (e.g. Gemma et
al. 1989 )

“Thi Arch. trappei in maritime dunes.
I Poland, this fungus has carler been found in maritime dunes of SNP (Tadych
and Btaszkowski 2000) and inland dunes of the Blgdowska Desert (Btaszkow-
ski etal. 2002).

The only other report of the oceurrence of Arch. trappei in dunes is the original
description of this fungus made from spores recovered from under Lilium longiflo-
rum Thunb. colonizing southern Oregon and northern California coastal areas
(Ames and Linderman 1976).

n=1,n=0,

Glomus aggegatum Schenck et Smith emend. Koske
$1154, 1163,

Al lhe Vistula Bar, GI aggregatum was associated with roots of Am. arenaria and

[n Pulan:l, Gl. aggregatum has earlier been found in many coastal dunes of the
Baltic Sea (Baszkowski 1991), the Hel Peninsula (Blaszkowski 1994), and
SNP (Tadych and Biaszkowski 2000). This fungus hasalso been encountered in
sands of the bank of the Odra river (Blaszkowski 1991) and inland dunes of the
Bledowska Desert (Blaszkowski et al. 2002).

Additionally, GL. aggregatum is known from dunes of the eastern coast of North
America (Dalpé 1989; Friese and Koske 1991; Gemma and Koske 1989;
Koske 1987; Sylvia 1986; Sylvia and Will 1988), Wisconsin (Koske and
Tews 1987), Florida (Sylvia 1986; Sylvia and Will 1988), San Miguel Island
(Halvorson and Koske 1987; Koske and Halvorson 1989b), Hawaii (Ko-
ske 1988), Brazil (Trufem et al. 1994), ltaly (Giovannetti 1985), and Japan
(Abe and Katsuya 1995).

Glomus arenarium Blaszk., Tadych et Madcj
=0, n=1,=0: 1167.

Only one: lrap culture of the first cycle indicated the existence of the Am. arena-
ria-Gl. arenarium association.

Other sites found to harbour Gl. arenarium were only maritime dunes adjacent to
Swinoujécie (Blaszkowski, Tadych and Madej 2001) and inland dunes of the
Bicdowska Desert (Biaszkowski et al. 2002).
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Glomus claroideum Schenck et Smith

n=0,n=0, p

Only one trap culture of the second cycle showed Gl claroiden associated with
roots of Am. arenaria of the Vistula Bar.

‘This fungus has carlier infrequently been recorded in dune areas. Blaszkow-
ski etal. (2002) recovered its spores from inland dunes of the Bledowska Desert, Po-
land, and Mohankumar et al. (1988) recognized Gl. claroideum in sandy beach
soils of the Madras coast.

Glomus cl/:rum Nlcol et Schenck
0=0,n= 165, 1165.

Although ot 1ound in the field samples, the first and second cycles of trapping of
AME revealed Gl. clarum associated with roots of F. rubra growing in dunes of the
Vistula Bar.

In Poland, this is the first record of this fungal species in maritime dunes, al-
though GI. clarum oceurred in inland dunes of the Bigdowska Desert (Biaszkow-
ski etal. 2002).

Glomus clarum has been found in dunes of the province Lands Area of Cape Cad
National Seashore, Massachusetts (Kosk e and Gemma 1997), Someshawa, Man-
galore Coast of Karnataka, India (Kulkarni ctal. 1997), and Quebeck, New Bruns-
wick and New Scotia, Canada (Dalpé 1989).

Glaiis consipction Tappe

As indicated one trap culture of the second eycle, Gl. constrictum was hosted by
R. rugosa growing at the Vistula Bar.

In Poland, this fungal species has earlier many times been revealed in dunes adja-
cent to the Baltic Sea (Biaszkowski 1993, 1994; Tadych and Blaszkowski
2000) and in infand dunes of the Biedowska Desert (Blaszkowski et al. 2002).

Glomus constrictum has also been recovered from dunes of Quebeck, New Bruns-
wick and New Scotia, Canada (Dalpé 1989), New Jersey to Virginia (Koske
1987), and those of Santa Catarina, Brazil (Stirmer and Bellei 1994).

Glomus corymbiforme Blaszk.
n=1,n=0, n=0: 1176.
by field ing A, arenaria,
In Poland, Gl itime dunes of Swinoujscie (Blasz-
kowski 1995), SNP (Tadych and Blawkowskx 2000), and inland dunes of the
Bisdowska Desert (Blaszkowski ctal 2002)
Recently, this fungus s of the Medi adjacent to
Karabucak-Tuzla, Turkey, and Tel Av:v. Tl (Blaszkowski, pers. observ.).

Glomus fasciculatum (Thaxter) Gerd. et Trappc emend. Walker et Koske

1150, 11152, 1176, 1162, 1163

G i in Ihrec field i
‘mixtures and two pots of the sccond-cyele trap cultures. The plants harbouring this
fungus in the field were Am. arenaria, L. japonicus subsp. maritimus, and R. rugosa.




Arbuscular mycorehizal fungi (Glomeromycota) ofthe Vistula Bar 51

In Poland, G fasciculatum has been isolated from dunes of the Baltic Sea coast
and the Hel Peninsula (Biaszkowski 1993, 1994), SNP (Tadych and Blasz-
Kowski 2000), as well as from inland dunes of the Bledowska Desert (Blaszkow-
ski etal. 2002).

Other reports of the presence of G. fasciculatum in dunes are those from the ca-
stern and western shores of North America (Dalpé 1989; Bergen and Koske
1984; Gemma and Koske 1989; Koske and Halvorson 1981; Rose 1988).

Glomus laccatum Blaszk.

) n=4: L165, 1162, 1163, 1164, 1165,

No spores. of GL. laccatum were found in the field soils of the Vistula Bar. Ho-
wever, this fungus sporulated in first- and second-cycle trap cultures representing
Am. arenaria and F. rubra.

Other Polish dune areas carlier found to be inhabited by GI. laccanum were those
of the Gdansk coast and SNP (Blaszkowski 1993). There is no record of this fun-
gal specics in other regions of the world.

However, examination of many trap cultures with soils of different cultivated and
non -dune unculnvu(cd arcas of Puhmd mdlcaled that Gl. laccatum rather is a frequ-

AMF. It fc ith a delicate wall. Hen-
ce, the infrequent finding of this 1ungus in field-collected root-soil samples probably
results from the same reasons that make difficult the disclosure of, e.g., Arch. trappei
(see above).

Glomus lamellosum Dalpé Koske et Tews
=0, n=/ 4, L167.

Two trap cultures o( the second cycle revealed Gl. lamellosum to co-oceur with
Am. arenaria and F. rubra colonizing dunes of the Vistula Bar.

In Poland, GI. lamellosum also oceurred in maritime dunes of the Western Pome-
rania and Pomerania voivodeships, as well as in inland dunes of the Blgdowska De-
sert (Blaszkowski etal. 2002).

Dalpé, Koske and Tews (1992) isolated Gl. lamellosum from under Am.
breviligulata Fern colonizing the sandy shore of Nottawasaga Bay in Georgian Bay,
Ontario, Canada and sand dunes of Baile’s harbor, Wisconsin, U.S.A.

Glomus microcarpum Tul. et Tul.
1164, 1164,

Glomus microcarpum was present only in the first and second cycle trap cultures
representing F. rubra growing in the field.

This fungus is known from dunes of the Baltic Sea coast (Btaszkowski 1993a,
b,19942), SNP (Tadych and Blaszkowski 2000), Poland, Madras, India (Mo~
hankumar ctal. 1988), and ltaly (Puppi and Riess 1987).

Glumm minutum Blaszk., Tadych et Madej
n=0, =1: 1146, 1167,

Only the hm- and second-cycle nap cultures revealed GI. minutum associated
with Am. arenaria and F. rubra growing in the Vistula Bar dunes.
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Glomus minutum has originally been described based on spores produced in trap
cultures with dune soils adjacent to Swinoujicic in north-western Poland (Blasz-
kowski, Tadych and Madej 2000). No other literature report exists of this fun-

us.
The spores of GL. minutum are one of the smallest among those produced by all
the species of AMF recognized to date. Additionally, they are colourless and have a
very thin wall. Thus, the reasons of the lack of records of this fungus in the field soils
probably are as those regarding, e. g., Arch. frappei and Gl. laccatum (see above).

blwvms \‘ennculasunx Blaszk.
: 1172,

Aot Visia Bar, GL. verruculosum was found to be hosted only by R. rugosa.
“This is the first record of this fungus in dune sites of Poland and the world.

Glomus verruculosum was discovered among roots of Glyceria aquatica (L)
Wahlb. growing at the sandy bank of the river Odra (Btaszkowski and Tadych
1997).

Glomus 122. Figs 2-6
= L16:

Two trap cultures of thé second cycle revealed Glomus 1220 be present in the Vi-
stula Bar dunes.

Sporocarps unknown. Spores borne singly in the soil, in aggregates (Fig. 2) or insi-
de roots; produced from straight or dichotomously branched sporophores. Aggrega-
tes usually oblong, 60-130 x 80-240 um, with 2 to 4 spores. Sporophore consisting of
single or dichotomously branched, coenocytic to sparcely septate; hyaline; (5.6-) 6.2
(-7.1) um wide hyphae with a wall (0.5-) 0.6 (-0.7) pm thick; either continuous with
extramatrical mycorrhizal hyphae or developed from the outermost spore wall layer
1, mostly at the opposite of the subtending hypha (Fig. 3), sometimes from other pla-
ces of a spore; bearing spores blastically at hyphal tips. Spores yellowish white (3A2)
10 pale yellow (3A3); mostly ovoid to oblong or irregular; 60-130 x 80-240 um, very
rarely globose to subglobose (Fig. 2); (70-) 83 (-100) um diam; with a highly plicate or
intented margin (Fig. 3); intentations 7.5-25.0 um deep; with a single subtending hy-
pha. Subcellular structure of spores composed of one wall (Figs. 4-6) with three layers
(layers 1-3). Outermost layer 1 sloughing, smooth, hyaline, (0.5-) 0.8 (-1.0) pm thick
before disintegration, frequently forming a branch, 10-75 um long and 5-12.5 m
wide, to form a sporophore bearing a new spore (Fig. 3. Layer 2 loughing, smooth,
hyaline, (0.5-) 0.7 (-1.0) pn thick b
adherent © each other but separable from layer 3 and preseat in most mature spores.
Layer 3 laminate, smooth, yellowish white (3A2) (o pale yellow (3A3), (0.7-) 0.9
(-1.5) pm thick, staining pale orange (6A3) to reddish orange (7A6) in Melzer's re-
agent. Subtending hypha yellowish white (3A2) to pale yellow (3A3); straight or recu-
rvate, mostly funnel-shaped, rarely cylindrical or constricted; (2.5-) 6.8 (-10.0) ym
wide at the spore base. Wall of subtending hypha yellowish white (3A2) to pale yellow
(3A3); (0.5-) 1.1 (-2.5) pm thick at the spore base; continuous with spore wall layers
1-3in both young and most Pore open in most ocelu-
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ded by a septum, (3.9-) 5.9 (-8.6) jum wide, continuous with the innermost lamina of
spore wall layer 3.

The unique properties of Glomus 122 are (1) the formation of irregular spor
with deep indentations, (2) the production of spores most frequently clustered in
aggregates originating from either a branched sporophore continuous with an extra-
‘matrical hyphaora developing from po-
e wall layer 1, and (3) the reactivity of the laminate innermost spore wall layer in
Melzer's reagent.

“The only two species of arbuscular fungi of the genus Glomus superficially resem-
bling Glomus 122 are G. aggregatum Schenck et Smith emend. Koske and G. intrara-
dices Schenck et Smith. They produce spores both singly in the soil and in aggregates
presentin the soil or inside roots (Btaszkowski 1991; Btaszkowski, pers. obse-
v.;Koske 1985;Schenck and Smith 1982). Their spores also are similar i e,
somewhat in shape, and in having a 3-layered wall structure with two sloughing, hyali-
e, outer layers and a laminate, innermost layer.

Although G. aggregatum frequently forms irregular spores, they have no deep in-
dentations (Fig. 3) distinguishing spores of Glomus 122. Spores of Glomus 122 with
indentations also occur inside roots, suggesting the indentations to be a genetically
conserved property of this fungus rather than that caused by the occurrence of parti-
cular conditions during development of spores, e.g., the lack of sufficient place for
originating, neighbouring spores.

In contrast to Glomus 122, G. aggregatum may also produce inside spores by inter-
nal proliferation (Biaszkowski 1991; Koske 1985). Additionally, the thickness
of the laminate spore wall of G. aggregatum usually s greater than the total thickness
of their two outer layers and much greater than the thickness of the laminate spore
wall layer of Glomus 122 (1-5 um thick in G. aggregatum vs. 0.7-1.5 um thick in Glo-
mus 122). Hence, spores of the former new fungus usually are lighter coloured than
those of the latter specie:

‘The main properties distinguishing Glomus 122 from G. intraradices are the num-
ber and compactness of the sublayers of the laminate spore wall layer (Schenck
and Smith 1982; Stiirmer and Morton 1997). This layer of Glomus 122 spores
usually consists of two, inseparable laminae, whereas the laminate layer of G. intrara-
dices spores is composed of many, easily separating sublayers.

Additionally, Glomus 122 differs from both G. aggregatum and G. intraradices in
properties of the outermost spore wall layer and the reactivity in Melzer'’s reagent
(Blaszkowski 1991; Btaszkowski, pers. observ.; Koske 1985;Schenck and
Smith 1982;Stiirmer and Morton 1997). Although the outermost layer of Glo-
mus 122 deteriorates with age, it is much more compact and, thereby, much more
permanent than the short-lived, mucilaginous layer of both G. aggregatum and G.
intraradices spores. Finally, the staining spore wall layer of Glomus 122 in Melzer’s
reagent is only the innermost, laminate layer (Figs 4-6), whereas the reactive wall lay-
erof spores of G. aggregatum and G. intraradices is the mucilaginous outermost layer.
‘The laminate spore wall layer of none of the known species of arbuscular fungi of the
‘genus Glomus stains in Melzer’s reagent.
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Glumu.s 123. Figs 79
1: 1159, 1159.

The st and second cycles of trapping revealed Glomus 123 to be associated with
roots of Am. arenaria growing in dunes of the Vistula Bar.

‘Sporocarps unknown. Spores borne singly i the soil; produced from straight spo-
rophores. Sporophore cocnocytic to sparsely septate; hyaline;(3.5-) 4.4 (-5.3) um
wide; with a wall (0.3-) 0.5 (-0.7) m thick; bearing spores by swelling at hyphal tips.
Spores hyaline; globose 10 subglobose; (35-) 55 (-75) i diam; sometimes ovoid;
50-70%45-90 um; with a hypha (Figs 7, 8). Subcellular structur
spores consisting of one wall (Figs 7, 8) with two layers (layers 1-2). Outermost layer 1
evanescent, smooth, hyaline, (0.3-) 0.6 (-0.7) pm thick before disintegration, closely
adherent to layer 2, rarely present in mature spores (Figs 8,9). Layer 2 hyaline, s
oth, (1.0-) 2.7 (-5.1) um thick. Spore wall layers 1-2 not reacting in Melzer's reagent
Subtending hypha hyaline; straight or recurvate; cylindrical or funnel-shaped (Fig. 9);
(1.2-)3.3 (-4.9) pum wide at the spore base. Wall of subtending hypha byaline; (0.5-) 0.7
(-1.0) pm thick at the spore base; continuous with spore wall layers 1-2 (Fig. 8) in yo-
ung spores, then consisting of a single layer continuous with spore wall layer 2
(Fig. 9). Pore occluded by a septum, 0.3-0.6 jum wide, continuous with the innermost
lamina of spore wall layer

Discussion. Glomus 123 is characterized by its small, hyaline spores having a sim-
ple wall structure and a strikingly narrow subtending hypha.

When viewed through a dissecting microscope, Glomus 123 may be indistinguis-
hable from G. diaphantam Morton et Walker, G. laccatum Blaszk., and Paraglomus
oceultum (Walker) Morton et Redecker (Biaszk owski 1988; Morton and Wal-
ker 1984 Morton 2000; Morton and Redecker 2001). All the three fungal
species produce ectocarpic and hyaline spores of similar size and shape.

At this level of obscrvations and from the same reasons, Glomus 123 spores may
also be casily confused with spores of G. pallidum Hall and G. viscosum T. H. Nicol-
son occurring singly in the soil. However, compared with Glomus 123 always produ-
cing single spores in the soil, thosc of the latter two fungi may additionally occur in
compact sporocarps (G. pallidum; Hall 1977) or loose aggregates (G. pallidum,
G. viscosum; Hall 1977; Walker etal. 1995).

The combination of subcellular spore wall and subtending hypha propertics re-
adily separates Glomus 123 from the other species Listed above. Glomus 123 and
G. laccatum form dspores with a sloughi layer not reacting in
Melzer's reagent (Blaszkowsh 1988). However, the laminate layer of Glomus
123 consists of many, very thin, adherent, usually inseparable sublayers (Figs 7-9),
whereas that of G. laccarum is composed of four to five easily separating laminae,
cach (0.5-) 1.2 (-2.2) mm thick.

Apart from two outer wall layers similar phenotypically to those of Glomus 123
spores, G. diaphanum has another flexible or semiflexible innermost layer (Morton
2000; Morton and Walker 1984), which never oceurs in Glomus 123. Additional-
Iy, fG. light pink in Melzer's reagent
(vs. no reaction in Glomus 123 in this reagent).

‘The main propertics distinguishing Glomzs 123 from P. occultum are the number
and characteristics of spore wall layers. While a sloughing layer and 4 laminate layer







Figs 9, Glomus 1238 Highty deteronted spor wllaer | (w1 1) adhrent

(eI 2% Nartow subiending

differential interference cont

spore wall layer 2

eld microscopy: Figs 11-13
oS i i 0.5 o 1 S0 i 123 T



Arbusculur mycorrhizal fungi (Glomeromyeota)of the Vistla Bar 55

are the component parts of the Glomus 123 spore wall, a sloughing layer and two per-
manent layers constitute the wall of P. occultum spores (Morton and Redecker
2001).

Despite single spores of G. viscosum also are reminiscent of Glomus 123 spores
due tothe possession of a two-layered wall structure with a laminate inner layer, their
outer layer is permanent (a unit wall vs. an evanescent wall sensu Walker 1983 in Glo-
mus 123) and exuds a mucigel-ike substance absorbing soil particles with age (Wal-
ker et al. 1995), a phenomenon not found in the newly encountered arbuscular
fungus.

Additionally, the subtending hypha of Glomus 123 spores is narrower than that of
spores of the other fungi discussed here [(1.2-) 3.3 (-4.9) pm wide vs. 5.4-11.2 um
(G. diaphanum), 7.4-12.9 um (G. laccatum), 3-10 um (P. occultum), 5-20 pm (G. pal-
lidum), 8-11 um (G. viscosum); Blaszkowski 1988; Hall 1977, Morton and
Walker 1984; Walker 1982; Walker et al. 1995].

Other arbuscular fungi with lightly coloured spores likely to be confused with tho-
sc of Glomus 123 are G. albidum Walker et Rhodes, G. gibbosum Blaszk.. G. lacteum
Rose et Trappe, G. leptotichum Schenck et Smith, and G. spurcum Pleiffer, Walker et
Bloss emend. Kennedy, Stutz et Morton. However, all these fungi form markedly lar-
ger spores of different quantitative and qualitative properties of a subcellular wall
structure and have a wider subtending hypha (Biaszkowski 1997; Kennedy,
StutzandMorton 1999; Rose and Trappe 1980;Schenck andSmith 1982;
Walker and Rhodes 1981). Additionally, in contrast to Glomus 123, both G. albi-
dum and G. leptotichum stain in Melzer's reagent, and spores of G. gibbosum and
G. spurcum may oceur in aggregates or sporocarps (G. gibbosum) enclosed by a com-
‘mon hyphal mantle.

bh)mm 129. Figs lU 13

Glonus lZ‘Juccurrcd only among roots of R.rugosa, as one trap culture of the first
cycle showed.

Sporocarps unknown. Most spores strongly associated with roots of the plant host
(Fig. 10), more rarely oceurring in loose aggregates (Fig. 11) or singly in the soil; pro-
duced from straight sporophores. Sporophore coenocytic to sparsely septate; hyaline
to yellowish white (3A2); (4.9-) 6.0 (-7.8) um wide; with a wall 0.5-0.8 m thick; be-
aring spores by swelling at hyphal tips. Spores pale yellow (3A3) to light orange
(6AG):; globose to subglobose; (25-) 60 (-100) m diam; sometimes ovoid; 40-70 x
50-120m; with asingle subtending hypha (Figs 10, 11). Subeellular structure of spo-
s of one wall (Figs 12, 13) with two layers (layers 1-2). Outermost layer 1
aginous, hyaline, (0.5-) 0.6 (-1.0) um thick when not deteriorated, tightly adhe-
rent to layer 2, sloughing with age, staining reddish white (10A2) to bluish red (11B8)
in Melzer’s reagent. Layer 2 laminate, pale yellow (3A3) to light orange (6A6), (1.2-)
2.4(-3.9) um thick. Subtending hypha pale yellow (3A3) to light orange (6A6); stra-
ight or recurvated; funnel-shaped or slightly flared (Figs 11-13), rarely constricted;
(6:4-) 9.9 (-15.7) pm wide at the spore base. Wall of subtending hypha pale yellow
(3A3) to light orange (6A6); (2.2-) 2.6 (-2.9) w thick at the spore base; consisting of
two layers continuous with spore wall layers 1 and 2 (Fig. 13). Pore (1.7-) 4.7 (-8.6)
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4m wide, open or occluded by a curved septum continuous with the laminate spore
wall layer 2.

When observed under a dissecting microscope, the species of the genus Glomus
most resembling Glomus 129 are G. aggregatum Schenck ot Smith emend. Koske,
G. fasciculatum (Thaxter) Gerd. et Trappe emend. Walker et Koske, G. intraradices
Schenck et Smith, and G. hoi Berch et Trappe (Berch and Trappe 1985; Koske
1985, Sttirmer and Morton 1997; Walker and Koske 1987).Sporesof ll the
fungi occur singly or in tes in the soil, are yellow-coloured, and h
shape and size range. Glomus pustulatum Koske et al. and G. trimurales Koske et i
Ivorson also produce spores similar in colour and size, but they are formed only singly
in the soil (Koske etal. 1986; Koske and Halvorson 1989a).

Glomus 129 differs from the species listed above in number, as well as in phenoty-
pical and staining properties of its spore wall layers. They are most evident when spo-
fes crushed in a mixture of PVLG and Melzer's reagent are examined under a
compound microscope

While the spore wall of Glomus 129 consists of two layers: a mucilaginous layer
adherent to a laminate layer (Figs 12, 13), that of spores of G. aggregatu, G. fascicu-
latum,and G. Gle s 129 lacks the flexil
most layer of G. fascicularum (Walker and Koske 1987) and G. aggregatum
( i1991) and layer of G. intraradices (Stirm-
er and Morton 1997). Additionally, the outermost wall layer of G. fasciculatum
spores is permanent and the innermost spore wall layer of G. intraradices consists of
readily separating sublayers (laminae). In contrast, the outer layer of Glomus 129
spores sloughs with age, and their inner laminate layer consists of tightly adherent la-
minae (Figs 12, 13). Finally, only the outermost mucilaginous layer of spores of Glo-
mus 129 and G. intraradices reacts in Melzer's reagent, whereas all three layers of
G. in thi No data of the rea

G. aggregatum in Melzer exist. There isan urgent need o re-
ceive aliving culture of this fungal species o examine is propertis s far known only
from fi d spores. Spores of arbuseula fungi isolated from the

fieldare frequently completely devoid of their outer shortliving spore wall compo-
nents and the reactivity of spore wall layers in Melzer’s reagent has been frequently
unrecorded in early descriptions of arbuscular fungi (Morton 1995, 1996

theless, the unique property of . agsregarum is the production of spores by internal
proliferation (Koske 1985; Blaszkowski 1991).

Although G. hoi does Glomus
their inner spore walllayer,the outer layer of the former fungus s thicker and colo-
ured, and that of the latter specics is thinner and colourless (Berch and Trappe
1985; Morton 2000).

The spores of G. pustulatum and G. trimurales have a wall composed of three per-
manent layers, of which ins in Melzer's reagent ( i, pers. obse-
rv; Koske and Halvorson 1989a; Koske et al. 1986; Morton 2000; vs. two
layers with an outer layer staining reddish white to bluish red in this reagent in Glo-
mus 129).
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Scutellospora armeniaca Blaszk.
: 1146, 1146, 1148, 1153, 1153, 1154, 1164.

Atthe Vistula Bar, Seu. armeniaca was associated only with F. nubra and R. rugo-
sa, as showed its spores isolated from both the field and the first-cycle trap cultures.
‘This fungus stopped to sporulate in cultures of the second cycle.

In Poland, Scu. armeniaca has earlier been found in maritime dunes of the Hel
Peninsula (Blaszkowski 1994) and SNP (Blaszkowski and Tadych 2000), as
well as in inland dunes of the Blgdowska Desert (Blaszkowski etal. 2002).

No other report exists of Scu. armeniaca outside Poland.

Scutellospora dipurpurescens Morton et Koske

n=11, n=12, n=11: 1146, 1146, 1146, 1147, 1150, 1151, 1151, 1151, 1153, 1153,
1153, 1158, 1159, 1159, 1159, 1160, 1160, 1160, 1161, 1161, 1162, 1162, 1162, 1163,
1163, 1163, 1164, 1164, 168, 1170, 1170, 1171, 1175, 11

Althe Vistula Bar, Scu. di ith A ia, F. rubra, L.
Jjaponicus subsp. maritimus, and R. r

In maritime dunes of Poland, Scu. dipurpurescens dominated in soils of the Hel
Peninsula (Blaszkowski 1994) and has been among the most frequently occurring
AMF in SNP (Tadych and Biaszkowski 2000). Additionally, Scu. dipurpure-
scens has been a frequent inhabitant of inland dunes of the Blgdowska Desert
(Blaszkowski etal. 2002).

probably hasa ide distribution and has frequ-
ently been cited in the literature as Scu. calospora (Nicol. et Gerd.) Walker et San-
ders, a species very closely related with and indistinguishable from Scu.
dipurpurescens under a dissecting microscope (Dalpé 1989 Giovannetti and
Nicolson 1983; Koske and Gemma 1997; Koske and Halvorson 1981,
1989).

Scutellospora pellucida (Nicol. et Schenck) Walker et Sanders

n=: 0, n=0: 1153, 1164,

Atthe Vistula Bar, spores of Scu. pellucida were found only in the field as associa-
ted with roots of F. rubra.

In other dune areas of Poland, this fungus has been encountered in soils of the
Hel Peninsula, the Gdaiisk and Szczecin coasts (Blaszkowski 1993), SNP (Ta-
dych and Baszkowski 2000), and the Blgdowska Desert (Biaszkowski etal.
2002),

Other dune sites containing spores of Scu. pellucida have been those of the North
American Atlantic coast (Bergen and Koske 1984; Dalpé 1989; Fricse and
Koske 1991;Gemma and Koske 1989; Gemma etal. 1989; Koske 1987;Ko-
ske and Gemma 1997; Koske and Walker 1986), California (R osc 1988), San
Miguel Island (Koske, pers. comm.), Italy (Giovannetti 1985), as well as Isracl
and Turkey (Baszkowski, pers. observ.).

pported in part by the Commit ienii  project
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