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ABSTRACT
The ontogenetic development and morphological properties of spores of two species of arbuscular mycorrhizal
fungi (Glomeromycota) of the genus Glomus, G. claroideum and G. spurcum, are described and illustrated. Spores
of the two species were not earlier found in Poland, and this paper is the first report of the occurrence of G. spur-

cum in Europe.

In one-species pot cultures with Plantago lanceolata as the host plant, the mycorrhizae of G. claroideum consist
of arbuscules, vesicles, as well as intra- and extraradical hyphae staining intensively with trypan blue. Glomus
spurcum mycorrhizae were not recognized, because many attempts to establish one-species cultures of this fungus
failed. Additionally, the distribution of both the fungi in the world is presented.
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INTRODUCTION

Isolation of spores of arbuscular mycorrhizal fungi (Glo-
meromycota) from field-collected rhizosphere soils and
those from trap cultures representing cultivated sites and
maritime dunes of northern Poland revealed two species of
the genus Glomus, G. claroideum and G. spurcum. Spores
of G. claroideum were not earlier isolated from soils in Po-
land, although Turnau et al. (2001) revealed this fungus in
roots of Fragaria vesca L. growing on a zinc-waste site ne-
ar Chrzan6éw (southern Poland), following the use of a mo-
lecular taxon-specific primer. Glomus spurcum was not re-
ported from Europe to date. Additionally, the few existing
literature data suggest that the descriptions of morphologi-
cal properties of spores of both G. claroideum and G. spur-
cum are incomplete and inconsistent. Therefore, the main
aim of this paper is to describe and illustrate the morpholo-
gical properties of spores of G. claroideum and G. spurcum
coming from living pot cultures with soils of Poland and to
compare them with those published to date. Additionally,
the distribution of the two fungi in the world is presented.

MATERIALS AND METHODS

Collection of soil samples, establishment of trap and sin-
gle-species pot cultures, as well as growth conditions are
generally like those described previously (Btaszkowski and

Tadych 1997). Briefly, rhizosphere soils and roots of sam-
pled plants were collected from a depth of 5-30 cm using
a small garden shovel. In the laboratory, about 200-g sub-
samples were taken from each sample to determine the
species of arbuscular fungi sporulating in the field. Then,
the remaining soil-root mixtures were either air dried for 2
weeks and subsequently refrigerated at 4°C or directly used
to establish trap cultures. Trap cultures were established to
receive a great number of living spores of different deve-
lopmental stages and to initiate sporulation of species non-
sporulating in field conditions. The growing substrate of
the trap cultures was the field-collected material mixed
with an autoclaved coarse-grained sand coming from mari-
time dunes adjacent to Swinoujscie (pH 6.7; 12 and 26 mg
L' P and K, respectively). These mixtures were placed in
15 cm plastic pots (1350 cm?) and thickly seeded with host
plants. The plant species trapping arbuscular fungi from
cultivated soils were Plantago lanceolata L., Sorghum vul-
gare Pers. and Zea mays L., whereas only P. lanceolata
trapped these fungi in cultures representing maritime du-
nes. Plants were grown in a greenhouse at 15-30°C, with sup-
plemental 8-16-h lighting provided by one SON-T AGRO
sodic lamp (Philips Lighting Poland S.A.) placed 1 m abo-
ve pots. The maximum light intensity was 180 uE m2s! at
pot level. Plants were watered 2-3 times a week. No fertili-
zation was applied during the growing period. Trap cultu-
res were harvested at approximately 1-month intervals, be-
ginning three months and ending five months after plant
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emergence. Spores were extracted by wet sieving and de-
canting (Gerdemann and Nicolson 1963). The presence of
mycorrhizae was determined following clearing and stai-
ning of roots. Based on the experience of the authors of
this paper and suggestions of Professor R.E. Koske, Rhode
Island University, U.S.A., two changes were introduced to
the original method given by Phillips and Hayman (1970).
First, roots earlier cleared in 10% KOH were acidified in
20% HCI instead of 1% HCI as in the original procedure.
Second, the concentration of trypan blue was increased
from 0.05 to 0.1%.

Single-species pot cultures were established from about
50 to 100 newly formed spores stored before inoculation in
water at 4°C for 24 h. After removing soils debris, they we-
re collected in a pipette and transferred onto a compact lay-
er of roots of 10-14-day-old seedlings of P. lanceolata pla-
ced at the bottom of a hole of ca 1 cm wide and 4 cm deep
formed in a wetted growing medium filling 8-cm plastic
pots (250 cm?). The growing medium was autoclaved sand
from maritime dunes adjacent to Swinoujscie, of chemical
properties given above. Subsequently, the spores were co-
vered with another layer of roots coming from 4-6 plants of
the host. Finally, the roots and sandwiched spores were bu-
ried in the growing medium. The cultures were harvested
after 4-6 months and spores extracted.

Developmental stages of the fungus were determined ba-
sed on newly formed spores extracted from both trap and
single species cultures, the latter being harvested at ca 20-
-30-day intervals.

Morphological properties of spores, their subcellular
structures and developmental stages during differentiation
were determined based on at least 100 spores mounted in
polyvinyl alcohol/lactic acid/glycerol (PVLG; Koske and
Tessier 1983) and a mixture of PVLG and Melzer’s rea-
gent (1:1, v/v). The spores represented all stages of diffe-
rentiation of the fungus. The degree of maturity of spores
was assessed based on their appearance under an Olympus
SZX9 dissecting microscope. The main considered proper-
ties were colour and size of spores. Spores were crushed to
varying degrees by applying pressure to the coverslip and
then stored at 65°C for 24 h to clear their contents from oil
droplets. Examination of so prepared specimens was per-
formed using an Olympus compound microscope equipped
with differential interference contrast optics.

Terminology of spore structure is that suggested by Spa-
in et al. (1989), Stirmer and Morton (1997), and Walker
(1983). Spore colour was examined under a dissecting mi-
croscope on fresh specimens immersed in water. Colour
names were used according to Kornerup and Wanscher
(1983). The specimens were mounted in PVLG on slides
and deposited in the Department of Plant Pathology (DPP),
University of Agriculture, Szczecin, Poland.

DESCRIPTIONS OF THE SPECIES

Glomus claroideum Schenck et Smith

Sporocarps unknown. Spores borne singly in the soil (Fig.
1); produced from straight sporophores. Sporophore coeno-
cytic to sparsely septate; hyaline to yellowish white (4A2);
(1.9-)4.4(-7.6) ym wide; with a wall (0.4-)0.5(-0.7)
pm thick; bearing spores by swelling at hyphal tips. Mature
spores pale yellow (4A3) to greyish orange (5BS5); globose
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to subglobose; (95-)135(-190) um diam; sometimes ovoid,;
95-110 x 110-160 pm; with a single subtending hypha (Figs
1, 5, 6). Subcellular structure of spores consists of one wall
(Figs 4-6) with four layers (layers 1-4). The outermost layer
1 mucilagenous, hyaline, (1.5-)2.1(-2.8) pm thick, tightly
adherent to layer 2 (Figs 2-6), staining pinkish white
(11A2) to purplish red (14A8) in Melzer’s reagent, usually
absent in mature spores or present in the form of highly de-
composed fragments (Figs 5, 6). Layer 2 semiflexible, hya-
line, smooth, (2.2-)3.3(-3.9) pm thick, non-reactive in Mel-
zer’s reagent (Figs 2-4), deteriorating with age (Figs 5, 6).
Layer 3 laminate (Figs 3-6), smooth, pale yellow (4A3) to
greyish orange (5B5), composed of tightly adherent, very
thin, <0.5 pm thick, sublayers; (2.9-)5.9(-8.1) pm thick. La-
yer 4 flexible, smooth, hyaline, (0.4-)0.5(-0.6) pm thick,
usually separating from layer 3 of spore wall in crushed
spores (Figs 4, 5), but attached to the inner surface of the la-
minate layer 3 of subtending hypha (Fig. 6). Most juvenile
spores with wall layers 1 and 2 only (Fig. 2). Layers 3 and 4
form successively during the development of spores (Figs 3,
4). Subtending hypha pale yellow (4A3) to greyish orange
(5B5); straight or recurvate; cylindrical or funnel-shaped,
rarely constricted; (8.3-)12.1(-15.4) ym wide at the spore
base (Fig. 6). Wall of subtending hypha pale yellow (4A3)
to greyish orange (5B5); (2.7-)3.7(-4.7) um thick at the spo-
re base; composed of three layers continuous with spore
wall layers 1-3 (Fig. 6); layer 1 rarely present in mature
spores. Pore occluded by layer 4 of the spore wall.

Collections examined: Poland. Szczecin, spores and root
fragments from one-species cultures with P. lanceolata as the
plant host, 15 May 2001, Btaszkowski J., 2356-2377, DPP.

Other materials examined: Spores from trap cultures
with root-rhizosphere soils of Avena sativa L., Beta vulga-
ris L., Brassica napus L., B. oleracea L., Fragaria vesca L.,
Hordeum vulgare L., Secale cereale L., Triticum aestivum
L., x Triticosecale Witt., and Z. mays cultivated in western
Pomerania in 1998-2000, Btaszkowski J., unnumbered col-
lection.

Distribution and habitat: Glomus claroideum was the
third most frequently occurring species among those reco-
vered from 199 root-rhizosphere soil mixtures taken from
under 10 plant species cultivated in 106 sites of the western
Pomerania voivodeship. The plant species were A. sativa,
B. vulgaris, B. napus, B. oleracea, F. vesca, H. vulgare, Se-
cale cereale, T. aestivum, x Triticosecale, and Z. mays.
When spores recovered from field-collected root-rhizo-
sphere soil mixtures and trap cultures were considered, this
fungus ranked first in respect of the number of spores pro-
duced. The species of arbuscular fungi associated with G.
claroideum in the field and trap cultures included Acaulo-
spora paulinae Blasz., Archaeospora trappei (Ames et Lin-
derman) Morton et Redecker, G. aggregatum Schenck et
Smith emend. Koske, G. caledonium (Nicol. et Gerd.)
Trappe et Gerd., G. constrictum Trappe, G. deserticola
Trappe, Bloss et Menge, G. dominikii Btaszk., G. fascicu-
latum (Thaxter) Gerd. et Trappe emend. Walker et Koske,
G. geosporum (Nicol. et Gerd.) Walker, G. laccatum Bta-
szk., G. mosseae (Nicol. et Gerd.) Gerd. et Trappe, and
Scutellospora dipurpurescens Morton et Koske.

The chemical properties of the western Pomerania voivo-
deship soils were: pH, 4.4-8.0; N (%), 0.05-0.32;
P (mg/100 g of soil), 0.04-26.62, K, 3.32-36.71, and orga-
nic C (%), 0.33-2.41.
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Figs 1-8. Morphology of intact spores, subcellular structure of crushed spores, and mycorrhizae of Glomus claroideum in Plantago lanceolata roots stai-
ned in 0.1% trypan blue. Fig. 1. Intact young (y) and mature (m) spores. Fig. 2. Spore wall layers 1 (swll) and 2 (swl2) of a most juvenile spore crushed in
a mixture of PVLG and Melzer’s reagent. Fig. 3. Spore wall layers 1-3 (swl1-3) of a juvenile spore crushed in a mixture of PVLG and Melzer’s reagent.
Fig. 4. Spore wall layers 1-4 (swll-4) of a young spore. Fig. 5. Spore wall layers 1-4 (swll-4) of a mature spore; note the highly deteriorated layer 1. Fig.
6. Spore wall layers 1-4 (swl 1-4) of a mature spore and wall layers 1-3 (shwll-3) of its subtending hypha; note the invaginated spore wall layer 4 forming
a curved septum in the subtending hypha. Fig. 7. Arbuscules. Fig. 8. Vesicles (ves), intraradical hyphae (hyp), and coil (coil). Figs 1, 7, 8, bright field mi-
croscopy; Figs 2-6, differential interference contrast. Bars: Figs 2, 3, 5, 6 = 10 nm; Figs 4, 7, 8 = 20 pm; Fig. 1 = 150 pm.
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Apart from the sites of occurrence of G. claroideum li-
sted above, in Poland this fungus was earlier recognized
near Chrzanéw. However, this record was based only on
results of molecular investigations of mycorrhizal roots of
F. vesca; no spores were revealed.

Glomus claroideum has originally been described from
spores recovered from under Glycine max (L.) Merr. culti-
vated in Florida (Schenck and Smith 1982). According to
Walker and Vestberg (1998), this fungus is widely distri-
buted in Northern Europe, whereas only two reports exist
of its presence in the southern hemisphere. Saito and Var-
gas (1991) revealed G. claroideum spores in cultivated so-
ils of Japan.

Mycorrhizal associations: In the field, G. claroideum
spores occurred among vesicular-arbuscular mycorrhizal
roots of A. sativa, B. vulgaris, B. napus, B. oleraceae,
F.vesca, H. vulgare, S. cereale, T. aestivum, x Triticosecale,
and Z. mays. The mycorrhizae produced by this fungus in
single-species pot cultures with P. lanceolata as the plant
host consist of arbuscules, vesicles, as well as intra- and
extramatrical hyphae (Figs 7, 8). Arbuscules are numerous,
evenly distributed along the roots and stain pale violet
(17A3) to greyish violet (17C5) in 0.1% trypan blue (Fig.
7). Vesicles are ellipsoid, 45-85 x 55-105 pm and stain pa-
le violet (18A3) to bluish violet (18A7) in trypan blue (Fig.
8). Intraradical hyphae (Fig. 8) grow parallel to each other
and to the root axis, are 2.6-9.1 ym wide, and stain pale
violet (17A3-A5). The hyphae frequently form coils, espe-
cially at entry points (Fig. 8). The coils are 10.0-13.7 x
18.6-25.1 pm and stain pale violet (17A3) to greyish violet
(17C6).

Discussion: Most juvenile spores of G. claroideum have
a two-layered wall with layers 1 and 2 present (Fig. 2).
Each next layer (layers 3 and 4) starts to form when the
differentiation of the preceding layer was completed. This
pattern of differentiation of the subcellular structure of
a spore corresponds to that revealed in all Glomus spp. so
far investigated ontogenetically (e.g., Btaszkowski and Ta-
dych 1997; Stiirmer and Morton 1997).

The most distinctive property of G. claroideum spores is
their innermost, flexible wall layer (Figs 4-6). This layer
easily separates from the penultimate laminate layer in
most crushed spores coming from living pot cultures. Ho-
wever, in spores recovered from field-collected soils, it
usually tightly adheres to the laminate layer and, thereby,
is invisible in most crushed spores.

Another important wall component of G. claroideum
spores is the outermost mucilagenous layer 1 (Figs 2-6).
This layer is a short-lived structure and usually is present
only in young spores. It sloughs with age and the rate of its
disintegration probably mainly depends on the microbiolo-
gical activity of the soil. This layer is colourless and tightly
adheres to spore wall layer 2. Hence, it is difficult to see in
spores crushed in pure PVLG. The presence of this layer
reveals its staining reaction in Melzer’s reagent (Figs 2-4).

The semiflexible layer 2 may be also easily omitted. It is
thin, usually tightly adheres to the laminate layer 3, and do-
es not stain in Melzer’s reagent (Figs 2-6). This layer dete-
riorates with age as well, although its longevity is much hi-
gher than that of layer 1.

Layer 3 is permanent and coloured (Figs 3-6). It consists
of very thin, coloured sublayers, sometimes separating in
vigorously crushed young and overmatured spores. This
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makes an impression of the presence of an additional layer
in spore wall structure of this fungal species. Examination
of many restrainedly crushed spores of different maturity
excludes the five-layered version of the wall structure of
this species.

The three-layered wall of subtending hypha of G. claroi-
deum spores is usually visible only in specimens with the
two outer spore wall layers present, with which they are
continuous (Fig. 6).

The lumen of subtending hypha in some spores of G.
claroideum is closed by a plug, although the spore content
is held by the continuous innermost spore wall layer for-
ming an endospore (Fig. 6).

When observed under a dissecting microscope, spores of
G. claroideum resemble those of G. luteum Kennedy et al.,
G. geosporum, G. versiforme (Karsten) Berch, G. clarum
Nicol. et Schenck, G. caledonium, and G. etunicatum Bec-
ker et Gerd. All the species form yellow to yellow-brown
coloured spores of a more or less overlapping size range.

Examination of the structure and biochemical properties
of spore wall of specimens of different maturity readily di-
vides these species into three groups. The first group repre-
sents G. luteum, which produces spores with both the ou-
termost mucilagenous layer and the innermost flexible lay-
er of G. claroideum (Kennedy et al. 1999). The second gro-
up comprises G. clarum, G. caledonium, and G. etunica-
tum, which link the outermost mucilagenous layer (Morton
1996; Stiirmer and Morton 1997). Glomus geosporum and
G. versiforme form the third group; the outermost layer of
their spores sloughs, but is non-reactive in Melzer’s rea-
gent (Morton 2000; Walker 1982).

The properties distinguishing G. claroideum and G. lu-
teum are the thicker and more persistent layer 2 and the
thicker layer 3 of spores of the latter species (Kennedy et
al. 1999). The thicker laminate layer 3 causes G. luteum
spores to be darker coloured than those of G. claroideum.

The unique feature of spores of G. clarum is their persi-
stent, rigid, laminate, thick, and colourless layer 2 (Nicol-
son and Schenck 1979; Stiirmer and Morton 1997). Layer 2
of spores of G. claroideum is hyaline as well, but it is much
thinner and deteriorates with age. Additionally, spores of
G. clarum may be larger than those of G. claroideum.

Apart from the outermost mucilagenous layer, the lami-
nate structural layer of G. caledonium is still overlaid by
two permanent, rigid, hyaline layers (Morton 1996), whe-
reas only one, impermanent, semiflexible layer exists be-
tween the laminate layer and the outermost mucilagenous
one of G. claroideum spores.

The wall structure of spores of G. etunicatum consists of
only two layers (Stiirmer and Morton 1997), lacking layers
2 and 4 of G. claroideum spores.

Although G. geosporum differentiates an innermost layer
adhering to the lower surface of the laminate structural lay-
er as G. claroideum does, this layer in the former species is
coloured, rigid, and rarely separates from the laminate lay-
er (Morton 2000; Walker 1982; vs. it is colourless, flexible,
and usually separates from the laminate layer in G. claroi-
deum). Additionally, mature spores of G. geosporum usual-
ly are darker coloured than those of G. claroideum.

In contrast to the outermost wall layer of G. claroideum
spores, that of spores of G. versiforme is non-reactive in
Melzer’s reagent, much more persistent, and may be light-
coloured (Bfaszkowski, pers. observ.; Morton 2000). Mo-
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reover, the wall of G. versiforme spores consists of only
two layers (vs. four layers in G. claroideum).

Glomus versiforme differs also from all the other fungal
species compared here in properties of its mycorrhizae.
They stain only faintly in the commonly used stains (Bta-
szkowski, pers. observ.; Morton 2000), whereas the stai-
ning reaction of those of the other fungal species is intensi-
ve (Btaszkowski, pers. observ.; Kennedy et al. 1999; Mor-
ton 2000).

In the recently proposed classification of arbuscular my-
corrhizal fungi (Schiiler et al. 2001), G. claroideum toge-
ther with G. clarum and G. etunicatum are within group B,
whereas G. caledonium and G. geosporum represent group
A of the order Glomerales. Glomus versiforme is a member
of Diversisporaceae fam. ined.
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Glomus spurcum Pfeiffer et al. emend. Kennedy et al.

Sporocarps unknown. Spores borne singly in the soil
(Fig. 9); produced from straight sporophores. Sporophore
coenocytic to sparsely septate; hyaline to yellowish white
(4A2); (1.8-)3.4(-5.6) pm wide; with a wall (0.3-)0.5(-0.7)
pm thick; bearing spores by swelling at hyphal tips. Mature
spores hyaline to pale yellow (4A3); globose to subglobo-
se; (75-)86(-110) ym diam; with a single subtending hypha
(Fig. 9). Subcellular structure of spores consists of one
wall (Figs 10-14) with two layers (layers 1-2). Outermost
layer 1 permanent, flexible, hyaline to pale yellow (4A3),
(0.9-)1.0(-1.2) pm thick, frequently ballooning in lactic
acid-based mountants (Figs 10-14). Layer 2 laminate, hya-
line, smooth, (1.6-)4.5(-5.4) pm thick, composed of very
thin, < 0.5 pm thick, tightly adherent sublayers (Figs 10-

Figs 9-14. Morphology of intact spores and subcellular structure of crushed spores of Glomus spurcum. Fig. 9. Intact spores. Fig. 10. Ballooned spore wall
layer 1 (swll) separated from spore wall layer 2 (swl2). 11. Spore wall layer 1 (swll) and subtending hypha (sh) completely separated from spore wall lay-
er 2 (swl2) in a heavily crushed spore. Fig. 12 and 13. Spore wall layer 1 (swll) separated from spore wall layer 2 (swl2); note the flexible layer 1. Fig. 14.
Spore wall layers 1 and 2 (swl 1 and 2) and subtending hypha (sh). Fig. 9, bright field microscopy; Figs 10-14, differential interference contrast. Bars: Figs

12-14 = 10 pm; Figs 10, 11 =20 pm; Fig. 9 = 100 pm.
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-14), sometimes separating in vigorously crushed spores.
None of the spore wall layers stains in Melzer’s reagent.
Most juvenile spores hyaline, with two-layered wall, each
ca. 0.5 pm thick. Subtending hypha hyaline to pale yellow
(4A3); straight or recurvate; cylindrical; (4.3-)5.6(-7.8)
pm wide at the spore base (Figs 11, 14). Wall of subten-
ding hypha hyaline to pale yellow (4A3); (0.9-)1.0(-1.3)
pm thick at the spore base; continuous with spore wall lay-
er 1 (Fig. 11); layer 2 of spore wall extends along layer 1
of subtending hyphal wall only very closely at the spore
base. Pore 2.9-7.6 pm diam, occluded by a thin septum or
a plug.

Collections examined: Poland. Szczecin, from a pot trap
culture with root-rhizosphere soil of Ammophila arenaria
Link colonizing maritime sand dunes adjacent to Dartéwko
(54°26°N, 16°23’E) and P. lanceolata as the plant host, 15
May 2002, Btaszkowski J., 2378-2387, DPP.

Other materials examined: Spores from trap cultures
with mixtures of root and rhizosphere soils of B. vulgaris
and T. aestivum cultivated in Drzemin, Kolbacz and Stob-
no in the western Pomerania voivodeship, Btaszkowski J.,
unnumbered collection; spores from trap cultures with ro-
ot-thizosphere soils of A. arenaria, Corynephorus cane-
scens (L.) P. Beuv., Elymus arenarius L., Eryngium mariti-
mum L., Festuca rubra L., Phragmites australis (Cav.)
Trin. ex Steud., Rubus fructicosus L. nom. Ambig., and Sa-
lix sp. colonizing maritime dunes adjacent to Dartéwko.

Distribution and habitat: In Poland, spores of G. spurcum
were first found in three trap cultures with root-rhizosphere
soils of B. vulgaris and T. aestivum cultivated in Drzemin,
Kotbacz, and Stobno in the western Pomerania voivode-
ship. Subsequently, this fungus was revealed in 40 trap cul-
tures containing root-rhizosphere mixtures taken from
under A. arenaria, C. canescens, E. arenarius, E. mariti-
mum, F. rubra, P. australis, R. fructicosus, and Salix sp. co-
lonizing maritime dunes adjacent to Dartéwko.

The chemical properties of the cultivated soils are as those
presented in the section describing the distribution of G.
claroideum (see above). The chemical properties of the
Dartéwko dunes ranged: pH, 7.6-7.9; N, P, K, and org.
C (%), 0.001-0.002; 0.006-0.009; 0.08-0.09, and 0.01-0.09,
respectively.

Glomus spurcum has originally been discovered in a gre-
enhouse bed of sand used for propagation of various orna-
mental plants cultivated in Arizona (Pfeiffer et al. 1996).
This fungus has also been found in maritime dunes of Me-
xico (Pfeiffer et al. 1996), Hawaii (Koske and Gemma
1996), San Miguel Island, California (Koske, pers. in-
form.), as well as in different other natural ecosystems of
North America, Cuba and Namibia, Africa (Kennedy et al.
1999; Stutz and Morton 1996; Stutz et al. 2000).

Mycorrhizal associations: In the field, spores of G. spur-
cum were associated with vesicular-arbuscular mycorrhizal
roots of two plant species cultivated at three sites of the
Western Pomerania voivodeship and eight plant species
colonizing the Baltic Sea dunes adjacent to Dartéwko. The
species of cultivated plants were B. vulgaris and T. aesti-
vum, and those growing in the dunes included A. arenaria,
C. canescens, E. arenarius, E. maritimum, F. rubra, P. au-
stralis, R. fructicosus, and Salix sp. The arbuscular mycor-
rhizal fungal species accompanying G. spurcum in the field
and trap cultures were G. aggregatum, G. arenarium Bta-
szk., G. claroideum, G. constrictum, G. lamellosum Dalpé
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et al., G. mosseae, G. pustulatum Koske et al., and an uni-
dentified Scutellospora sp.

Many attempts to establish mycorrhizae of this fungus in
one-species pot cultures with P. lanceolata as the plant
host failed.

Discussion: The wall of most juvenile spores of G. spur-
cum consists of two, loosely adherent layers. With age, lay-
er 1 darkens and layer 2 thickens due to the synthesis of
new, hyaline sublayers in the laminate inner layer.

The spores of G. spurcum most distinguish the easy sepa-
ration of the outer layer from the inner component of their
spores. The outer spore wall layer is continuous with the
wall of subtending hypha. In contrast to most species of the
genus Glomus, the laminate layer of G. spurcum spores is
present in the wall structure of their subtending hypha only
closely at the spore base. Thus, the structural support of the
hypha formed by the laminate layer is weak. Therefore, la-
yer 1 of a spore and its subtending hyphal wall usually
completely separates from the inner laminate spore wall.

The laminate spore wall consists of colourless sublayers,
sometimes stratifying in vigorously crushed spores. This
makes an impression of the presence of an additional layer
and probably resulted in the erroneous conclusion expres-
sed in the original protocol of this species. Examination of
the separated fragments shows no differences in their phe-
notypic properties compared with those of the other, intact
part of the laminate layer. Additionally, crushing of many
spores by applying different pressure on the cover slip de-
monstrates a relatively loose nature of the laminate layer
and supports the Kennedy’s et al. (1999) interpretation of
a two-layered spore wall structure of this fungus.

The fungal species morphologically most similar to G.
spurcum are G. albidum Walker et Rhodes, G. eburneum
Kennedy et al., G. gibbosum Btaszk., G. viscosum Nicol-
son, and Paraglomus occultum (Walker) Morton et Redec-
ker. These species produce hyaline to light-coloured spores
of a similar size when observed under a dissecting micro-
scope.

However, G. albidum forms spores with a wall compo-
sed of an outer evanescent layer and an inner laminate lay-
er (Walker and Rhodes 1981). Both layers have a similar
thickness. In contrast, the outer layer of G. spurcum spores
is permanent and much thinner than the inner laminate lay-
er. Young spores of G. albidum stain pink to orange in
Melzer’s reagent, whereas those of G. spurcum are non-re-
active in this reagent.

The property distinguishing G. eburneum is the forma-
tion of ovoid to tear-drop shaped spores (Kennedy et al.
1999). Spores of G. spurcum consistently are globose. Ho-
wever, the main differences between these fungi hide in the
properties of spore wall layers, which are evident only in
heavily crushed spores. The outer layer of G. eburneum
spores remains adherent to the inner laminate one, and the
permanent layer 1 and the laminate layer 2 of the G. spur-
cum spore wall usually completely separate from each
other. Additionally, most vigorously crushed spores of G.
spurcum are devoid of subtending hypha that along with la-
yer 1 of spore wall separates from the laminate spore wall
layer forming too weak structural support of the hypha.

Layers 2 and 3 of spore wall of G. gibbosum are similar
to layers 1 and 2 of spore wall of G. spurcum (Btaszkowski
1997). However, in the former species, layer 2 is still asso-
ciated with an outer evanescent layer, and the laminate lay-
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er 3 surrounds a flexible, colourless innermost layer that is
lacking in the latter fungus.

Spores of G. viscosum occur in loose aggregates (Walker
et al. 1995) rather than singly in the soil as those of G.
spurcum. The spore wall of G. viscosum consists of three
layers with the outermost one exuding a mucigel-like sub-
stance (this phenomenon does not occur in G. spurcum).
Glomus viscosum also has a persistent subtending hypha
(vs. it usually is absent in crushed spores of G. spurcum).

Spores of P. occultum remain hyaline throughout their 1i-
fe cycle (Morton and Redecker 2001; Walker 1982). In
contrast, mature spores of G. spurcum usually are pale yel-
low. Additionally, the wall of P. occultum spores consists
of three layers of equal thickness, whereas the outer spore
wall layer of G. spurcum is much thinner than the inner
one. Finally, the innermost layer of P. occultum is a perma-
nent structure lacking sublayers (vs. a laminate layer in G.
spurcum).
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GLOMUS CLAROIDEUM 1 G. SPURCUM,
ARBUSKULARNE GRZYBY MIKORYZOWE (GLOMERALES)
NOWE ODPOWIEDNIO DLA POLSKI I EUROPY

STRESZCZENIE

Opisano i zilustrowano rozwdj ontogenetyczny i cechy morfologiczne zarodnikéw dwéch gatunkéw arbusku-
larnych grzybéw mikoryzowych (Glomeromycota) z rodzaju Glomus, G. claroideum i G. spurcum. Zarodniki obu
gatunkow nie byty wczesniej znajdywane w Polsce, a niniejszy artykut jest pierwszym doniesieniem o wystgpo-
waniu G. spurcum w Europie.

Mikoryzy Glomus claroideum wytworzone w jednogatunkowej kulturze z Plantago lanceolata sktadaja sig
z arbuskul, wezykul, jak réwniez strzepek wewnatrz- i zewnatrzkorzeniowych barwigcych si¢ intensywnie w bte-
kicie trypanowym. Nie okre§lono mikoryz G. spurcum, poniewaz liczne préby ustanowienia jednogatunkowych
kultur tego gatunku nie powiodty si¢. Ponadto przedstawiono rozmieszczenie obu grzybow w Swiecie.

SLEOWA KLUCZOWE: grzyby arbuskularne, Glomeromycota, mikoryzy.
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