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ABSTRACT

In December 1997 and June-July 2000, 49 and 113 rhizosphere soil and root mixtures were collected, respecti-
vely, to determine the occurrence of arbuscular mycorrhizal fungi (AMF) of the phylum Glomeromycota in diffe-
rent sites of Israel. Except for five samples taken from under cultivated plants, all the others came from under Am-
mophila arenaria and Oenothera drummondii colonizing sand dunes adjacent to the Mediterranean Sea. After
a continuous cultivation of the mixtures in pot trap cultures with Plantago lanceolata as the plant host up to 2006
and their examination at least twice a year, spores of AMF were found in 41 and 103 cultures with the 1997 and
2000 soil and root mixtures, respectively. The spores represented 30 species and 8 undescribed morphotypes in 7
genera of the Glomeromycota. The AMF most frequently found in Israeli soils were Glomus aurantium and G.
constrictum, followed by G. coronatum, G. gibbosum, an undescribed Glomus 178, and Scutellospora dipurpure-
scens. Up to 2001, 21 species of AMF were known to occur in Israel, and this paper increases this number to 33,
of which 11 are new fungi for this country. Moreover, four species, G. aurantium, G. drummondii, G. walkeri and
G. xanthium, were recently described as new for science based on spores isolated from Israeli soils. Additionally,
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the general distribution in the world of the formally described species found in Israel was presented.

KEY WORDS: arbuscular mycorrhizal fungi, Glomeromycota, Israeli soils, occurrence.

INTRODUCTION

One of the most frequently occurring and widely distri-
buted soil microorganisms in the world are arbuscular my-
corrhizal fungi (AMF) of the phylum Glomeromycota.
Until quite lately, they have been considered to associate
with ca. 80% of plants of the Earth (Gianinazzi and Giani-
nazzi-Pearson 1986). However, the use of specific study
methods, including, e.g., cultivation of rhizosphere soil
samples and/or root fragments in pot trap cultures as well
as molecular analyses of roots, has showed that AMF also
frequently coexist with plants of, e.g., of the families Bras-
sicaceae and Chenopodiaceae, earlier generally considered
to be non-mycorrhizal (Harley and Harley 1987, 1990).
This induced the Committee of the International Bank of
Glomeromycota to express the supposition that “The majo-
rity of plants, strictly speaking, do not have roots; they ha-
ve mycorrhizas” (http://www.kent.ac.uk/bio/beg/english-
homepage.htm).

Literature data indicate that AMF play a vital role in the
life of plants. They increase, e.g., (1) the growth and nutri-
tion of plants due to increased absorptive area of their roots
by extraradical hyphae extending up to 10 cm outside the

roots (Bieleski 1973), (2) the rate of succession (Janos
1980) and competitiveness of plants (Allen and Allen
1984; Fitter 1977), and (3) pollen production (Lau et al.
1995). Additionally, AMF (1) influence plant phenology
(Allen and Allen 1986), (2) improve structure and stability
of the soil through binding sand grains into aggregates by
extraradical mycorrhizal fungi (Koske 1975), (3) aid co-
occurring plants by transferring nutrients from better nou-
rished plants to those of a poorer condition by hyphal brid-
ges (Newman 1988), (4) protect plants against pathogens
and nematodes (Bagyaraj 1984; Schonbeck 1978), as well
as (5) alleviate the harmful effects of soil toxic substances
(Turnau and Haselwandter 2002). However, the range of
the improvements listed above highly depends on a species
or a strain of the fungus associated with a given plant
(Stahl and Christensen 1991).

Both the spore abundance of AMF and the species diver-
sity of their spore populations may be highly influenced
by, e.g., (1) a plant species and its age (Dalpé 1989; Gem-
ma et al. 1989; Koske and Gemma 1997), (2) the composi-
tion of non-mycorrhizal soil microorganisms (Lee and Ko-
ske 1994), (3) the amount and composition of both organic
and inorganic chemical substances (Koske and Gemma
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1997; Rose 1988), (4) pH (Porter et al. 1987), (5) soil com-
paction and its humidity (Koske and Halvorson 1981; Read
1989), as well as (6) above- and underground temperature
(Koske 1987).

A few studies of the occurrence of AMF have been con-
ducted in Israel to date. Dodd and Krikun (1984) found fi-
ve species and one morphotype, and Haas and Menge
(1990) nine species. Following the cultivation of field-col-
lected rhizosphere soil and root mixtures in pot trap cultu-
res, Btaszkowski et al. (2001b) revealed 17 species and 8
undescribed morphotypes. Among the described found
species, 9 were new for this country. However, Blaszkow-
ski et al. (2001b) examined only 49 soil and root samples
collected from three sites and all but five were taken from
dunes of the Mediterranean Sea adjacent to Tel-Aviv. Mo-
reover, all the identified fungi were isolated only from the
first cycle pot trap cultures containing the soil and root mi-
xtures collected. Meanwhile, the recognition of the species
diversity of AMF of a given area highly depends on the in-
tensity of its sampling due to the aggregated occurrence of
spores of these fungi (St. John and Koske 1988) and their
seasonal sporulation (Gemma et al. 1989). Additionally,
the absence of spores in the field or in early generations of
trap cultures does not mean the absence of the arbuscular
fungus inside the roots of the sampled plant. Gazey et al.
(1992) concluded that sporulation of AMF begins after root
colonization level is built up to a threshold value. In Stutz
and Morton’s (1996) investigations, 75% of the spores re-
cognized after three propagation cycles were not detected
in the first cycle. Therefore, (1) in the year 2000, next soil
and root samples were collected from many sites of Israel
and (2) the occurrence of AMF in the sites sampled was
determined based on examination of many generations of
trap cultures with soils and roots collected in both 1997
and 2000.

The aim of this paper is to present all AMF found in Isra-
el to date.

MATERIALS AND METHODS

Study sites

In 1997, most rhizosphere soil and root samples were
collected from dunes of the Mediterranean Sea extending
from the Kibutz Shefayim to Tel-Aviv. Two samples were
taken near Berscheva in northern Israel, two from a field
located in the Negev Desert near The Volcanic Centre, and
one from a meadow situated in the Jordan Valley. In 2000,
all soil and root samples came from under Ammophila are-
naria (L.) Link growing in different sites distributed along
the bank of the Mediterranean Sea.

Collection of soil and root samples, establishment
of trap cultures, and extraction of spores of AMF
Rhizosphere soils and roots of sampled plants were col-
lected from a depth of 5-30 cm using a small garden sho-
vel. About 100-200 cm? samples were placed in plastic
bags. After their transfer to a laboratory in Poland, they
were first stored at 4°C for ca. one month and then used to
establish trap cultures. Trap cultures were established to in-
itiate sporulation of AM fungal species rarely sporulating
in the field and species that did not produce spores at the ti-
me of collection of the field samples. The growing substra-
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te of the trap cultures was the field-collected material mi-
xed with an autoclaved coarse-grained sand coming from
maritime dunes adjacent to Swinoujscie (pH 6.7; 12 and
26 mg L1 P and K, respectively; Blaszkowski 1995). The
mixtures were placed into 9x12.5-cm plastic pots
(500 cm?) and densely seeded with Plantago lanceolata L.
Plants were grown in a greenhouse at 15-30°C with supple-
mental 8-16-h lighting provided by one SON-T AGRO so-
dium lamp (Philips Lighting Poland S.A.) placed 1 m abo-
ve pots. The maximum light intensity was 180 uE m-2s! at
pot level. Plants were watered 2-3 times a week. No fertili-
zer was applied during the growing period. Trap cultures
were first harvested four months after plant emergence and
then every ca. 6 month until 2006. After each harvest, the
cultures were reseeded with P. lanceolata. Spores were
extracted by wet sieving and decanting (Gerdemann and
Nicolson 1963).

Microscopy survey

Morphological properties of spores and their wall struc-
tures were determined based on observation of at least 100
spores mounted in polyvinyl alcohol/lactic acid/glycerol
(PVLG; Omar et al. 1979) and a mixture of PVLG and
Melzer’s reagent (1:1, v/v). Spores were crushed to varying
degrees by applying pressure to the cover slip and then sto-
red at 65°C for 24 h to clear their contents from oil dro-
plets. These were examined under an Olympus BX 50
compound microscope equipped with Nomarski differen-
tial interference contrast optics. Microphotographs were re-
corded on a Sony 3CDD color video camera coupled to the
microscope.

Terminology of spore structure is that suggested by
Stiirmer and Morton (1997) and Walker (1983). Spore co-
lour was examined under a dissecting microscope on fresh
specimens immersed in water. Nomenclature of fungi and
plants is that of Walker and Trappe (1993) and Mirek et al.
(1995), respectively. The authors of the fungal names are
those presented at the URL web page http://www.inde-
xfungorum.org/AuthorsOfFungalNames.htm. Specimens
were mounted in PVLG on slides and deposited in the De-
partment of Plant Pathology, University of Agriculture,
Szczecin, Poland. Newly described species were deposited
in the herbarium at Oregon State University in Corvallis,
Oregon, USA.

Colour microphotographs of spores and mycorrhizae of
the formally described species can be viewed at the URL
http://www.agro.ar.szczecin.pl/~jblaszkowski/.

RESULTS AND DISCUSSION

General data

In the years 1997 and 2000, 49 and 113 rhizosphere soil
and root samples were collected, respectively, in different
sites of Israel. In 1997, except for two samples taken under
Capsicum annuum L. cultivated near Berscheva in northern
Israel, two from under Lycopersicon esculentum Mill.
grown in the Negev Desert near The Volcanic Center, and
one from under Festuca rubra L. s. s. growing on an irriga-
ted meadow in the Jordan Valley, all the other soil and root
mixtures came from under Oenothera drummondii Hook.
colonizing sand dunes of the Mediterranean Sea extending
up to ca. 10 km from Tel-Aviv (Table 1). In 2000, all the
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TABLE 1. Plants examined and numbers* of soil and root samples in
which the occurrence of arbuscular mycorrhizal fungi was investigated.

Plant species Locality

Ammophila arenaria (L.) Link 2090-2203

1177-188, 1190-1215, 1217-1222,
1224, 1225

Oenothera drummondi Hook

Capsicum annuum L. 1189, 1216

Lycopersicon esculentum Mill. 1223

* the numbers correspond with the numbering system used by the first au-
thor of this paper.

samples collected came from under Am. arenaria growing
in different dune sites adjacent to the Mediterranean Sea.

After a continuous cultivation of the rhizosphere soil and
root samples collected in pot trap cultures and their exami-
nation at least twice a year, spores of AMF were found in
41 and 103 cultures with the 1997 and 2000 soil and root
mixtures, respectively. The spores represented a total of 30
species and 8 undescribed morphotypes belonging to 7 ge-
nera of the Glomeromycota (Table 2). No representative of
the genera Gigaspora and Paraglomus was found. The
1997 cultures hosted 20 species and 5 morphotypes in 5
genera, and those of 2000 20 species and 4 morphotypes in
5 genera. The fungi highly dominating in Israeli soils were
members of the genus Glomus (76.1% of all the representa-
tives of the Glomeromycota revealed) with 15 species and
5 morphotypes and 14 species and 4 morphotypes recogni-
zed in the 1997 and 2000 cultures, respectively.

The arbuscular fungi most frequently found in trap cultu-
res containing rhizosphere soil and root mixtures collected
in 1997 were G. constrictum and an undescribed Glomus
178 (present in at least 20% cultures), followed by Arch.
trappei, G. aurantium, G. claroideum, an undescribed Glo-
mus 130, Pac. scintillans, and Scu. dipurpurescens (found
in 10-20% cultures; Table 2). The 2000 cultures most fre-
quently hosted G. aurantium and G. constrictum, then G.
coronatum, G. gibbosum, Glomus 178, and Scu. dipurpure-
scens.

Taking into account the results of the frequency of
occurrence of AMF in cultures of both 1997 and 2000, the
arbuscular fungi most frequently found in the Israeli soils
examined were G. aurantium and G. constrictum, followed
by G. coronatum, G. gibbosum, Glomus 178, and Scu. di-
purpurescens (Table 2).

Of the fungal species identified in trap cultures with soils
and roots collected in 1997, only Arch. trappei, G. constric-
tum, G. coronatum, G. geosporum, G. microcarpum, G.
mosseae, and G. sinuosum had earlier been recorded in
Israel (Dodd and Krikun 1984; Haas and Menge 1990). Al-
though not revealed by the authors of this paper in trap cul-
tures with the 1997 soils, other AMF found by Dood and
Krikun (1984) and Haas and Menge (1990) were Ac. laevis
Gerd. & Trappe, G. calvisporum (Trappe) R.T. Almeida &
N.C. Schenck, G. fasciculatum, and G. macrocarpum Tul.
& C. Tul.

The species of AMF not revealed in the first cycle of trap
cultures with soils and roots sampled in 1997 but found to
sporulate in next generations of the same cultures were D.
spurca, Scu. fulgida, Scu. pellucida, and Scu. persica.
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TABLE 2. Species of arbuscular mycorrhizal fungi found in Israel.

Frequency of occurrence (%)
Fungal species

1997 2000 Mean
Acaulospora paulineae 4.1 6.2 5.5
Archaeospora trappei 14.3 4.3
Diversispora spurca 4.1 1.2
Entrophospora infrequens 1.8 1.2
G. arenarium 2.0 0.9 1.2
G. aurantium 18.4 47.8 38.9
G. caledonium. 2.0 0.6
G. claroideum 10.2 3.1
G. constrictum 24.5 48.7 41.4
G. coronatum 8.2 16.8 14.2
G. corymbiforme 2.7 1.9
G. drummondii 35 2.5
G. etunicatum 2.0 0.6
G. fasciculatum 0.9 0.6
G. geosporum 4.1 1.2
G. gibbosum 2.0 11.5 8.6
G. intraradices 4.1 6.2 5.6
G. microcarpum 4.1 0.9 1.9
G. mosseae 4.1 6.2 5.6
G. pustulatum 0.9 0.6
G. sinuosum 2.0 1.2
G. trimurales 2.0 0.6
G. walkeri 0.9 0.6
G. xanthium 4.1 7.1 6.2
Glomus 126 8.2 0.6
Glomus 130 10.2 3.1
Glomus 139 2.0 0.6
Glomus 149 2.0 1.2
Glomus 163 53 3.7
Glomus 165 0.9 0.6
Glomus 178 204 15.0 16.7
Pacispora franciscana 0.9 0.6
Pacispora scintillans 14.3 0.9 4.9
Scutellospora dipurpurescens 18.4 13.3 14.8
S. fulgida 0.9 0.6
S. pellucida 1.8 1.9
S. persica 2.7 1.9
Scutellospora 179 0.6

In summary, up to 2001, 21 species of AMF were known
to occur in Israel (Btaszkowski et al. 2001b; Dodd and Kri-
kun 1984; Haas and Menge 1990). This paper increases
this number to 33, of which D. spurca, E. infrequens, G.
aurantium, G. corymbiforme, G. drummondii, G. pustula-
tum, G. trimurales, G. walkeri, Pac. franciscana, Scu. fulgi-
da, Scu. pellucida, and Scu. persica were recorded for the
first time in this country. Moreover, G. aurantium, G.
drummondii, G. walkeri, and G. xanthium have recently be-
en described as new species for science from spores isola-
ted from soils of, e.g., Israel (Btaszkowski et al. 2004; Bta-
szkowski et al. 2006).

The finding of spores of AMF in 83.7% and 91.2% of
trap cultures with rhizosphere soil and root mixtures of
plants of different sites of Israel collected in the years 1997
and 2000, respectively, confirms earlier suggestions of ma-
ny authors that members of the phylum Glomeromycota
belong to the most commonly occurring soil microorga-
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nism in the world. However, literature data indicate that
many species of AMF frequently found in the field sporu-
late rarely or not at all in pot cultures grown in a greenhou-
se. The reasons may be (1) inappropriate water and air rela-
tions (Anderson et al. 1984), pH (Porter et al. 1987), tem-
perature (Koske 1987), and organic content (Koske and
Gemma 1997) of pot cultures to initiate spore germination
and/or to attain a minimum root colonization level needed
to trigger sporulation (Gazey et al. 1992), (2) the lack or
shifts in the structure of populations of non-mycorrhizal
soil microorganisms reinforcing both spore germination of
AMF and colonization of roots of their plant hosts (Bagya-
raj 1984), and (3) the incompatibility of the AM fungal
species x host plant arrangement used (Read 2002). Thus,
the field samples collected by the authors of this paper co-
uld have still contained spores not listed here. Therefore,
further studies are needed to reveal species of AMF sporu-
lating in the field conditions of Israel.

The marked predominance of members of the genus Glo-
mus in the spore populations of AMF isolated from trap
cultures with Israeli soils was not a surprise. Glomus spp.
are the most frequently found arbuscular fungi in different
regions of the world and fastest adapt to a wide range of
physical, chemical, and biological soil conditions (Bta-
szkowski 1993a; Smith and Read 1997). However, the high
plasticity and productivity of Glomus spp. in pot cultures
may have suppressed or even eliminate other species of the
Glomeromycota functioning in the field. This may explain
the exceptionally low proportion of members of the genera
Acaulospora and Scutellospora and the lack of species of
the genera Gigaspora and Paraglomus in the spore popula-
tions of AMF isolated. Gigaspora and Scutellospora spp.
prefer warm sandy soils and commonly occur in maritime
dunes (Btaszkowski 1993a, b; Koske 1987). Therefore, the
recognition of both the real species diversity of communi-
ties of AMF and the natural proportions of components of
these communities in sites considered in the studies presen-
ted here will need the determination of the occurrence of
these fungi in both field-collected soil and root samples, as
well as in trap cultures with different host plants.

These studies showed that the species of AMF most fre-
quently occurring in the Israeli soils examined were G. au-
rantium and G. constrictum, followed by G. coronatum, G.
gibbosum, an undescribed Glomus 178, and Scu. dipurpu-
rescens. Except for five soil and root samples taken from
under cultivated plants, all the others came from dune sites
extending along the bank of the Mediterranean Sea. Thus,
the common occurrence of these species and their abundant
sporulation in pot cultures indicate that they can be used in
production of inoculum and, thereby, in protection of en-
dangered or protected dune plants of Israel. Arbuscular
mycorrhizal fungi facilitate mycorrhizal plants to colonize
a site, effectively exploit its resources, and, consequently,
make them more competitive for light and space (Smith
and Read 1997). Moreover, native autochthonous fungal
species or strains usually are best adapted to actual soil and
climatic conditions and used as inoculum are more succes-
sful (Stahl and Christensen 1991).
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The distribution of arbuscular mycorrhizal fungi
in Israeli soils and notes on their general occurrence

n=number of soil samples in which a particular fungal
species was found. The numbers following are those of soil
and roots samples given in Table 1 and correspond with the
numbering system used by the first author of this paper.

1. Acaulospora paulinae Blaszk.

n=9: 1218, 1219, 2123, 2128, 2134, 2136, 2137, 2156,
2163.

The only other report of the occurrence of Ac. paulinae
in Israeli soils is that of Blaszkowski et al. (2001b) inform-
ing of its association with roots of O. drummondii.

Acaulospora paulinae probably has a worldwide distri-
bution. It has been found in many cultivated and uncultiva-
ted sites of Poland (e.g., Blaszkowski 1993a, b). Jansa et
al. (2002) and Oehl et al. (2004) recovered spores of Ac.
paulinae from different soils of Switzerland. Koske et al.
(1997) encountered this fungus among roots of Agrostis ca-
nina Huds., A. palustis L., and Poa annua L., perennial turf
species of golf greens of Rhode Island, U.S.A.

2. Archaeospora trappei (R.N. Ames & Linderman) J.B.

Morton & D. Redecker

n=7: 1180, 1186, 1187, 1188, 1193, 1203, 1222.

In Israel, Arch. trappei has for the first time been recor-
ded as Ac. trappei by Haas and Menge (1990) and then by
Btaszkowski et al. (2001b).

Archaeospora trappei seems to occur in the whole world.
Tadych and Bfaszkowski (2000) and Btaszkowski et al.
(2002) found this fungus in sand dune soils of the Stowin-
ski National Park and the Btgdowska Desert located in nor-
thern and southern Poland, respectively. This fungus has
also been reported from, e.g., Australia, Brazil, Cuba, Ja-
pan, South Africa, Scotland, U.S.A. (Morton and Redecker
2001), Germany (Blaschke 1991), Switzerland (Oehl et al.
2005), and China (Gai et al. 2005). Btaszkowski (unpubl.
data) isolated spores of Arch. trappei from many trap cultu-
res with soils of Oman, Turkey, Cyprus, Italy, and France.

Spores of Arch. trappei may easily be omitted due to at
least three reasons. First, they are very small and hyaline
and, hence, difficult to see. Second, their wall consists of
thin and delicate layers, which are easy to decompose by
soil microorganisms. Third, sporulation of many AMF is
seasonal (Gemma et al. 1989) and, therefore, their spores
may be absent at the time of collection of field soils; most
of the earlier investigations of the occurrence of AMF used
only field-collected soil samples.

3. Diversispora spurca (C.M. Pfeiff., C. Walker & Bloss)

C. Walker & Schuessler

n=1: 1197.

Diversispora spurca has originally been discovered as G.
spurcum in a greenhouse bed of sand used for propagation of
various ornamental plants cultivated in Arizona (Pfeiffer et
al. 1996). This fungus has also been found in maritime dunes
of Mexico (Pfeiffer et al. 1996), Hawaii (Koske and Gemma
1996), San Miguel Island, California (Koske, pers. comm.),
as well as in different other natural and cultivated ecosy-
stems of North America, Cuba and Africa (Kennedy et al.
1999; Stutz and Morton 1996; Stutz et al. 2000), and Poland
(Btaszkowski et al. 2003; Iwaniuk and Btaszkowski 2004).
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4. Entrophospora infrequens (I.R. Hall) R.N. Ames &

R.W. Schneid.

n=2: 2114, 2145.

Entrophospora infrequens has originally been described
as G. infrequens Hall from spores isolated from Long Bush
located in New Zealand (Hall 1977). Ames and Schneider
(1979) found identical spores in two celery fields in central
California. However, they did not origin blastically at the
end of a sporogenous hypha as in Glomus spp. but inside
the neck of a sporiferous saccule resembling that of fungi
of the genus Acaulospora, whose spores develop laterally
from such a saccule. This was the base to erect a new ge-
nus, Entrophospora R.N. Ames & R.W. Schneid.

Apart from New Zealand and California, E. infrequens
has also been recorded in many other regions of the U.S.
(e.g., Koske and Gemma 1997; Koske and Halvorson
1989; Stahl and Christensen 1982), as well as in Canada
(Boyetchko and Tewari 1993), Switzerland (Oehl et al.
2005), Poland (Btaszkowski 1993a, b), Taiwan (Wu and
Chen 1986), and China (Gai et al. 2006). Additionally,
Btaszkowski (unpubl. data) many times revealed this fun-
gus in trap cultures with dune soils of Oman, Turkey, Cy-
prus, Italy, France, and Africa.

5. Glomus arenarium Blaszk., Tadych & Madej

n=1: 1210.

This paper confirms the first Btaszkowski’s et al.
(2001b) report of the presence of G. arenarium in Israeli
dune soils.

Glomus arenarium has been discovered in maritime
dunes of the Baltic Sea adjacent to Swinoujscie in north-
western Poland (Bfaszkowski et al. 2001a).

6. Glomus aurantium Btlaszk., V. Blanke, C. Renker & F.

Buscot

n=62: 1203, 1210, 1212, 1215, 1219, 1220, 1221, 1222,
1224, 2093, 2102, 2103, 2106, 2116, 2117, 2120, 2122,
2125, 2126, 2127, 2130, 2132, 2134, 2135, 2136, 2137,
2140, 2143, 2146, 2148, 2149, 2151, 2152, 2158, 2161,
2166, 2168, 2170, 2171, 2172, 2173, 2174, 2175, 2176,
2178, 2180, 2182, 2183, 2184, 2185, 2186, 2187, 2188,
2189, 2190, 2192, 2193, 2194, 2195, 2197, 2198, 2200.

The holotype of G. aurantium has been selected from
spores isolated from a one-species culture established from
spores recovered from a trap culture with rhizosphere soil
and roots mixture of O. drummondii colonizing sand dunes
of the Mediterranean Sea located near Tel-Aviv (Bta-
szkowski et al. 2004). Additionally, this fungus has been
found to occur among roots of Am. arenaria growing in du-
nes of Majorca, Spain, Calambrone, Italy (Btaszkowski et
al. 2004), Turkey, Cyprus, Greece (Btaszkowski, unpubl.
data), as well as in cultivated soils of Iran (Btaszkowski,
unpubl. data).

7. Glomus caledonium (Nicol. & Gerd.) Trappe & Gerd.

n=1: 1225.

The only other earlier record of G. caledonium in Israeli
soils is that of Btaszkowski et al. (2001b).

Glomus caledonium has a worldwide distribution and has
frequently been among the dominating species of AMF of
the sites examined (Blaszkowski 1993a). However, this
fungus seems to prefer more fertile soils than maritime
sand dunes.
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8. Glomus claroideum N.C. Schenck & S.M. Sm.

n=5: 1181, 1184, 1185, 1191, 1201.

Although G. claroideum has many times been isolated
from dune soils of Israel sampled in 1997 (Btaszkowski et
al. 2001b), none of the samples collected in 2000 contained
spores of this fungus.

The distribution of G. claroideum is worldwide and it has
many times been found in both maritime sand dunes (Ko-
ske 1987; Mohankumar et al. 1988; Sylvia 1986) and other
cultivated and uncultivated ecosystems (Btaszkowski
2003; Jansa et al. 2002; Schenck and Smith 1982; Vestberg
et al. 2005; Zhang and Wang 1992).

9. Glomus constrictum Trappe

n=66: 1178, 1180, 1182, 1183, 1187, 1202, 1208, 1218,
1219, 1220, 1222, 1223, 2090, 2091, 2092, 2093, 2105,
2112, 2120, 2122, 2125, 2133, 2134, 2136, 2139, 2140,
2141, 2144, 2146, 2148, 2149, 2151, 2152, 2153, 2154,
2158, 2160, 2161, 2163, 2166, 2167, 2168, 2170, 2172,
2173, 2174, 2175, 2176, 2177, 2178, 2179, 2181, 2183,
2185, 2186, 2188, 2191, 2192, 2193, 2194, 2195, 2196,
2197, 2199, 2200, 2201.

The first report of the occurrence of G. constrictum in
Israel is that of Haas and Menge (1990), who revealed spo-
res of this fungus in avocado orchard soils. Btaszkowski et
al. (2001b) encountered G. constrictum in 12 Israeli soil
samples, of which two came from under L. esculentum.

The presence of G. constrictum spores in almost half the
trap cultures with the 2000 Israeli soils collected by the au-
thors of this paper confirms conclusions of, e.g., Btaszkow-
ski (2003) that this fungus occurs in the whole world and
frequently dominates in the isolated spore populations of
members of the Glomeromycota. In soils of Poland, G.
constrictum has been first in respect of frequency of occur-
rence and ranked third considering the proportion of its
spores in populations of all spores isolated from 332 soil
samples collected from 113 sites (Btaszkowski 1993a). In
maritime dunes, this fungal species has been found in, e.g.,
Quebec, New Brunswick and New Scotia, Canada (Dalpé
1989), U.S.A. (Koske 1987, 1988), Brazil (Stiirmer and
Bellei 1994), and Poland (Btaszkowski 1993b, 1994).

10. Glomus coronatum Giovann.

n=24: 1186, 1215, 1220, 1222, 2095, 2127, 2128, 2130,
2146, 2151, 2152, 2157, 2158, 2159, 2164, 2165, 2166,
2175,2176, 2178, 2182, 2193, 2195, 2197.

Dodd and Krikun (1984; Dodd, pers. comm.) were the
first who identified G. coronatum as G. mosseae in soils of
Israel. Blaszkowski et al. (2001b) found this fungus in four
cultures with rhizosphere soils and roots of O. drummondii
growing near Tel-Aviv.

Glomus coronatum has originally been described from
spores isolated from around roots of Anacyclus radiatus
Loisel colonizing a maritime sand dune system near Follo-
nica, Tuscany, Italy (Giovanetti et al. 1991). Btaszkowski
(unpubl. data) extracted spores of this fungus from many
cultures with maritime dune soils of Turkey, Cyprus, Italy,
France, and Africa. The only records of this fungus in non-
dune soils are those of Oehl et al. (2005) coming from the
Upper Rine Valley extending between Basel (Switzerland),
Freiburg (Germany), and Molhouse (France).

The lack of records of G. coronatum in ca. 3000 field so-
ils representing different cultivated and uncultivated plants
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growing in northern Europe (Blaszkowski, pers. observ.)
suggests the occurrence of this fungus to be limited to re-
gions of a warmer climate. According to Pirozynski
(1968), temperature is the most important edaphic factor
regulating the distribution of fungi in general.

11. Glomus corymbiforme Btaszk.

n=3: 2164, 2183, 2191.

Glomus corymbiforme has originally been found in mari-
time sand dunes of the Baltic Sea adjacent to Swinoujscie
in north-western Poland (Btaszkowski 1995). Additionally,
this fungus has occurred in dunes of the Mediterranean Sea
located near Karabucak-Tuzla, Turkey (Btaszkowski,
unpubl. data).

12. Glomus drummondii Btaszk. & C. Renker

n=4: 2092, 2104, 2111, 2131.

Glomus drummondii has recently been descried based on
spores recovered from trap cultures with rhizosphere soils
of plants of maritime dunes of Cyprus, Greece, Poland,
Spain, and Portugal (Btaszkowski et al. 2006). Thus, the
maritime dunes of Israel are the next habitats of the presen-
ce of this fungus.

13. Glomus etunicatum W .N. Becker & Gerd.

n=1: 1216.

In Israel, G. etunicatum has been associated with roots of
C. annuum cultivated near Berscheva in 1997 (Btaszkows-
ki et al. 2001b).

Glomus etunicatum is a common inhabitant of cultivated
and uncultivated soils of different regions of the world
(Btaszkowski 1993a).

14. Glomus fasciculatum (Thaxt.) Gerd. & Trappe emend.
C. Walker & Koske

n=1: 2098.

Haas and Menge (1990) were the first to record G. fasci-
culatum in soils of Israel.

Literature data indicate that G. fasciculatum occurs in the
whole world and is well adapted to different soils (Bta-
szkowski 2003; Walker and Koske 1987). However, accor-
ding to Walker and Koske (1987), many reports of this
fungus may have regarded other species of AMF due to its
incomplete original description.

15. Glomus geosporum (Nicol. & Gerd.) C. Walker

n=2: 1188, 1189.

The first report of the occurrence of G. geosporum in
Israel has been that of Haas and Menge (1990), who reco-
vered spores of this fungus from among roots of Persea
americana Mill. Later, Blaszkowski et al. (2001b) revealed
G. geosporum associated with roots of O. drummondii and
C. annuum growing in dues near Tel-Aviv and a cultivated
field near Berscheva in northern Israel.

Literature data suggest that G. geosporum occurs in the
whole world and is adapted to conditions of different both
cultivated and uncultivated soils, including conditions of
maritime dunes (e.g., Blaszkowski 1993a, b; Rose 1980).

16. Glomus gibbosum Btaszk.

n=15: 1182, 2106, 2107, 2108, 2118, 2119, 2125, 2131,
2154, 2155, 2157, 2160, 2161, 2176, 2187.

In Israel, G. gibbosum has for the first time been found
in samples coming from under O. drummondii growing in
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dunes located near Tel-Aviv in 1997 (Btaszkowski et al.
2001b). Examination of the 2000 soil-root samples revea-
led this fungus to co-occur frequently with maritime dune
plants of this country.

The original description of G. gibbosum has been prepa-
red based on spores isolated from maritime dunes adjacent
to Swinoujscie in north-western Poland (Btaszkowski
1997). Btaszkowski (unpubl. data) also found this fungus
in dunes of the Mediterranean Sea of Turkey, Cyprus, and
Italy.

17. Glomus intraradices N.C. Schenck & S.M. Sm.

n=9: 1183, 1217, 2098, 2099, 2101, 2107, 2112, 2115,
2196.

The Btaszkowski’s et al. (2001b) finding of G. intraradi-
ces spores in two trap cultures with rhizosphere soils of O.
drummondii was the first record of this fungus in Israel.

Glomus intraradices has frequently been recorded from
maritime dunes of different regions of the world (see Bta-
szkowski et al. 2001b).

18. Glomus microcarpum Tul. & C. Tul.

n=3: 1184, 1196, 2142.

In Israel, G. microcarpum has for the first time been fo-
und in soils of an avocado orchard (Haas and Menge
1990). Examination of trap cultures with rhizosphere soil
and root samples of O. drummondii collected by the au-
thors of this paper in 1997 and 2000 showed this fungus to
be an inhabitant of dune sites of this country as well.

Glomus microcarpum is widely distributed in the word. It
has earlier been encountered in many both cultivated and
uncultivated sites (Btaszkowski 1993a), including maritime
dunes of, e.g., the Baltic Sea, Poland (Btaszkowski 1993a,
b, 1994), Madras, India (Mohankumar et al. 1988), and Ita-
ly (Puppi and Riess 1987).

19. Glomus mosseae (Nicol. & Gerd.) Gerd. & Trappe

n=9: 1212, 1223, 2090, 2100, 2101, 2105, 2111, 2121,
2197.

The first report of the occurrence of G. mosseae in Israel
is that of Haas and Menge (1990), who found it associated
with roots of cultivated P. americana. Later, Btaszkowski
et al. (2001b) isolated spores of this fungus from under L.
esculentum cultivated in the Negev Desert near The Volca-
nic Center. The studies presented here show that G. mosse-
ae also frequently co-occurred with maritime dune plants
of Israel.

Glomus mosseae is one of the most frequently recorded
AMF in different regions of the world. In Poland, this spe-
cies has been the second most frequently encountered AM
fungus (Btaszkowski 1993a). However, it occurred three ti-
mes more frequently in cultivated than uncultivated soils.

20. Glomus pustulatum Koske, Friese, C. Walker & Dalpé

n=1: 2144.

This paper is the first report of the presence of G. pustu-
latum in Israel. This fungus was revealed only in samples
of dune soils collected in 2000.

Glomus pustulatum has originally been described from
spores isolated from under Am. breviligulata Fern. coloni-
zing maritime dunes of Rhode Island, U.S.A. (Koske et al.
1986). Additionally, this fungus has been identified in ma-
ritime dunes of Canada (Dalpé 1989), Poland (Btaszkowski
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1993a, b, 1994), and India (Kulkarni et al. 1997; Mohanku-
mar et al. 1988). There is no literature report of the occur-
rence of G. pustulatum in non-dune sites.

21. Glomus sinuosum (Gerd. & B.K. Bakshi) R.T. Almei-
da & N.C. Schenck

n=1: 1177.

The first record of G. sinuosum in Israel is that from the
Negev Desert (Dodd and Krikun 1984). Later, Haas and
Menge (1990) found this fungus under avocado, and Bta-
szkowski et al. (2001b) under O. drummondii growing in
dunes near Tel-Aviv.

Glomus sinuosum probably occurs in the whole world
and is adapted to different soils, including dune soils (e.g.,
Almeida and Schenck 1990; Koske 1988; Wu 1993).

22. Glomus trimurales Koske & Halvorson

n=1: 1182.

The only earlier finding of G. trimurales in Israel is that
of Btaszkowski et al. (2001b). This fungus, characterized
as Glomus 131, was revealed under O. drummondii gro-
wing in dunes near Tel-Aviv.

Glomus trimurales has originally been characterized ba-
sed on spores isolated from under Abronia chamissonis var.
bipinatisecta (Less.) Greene growing in maritime dunes of
San Miguel Island (Koske and Halvorson 1989), although
this fungus has earlier also been identified in maritime du-
nes of New Jersey, Maryland, and Virginia (Koske 1987).
In Europe, G. trimurales has for the first time been encoun-
tered in dunes of the Baltic Sea adjacent to Swinoujscie in
north-western Poland (Btaszkowski et al. 2003).

23. Glomus walkeri Btaszk. & C. Renker

n=1: 2099.

Glomus walkeri has recently been described based on
spores isolated from a one-species culture established from
spores isolated from a trap culture with a rhizosphere soil
and root mixture of O. drummondii growing in dunes of the
Mediterranean Sea near Tel-Aviv (Btaszkowski et al.
2006). Additionally, this fungus occurred in maritime du-
nes of Majorca, Spain and Calambrone, Italy (Btaszkowski
et al. 2000).

24. Glomus xanthium Blaszk., V. Blanke, C. Renker & F.
Buscot

n=10: 1220, 1222, 2092, 2108, 2120, 2122, 2126, 2130,
2198, 2200.

Spores of G. xanthium were found in trap cultures with
Israeli dune soils collected in both 1997 and 2000.

Glomus xanthium has for the first time been revealed in
a trap culture with a soil and root mixture taken under Xan-
thium cf. spinosum L. colonizing maritime dunes located
near Verico in northern Greece (Btaszkowski et al. 2004).
Later, this fungus has been encountered in dunes of the
Mediterranean Sea adjacent to Karabucak-Tuzla, Turkey,
Calambrone, Italy, and Majorca, Spain (Btaszkowski et al.
2004). Btaszkowski (unpubl. data) also found this fungus
in dunes of Cyprus, France and Africa, as well as in culti-
vated soils of Iran. The lack of any finding of G. xanthium
in ca. 3000 soil samples coming from northern Europe sug-
gests it to be limited to regions of a warmer climate.
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25. Glomus 126

n=4: 1177, 1180, 1182, 1188.

Spores of Glomus 126 have been revealed in trap cultu-
res with rhizosphere soils and roots sampled in both 1997
and 2000.

The morphological characters of spores of this fungus
have been presented previously (Btaszkowski et al. 2001b).

26. Glomus 130

n=5: 1179, 1180, 1182, 1186, 1217.

Glomus 130 probably frequently occurs in dunes of the
Mediterranean Sea of Israel as showed results of inspec-
tions of trap cultures established in both 1997 and 2000.

The description and illustrations of morphological pro-
perties of Glomus 130 spores have been presented by Bta-
szkowski et al. (2001b).

27. Glomus 139
n=1: 1219.
Spores of Glomus 139 occurred only in the 1997 cultures.
The diagnostic characters of this fungus have earlier been
presented (Btaszkowski et al. 2001b).

28. Glomus 149

n=1: 1198.

Spores single in the soil; hyaline to white; globose to
subglobose; (38-)50(-65) ém diam (Fig. 1). Spore wall with
two layers (layers 1 and 2). Layer 1 evanescent, at first
smooth, then roughened, hyaline (0.5-)0.8(-1.2) pm thick,
rarely present in mature spores. Layer 2 laminate, smooth,
hyaline to white, (2.3-)6.2(-7.5) pm thick. Layers 1 and 2
not reacting in Melzer’s reagent.

The species forming spores most similar to those of Glo-
mus 149 is G. minutum Blaszk. et al. Both fungi produce
colourless spores of a similar size (Btaszkowski 2000). Ho-
wever, most spores of G. minutum occur in loose clusters
usually associated with its host plant roots after their wa-
shing away from the soil, whereas those of Glomus 149 al-
ways occurred singly in the soil. Additionally, the outer-
most spore wall layer of Glomus 149 sloughs with age, and
that of G. minutum is a permanent structure.

29. Glomus 163

n=4: 2109, 2141, 2157, 2174.

Spores formed in clusters of 10 to more than 50; hyaline;
globose to subglobose; (40-)65(-80) um (Fig 2). Spore wall
consists of three layers (layers 1-3; Fig. 3). Layer 1 evane-
scent, smooth to roughened, hyaline, (0.5-)0.9(-1.3)
pm thick. Layer 2 laminate, smooth, hyaline, (2.2-)6.3(-7.0)
pm thick. Layer 3 membranous, ca. 0.5-0.7 pm thick. Only
layer 3 stains pinkish red in Melzer’s reagent (Fig. 3).

The only other species whose spores occur in clusters
and resemble in colour and size those of Glomus 163 is G.
minutum (Btaszkowski 2000). Examination of crushed spo-
res in a mixture of PVLG and Melzer’s reagent readily se-
parates these fungi. The spore wall of the latter species do-
es not possess the innermost flexible spore wall layer of the
former fungus.

30. Glomus 165

n=1:2102.

Spores single in the soil; red brown; (100-)150(-210)
pm diam (Fig. 4). Spore wall composed of two layers (lay-
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Fig. 1. Spores of Glomus 149 with spore wall layers 1 and 2 (swll ad swl2). Fig. 2. Cluster of spores of Glomus 163. Fig. 3. Spore wall layers 1-3 (swl 1-
3) of Glomus 163 with layer 3 (swl3) stained in Melzer’s reagent. Fig. 4. Two-layered spore wall (swll and swl2) of Glomus 165. Fig. 5. Spores of Glo-
mus 178. Fig. 6. Wall layers 1-4 (swll-4) of a crushed spore of Glomus 178. Fig. 7. Spores of Scutellospora 179. Fig. 8. Spore wall layers 1 and 2 (swll
and swl2) and germination wall layers 1 and 2 (gwll and gwl2) of Scutellospora 179. Figs. 1, 5, and 7: spores mounted in lactic acid; Figs 2-4, 6, and 8:
spores in a mixture of PVLG and Melzer’s reagent. Bars: Figs 1, 2, 5=20 pm; Figs 3, 4, 6, 8=10 pm; Fig. 7=50 pm.

ers 1 and 2). Layer 1 evanescent, hyaline, (0.8-)1.5(-2.1)
pm thick (Fig. 4). Layer 2 laminate, red brown, (3.5-)8.9
(-11.0) pm thick. Subtending hypha flared or slightly fun-
nel-shaped, (14.0-)21.5(-24.5) ym wide at the spore base,
occluded by a curved septum continuous with the inner-
most lamina of spore wall layer 2.

The species of AMF most resembling Glomus 165 is G.
coronatum. Both fungi form spores of a similar size and

colour, as well as their wall consists of two layers of identi-
cal phenotypic properties (Btaszkowski 2003). The main
character separating the two fungi is the width of their sub-
tending hypha. The subtending hypha of G. coronatum is
much wider (28.5-40.0 pm wide; Btaszkowski 2003) than
that of spores of Glomus 165 (14.0-24.5 pm wide).
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31. Glomus 178

n=30: 1177, 1179, 1180, 1182, 1188, 1194, 1201, 1202,
1211, 1217, 1218, 2117, 2124, 2132, 2137, 2139, 2144,
2153, 2155, 2160, 2163, 2170, 2175, 2178, 2183-2185,
2190, 2194, 2198.

Spores single in the soil; hyaline; globose to subglobose;
(45.0-)65.5(-70.5) pm diam (Fig. 5). Spore wall consists of
four layers (layers 1-4; Fig. 6). Layer 1 evanescent, hyali-
ne, <0.5 pm thick, usually completely sloughed even in yo-
ung spores. Layer 2 permanent, hyaline, 0.5-0.8 pm thick,
frequently separating from layer 3. Layer 3 laminate, hyali-
ne, (3.8-)5.6(-7.7) yum thick. Layer 4 flexible, hyaline, usu-
ally tightly adherent to the inner surface of layer 3. None of
spore wall layers 1-3 reacts in Melzer’s reagent.

Of the descried species of AMF, Glomus 178 somewhat
resembles G. diaphanum J.B. Morton & C. Walker, G. lac-
catum Blaszk., and Paraglomus occultum (C. Walker) J.B.
Morton & D. Redecker. Spores of all these fungi are glo-
moid, hyaline, and their size range more or less overlaps
(Btaszkowski 2003; Morton 2002). However, only G. dia-
phanum has an innermost flexible spore wall layer similar
to that of Glomus 178. In contrast to the four-layered spore
wall of Glomus 178, that of G. diaphanum consists of three
layers, lacking the spore wall layer 2 of Glomus 178.

32. Pacispora franciscana Sieverd. & Oehl

n=1:2145.

In this study, spores of Pac. franciscana have been found
in one trap culture with a rhizosphere soil and roots of Am.
arenaria sampled only in 2000.

Although recently described, Pac. franciscana probably
has a worldwide distribution. This fungus has originally
been described from spores isolated from a grassland with
olive trees growing in Umbra, Italy (Oehl and Sieverding
2004). The same mycologists also encountered this fungus
in the High Alpines of Eastern Switzerland. Earlier, Pac.
franciscana has probably been reported as the “white reti-
culate spore” by Mosse and Bowen (1968) in Australia and
the “white smooth-walled azygospore” in Libyan and the
Negev Desert soils by El Giahmi et al. (1976) and Dodd
and Krikun (1984), respectively. In Poland, Pac. francisca-
na has for the first time been found associated with roots of
Lupinus luteus L. cultivated in the north-west in 1985. La-
ter, spores of this fungus have been isolated from under
many cultivated and uncultivated plant species growing in
different regions of Poland (Btaszkowski, unpubl. data).
Additionally, Btaszkowski (unpubl. data) found Pac. fran-
ciscana spores to occur among roots of Am. arenaria colo-
nizing sand dunes of the Mediterranean Sea located near
Karabucak-Tuzla, Turkey.

33. Pacispora scintillans (S.L. Rose & Trappe) Sieverd. &
Oehl

n=8: 1180, 1182, 1185, 1187, 1203, 1221, 1222, 2177.

The relatively frequent presence of spores of Pac. scintil-
lans in trap cultures established in both 1997 and 2000 in-
dicates this fungus to be rather a common inhabitant of so-
ils of Israel.

Pacispora scintillans has originally been described as G.
scintillans from spores recovered from under Cercocarpus
ledifolias Nutt. growing in Oregon, U.S.A. (Rose and
Trappe 1980). Later, this fungus has been found in other
states of the U.S. (Halvorson and Koske 1987; Walker et
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al. 2004), Switzerland (Oehl et al. 2004), Germany, United
Kingdom, Poland, Turkey and Australia (Walker et al.
2004), as well as in China (Gai et al. 2006), where it was
associated with both cultivated and uncultivated plants.

34. Scutellospora dipurpurescens J.B. Morton & Koske

n=25: 1180, 1182, 1187, 1189, 1203, 1210, 1216, 1219,
1221, 2097, 2108, 2118, 2130, 2138, 2140, 2143, 2152,
2157, 2158, 2166, 2171, 2172, 2185, 2186, 2198.

The results of investigations of the authors of this paper
indicate Scu. dipurpurescens to be a frequent component of
spore populations of AMF of dune soils of Israel.

Scutellospora dipurpurescens has been discovered in
a rthizosphere soil of Festuca arundinacea Schreb. growing
in West Virginia (Morton and Koske 1988). This fungus
has also dominated or has been one of the more frequently
occurring species of AMF in both maritime and inland
sand dunes of Poland (Btaszkowski et al. 2001b). Additio-
nally, Scu. dipurpurescens has occurred in non-dune sites
of Canada (Marcel et al. 1988), Mexico (Estrada-Tores et
al. 1992), and the Netherlands (Griffioen 1994).

35. Scutellospora fulgida Koske & C. Walker

n=1:2177.

Although Scu. fulgida has not been mentioned to occur
in the Israeli soils collected in 1997 (Btaszkowski et al.
2001b), later examination of next generations of the same
trap cultures revealed the presence of this species.

Scutellospora fulgida has originally been described based
on spores isolated from under Am. breviligulata growing in
maritime dunes of Virginia, U.S.A. (Koske and Walker
1986). Other sites of its occurrence cited in the literature
are maritime dunes extending from New Jersey to Virginia
(Koske 1987), maritime dunes of Florida (Sylvia and Will
1988), and soils of the south and east coasts of China (Gai
et al. 2006). Recently, Btaszkowski (unpubl. data) found
spores of Scu. fulgida in the Mediterranean Sea dunes adja-
cent to Calambrone, Italy. Thus, the sites of occurrence of
this fungus listed above suggest Scu. fulgida to be restric-
ted to regions of a warmer climate.

36. Scutellospora pellucida (Nicol. & N.C. Schenck) C.
Walker & F.E. Sanders

n=1: 2092.

Similarly as Scu. fulgida, Scu. pellucida has not sporula-
ted in the first generation of trap cultures with Israeli soils
sampled in 1997 (Btaszkowski et al. 2001b). However, fur-
ther cultivation of these cultures and examination of trap
cultures with the 2000 soils revealed this species to occur
in dunes of the Mediterranean Sea of Israel.

Scutellospora pellucida has been discovered in cultivated
soils of northern and central Florida (Nicolson and Schenck
1979). Literature data indicate that this fungus occurs in
the whole world in both cultivated and non-dune and dune
natural ecosystems (e.g., Oehl et al. 2004; Koske and Gem-
ma 1997; Sieverding 1989; Saito and Vargas 1991; Btasz-
kowski 1993a, b; Gai et al. 2006).

37. Scutellospora persica (Koske & C. Walker) C. Walker
& F.E. Sanders
n=3: 2177, 2189, 2190.
Scutellospora persica is the third species not revealed in
the first cycle of trap cultures with soils collected in 1997,
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but this fungus was found to sporulate in both older cultu-
res with the 1997 soils and the first generation of cultures
representing the 2000 year.

The original description of Scu. persica has been prepa-
red based on spores isolated from a barrier dune located in
New Jersey, U.S.A., although this fungus has also occurred
in coastal sand dunes of the east coast of the U.S.A. from
Massachusetts to Virginia (Koske and Walker 1985). Apart
from the U.S., this fungal species has also been recorded in
dunes and other soils in Brazil (Grandi and Trufem 1991),
Italy (Puppi et al. 1986), Poland and Greece (Btaszkowski
and Tadych 1997), as well as in China (Gai et al. 2006).

38. Scutellospora 179

n=1:2183.

Spores single in the soil; capsicum red to red brown;
250-400 pm diam (Fig. 7). Spores with two walls, a spore
wall and an inner germination wall. Spore wall consists of
two layers (layers 1 and 2; Fig. 8). Layer 1 permanent, yel-
low brown, 0.5-0.9 ym thick, ornamented with small warts,
0.5-0.8 pm high. Layer 2 laminate, capsicum red to red
brown, 4.0-11.5 pm thick. Germination wall composed of
two hyaline layers (layers 1 and 2; Fig. 8). Layer 1 flexible,
0.5-0.8 pm thick, frequently adherent to layer 2. Layer 2
flexible to semi-flexible, 1.0-1.8 pm thick, staining pinkish
red in Melzer’s reagent.

Spores of Scutellospora 179 are most reminiscent of tho-
se of Scu. persica (Koske & C. Walker) C. Walker & F.E.
Sanders in size and in having a warty outer spore wall lay-
er forming the spore surface. The only character distingui-
shing the two fungi is colour of their spores. Spores of Scu-
tellospora 179 are darker (capsicum red to red brown) than
those of Scu. persica (sunflower yellow (4A7) to apricot
yellow; Btaszkowski 2003).
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