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Arbuscular fungi and mycorrhizae (Glomales) 
of the Hel Peninsula, Poland 

Abstract In the years 1985-1989, the occurrence of ar- 
buscular fungi and mycorrhizae on the Hel Peninsula 
(Poland) was investigated with the help of 45 soil and 
root samples collected under 20 plant species of eight 
families. Except for Zea rnays, the other plant species 
were from uncultivated sites. All soil samples contained 
spores of arbuscular fungi, of which about 45% were of 
the genus Glomus. Acaulospora spp. preferred mem- 
bers of the Cupressaceae. Spores of Gigaspora oc- 
curred rarely and only in two plant families. Glomus 
spp. were most frequently associated with plants of the 
Rosaceae, and species of Scutellospora were found at 
markedly higher frequencies among roots of plants of 
the Gramineae and Cupressaceae. A total of 29 spore- 
forming species and Glornus tenue (a fungus recogniza- 
ble by its distinctive infections) were found. The most 
frequently recovered fungus, Glomus tenue, was pres- 
ent in roots of 56.8% of examined plants. Of the spore- 
forming fungi, the most frequently isolated spores were 
those of ScuteIlospora dipurpurascens, then Glornus 
constrictum, Acaulospora 61, and Glomus microcar- 
pure. The overall spore density in examined samples 
averaged 99.8 in 100 g dry soil in the range 1 to 547, and 
was highest in a sample taken from around roots of Fes- 
tuca arundinacea. The dominant fungi forming spores 
in sampled soils were Glomus constricturn, Glomus mi- 
crocarpum, and Scutellospora dipurpurascens. The av- 
erage species density was 3.9 in 100 g dry soil in the 
range 1 to 10, and was highest in Corynephorus canesc- 
ens, Rosa canina, and Thuja occidentalis. Levels of col- 
onization by arbuscular fungi ranged from 0.0 to94.0% 
(mean 23.3%) of the root length and were highest in 
Festuca arundinaceae and Zea mays. 
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Introduction 

The Hel Peninsula (54~176 'N,  18~ 
18048 , E) is a narrow strip of land 200-3000 m wide, 
34km long and about 160 km 2 in area. It has been 
formed from sand brought by waves of the Baltic Sea. 
The mean annual precipitation and the mean precipita- 
tion in the vegetative period (May-July) are 528 mm 
and 156 mm, respectively. The hottest month is July, 
with a daily mean temperature ranging from 16.6 to 
17.7 ~ C. The mean number of frost days is 89.4 (Woj- 
terski and Bednorz 1982). 

The vegetation consists of 204 plant species in 155 
genera and 50 families. The most numerously repre- 
sented families are the Compositae (27 species in 22 
genera), the Gramineae (19 species in 15 genera), the 
Rosaceae (13 species in 10 genera), and the Legumino- 
sae (12 species in 10 genera) (Gerstmann et al. 1981). 

In recent years, progressive erosion of the Hel Pen- 
insula has been observed due to changes of the course 
of maritime streams generated by a pier in the fishing 
port at Wtadystawowo. At present, the losses are res- 
tored by mechanical transport of sand from the Puck 
Gulf. There are proposals for complex studies on the 
restoration and protection of the Hel Peninsula. A sig- 
nificant role in these enterprises will undoubtedly be 
played by arbuscular fungi. 

Arbuscular fungi (Glomales) are probably amongst 
the most common soil fungi (Gerdemann 1968) and are 
associated with about 80% of the world's plants (Gian- 
inazzi and Gianinazzi-Pearson 1986). Sand dune soils 
especially favour their development because of the low 
phosphorus content (Koske 1987). Numerous studies 
conducted in dune sites have shown them to be of fre- 
quent occurrence (Bergen and Koske 1984; Giovannet- 
ti and Nicolson 1983; Khan 1974; Koske 1975, 1987, 
1988; Koske and Halvorson 1981, 1989; Koske and 
Tews 1987; Koske et al. 1975, 1990; Mohankumar et al. 
1988; Nicolson and Johnson 1979; Puppi and Ries 1987; 
Sylvia 1986; Sylvia and Will 1988). 
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Arbuscular fungi significantly improve nutrit ion of 
plants, especially those growing in nutr ient-poor sites 
(Harley and Smith 1983). Extramatrical  hyphae of ar- 
buscular mycorrhizae not only increase the absorptive 
area of a root  (Bieleski 1973), but also stabilize sandy 
soils by binding sand grains into aggregates (Koske and 
Polson 1984; Sutton and Sheappard 1976). Reeves et al. 
(1979) suggested that mycorrhizal plants are more  com- 
petitive than nonmycorrhizal  plants. According to He-  
trick et al. (1989) and Janos (1980), the presence of ar- 
buscular fungi may affect both quantitatively and quali- 
tatively the spectrum of plants in a community.  Thus, 
the dispersion and occurrence of hosts within a site may 
be limited by the occurrence of fungal infection propa- 
gules (Miller 1987). However ,  the density of these pro- 
pagules depends on the degree of fitness of a fungus- 
plant association (Dodd et al. 1990). In effective asso- 
ciations, a fungus significantly increases the rate of 
plant growth (Abbot t  and Robson 1981; Raju et al. 
1990), and vigorously growing plants usually harbour  
both abundant  mycorrhizal infections and numerous 
spore populations (Hetrick and Bloom 1986). 

The sand being used in the recovery of the disturbed 
areas of the Hel  Peninsula does not contain arbuscular 
fungi. Hence  the stabilization of these areas may be 
hastened by introduction both of plants with high my- 
corrhizal dependency and fungi maintaining high effec- 
tiveness, i.e. the ability of a fungus to increase plant 
growth in a phosphate-deficient soil (Abbot t  and Rob- 
son 1981; Mosse 1972), and infectivity, i.e. the rate and 
extent of mycorrhizal infection formed by a fungus 
(Scheltema et al. 1987), in the Hel  Peninsula soil condi- 
tions. 

The aim of this present paper  was to determine the 
occurrence of arbuscular fungi and mycorrhizae on the 
Hel  Peninsula. 

Materials and methods 

Soil and root samples were collected from a depth of 5-30 cm us- 
ing a small trowel. Samples of about 2 1 were put into plastic bags 
and subsequently stored in a refrigerator at 4~ for 1-8 months. 
Because spore and species densities of arbuscular fungi are posi- 
tively correlated with the degree of plant cover (Koske and Hal- 
vorson 1981), soils and roots were sampled under well-developed 
mature or maturing plants that grew in dense communities. 

Spores of arbuscular fungi were recovered from soils by wet 
sieving and decanting (Gerdemann and Nicolson 1963). Both in- 
tact and crushed spores in polyvinyl alcohol/lactic acid/glycerol 
(PVLG) (Koske and Tessier 1983) and in Melzer's reagent were 
examined. Classitication, spore wall characteristics, and the spell- 
ing of scientific names are those suggested by Almeida (1989), 
Morton (1986), Morton and Benny (1990), and Walker (1983, 
1986, 1991). Plant nomenclature follows that of Falkowski (1982) 
and Szafer et al. (1969). Spore colour was examined under a dis- 
secting microscope on fresh specimens immersed in water. Col- 
ours were determined according to the Methuen Handbook of  
Colour (Kornerup and Wanscher 1983). Voucher specimens of 
recovered fungi have been deposited in the Department of Plant 
Pathology, Academy of Agriculture, Szczecin. 

The mycorrhizal status of examined plant species was deter- 
mined on roots washed away during wet sieving of soils. Mycor- 
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Fig. 1 Sites at which soil and root samples were collected 

rhizal colonization of 50 stained (Phillips and Hayman 1970) root 
fragments with a length of about 1 cm was evaluated according to 
Giovannetti and Mosse (1980). The presence of Glomus tenue 
was determined in the same roots mounted on microscope 
slides. 

Differences in the structure of arbuscular fungal communities 
were investigated by determining the frequency of species and the 
spore and species densities, and by calculating dominance coeffi- 
cients (Gdrny and Gruma 1981). The variability of spore and spe- 
cies densities was expressed by the coefficient of variability. The 
frequency of occurrence was calculated as the percentage of sam- 
ples from which spores of a particular species was recovered. 
Spore and species density was defined by the number of spores 
and species occurring in 100 g dry soil. The dominance coefficient 
expresses the ratio of the number of spores of a particular species 
to the total number of spores of arbuscular fungi. The coefficient 
of variability is a quotient of a standard deviation and a mean 
expressed in percentages. 

The localities and collection datas (see Fig. 1) were as follows: 
Chatupy: 31, 39, 23 August 1985; 93, 30 July 1986; 158, 159, 161, 
162, 163, 4 June 1988; 200, 201, 28 September 1988; 238, 7 July 
1989; 253, 26 August 1989; Hel: 32, 37, 21 August 1985; 112, 123, 
20 August 1987; 175, 176, 194, 195, 28 September 1988; 247, 248, 
251, 5 August 1989; Jastarnia: 38, 21 August 1985; 117, 118, 20 
August 1987; 203, 205, 28 September 1988; Ku~nica: 34, 23 August 
1985; 96, 22 July 1986; 119, 20 August 1987; 160, 4 July 1988; 202, 
204, 28 September 1988; 254, 27 August 1989; Wtadystawowo: 36, 
21 August 1985; 94, 29 July 1986; 157, 4 June 1988; 198, 28 Sep- 
tember 1988; 234, 236, 237, 239, 240, 7 July 1989; 255, 27 August 
1989. 

Results and discussion 

From 1985 to 1989, a total of 45 soil and root  samples 
collected under  20 pland species of 8 plant families 
were examined (Fig. 1, Table 1). The chemical proper- 
ties of 16 randomly chosen soil samples ranged as fol- 
lows: pH (in 1 N KC1) 3.8-6.5; NO3 12-240; P205 8-51; 
K20 5-138; Mg 6.4-362; Na 6-237; C1 17-640 (mg/1); 
humus content  0.29-6.01 (%). Except  for Zea mays,  the 
other  plant species grew in uncultivated sites. Most 
samples were taken from around roots of members  of 
the Gramineae  (23 samples, 11 plant species), followed 
by the Rosaceae (10 samples, 2 plant species) and the 



Table 1 Plants examined and localities at which the occurrence 
of arbuscular fungi and mycorrhizae was investigated 

Family and plant species Locality 
(see Fig. 1) 

Compositae 
Artemisia campestris L. 255 

Cupressaceae 
Chamaecyparis lawsoniana (And.) Parl. 
Thuja occidentalis L. 

251 
37,112,194,195,247, 
248 

Cyperaceae 
Bulboschoenus maritirnus (L.) Palla 237 

Ericaceae 
CaIluna vulgaris (L.) Salisb. 198 

Gramineae 
Ammophila arenaria (L.) Link 200, 202, 204, 205,236 
Corynephorus canescens (L.) P.B. 32, 160 
Elymus arenarius L. 31 
Festuca arundinaceae Schreb. 201 
Festuca ovina L. 39, 157, 158 
Festuca rubra spp. fallax (Thuill.) Hack. 36 
Helictotrichon pubescens (Huds.) Pilg. 163 
Holcus lanatus L. 162 
Phragmites communis Trin. 161 
Poa pratensis L. 159 
Zea mays L. 38 
Unknown grass 34, 94, 96, 176, 203 

Juncaceae 
Juncus conglomeratus L. 237 

Rosaceae 
Crataegus monogyna Jacq. 117, 254 
Rosa canina L. 93, 118, 119, 123, 238, 

239, 240, 253 

Salicaceae 
Salix triandra L. 175 

Cupressaceae (7 samples, 2 plant species). The  other  
plant families were represented by both single soil sam- 
ples and single plant species. The occurrence of arbus- 
cular fungi was most frequently investigated in Rosa 
canina (8 samples), then in Thu]a occidentalis (6 sam- 
ples), Ammophi la  arenaria (5 samples), and Festuca 
ovina (3 samples). Mycorrhizal association in Coryne- 
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phorus canescens and Crataegus monogyna were exam- 
ined twice, and the other  plant species were repre- 
sented by single soil and root  samples. 

Spores of arbuscular fungi were found in all exam- 
ined soil samples. About  45% of isolated spores were 
of the genus Glornus (Table 2). The occurrence of 
members of the other  genera in spore populations was 
similar and ranged from 14.7% (Gigaspora) to 20.7% 
(Acaulospora). 

Koske (1975) found spores of arbuscular fungi in 21 
of 23 examined soil samples f rom Australian sand 
dunes. Of 192 soil samples collected on the Tyrrhenian 
coast of central Italy, 167 ones contained arbuscular 
fungi (Puppi and Riess 1987). Mohankumar  et al. 
(1988) recovered spores of these fungi f rom the root  
zone of all 53 investigated plant species of 30 families 
colonizing sandy beach soils of the Madras coast. Thus, 
the present  author 's  results and those cited above sup- 
port  the suggestion of Gerdemann  (1968) that arbuscu- 
lar fungi are probably the most widely distributed soil 
fungi in the world. Their  common occurrence suggests 
that they probably play an important  role in the nutri- 
tion of plants (Harley and Smith 1983) and the stabili- 
zation of sands (Koske and Polson 1984; Sutton and 
Sheppard 1976) of the Hel  Peninsula. 

Species of Glomus also predominated in maritime 
sands of Madras (India) (Mohankumar  et. al. 1988), 
Italy (Giovannett i  and Nicolson 1983; Puppi and Ries 
1987), Scotland (Nicolson and Johnson 1979), Florida 
(Sylvia 1986; Sylvia and Will 1988), Wisconsin (Koske 
and Tews 1987), Hawaii (Koske 1988), and San Miguel 
Island (California) (Koske and Halvorson 1989). In 
contrast, sand dunes in Australia (Koske 1975), Rhode  
Island (Koske and Halvorson 1981), Massachusetts 
(Bergen and Koske 1984; G em m a  and Koske 1988; 
Gemma et al. 1989), and those extending from New 
Jersey to Virginia (Koske 1987) were dominated by 
species of the genera Gigaspora and Scutellospora. 

There  are at least three probable reasons for the 
strong predominance of fungi of the genus Glornus 
over those of Gigaspora and Scutellospora in soils of 
the Hel  Peninsula. Firstly, Gigaspora species more fre- 
quently occur in soils with a large amount  of sand (Day 

Table 2 Frequency of occurrence of four genera of arbuscular 
fungi in seven plant families. The frequency was calculated from: 
(number of spores of a given genus/number of all spores in sam- 

ples of a given plant family) x 100. Values in parentheses are coef- 
ficients of variation (%). n, Number of soil samples examined 

Plant family n Acaulospora Gigaspora Glomus Scutellospora 

Compositae 1 - -  - -  48.0 52.0 
Cupressaceae 7 35.5 (88.3) - -  24.1 (148.9) 26.1 (140.3) 
Cyperaceae 1 - -  - -  100.0 - -  
Ericaceae 1 4.3 - -  80.4 15.2 
Gramineae 23 12.1 (137.1) 8.8 (406.1) 46.9 (190.9) 27.1 (230.1) 
Juncaceae 1 - -  100.0 - -  - -  
Rosaceae 10 19.1 (210.0) 8.5 (599.9) 52.9 (118.2) 5.3 (109.2) 
Salicaceae 1 90.7 - -  4.1 5.2 

Mean 20.2 14.7 44.6 16.4 
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Table 3 Frequency of occurrence of four genera of arbuscular fungi in 20 plant species. The calculation method and symbols are as in 
Table 2 

Plant species n Acaulospora Gigaspora Glomus Scutellospora 

Amrnophila arenaria 5 1.9 (193.9) 0.4 (200.0) 35.5 (133.4) 42.2 (96.2) 
Artemisia campestris 1 - -  - -  48.0 52.0 
Bulboshoenus maritimus 1 - -  - -  100.0 - -  
Calluna vulgaris 1 4.3 - -  80.4 15.2 
Chamaecyparis lawsoniana 1 - -  - -  90.0 10.0 
Corynephoruscanescens 2 24.7 (47.5) - -  46.3 (57.9) 29.1 (141.4) 
Crataegus monogyna 2 15.4 (141.4) 28.9 (141.4) 5.6 (141.4) 50.2 (64.3) 
Elymus arenarius 1 20.0 30.0 30.0 20.0 
Festuca arundinaceae 1 7.9 - -  91.0 1.1 
Festuca ovina 3 39.1 (102.3) - -  21.6 (150.3) 39.3 (97.8) 
Festuca rubra ssp. fallax 1 - -  - -  66.7 33.3 
Helictotrichon pubescens 1 7.2 - -  37.8 55.1 
Holcus lanatus 1 14.3 - -  71.4 14.3 
Juncus conglomeratus 1 - -  100.0 - -  - -  
Phragrnites communis 1 - -  11.1 88.9 - -  
Poa pratensis 1 - -  - -  61.1 38.9 
Rosa canina 8 23.9 (192.8) 3.4 (151.2) 66.1 (96.3) 6.6 (108.6) 
Salix triandra 1 90.7 - -  4.1 5.2 
Thuja occidentalis 6 41.4 (71.7) - -  28.2 (171.1) 30.4 (141.5) 
Zea mays 1 - -  - -  100.0 - -  

et al. 1987); the genus Scutellospora is an ancestral 
group of fungi (Morton 1990) and probably prefer  sim- 
ilar sites. The soil samples from the Hel  Peninsula were 
mainly collected under  older vegetations where the 
amount  of sand in soil is much lower than in the root  
zone of plants colonizing foredunes examined by most 
of the authors cited above. Secondly, species of Glomus 
seem to be more sensitive to drought than members  of 
Gigaspora and ScutelIospora (Daniels and Trappe 1980; 
Koske 1981), and this increases the competitive ability 
of the latter fungi, mainly in the foredunes. However ,  in 
the Hel Peninsula soils, the moisture is probably within 
the optimal range for Glomus spp. Thirdly, the soil 
temperature  of the Hel  Peninsula is more suitable for 
fungi of the genus Glomus than those of the genera Gi- 
gaspora and Scutellospora. Daniels and Trappe  (1980) 
found that the optimal temperature  for germination of 
spores of Glomus spp. was 14-22 ~ C, whereas spores of 
Gigaspora and Scutellospora from two geographically 
and edaphically diverse sites germinated best at 25-  
35~ (Koske 1981; Schenck et al. 1975); this tempera-  
ture rarely occurs in the region of the Hel  Peninsula 
(Wojterski and Bednorz  1982). 

With respect to families from which more than two 
species were examined, Acaulospora spp. were most 
frequently associated with members  of the Cupressa- 
ceae (35.5%), and most rarely with plants of the Gram- 
ineae (12.1%) (Table 2). Spores of Gigaspora occurred 
at low frequency and only in two plant families. Glo- 
rnus spp. were most frequently found among roots of 
plants of the Rosaceae (52.9%), followed by the Gram- 
ineae (46.9%) and then the Cupressaceae (21.4%). 
Spores of the genus Scutellospora occurred at markedly 
higher frequencies around roots of plants of the Gram- 
ineae (27.1%) and Cupressaceae (26.1%) than of the 
Rosaceae (5.3%). 

The ocurrence of fungi of the genera Acaulospora, 
Gigaspora, Glomus, and Scutellospora in families with 
single plant species was in the range 0-90.7% (Compo- 
sitae, Cupressaceae, Cyperaceae,  Juncaceae versus Sali- 
caceae), 0-100% (Compositae, Cupressaceae, Cypera- 
ceae, Ericaceae, Salicaceae versus Juncaceae),  0-100% 
(Juncaceae versus Cyperaceae),  and 0-52% (Cypera- 
ceae, Juncaceae versus Compositae),  respectively. 

For  the plant species examined more than twice, 
Acaulospora spp. occurred most frequently in the root  
zone of Thuja occidentalis (41.4%), then Festuca ovina 
(39.1%), Corynephorus canescens (24.7%), Rosa canina 
(23.9), and Crataegus monogyna (15.4%) (Table 3). 
Spores of Gigaspora were relatively frequently found in 
soils sampled under  Crataegus monogyna (28.9%) but 
relatively rarely with roots of Rosa canina (3.4%) and 
Arnmophila arenaria (0.4%). Corynephorus canescens, 
Festuca ovina, and Thuja occidentalis did not harbour  
fungi of this genus. Members of the genus Glomus pre- 
dominated in the rhizosphere of Rosa canina (66.1%). 
In contrast, of the spore population associated with 
Crataegus monogyna, only 5.6% were of Glomus. Glo- 
rnus spp. were also frequently present among roots of 
Corynephorus canescens (46.3%), Ammophila arenaria 
(35.5%), Thuja occidentalis (28.2%), and Festuca ovina 
(21.6%). Spores of Scutellospora were most frequently 
associated with Ammophila arenaria (42.2%) and most 
rarely with roots of Rosa canina (6.6%). A relatively 
high percentage of fungi of this genus was also found in 
rhizosphere soils of Festus ovina (39.3%), Thuja occi- 
dentalis (30.4%), and Corynephorus canescens (29.1%). 
The frequencies of occurrence of fungi of the genera 
Acaulospora, Gigaspora, Glomus, and Scutellospora in 
the root  zone of plants represented by single species 
were in the ranges 0-90.7%, 0-100%, 0-100%, and 0-  
55.1%, respectively. 
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Arbuscular fungi are not specific to particular host 
plants and practically any fungal species can infect 
plants that usually form arbuscular mycorrhizae (Mosse 
1975). Although there is evidence that some families 
and species of plants prefer particular genera or species 
of fungi (Abbott and Robson 1981; Ali 1969; Daft and 
Nicolson 1972; Dominik 1952; Graw et al. 1979; Koske 
and Halvorson 1981; Rabatin 1979; Schenck and Smith 
1981), more recent results (Koomen et al. 1987; Koske 
1987; McGonigle and Fitter 1990; Wilson 1984) suggest 
that both the quantitative and qualitative composition 
of spore populations of arbuscular fungi mainly results 
from complex fungus/plant/habitat interactions. In ad- 
dition, fungal infectivity (Scheltema et al. 1987) and ef- 
fectiveness (Abbott and Robson 1981; Mosse 1972), 
mycorrhizal dependency (Azcon and Ocampo 1981; 
Graham and Syversten 1985; Saif 1987), plant vigour 
(Daft and Nicolson 1972; Schenck and Schroeder 1974), 
and the strategies of fungi for minimizing simultaneous 
competition for host photosynthate or cortical cells 
(Gemma et al. 1989) may be important in this respect. 
The soil samples from the Hel Peninsula were mainly 
collected during the plant flowering period, and the 
preferences found by the author may only characterize 
the fungus/plant associations with respect to the time at 
which soils and roots were sampled. However, fungi 
dominant at the end of the plant growing cycle should 
play the most important role during plant colonization 
in the spring of the succeeding year and should deter- 
mine both the species composition and the relative pro- 
portions of coexisting fungi throughout the vegetative 
period. According to Wilson (1984), prior colonization 
by one species may suppress the development of fur- 
ther fungi. Hence, seasonal sporulation of different spe- 
cies of arbuscular fungi is probably determined by peri- 
odic changes in the activity of the quantitatively domi- 
nant fungus in a particular fungus/plant combination 
which enable other arbuscular fungi to colonize and de- 
velopment. This needs to be tested using the technique 
of vital staining that Kough et al. (1987) applied to in- 
vestigations of responses of arbuscular fungi to fungi- 
cides. 

A total of 29 spore-forming species of arbuscular 
fungi were found, among which were seven Acaulospo- 
ra spp., one Gigaspora sp., 16 Glomus spp., and five 
Scutellospora spp. (Table 4). Three species, Acaulospo- 
ra 61, Glomus 93, and Scutellospora 72 probably are 
undescribed fungi. Other members of the genera Acau- 
lospora, Gigaspora, Glomus, and Scutellospora also oc- 
curred in the spore populations, as well as spores of an 
unrecognized generic affiliation (without a subtending 
hypha or a sporiferous saccule). However, they were 
found rarely and in low amounts, and hence assignation 
of morphological features, especially spore wall struc- 
ture, was impossible. In addition, 25 root samples were 
colonized by Glomus tenue (Greenall) Hall, a species 
rarely forming spores and recognizable by delicate hy- 
phae less than 3.0 Ixm in diameter and staining darker 
than other arbuscular fungi (Hall 1977). 

Table 4 Arbuscular fungi isolated from soils of the Hel Penin- 
sula 

Fungal species Frequency of Dominance 
occurrence (%) 
(%) 

Acaulospora capsicula 10.9 1.66 
Acaulospora cavernam 10.9 7.01 
Acaulospora gedanskensis 8.7 1.53 
Acaulospora Iacunosa 17.4 3.34 
Acaulospora paulinae 15.2 2.66 
Acaulospora polonica 6.5 2.05 
AcauIospora 61 28.3 2.82 
Unknown Acaulospora 4.3 0.46 
Gigaspora gigantea 19.6 1.55 
Unknown Gigaspora 4.3 0.04 
Glomus aggregatum 17.4 3.47 
Glomus caledonium 10.9 3.40 
Glomus constrictum 32.6 10.02 
Glomus deserticola 13.0 2.86 
Glomus dominikii 2.2 0.07 
Glomus etunicatum 2.2 0.22 
Glomus fasciculatum 23.9 8.05 
Glomus geosporum 6.5 0.15 
Glomus heterosporum 8.7 5.61 
Glomus laccatum 2.2 0.39 
Glomus rnacrocarpum 17.4 3.80 
Glomus microcarpum 26.1 16.76 
Glomus mosseae 15.2 1.00 
Glomus occultum 4.3 0.22 
GIomus pansihalos 2.2 0.07 
Glomus 93 2.2 3.78 
Unknown Glomus 13.0 1.53 
Scutellospora calospora 17.4 1.31 
Scutellospora dipurpurascens 50.0 11.09 
Scutellospora nodosa 2.2 0.15 
Scutellospora pellucida 4.3 0.33 
Scutellospora 72 6.5 0.50 
Unknown Scutellospora 13.0 2.25 
Unrecognized spores 6.5 1.22 

Frequency of occurrence 

Glomus tenue was associated with roots of 56.8% of the 
examined plants and ranked first in frequency of occur- 
rence of arbuscular fungi on the Hel Peninsula (Table 
4). The most frequently recovered species forming 
spores was Scutellospora dipurpurascens, which oc- 
curred in 50% of the soil samples examined. Other fre- 
quently found spore-forming fungi were Glomus con- 
stricture (32.6%), Acaulospora 61 (28.3%), and Glomus 
microcarpum (26.1%). Eight species had frequencies in 
the range 14.1-25%, of which Glornus fascicuIatum 
ranked highest (23.9%). The frequency of occurrence 
of seven species was in the range 5.1-15%, with Glo- 
mus deserticola (13%) and Glomus caledonium 
(10.9%) having the highest frequencies. Eight species 
occurred in less than 5% of soil samples, including Glo- 
mus occulturn (4.3%) and Scutellospora pellucida 
(4.3%). 



76 

Table 5 Mean spore and species density in 100 g dry soil of ar- 
buscular fungi among roots of seven plant families. Symbols as in 
Table 2 

Plant family n Spore density Species density 

Compositae 1 50.0 5.0 
Cupressaceae 7 106.1 (76.5) 4.4 (65.4) 
Cyperaceae 1 59.0 1.0 
Ericaceae 1 46.0 3.0 
Gramineae 23 105.4 (138.1) 4.0 (58.8) 
Juncaceae 1 1.0 1.0 
Rosaceae 10 99.1 (98.0) 4.4 (75.9) 
Salicaceae 1 269.0 5.0 

Table 6 Mean spore and species density in 100 g dry soil of ar- 
buscular fungi among roots of 20 plant species. Symbols as in Ta- 
ble 2 

Plant species n Spore Species 
density density 

Ammophila arenaria 5 60.8 (121.2) 3.2 (77.8) 
Artemisia campestris 1 50.0 5.0 
Bulboshoenus maritimus 1 59.0 1.0 
Calluna vulgar& 1 46.0 3.0 
Chamaecyparis lawsoniana 1 80.0 2.0 
Corynephorus canescens 2 39.0 (58.0) 5.0 (28.2) 
Crataegusmonogyna 2 17.5 (68.7) 3.0 (0.0) 
Elymus arenarius 1 10.0 4.0 
Festuca arundinaceae 1 547.0 5.0 
Festuca ovina 3 65.0 (102.4) 3.0 (33.3) 
Festuca rubra ssp. fallax 1 6.0 1.0 
Helictotrichon pubencens 1 445.0 10.0 
Holcus lanatus 1 7.0 4.0 
Juncus conglomeratus 1 1.0 1.0 
Phragmites comrnunis 1 9.0 1.0 
Poa pratensis 1 54.0 3.0 
Rosa canina 8 119.15 (82.5) 4.8 (77.0) 
Salix triandra 1 269.0 5.0 
Thuja occidental& 6 84.3 (105.5) 4.8 (61.0) 
Zea mays 1 230.0 5.0 

Spore density 

foredunes (0-577) (Sylvia 1986). Lower spore densities 
were found in a coastal dune in Pakistan (1-29) (Khan 
1974), a sand dune system on the Tyrrhenian coast of 
central Italy (0-250) (Puppi and Riess 1987), a barrier 
sand dune on the south coast of Rhode Island (101- 
336) (Koske and Halvorson 1981), sand dunes of Cape 
Cod in Massachusetts (0.2-16.2) (Bergen and Koske 
1984), and a beach replenishment site in Florida (102- 
355) (Sylvia and Will 1988). More abundant spore pop- 
ulations have been found only in Australian sand dunes 
(0-1100) (Koske 1975). 

The differences between the spore densities in the 
Hel Peninsula soils and other dune sites may result 
from: (1) differences in climatic conditions (Anderson 
et al. 1984; Koske 1987), (2) different species composi- 
tion and different degree of plant cover of the com- 
pared areas (Anderson et al. 1984; Benjamin et al. 
1989), (3) differences in microbiological, physical, and 
chemical soil properties (Anderson et al. 1984; Koske 
1987, 1988), (4) seasonal fluctuations in spore abun- 
dance (Gemma et al. 1989), (5) presence of nonsporu- 
lating or infrequently sporulating arbuscular fungi 
(Koske 1988), and/or (6)  decreased activity of arbuscu- 
lar fungi due to parasitism by other arbuscular fungi 
(Koske 1984) or other soil microorganisms (Ross and 
Ruttencutter 1977). 

The average densities of spores associated with roots 
of particular plant species were highest in Festuca arun- 
dinaceae (547), then in Helictotrichon pubescens (445), 
Salix triandra (269), and Zea mays (230) (Table 6). 
However, all these plant species were represented by 
single soil samples. Relatively dense spore populations 
also occurred around the roots of Rosa canina (119.5). 
Seven plant species harboured arbuscular fungi in den- 
sities of 50-100 spores, of which Thuja occidentalis 
(84.3) and Chamaecyparis lawsoniana (80) ranked high- 
est. Less than 50 spores in 100 g dry soil were found in 
eight plant species, with Calluna vulgaris (46) and Co- 
rynephorus canescens (39) having the highest and Jun- 
cus conglorneratus the lowest average spore densities. 

The overall spore density of arbuscular fungi for the 45 
100-g soil samples examined was on average 99.8 and in 
the range 1-547. Spore density did not correlate with 
any soil chemical property determined, but correlated 
significantly with mycorrhizal colonization (r = 0.61; 
P=0.05). The spore density was highest in samples 
from the Salicaceae (269) (Table 5). However, this fam- 
ily was represented only by one species and one soil 
sample. Relatively high and similar spore densities 
were found in the root zones of the Cupressaceae 
(106.1), Gramineae (105.4) and Rosaceae (99.1). The 
other plant families harboured arbuscular fungi in den- 
sities from 1.0 (Juncaceae) to 59 (Cyperaceae) spores in 
100 g dry soil. 

The average spore density of arbuscular fungi in 
soils of the Hel Peninsula is similar to densities found 
in sand dunes of Lake Huron (Canada) (0-632 spores 
in 100 g dry soil) (Koske et al. 1975) and in Florida 

Dominance 

Glomus microcarpum (16.76%), Scutellospora dipurpu- 
rascens (11.09%) and Glomus constricturn (10.02%) 
were the eudominants [dominance coefficient D at and 
above 10.0% (G6rny and Gruma 1981)] among recov- 
ered species (Table 4). The dominants (D = 5.1-10.0%) 
were Glomus fasciculatum (8.05%), Acaulospora caver- 
nata (7.01%), and Glomus heterosporum (5.61%). The 
subdominants (D=2 .5 -5 .0%)were  Glomus macrocar- 
pure (3.80%), Glomus 93 (3.78%), Glornus aggregaturn 
(3.47%), Glornus caledonium (3.40%), Acaulospora la- 
cunosa (3.34%), Glomus deserticola (2.86%), Acaulos- 
pora 61 (2.82%), and Acaulospora paulinae (2.66%). 
The coefficients of dominance of the other species 
ranged from 0.07% (Glomus dorninikii) to 2.05% 
(Acaulospora polonica). 



Dunes in New South Wales (Australia) were re- 
ported to be dominated by red-brown laminate spores 
and Acaulospora scrobiculata Trappe (Koske 1975). In 
Italian sand dunes, the predominant fungi were Glo- 
rnus rnosseae, Scuwllospora calospora (Giovanetti and 
Nicolson 1983), Glornus macrocarpurn, and Glornus rni- 
crocarpum (Puppi and Riess 1987). Glornus fascicula- 
turn was the only species found in maritime sand dunes 
in Scotland (Nicolson and Johnson 1979). According to 
Koske et al. (1975), the most abundant arbuscular fungi 
in dunes of the eastern shores of Lake Huron were 
Glornus caledoniurn and a species forming golden- 
brown spores. The dominant species of a barrier dune 
on the south coast of Rhode Island were Acaulospora 
scrobiculata, Gigaspora gigantea, and Glomus aggrega- 
turn (Koske and Halvorson 1981). Gigaspora gigantea 
was also the most frequently recovered species in the 
Cape Cod dunes of Massachusetts (Bergen and Koske 
1984) and in dunes extending from New Jersey to Vir- 
ginia (Koske 1987). The most abundantly occurring 
fungus in Wisconsin sand dunes was Glornus etunica- 
turn (Koske and Tews 1987). Florida dunes were domi- 
nated by Glornus deserticola (Sylvia 1986; Sylvia and 
Will 1988). Glomus rnicroaggregaturn, an undescribed 
Glomus sp., Sclerocystis sinuosa Gerd. & Bakshi, and 
Scutellospora 816 were the most frequently recovered 
species from around roots of Hawaiian dune plants 
(Koske 1988). 
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and by Koske and Halvorson (1981) on Rhode Island 
(3.1). Only plants colonizing dunes extending from 
New Jersey to Virginia harboured a higher average spe- 
cies density (4.9, in the range 4.2-6.3) (Koske 1987). 

The generally higher average species density found 
in sites of the Hel Peninsula than at the sites mentioned 
above may be associated with the presence of more nu- 
merous populations of arbuscular fungi on this area 
(see above), because spore and species density are 
usually positively correlated (Anderson et al. 1984; 
Koske and Halvorson 1981). Sporulation of arbuscular 
fungi is seasonal (Gemma et al. 1989; Sylvia 1986). 
Thus, the sampling period may have coincided with the 
period of intensive sporulation of most species occur- 
ring on the Hel Peninsula. Most of the investigations in 
the literature were conducted at sites colonized by a 
few plant species, whereas the vegetation of the Hel 
Peninsula consists of a large number of herbaceous 
plants, shrubs, heaths, and trees (Gerstman et al. 1981). 
It has been shown that fungal and plant species diversi- 
ty is positively correlated both in respect to arbuscular 
fungi (Anderson et al. 1984) and to other soil fungi 
(Christensen 1989). Another factor that could account 
for the higher species density is the higher soil hetero- 
geneity of the Hel Peninsula than that of dune sites ex- 
amined by other authors; higher environmental hetero- 
geneity promotes niche differentiation (Christensen 
1989). 

Species density 

The species density in soil samples from the Hel Penin- 
sula averaged 3.9 and ranged from 1 to 10. The overall 
species density and soil chemical properties were not 
significantly correlated. The species density did not cor- 
relate with the spore density. Members of the Composi- 
tae and Salicaceae harboured most species in 100 g dry 
soil (each five species) (Table 5), but both plant fami- 
lies were represented only once. High average species 
densities were also recorded in soils sampled under the 
Cupressaceae (4.4), Rosaceae (4.4), and Gramineae (4). 
Rhizosphere soils of the other plant families contained 
from 1 species (Cyperaceae, Juncaceae) to 3 species 
(Ericaceae) in 100 g dry soil. 

The average species density of arbuscular fungi asso- 
ciated with plants examined at least twice was highest 
around roots of Corynephorus canescens (5), Rosa can- 
ina (4.8), and Thuja occidentalis (4.8) (Table 6). Rela- 
tively high densities also occurred under Amrnophila 
arenaria (3.2), Crataegus monogyna (3), and Festuca 
ovina (3). Plants examined once harboured from i to 10 
fungal species, of which Helictotrichon pubescens 
ranked highest. 

The average species density of arbuscular fungi in 
soils of the Hel Peninsula was generally higher than 
densities found in dunes by Bergen and Koske (1984) 
on Cape Cod in Massachusetts (1.7), by Koske (1975) 
in Australia (1.5-2.4), by Koske (1988) on Hawaii (2.4), 

Mycorrhizal colonization 

The average mycorrhizal colonization of all examined 
plant species was 23.3% and was markedly lower than 
that of roots investigated by Giovannetti and Nicolson 
(1983), Koske (1988), Koske and Halvorson (1981, 
1989), Koske et al. (1975), Nicolson (1960), Peterson et 
al. (1985), Puppi and Riess (1987), Sylvia (1986), and 
Sylvia and Will (1988). Only three of the 45 root sam- 
ples tested contained no arbuscular fungi (numbers 
118, 234, 248). 

Highest mycorrhizal infections were found in Festu- 
ca arundinaceae (94.0%) and Zea mays (61.0%) (Table 
7); however, these plants were examined only once. 
Other highly infected plant species were Helictotrichon 
pubescens (48.1%), Rosa canina (34.6%), Amrnophila 
arenaria (30.3%), Salix triandra (28.1%), and Bulbos- 
choenus rnaritirnus (25.0%). The average percentage 
root length with mycorrhizal infections in the other 
plants ranged from 0 (Juncus conglorneratus) to 18.1 
( Chamaecyparis lawsoniana). 

Of the examined plant species, only the mycorrhizal 
status of Bulboschoenus maritimus is unknown in the 
literature. This species was reported to harbour rela- 
tively abundant mycorrhizal infections of Glornus ag- 
gregaturn (Blaszkowski 1991c), despite the fact that 
members of the Cyperaceae are rarely associated with 
arbuscular fungi (Harley and Harley 1987) and that the 
habitat of this plant was regularly submerged by waves 
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Table 7 Mycorrhizal colonization of 20 plant species (%). n, 
Number of root samples examined 

Plant species n Mean Range 

Ammophila arenaria 5 30.3 1.0-61.1 
Artemisia campestris 1 13.2 - -  
Bulboshoenus maritimus 1 25.0 - -  
Calluna vulgaris 1 3.1 - -  
Chamaecyparis lawsoniana 1 18.1 - -  
Corynephorus canescens 2 11.6 11.1-12.1 
Crataegus monogyna 2 11.1 6.1-16.1 
Elymus aranarius 1 1.1 - -  
Festuca arundinaceae 1 94.0 - -  
Festuca ovina 3 12.4 0.1-26.1 
Festuca rubra spp. fallax 1 11.1 - -  
Helictotrichon pubescens 1 48.1 - -  
Holcus lanatus 1 0.2 - -  
Juncus conglomeratus 1 0.0 - -  
Phragmites communis 1 0.1 - -  
Poa pratensis 1 4.1 - -  
Rosa canina 8 34.6 0.0-64.0 
Salix triandra 1 28.1 - -  
Thuja occidentalis 6 15.7 0.0-51.0 
Zea mays 1 61.0 - -  

Plants of the order Ericales routinely form ericoid 
mycorrhizae with fungi of Ascomycotina and Basidio- 
mycotina (Harley and Smith 1983). Nevertheless, ar- 
buscular fungi have been recorded in roots of this 
group of plants (see Koske et al. 1990); Koske et al. 
(1990) first illustrated the presence of these fungi in 
three species of the genus Vacciniurn (Ericaceae) and 
in one species of the Styphelia (Epacridaceae). Thus, 
the observation of vesicles (no arbuscules were found) 
in roots of Calluna vulgaris growing on the Hel Penin- 
sula extends the range of host plants of arbuscular fun- 
gi. Calluna vulgaris, which had arbuscular fungi in the 
roots, was growing alongside dense communities of 
grasses harbouring abundant spore populations of 
these fungi. This suggests that roots of Calluna vulgaris, 
usually available only to fungi forming ericoid mycor- 
rhizae, may also be infected by arbuscular fungi when 
their spore concentration is high. 

The distribution of arbuscular fungi 
on the Hel Peninsula 
and notes on their general occurrence 

of the Puck Gulf. Mycorrhizae seldom occur in wet 
soils (Anderson et al. 1984, 1986; Lodge 1989). 

Amrnophila arenaria, Corynephorus canescens, Ely- 
rnus arenarius, Festuca ovina, Holcus lanatus, Phrag- 
mites cornrnunis, and Poa pratensis were consistently 
mycorrhizal in soils of the Hel Peninsula, although in 
other sites (Boullard 1963; Dominik 1952; Dominik and 
Pachlewski 1955; Dominik and Wojciechowska 1963; 
Harley and Harley 1987, 1990) they have been reported 
as mycorrhizal or nonmycorrhizal. According to Dom- 
inik (1952), Arnrnophila arenaria colonizing foredunes 
of the Stowinski National Park was autotrophic, where- 
as plants of this species in older dunes existed in asso- 
ciation with arbuscular fungi. 

Harley and Harley (1987) reported that Rosa canina 
and Thuja occidentalis were always associated with ar- 
buscular fungi, whereas the present study revealed the 
presence of roots of these species both with and with- 
out mycorrhizal infections. 

The distribution of mycorrhizae in roots is uneven 
and depends on the spatial distribution of infection 
propagules in the soil (Koide and Mooney 1987; Warn- 
er and Mosse 1983). In addition, spores of these fungi 
usually occur in aggregates (Sylvia 1986; Walker et al. 
1982). Therefore, lack of mycorrhizae in roots may re- 
flect either the complete absence of spores or their high 
dispersion, but only in the zone of sampled root frag- 
ments. This may partly explain the contradictions be- 
tween the present results and those obtained by the au- 
thors cited above. 

According to Harley and Harley (1987), Crataegus 
rnonogyna, Festuca rubra, and Salix triandra may be in- 
fected by both arbuscular and ectomycorrhizal fungi. 
All three plant species examined by the present author 
had only arbuscular infections. 

The number of soil samples in which a particular fungal 
species was found is given by n; the numbers following 
are those of the sites given in Table 1 and Fig. 1, and 
mentioned also in the list of localities and collection 
date. 

Acaulospora capsicula Btaszk. 
n=5:  112, 175, 194, 195, 247 

This species occurred only in the root zone of Thu]a 
occidentalis and Salix triandra growing in a private 
garden at Hel. This site is about 200 m from the Baltic 
Sea (Blaszkowski 1990b). There is no other report of 
the occurrence of this species anywhere in the world. 

Acaulospora cavernata Btaszk. (Figs. 2-6) 
n=5:  112, 175, 194, 195, 247 

This fungus was associated only with roots of Salix 
triandra and Thuja occidentalis. Both plants grew in a 
private garden at Hel situated about 200 m from the 
Baltic Sea (Btaszkowski 1989). 

Figs. 2-6 Acaulospora cavernata. Numbers indicate spore wall I~ 
arrangement. Fig. 2 Spore wall structure of crushed spore, differ- 
ential interference contrast (DIC). x 282. Fig. 3 Five inner walls 
(arrows); knobby surface of wall 6 is seen (DIC). x457. 
Fig. 4 Destroyed wall 6 of spore crushed slightly in Melzer's rea- 
gent (DIC). x 457. Fig. 5 Inner walls with slightly disrupted wall 
6 of spore vigorously crushed in polyvinyl alcohol/lactic acid/glyc- 
erol (DIC). x353. Fig. 6 Vigorously crushed spore in Melzer 's 
reagent; wall 6 was torn and pushed beyond the spore (DIC). 
x 457 

Fig. 7 Acaulospora gedanskensis. Intact spore with sporiferous 
saccule (DIC). x245 
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The most distinctive feature of A. cavernata is the 
spore wall structure of eight walls (1-8) in three groups 
(A, B, C). Wall 1 is evanescent, hyaline, 0.8-1.5 ~m 
thick, usually absent in field-collected spores. Wall 2 is 
laminated, yolk yellow (4B8) to light brown (6D8), 
(5.1-)5-(6.6) ~m thick, evenly pitted with round, 2.0- 
5.0 ~m, rarely ovate, 2.0-2.9x4.2-5.0 ~m and 1.7- 
2.5 ~m deep depressions. Wall 3 is unit, hyaline, (1.2-) 
2.0(-3.4) txm thick. Walls 4 and 5 are tightly adherent 
semi-rigid unit walls, hyaline, each 0.5-0.8 txm thick. 
Wall 6 is membranous, hyaline, up to 0.5 Ixm thick, 
evenly ornamented with small knobs; it usually com- 
pletely tears and disappears in vigorously crushed 
spores. Wall 7 is coriaceous, hyaline, (1.5-)1.7(-2.9) ixm 
thick. Wall 8 is amorphous, hyaline, 3.1-8.0 txm thick in 
PVLG. Only wall 8 stains beetroot purple (13D8) in 
Melzer's reagent. The muronym of A. cavernata spores 
is A(ELoU) B(UU) C(MoCA). 

The ornamented membranous wall 7 in spores of A. 
cavernata is not homologous with a beaded membra- 
nous wall present in most members of Acaulospora be- 
cause of differences in the position and nature of these 
walls. In A. cavernata, the knobby wall is the sixth wall 
in the eight-walled structure of spores, whereas a 
beaded membranous wall always adheres to an inner- 
most wall. In contrast to the relatively loosely asso- 
ciated granular material of a beaded membranous wall, 
the knobs of the membranous wall of A. cavernata are 
its integral part. 

Acaulospora lacunosa Morton 
n = 8: 93, 94, 96, 119, 157, 160, 162, 204 

This is a frequently occurring and abundantly sporulat- 
ing fungus on the Hel Peninsula. This fungus was pre- 
viously known only from West Virginia (Morton 1986) 
and has not been found at any maritime site. 

Acaulospora paulinae Btaszk. (Figs. 11-1.6) 
n=7:  93, 119, 157, 163, 195, 200, 201 

This species is a common inhabitant of the Hel Penin- 
sula and of maritime dunes of the Stowinski National 
Park (Btaszkowski 1994). Only Koske (1988) found 
similar spores in the root zone of an unidentified grass 
growing in a marshy site behind a mine dune at Puna- 
luu, Hawaii. However, these spores were of an undes- 
cribed species of the genus Entrophosphora, Entro- 
phospora 838. 

The distinctive features of this fungus are its small 
(60-95 ~m diameter) and pitted spores, and the struc- 
ture of the spore wall, which consists of an evanescent, 
hyaline outermost wall (wall 1) and a laminated, pitted, 
hyaline to yellowish-white (3A2) inner wall (wall 2) in 
wall group A, of two semi-rigid, hyaline walls (walls 3, 
4) in wall group B, and of a beaded membranous, hyal- 
ine wall (wall 5) adherent to an amorphous, hyaline in- 
nermost wall (wall 6) [staining beetroot purple (13D8) 
in Melzer's reagent] in wall group C. 

Acaulospora gedanskensis Btaszk. (Figs. 7-10) 
n=4:  39, 198, 202, 239 

This fungus probably occurs along the whole of the Hel 
Peninsula, but irregularly. It was present among roots 
of Calluna vulgaris, although the compatibility of these 
two organisms was not proved in pot cultures. The liter- 
ature does not contain any information on the occur- 
rence of this fungus in other regions of the world. 

This fungus is recognizable by its small spores (55- 
88 ~m diameter) and the distinctive spore wall struc- 
ture consisting of an evanescent outermost wall (wall 1) 
adherent to a laminated wall (wall 2) in wall group A, 
of a single, very thin (0.3-0.5 p~m thick) and rigid unit 
wall (wall 3) in wall group B, and of two smooth adher- 
ent membranous walls (walls 4, 5) in wall group C. 
None of the walls react in Melzer's reagent. 

Acaulospora polonica Btaszk. (Figs. 17-19) 
n=3:  37, 112, 195 

Spores of this species occur rarely and in low numbers. 
A. polonica is so far known only from the Hel Peninsu- 
la (Btaszkowski 1988). 

It is distinguished by its small (70-120 ~m diameter) 
and hyaline spores with the following muronym of the 
spore wall structure: A(EL) B(M) C(M?M). Under a 
light microscope, in slightly crushed spores, the inner- 
most wall group seems to consist of only one wall, but 
vigorous crushing sometimes leads to separation of this 
group into two walls. This needs to be confirmed in 
studies using an electron microscope. None of the walls 
react with Melzer's reagent. 

~1 Figs. 8-10 Acaulospora gedanskensis. Numbers indicate spore 
wall arrangement. Outer and inner walls in PVLG. The spores in 
Figs. 8, 9 were observed with DIC (x 353) and those in Fig. 10 
with phase contrast ( x 490) 

Figs. 11-13 Acaulospora paulinae. Numbers indicate spore wall 
arrangement. Fig. 11 Intact spore with sporiferous saccule, 
bright-field microscopy, x 270. Fig. 12 Outer and inner walls of 
spore crushed in PVLG (DIC). x 353. Fig. 13 Pitted spore sur- 
face (DIC). x457 

Acaulospora 61 
n = 13: 31, 32, 34, 93, 119, 158, 163,200, 201,202, 240, 
253, 254 

This fungus is commonly associated with roots of var- 
ious plants of the Hel Peninsula. 

Acaulospora 61 forms pale yellow (3A3) to orange 
(5B8) spores, 98-140 ~m in diameter. Their wall struc- 
ture consists of seven walls (1-7) in three groups (A, B, 
C). Group A consists of an evanescent, hyaline, outer- 
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most wall, 0.8-1.3 p.m thick (wall 1), of a laminated, 
pale yellow (3A3) to orange (5B8) wall, 2.2-3.9 ixm 
thick (wall 2), and of a unit, hyaline, separable wall, 
0.5-0.8 }zm thick (wall 3). Two tightly adherent hyaline, 
unit walls, 0.4--0.6 txm thick (walls 4, 5) form wall group 
B. Wall group C consists of a beaded membranous, 
hyaline wall, 0.5-1.0 ixm thick (wall 6) and an amor- 
phous, hyaline wall (wall 7) of variable thickness in 
PVLG, 0.8-1.2 ~m thick and staining beetroot purple 
(13D8) in Melzer's reagent. 

Gigaspora gigantea (Nicol. & Gerd.) Gerd. & Trappe 
n=9:  31, 34, 96, 118, 119, 123, 161,234, 254 

G. gigantea is common and more often than not domi- 
nant in spore populations recovered from the root 
zones of dune plants of the USA (Bergen and Koske 
1984; Gemma et al. 1989; Koske 1987; Koske and Hal- 
vorson 1981; Koske and Tews 1987; Sylvia and Will 
1988). This species also occurs in Australia (Koske 
1975). 

Glornus aggregatum Schenck & Smith emend. Koske 
n = 8: 37, 38, 93, 123, 162, 163, 237, 255 

G. aggregatum has been reported to be common inha- 
bitant of sand dunes of the eastern coast of the USA 
and of the Great Lakes (Koske 1985, 1987; Koske and 
Halvorson 1981). It was present at Wisconsin dune sites 
(Koske and Tews 1987), among Hawaiian dune plants 
(Koske 1988), in sandy soils on San Miguel Island 
(Koske and Halvorson 1989), and in Florida dunes 
(Sylvia 1986; Sylvia and Will 1988). 

The fungus probably plays an important role in the 
stabilization of dunes through its frequent occurrence 
in association with dune plants and because of the for- 
mation of extensive extramatrical hyphae binding sand 
grains into aggregates (Blaszkowski 1991b; Koske 
1985). 

G. aggregaturn is easily recognizable by its occur- 
rence in aggregates containing one-, two- or three- 
walled spores, frequently with inner proliferations 
(Btaszkowski 1991b; Koske 1985; Schenck and Smith 
1982). 

Glomus caledoniurn (Nicot. & Gerd.) Trappe & Gerd. 
n=5:  38, 123, 159, 160, 238 

Spores of this species have been reported in sand dunes 
on the eastern shores of Lake Huron (Koske et al. 

1975) and in dunes from northern New Jersey to Vir- 
ginia (Koske 1987). 

Glomus constrictum Trappe 
n=15: i12, 118, 119, 123, 158, 159, 160, 163, 175, 176, 
194, 195, 200, 238, 251 

G. constricturn has been reported to be of minor impor- 
tance in the barrier sand dunes extending from north- 
ern New Jersey to Virginia (Koske 1987) and to be a 
rare arbuscular fungus of Hawaiian dune plants (Koske 
1988). 

This fungus is distinguished by its dark spores and 
constricted spore base. Difficulties may be encountered 
in the identification of the spores of this fungus because 
of the frequent lack of the outermost evanescent wall 
that adheres to a laminated wall in fully developed 
specimens (Btaszkowski 1990a). 

Glomus deserticola Trappe et al. 
n=6:  32, 37, 93, 160, 176, 195 

G. deserticola has been reported to occur regularly as 
the most abundantly sporulating arbuscular fungus in 
Florida dunes (Sylvia 1986; Sylvia and Will 1988); other 
dune sites in the world did not contain this fungus. 

Glomus dominikii Btaszk. (Figs. 20-23) 
n = l :  93 

This species has not been found at any other sites with 
maritime vegetation. 

The distinctive features of this fungus are the white 
to orange-white (6A2) spores with a characteristic wall 
structure. Wall group A consists of a thin (0.7-1.5 txm 
thick), warty outermost unit wall (wall 1) tightly adher- 
ent to an inner laminated wall (wall 2), 2.0-3.5 >m 
thick. A hyaline, thin (0.5-0.8 ~m thick) membranous 
wall (wall 3) and a relatively thick (1.5-2.8 tam thick) 
but flexible coriaceous wall (wall 4) forms wall group B. 
Wall 4 stains ruby red (12D8) in Melzer's reagent. The 
subtending hypha is straight, cylindric, often slightly 
broadening distally, occluded by a hyphal plug. 

Glomus etunicatum Beck. & Gerd. 
n = 1:255 

�9 Figs. 14-16 Acaulospora paulinae. Numbers indicate spore wall 
arrangement. Outer and inner walls of spores crushed in PVLG 
(DIC). Magnification x 353 in Figs. 14 and 15, x 457 in Fig. 15 

Figs. 17-19 Acaulospora polonica. Numbers indicate spore wall 
arrangement. Wall structure of crushed spores in PVLG (DIC). 
x 457 

G. etunicaturn was regularly present in dunes of Rhode 
Island (Koske and Halvorson 1981), was the most fre- 
quently isolated arbuscular fungus from Wisconsin 
sand dunes (Koske and Tews 1987), and occurred in 
sandy soils on San Miguel Island (Koske and Halvor- 
son 1989). 
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Glomus fasciculamrn (Thaxter) Gerd. & Trappe 
emend. Walker & Koske 
n = 11: 32, 33, 37, 38, 94, 96, 119, 123, 162, 200, 202 

This species was found in Italian sand dunes (Giovan- 
netti and Nicolson 1983; Puppi and Riess 1987), oc- 
curred in a maritime dune in the United Kingdom (Ni- 
colson and Johnson 1979) and in dunes of Cape Cod, 
Massachusetts (Bergen and Koske 1984). 

Glomus geosporum (Nicol. & Gerd.) Walker 
n=3:  31, 32, 37 

This species was present in a sand dune in Italy (Puppi 
and Riess 1987) and occurred commonly in Wisconsin 
dunes (Koske and Tews 1987). 

Glornus heterosporurn Smith & Schenck 
n=3:  200, 202, 239 

There is no report of the occurrence of this species at 
other dune sites. 

Glornus laccaturn Btaszk. 
n = 1:163 

This species was associated only with roots of Helicto- 
trichon pubescens. The original site of this fungus 
(Btaszkowski 1988) is about 30 km from the Hel Penin- 
sula, and it was here that Glomus laccatum was found 
for the second time in the world. 

Glornus rnacrocarpurn Tul & Tul. 
n = 8: 33, 36, 37, 39, 93, 96, 163, 201 

G. macrocarpum has been recorded in dunes on the 
Tyrrhenian coast of central Italy (Puppi and Riess 
1987) and commonly in Wisconsin dunes (Koske and 
Tews 1987). 

Glomus rnicrocarpurn Tul. & Tul. 
n = 12: 34, 38, 39, 96, 119, 123, 163, 198, 200, 201,202, 
204 

This species was present in a sand dune system on the 
Tyrrhenian coast of central Italy (Puppi and Ries 1987) 

�9 Figs. 20-23 Glomus dorninikii. Numbers indicate spore wall ar- 
rangement. Figs. 20-22 Wall structure of crushed spores in 
PVLG (DIC). x353 (Figs. 20, 22); x457 (Fig. 21). Fig. 23 Wall 4 
stained dark in a spore crushed in Melzer's reagent (DIC). x 353 

Figs. 24, 25 Glomus pansihalos. Fig. 24 Crushed spore with ex- 
panded outermost wall in PVLG (DIC). x 282. Fig. 28 Warty or- 
namentation of wall 2 (DIC). x 353 
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and in beach soils of Madras (Mohankumar et al. 
1988). 

Glomus mosseae (Nicol. & Gerd.) Gerd. & Trappe 
n=7:  31, 34, 37, 38, 93, 94, 161 

G. rnosseae was present in Italian sand dunes (Giovan- 
netti and Nicolson 1983; Puppi and Ries 1987) and in 
sandy soil but not in dunes of Wisconsin (Koske and 
Tews 1987). 

Glornus occulturn Walker 
n=2:  93, 117 

This species was found at low densities in the barrier 
dunes from New Jersey to Virginia (Koske 1987). Mo- 
hankumar et al. (1988) recovered spores of G. occu#um 
from sandy beach soils of the Madras coast. 

Glomus pansihalos Berch & Koske (Figs. 24, 25) 
n = 1:112 

G. pansihalos was present in sand dune soils in Califor- 
nia, New Jersey and Michigan (Berch and Koske 1986) 
and in dunes extending from New Jersey to Virginia 
(Koske 1987). Koske and Halvorson (1989) found 
spores of this fungus in sandy soils on San Miguel Is- 
land. 

Glornus 93 
n = 1:253 

This species was associated with roots of Rosa canina. 
In pot cultures, it formed vesicular-arbuscular mycorr- 
hizae with Festuca rubra L., Sorghum sudanensis (Pip- 
er) Stapf, and Trifoliurn pratense L. 

This fungus forms hyaline to yellowish-white (3A2) 
spores, 80-140 p.m in diameter. Spores have three walls 
(1-3) in one group (A). Wall 1 is evanescent, hyaline, 
0.8-2.0 txm thick. Wall 2 is laminated, hyaline to yello- 
wish-white (2A2), 1.0-7.5 ~zm thick. Wall 3 is membra- 
nous, hyaline, 0.3-0.6 txm thick, tightly adherent to wall 
2. The subtending hypha is straight or recurvate, cylind- 
ric, 5.0-12.5 txm wide at the spore base, occluded by 
both the innermost membranous wall 3 and a septum in 
the subtending hypha. 

Scutellospora calospora (Nicol. & Gerd.) 
Walker & Sanders 
n=8:  32, 93, 94, 96, 117, 119, 123, 163 

S. calospora has been recovered from dunes in Austra- 
lia (Koske 1975), Italy (Bergen and Koske 1984; Gem- 
ma et al. 1989; Giovannetti and Nicolson 1983; Puppi 
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and Ries 1987) and the USA (Koske 1987; Koske and 
Halvorson 1981; Koske and Tews 1987). 
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Scutellospora dipurpurascens Morton &. Koske 
n=23 :  34, 94, 96, 112, 117, 157, 159, 162, 163, 175, 195, 
198, 200, 201,204, 205, 236, 247, 248, 251,253, 254, 
255 

This species also predominated  in maritime dunes of 
the Stowinski National Park (Blaszkowski 1994) and is 
probably the most frequently occurring arbuscular fun- 
gus of the genus Scutellospora in other  soils in Poland 
(Blaszkowski 1991c). There  is no report  of the presence 
of S. dipurpurascens at other  dune sites of the world. 

Scutellospora nodosa Btaszk. 
n = 1:175 

This species only occurred around the roots of S. trian- 
dra growing in a private garden at Hel  (Btaszkowski 
1991a). There  is no report  of the occurrence of this fun- 
gus in other  regions of the world. 

Scutellospora pellucida (Nicol. & Schenck) Walker  
n = 2: 123, 255 

Spores of this fungus have been rarely found in sand 
dunes of Cape Cod, Massachusetts (Bergen and Koske 
1984) and in the barrier dunes extending from northern 
New Jersey to Virginia (Koske 1987). This species was 
also present at marit ime site in Dartmouth,  Massachu- 
setts (Gemma et al. 1989). 

Scutellospora 72 
n = 3 :  118, 119, 255 

This species probably occurs along the whole of the Hel 
Peninsula, :but irregularly and usually in low numbers. 

The distinctive features of this fungus are the apricot 
yellow (5B8) to yellowish-brown (5E8), smooth or 
slightly roughened spores, 140-240 txm in diameter,  
with eight walls (1-8) in two groups (A, B). Group A 
consists of a unit, smooth or slightly roughened,  greyish 
orange (5B5), outermost  wall, 0.7-1.2 pore thick (wall 1) 
adherent  to a laminated, apricot yellow (5B6) to yello- 
wish-brown (5E8) wall, 5.4-13.0 txm thick (wall 2) and a 
membranous,  hyaline wall, 0.4-0.7 ~m thick (wall 3). 
Walls 4-8 form wall group B. Wall 4 is coriaceous, hyal- 
ine, 1.0-1.7 txm thick. Wall 5 is membranous,  hyaline, 
0.7-1.5 txm thick and usually adheres to wall 4. Wall 6 is 
coriaceous, hyaline, 2.2-4.4 txm thick. Wall 7 is mem- 
branous, 0.5-0.7 txm thick and tightly adheres to wall 6. 
Wall 8 is amorphous and hyaline. Walls 2, 7, and 8 stain 
in Melzer 's reagent. 

References 

Abbott LK, Robson AD (1981) Infectivity and effectiveness of 
five endomycorrhizal fungi: competition with indigenous fungi 
in field soils. Aust J Agric Res 32:621-630 

All B (1969) Occurrence and characteristics of the vesicular endo- 
phyte of Nardus stricta. Nova Hedwigia Kryptogamen 17:409- 
425 

Almeida RT (1989) Scientific names in the Endogonales, Zygo- 
mycotina. Mycotaxon 36:147-159 

Anderson RC, Liberta AE, Dickman LA (1984) Interaction of 
vascular plants and vesicular-arbuscular mycorrhizal fungi 
across a soil moisture-nutrient gradient. Oecologia 64:111- 
117 

Anderson RC, Ebbers BC, Liberta A (1986) Soil moisture in- 
fluences colonization of prairie cordgrass (Spartina pectinata 
Lind.) by vesicular-arbuscular mycorrhizal fungi. New Phytol 
102: 523-527 

Azcon R, Ocampo JA (1981) Factors affecting the vesicular-ar- 
buscular infection and mycorrhizal dependency of thirteen 
wheat cultivars. New Phytol 87:677-685 

Benjamin P, Anderson RC, Liberta AE (1989) Vesicular-arbus- 
cular mycorrhizal ecology of little bluestem across a prairie- 
forest gradient. Can J Bot 67:2678-2685 

Berch SM, Koske RE (1986) Glomus pansihalos, a new species in 
the Endogonaceae. Mycologia 78:832-836 

Bergen M, Koske RE (1984) Vesicular-arbuscular mycorrhizal 
fungi from sand dunes of Cape Cod, Massachusetts. Trans Br 
Mycol Soc 83 : 157-158 

Bieleski RL (1973) Phosphate pools, phosphate transport, and 
phosphate availability. Annu Rev Plant Physiol 24:225-252 

Btaszkowski J (1988) Three new vesicular-arbuscular mycorrhizal 
fungi (Endogonaceae) from Poland. Bull Pol Acad Biol 
36: 271-275 

Btaszkowski J (1989) Acaulospora cavernata (Endogdnaceae) - a 
new species from Poland with pitted spores. Crypt Bot 1:204- 
207 

Btaszkowski J (1990a) Polish Endogonaceae. V. Glomus constric- 
turn. Crypt Bot 1 : 360-364 

Btaszkowski J (1990b) Polish Endogonaceae. VII. Acaulospora 
capsicula, sp. nov. Mycologia 82:794-798 

Btaszkowski J (1991a) Polish Endogonaceae. VIII. ScuteUospora 
nodosa - a new species with knobby spores. Mycologia 
83: 537-542 

Btaszkowski J (1991b) Polish Endogonaceae. IX. Glomus aggre- 
gatum with spores forming an evanescent outermost wall. 
Crypt Bot 2/3:130-135 

Btaszkowski J (1991c) The occurrence of arbuscular fungi and 
mycorrhizae (Glomales) and their influence on plant growth 
and responses to fungicides (in Polish). Zesz Nauk Akad Roln 
Szczecinie 140:1-129 

Btaszkowski J (1994) Polish Glomales. X. Acaulospora dilatata 
and Scutellospora dipurpurascens. Mycorrhiza 4:173-182 

Boullard PB (1963) Les mycorrhizes des Gramindes. J Agric Trop 
Bot Appl 10:411-437 

Christensen M (1989) A view of fungal ecology. Mycologia 81 : 1- 
19 

Daft MJ, Nicolson TH (1972) Effect of endogone mycorrhiza on 
plant growth. IV. Quantitative relationships between the 
growth of the host and the development of the endophyte in 
tomato and maize. New Phytol 71 : 287-295 

Daniels BA, Trappe JM (1980) Factors affecting spore germina- 
tion of the vesicular-arbuscular mycorrhizal fungus GIomus 
epigaeus. Mycologia 72 : 457471 

Day LD, Sylvia DM, Collins ME (1987) Interaction among vesic- 
ular-arbuscular mycorrhizae, soil, and land scape position. Soil 
Sci Soc Am J 51:635-639 



87 

Dodd JC, Arias I, Koomen I, Hayman DS (1990) The manage- 
ment of populations of vesicular-arbuscular mycorrhizal fungi 
in acid-infertile soils of a savanna ecosystem. Plant Soil 
122:241-247 

Dominik T (1952) The mycotrophy of maritime and inland dune 
plants (in Polish). Acta Soc Bot Pol 21:125-164 

Dominik T, Pachlewski R (1955) The mycotrophy of the Leba 
pine complex at the Baltic Sea (in Polish). Rocz Sekc Dendrol 
Pol Tow Bot 10:53-96 

Dominik T, Wojciechowska H (1963) The mycotrophy of two 
complexes with pine stands in the Wielkopolski National 
Park: Dicrano Pinetum and Periclymeno Quercetum (in Pol- 
ish). Pr Inst Badaw Lesn 253:55-74 

Falkowski M (1982) Polish grasses (in Polish). Pafistwowe Wy- 
dawnictwo Polnicze i Legne, Warsaw 

Gemma JN, Koske RE (1988) Seasonal variation in spore abun- 
dance and dormancy of Gigaspora gigantea and in mycorrhizal 
inoculum potential of a dune soil. Mycologia 80:211-216 

Gemma JN, Koske RE, Carreiro M (1989) Seasonal dynamics of 
selected species of V-A mycorrhizal fungi in a sand dune. My- 
col Res 92: 317-321 

Gerdemann JW (1968) Vesicular-arbuscular mycorrhizas and 
plant growth. Annu Rev Phytopathol 6:397-418 

Gerdemann JW, Nicolson TH (1963) Spores of mycorrhizal En- 
dogone species extracted from soil by wet sieving and decant- 
ing. Trans Br Mycol Soc 46:235-244 

Gianinazzi S, Gianinazzi-Pearson V (1986) Progress and head- 
aches in endomycorrhiza biotechnology. Symbiosis 2:139- 
149 

Giovannetti M, Mosse B (1980) An evaluation of techniques for 
measuring vesicular-arbuscular mycorrhizal infection in roots. 
New Phytol 84: 489-500 

Giovannetti M, Nicolson TH (1983) Vesicular-arbuscular mycorr- 
hizas in Italian sand dunes. Trans Br Mycol Soc 80:552-557 

G6rny M, Gruma L (1981) Methods used in the zoology of soil 
(in Polish). Pafistwowe Wydawnictwo Naukowe, Warsaw 

Graham JH, Syvertsen JP (1985) Host determinants of mycorrhi- 
zal dependency of citrus rootstock seedlings. New Phytol 
101 : 667-676 

Graw D, Moawad M, Rehm S (1979) Untersuchungen zur Wirts- 
und Wirkungsspezifitfit der V/A Mycorrhiza. Z Acker Pflan- 
zenbau 148: 85-98 

Hall IR (1977) Species and mycorrhizal infections of New Zea- 
land Endogonaceae. Trans Br Mycol Soc 68:341-356 

Harley JL, Harley EL (1987) A check-list of mycorrhiza in the 
British flora. New Phytol 105:1-102 

Harley JL, Harley EL (1990) A check-list of mycorrhiza in the 
British flora - a second addenda and errata. New Phytol 
115:699-711 

Harley JL, Smith SE (1983) Mycorrhizal symbiosis. Academic 
Press, London 

Hetrick BAD, Bloom J (1986) The influence of host plant on pro- 
duction and colonization ability of vesicular-arbuscular my- 
corrhizal spores. Mycologia 78:32-36 

Hetrick BAD, Wilson GWT, Hartnett DC (1989) Relationship 
between mycorrhizal dependency and competitive ability of 
two tallgrass prairie grasses. Can J Bot 67:2608-2615 

Janos DP (1980) Mycorrhizae influence tropical succession. Bio- 
tropica 12: 56-64 

Khan AG (1974) The occurrence of mycorrhizas in halophytes, 
hydrophytes and xerophytes, and of endogone spores in adja- 
cent soils. J Gen Microbiol 81:7-14 

Koide RT, Mooney HA (1987) Spatial variation in inoculum po- 
tential of vesicular-arbuscular mycorrhizal fungi caused by 
formation of gopher mounds. New Phytol 107:173-182 

Koomen I, Grace C, Hayman DS (1987) Effectiveness of single 
and multiple mycorrhizal inocula on growth of dover and 
strawberry plants at two soil pHs. Soil Biol Biochem 19:539- 
544 

Kornerup A, Wanscher JH (1983) Methuen handbook of colour, 
3rd edn. Methuen, London 

Koske RE (1975) Endogone spores in Australian sand dunes. 
Can J Bot 53:668-672 

Koske RE (1981) Gigaspora gigantea: observations on spore ger- 
mination of a V-A mycorrhizal fungus. Mycologia 73:288- 
300 

Koske RE (1984) Spores of VAM fungi inside spores of VAM 
fungi. Mycologia 76: 853-862 

Koske RE (1985) Glomus aggregatum emended: a distinct taxon 
in the Glomus fasciculatum complex. Mycologia 77: 619-630 

Koske RE (1987) Distribution of VA mycorrhizal fungi along a 
latitudinal temperature gradient. Mycologia 79:55-68 

Koske RE (1988) Vesicular-arbuscular mycorrhizae of some Ha- 
waiian dune plants. Pac Sci 42:217-229 

Koske RE, Halvorson WL (1981) Ecological studies of vesicular- 
arbuscular mycorrhizae in a barrier sand dune. Can J Bot 
59:1413-1422 

Koske RE, Halvorson WL (1989) Mycorrhizal associations of se- 
lected plant species from San Miguel Island, Channel Island 
National Park, California. Pac Sci 43:32-40 

Koske R, Polson WR (1984) Are VA mycorrhizae required for 
sand dune stabilization? Bioscience 34:420-424 

Koske RE, Tessier B (1983) A convenient, permanent slide 
mounting medium. Mycol Soc Am Newsl 34:59 

Koske RE, Tews LL (1987) Vesicular-arbuscular fungi of Wiscon- 
sin sandy soils. Mycologia 79:901-905 

Koske RE, Sutton JC, Sheppard BR (1975) Ecology of Endogone 
in Lake Huron sand dunes. Can J Bot 53:87-93 

Koske RE, Gemma JN, Englander L (1990) Vesicular-arbuscular 
mycorrhizae in Hawaiian Ericales. Am J Bot 77:64-68 

Kough JL, Gianinazzi-Pearson V, Gianinazzi S (1987) Depressed 
metabolic activity of vesicular-arbuscular mycorrhizal fungi 
after fungicide applications. New Phytol 106:707-715 

Lodge DJ (1989) The influence of soil moisture and flooding on 
formation of VA-endo- and ectomycorrhizae in Populus and 
Salix. Plant Soil 117:243-253 

McGonigle TP, Fitter AH (1990) Ecological specificity of vesicu- 
lar-arbuscular mycorrhizal associations. Mycol Res 94:120- 
122 

Miller RM (1987) The ecology of vesicular-arbuscular mycorrhi- 
zae in grass- and shrublands. In: Safir GR (ed) Ecophysiology 
of VA mycorrhizal plants. CRC, Boca Raton, Fla, pp 135- 
170 

Mohankumar V, Ragupathy S, Nirmala CB, Mahadevan A (1988) 
Distribution of vesicular-arbuscular mycorrhizae (VAM) in 
the sandy beach soils of Madras coast. Current Sci 57:367- 
368 

Morton JB (1986) Three new species of Acaulospora (Endogona- 
ceae) from high-aluminium, low-pH soils in West Virginia. 
Mycologia 78 : 641-648 

Morton JB (1990) Evolutionary relationships among arbuscular 
mycorrhizal fungi in the Endogonaceae. Mycologia 82:192- 
207 

Morton JB, Benny GL (1990) Revised classification of arbuscular 
mycorrhizal fungi (Zygomycetes): a new order, Glomales, two 
new suborders, Glomineae and Gigasporineae, and two new 
families, Acaulosporaceae and Gigasporaceae, with an emen- 
dation of Glomaceae. Mycotaxon 37:471-491 

Mosse B (1972) Effects of different Endogone strains on the 
growth of Paspalum notaturn. Nature 239: 221-223 

Mosse B (1975) Specificity in VA mycorrhizas. In: Sanders FE, 
Mosse B, Tinker PB (eds) Endomycorrhizas. Academic Press, 
London, pp 469-484 

Nicolson TH (1960) Mycorrhiza in the Gramineae. II. Develop- 
ment in different habitats, particularly sand dunes. Trans Br 
Mycol Soc 43 : 132-145 

Nicolson TH, Johnson C (1979) Mycorrhizae in the Gramineae. 
III. Glomus fasciculatus as the endophyte of pioneer grasses in 
maritime sand dunes. Trans Br Mycol Soc 72:261-268 

Peterson RL, Ashford AE, Allaway WG (1985) Vesicular-arbu- 
saular mycorrhizal associations of vascular plants on Heron Is- 
land, a Great Barrier Reef coral cay. Aust J Bot 33:669-676 



88 

Phillips JM, Hayman DS (1970) Improved procedures for clearing 
roots and staining parasitic and vesicular-arbuscular mycorrhi- 
zal fungi for rapid assessment of infection. Trans Br Mycol 
Soc 55:158-161 

Puppi G, Riess S (1987) Role and ecology of VA mycorrhizae in 
sand dunes. Angew Bot 61:115-126 

Rabatin SC (1979) Seasonal and edaphic variation in vesicular- 
arbuscular mycorrhizal infection of grasses by Glomus tenuis. 
New Phytol 83: 95-102 

Raju PS, Clark RB, Ellis JR, Maranville JW (1990) Effects of spe- 
cies of VA-mycorrhizal fungi on growth and mineral uptake of 
sorghum at different temperatures. Plant Soil 121:165-170 

Reeves FB, Wagner D, Moorman T, Kiel J (1979) The role of 
endomycorrhizae in revegetation practices in the semi-arid 
west. I. A comparison of incidence of mycorrhizae in severely 
disturbed versus natural environments. Am J Bot 66:6-13 

Ross JP, Ruttencutter R (1977) Population dynamics of two vesic- 
ular-arbuscular endomycorrhizal fungi and the role of hyper- 
parasitic fungi. Phytopathology 67:490496 

Saif SR (1987) Growth responses of tropical forage plant species 
to vesicular-arbuscular mycorrhizae. Plant Soil 97:25-35 

Scheltema MA, Abbott LK, Robson AD (1987) Seasonal varia- 
tion in the infectivity of VA mycorrhizal fungi in annual pas- 
tures in a Mediterranean environment. Aust J Agric Res 
38:707-715 

Schenck NC, Schroeder VN (1974) Temperature response of En- 
dogone mycorrhiza on soybean roots. Mycologia 66:600-605 

Schenck NC, Smith GS (1981) Distribution and occurrence of ve- 
sicular-arbuscular mycorrhizal fungi on Florida agricultural 
crops. Soil Crop Sci Soc F1 40:171-175 

Schenck NC, Smith GS (1982) Additional new and unreported 
species of mycorrhizal fungi (Endogonaceae) from Florida. 
Mycologia 74: 77-92 

Schenck NC, Graham SO, Green NE (1975) Temperature and 
light effect on contamination and spore germination of vesicu- 
lar-arbuscular mycorrhizal fungi. Mycologia 67:1189-1192 

Sutton JC, Sheppard BR (1976) Aggregation of sand-dune soil by 
endomycorrhizal fungi. Can J Bot 54:326-333 

Sylvia DM (1986) Spatial and temporal distribution of vesicular- 
arbuscular mycorrhizal fungi associated with Uniola panicula- 
ta in Florida foredunes. Mycologia 78:728-734 

Sylvia DM, Will ME (1988) Establishment of vesicular-arbuscular 
mycorrhizal fungi and other microorganisms on a beach reple- 
nishment site in Florida. Appl Environ Microbiol 54:348- 
352 

Szafer W, Kulczyfiski S, Pawtowski B (1969) The plants of Poland 
(in Polish). Pofiitwowe Wydawnictwo. Naukowe, Warsaw 

Walker C (1983) Taxonomic concepts in the Endogonaceae: 
spore wall characteristics in species descriptions. Mycotaxon 
18: 443-455 

Walker C (1986) Taxonomic concepts in the Endogonaceae. lI. A 
fifth morphological wall type in endogonaceous spores. Myco- 
taxon 25 : 95-99 

Walker C (1991) Scutellospora is Scutellospora. Mycotaxon 
40:141-143 

Walker C, Mize CW, McNabb HS (1982) Populations of endo- 
gonaceous fungi at two locations in Iowa. Can J Bot 60:2518- 
2529 

Warner A, Mosse B (1983) Spread of vesicular-arbuscular my- 
corrhizal fungi between separate root systems. Trans Br My- 
col Soc 80: 353 

Wilson M (1984) Comparative development of infection of three 
vesicular-arbuscular mycorrhizal fungi. New Phytol 97:413- 
426 

Wojterski J, Bednorz C (1982) Slowinski and Kashubian sea coast 
(in Polish). Wiedza Powszechna, Warsaw 


