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This paper presents results of three-year investigations on the occurrence of arbuscular
mycorrhizal fungi and arbuscular mycorrhizae of the phylum Glomeromycota in agricultural
soils of the Western Pomerania, north-western Poland. The occurrence of these fungi was
determined basing on soil-root mixtures collected from both the field and trap cultur
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INTRODUCTION

The most widely distri soil fungi of a key imp for plants are arbus-
cular mycorthizal fungi (AMF; Gerdemann 1968) of the phylum Glomeromycota
(SchiiBler, Schwazott and Walker 2001). They co-exist in an obligate symbio-
sis with at least 80% of all plants of the world (Gianinnazzi and Gianinazzi-
Pearson 1986).

The co-existence of AMF and plants leads to a wide range of bxlau:ral advantages
(Smith and Read 1997). However, the of
plants has mainly depended on the ability of AMF to generate the change: (Dodd
etal. 1990). The ability has been different in different species or even strains of these
fungi (Abbott and Robson 1981) and there is almost lack of information of its
origin (Giovannetti and Gianinazzi-Pearson 1994). Additionally, in agricul-
tural sites, the effectiveness of arbuscular mycorrhizae has depended on the degree
of adaptation of species of AMF to the agrotechnical practices and chemicals ap-
plied both during vegetation of plants and after their harvest (Braszkowski 1991;
Jansa et al. 2002), as well as to the species and cultivars of the plants produced
(Azcon and Ocampo 1981).
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The aim of this study was to determine the occurrence of AMF and arbuscular
mycorrhizae associated with plants cultivated in agricultural sites of the Western
Pomerania.

MATERIALS AND METHODS

Study area. The area of studies of the occurrence of AMF and arbuscular mycor-
thizae in agricultural plants was the Western Pomerania located in north-western
Poland (N52'37E14°34"-NS3 54 E14222" x N531 7E16°42-N5433E16°40'); Fig. 1,
Tab. 1). Samples of rhizosphere soils and roots were collected in 109 localities.
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Fig. 1. Sites of collection of rhizosphere soil and root samples from under plants cultivated in
the Western Pomerania (sec Table 1)




Arbuscular fungi and mycorrhizae of agricultural soils

The sites of collection of samples of rhizosphere soils and roots
of plants cultivated in the Western Pomerania

mber
Locality Plant species Date of collection of sample
(see Fig. 1)
T 7 3 T
Stare Czamowo Beta vilgare 5091998
Kolbacz Brassica oleracea 509.1998
Kolbacz Fragaria vesca 509.1998
Kolbacz Triicun aestiviint 5.09.199
Bedogoszer Tritcun aestiviant 5.09.1998
Bedogoszc Beta vulgaris 5091998
Zabow Triticum aestivim 509198
Stare Chrapovo Zea mays 5091998
Gardno Trticunt aestivint 509.1998
Drzenin Beta vulgare 5091998
Gardio Triticun aestivint 6091998
Dobra Szczecinska Triticun aestivint 6091998
Beta vulgare 609.1998
Trticun secalun 609.1998
Beta vlare 6.09.1598
Zea miays 6.09.1995
Triticun aestivin 6091998
Triticum aestivim 6091998
Zea miays 6.09.1998
Trticun aesivin 6091998
Brassica oleracea 1207.19%
Tracifsko Zdro] Triticunt aesiivunt 1207.199
Stoleczna Triticunt aestiviunt 1207.199
Piaseczno Triticunt acsiivun T207.1999
Bibin Triticunt aesiivun 1207.1999
Trticun aestivun T207.1999
Secale cereale 1207.199
Secale cereale

Triticum secalunt

Triticun secalunt

Avena saiva

Trticuam aestiviint

Triicam secalum

Brassica napis

Triticum secalunt

Triticun aestiviont

Brassica napus
Secale cereale

cale cercale

cale cereale

Avena safiva

Triticuon aesiivim

Avenda sativa

Avena sativa

Avena sativa T407.1999




08

A. Iwaniuk, J. Blaszkowski

Tab. 1 cont.
Witnica Brassica napis 07199 56
Secale cereale 14.07.199% 87
Trtictnt aestivian 4071999 £
Triticunt aestivian 14.07.1999 5
it aestivin T407.19% 90
Secale cereale T4.07.1999 o
Treta vidlgaris 2109.1999 92
Beta vidlgaris 2109.1999 93
Beta vidlgaris 2109.19%9 9
Beta vtlgaris 21.09.1999 95
rassica oleracea 2109.1999 9
Secale cereale T10.1999 97
Beta vilgaris T10.1999 %
Wodzisiaw Triicum aestivian T10.1999 %
Mechowo Triicum aestivim T10.1999 100
Brassica napus 110.1999 01
Secale cereale T10.1999 102
Beta vidgaris 103
Triticum aestivin 04
Brassica napiss 05
Brassica napis 106
Secale cereale 107
Avena saiva 08
Secale cereale 109
Brassica napus 110
FAvena sativa Ti
Brassica napus iz
Triticu secalunt 3
Hordeunt vilgare Tid
Hordeunt vulgare 115
Hordewnt vlgare 116
Triicunm aestivium 17
Hordeun vilgare Ti§
Triticum aestivum i)
Hordeun vidgare 20
Triicum aestivim 121
Hordeun viilgare 2
Trticum acstivtunt B3
Hordeum vidgare &)
Triicun aestivum 5]
Hordeun vilgare 126
Triicun aestivun 27
Zea niays B
Tarchiino Secale cereale 9
Fososnica Avena sativa 130
Rusinowo Brassica napis B
Osowo FAvena sativa 132
Oparzno Brassica napus 33
ako Avena safiva 134
Kolacz Hordewn vilgare 07 35
Sadkowo Secale cereale T4.07.2000 136
Rudno TAvena sativa 13.07.2000 137
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Tab. I cont.

Tychowo Secale cereale 13.07.2000 138
Warnino Hondewn vilgare 14072000 139
Kanin Triicun aestvunt T4.07.2000 0
Drzewiany Triticunt aestivun T407.2000 TaT
Zydowo TAvena sativa T4.07.2000 a2
Stary Kiakow TAvena safiva T807.X 3
Nadmicrz Triticun acstivun 80720 143
Sulimice Jivena sativa T807.2 135
Si Tricum aesiiviin T8.07.2 136
Krupy Secale cereale T8.07.2 a7
Slowino Triticum aestivium 8072000 135
Reyseczewa Triticum aestivum T8.07.2000 30
Krasnik Koszal Triticun aestivan 15.07.2000 50

mino Avena sativa 15.07.2000 51
Swiemino Brassica napiis 15.07.2000 152
Karwin Triticunn aestivinn 18.07.2000 153
Robui Triticun acsiivunt 15.07.2000 154
Goddno Brassica napiss 18.07.2000 155
Unieradz Secale cereale 18.07.2000 156
Nicrzyn JAvena sativa 15.07.2000 157
Siemydl Hordeun vilgare 18.07.2000 158
Bialokury Triicunt aestiviint T8.07.2000 159
Gorawino Secale cereale 18.07.2000 160
Starnin Avena sativa 15.07.2000 16T
Rymart Triticuin aestivun T8.07.2000 162

Climatic conditions. The climatic conditions of the Western Pomerania were

characterized based on meteorological data coming from six measuring stations lo-
cated in Koszalin, Pila, Resko, Szczecin, Szezecinek, and Swinoujscie.

Considering the mean annual values of temperature and total precipitations, the
year 1998 was much cooler and more humid than the years 1999 and 2000. Except for
1998, in 1999 and 2000, temperature in the northern and eastern parts was slightly
lower than in the other parts of the province, where the values were similar. In 1999
and 2000, the northern regions also were more humid than the others.

Collection of samples and establishment of trap and single-species cultures.
About 2-1 rhizosphere soil-root mixtures of sampled plants were collected from a
depth of 5-30 cm using a small garden shovel. In 1998, the mixtures were collected
in September, in 1999 in July, September and October, and in 2000 in June and July.
In the laboratory, the soil-root mixtures were air dricd for 2 weeks and subsequently
refrigerated at 4°C until processing. Then, ca. 100 g of a soil-root mixture was scpa-
rated from each field sample to reveal AMF sporulating in the field conditions. To
receive a great number of living spores of different developmental stages and to
initiate sporulation of non-sporulating species in the field, trap cultures were estab-
lished from the other part of each field sample. Each sample was first divided into
three equal parts and then mixed (1/1, vAv) with an autoclaved coarse-grained sand
coming from the bank of the Baltic Sea. The methods used to establish both trap and
single-species cultures are as those characterized earlier (Btaszkowski 2003).

Isolation and identification of AMF. Spores were extracted by wet sieving and de-
canting (Gerdemann and Nicolson 1963). Morphological properties of spores,
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their structures and stages during dif iation were
determined based on at least 100 spores mounted in polyvinyl alcohol/lactic acid/
glycerol (PVLG: Koske and Tessicr 1983) and a mixture of PVLG and Melzer's
reagent (1:1, v). The preparation of spores and their identification were as those
described earlier (Btaszkowski 2003). Vouchers of all the fungal species recov-
ered are preserved in the authors’ collections. Color microphotographs of spores
and mycorrhizac of the AM fungal species found can be viewed at the URL http://
www.agro.ar.szezecin. pl/~jblaszkowski/.

Presence of mycorrhizac was determined following clearing and s
(Blaszkowski 2003; Phillips and Hayman 1970).

Terminology of spore structure is that suggested by Franke and Morton (1994)
and Stiirmer and Morton (1997). The classification of AMF used is that of SchiiBler
etal. (2001).

Plants were recognized according to Szafer, Kulezyfiski and Pawlowski
(1969). Nomenclature of plants is that of Mirek et al. (1995).

Soil characteristics. Soil chemical and physical measurements included the de-
terminations of pH (in 1 N KCl), contents of organic carbon, nitrogen (%), phos-
phorous, and potassium (mg 100 g” of soil).

Statistical analysis. Differences in the structure of arbuscular fungal communi-
ties were investigated by ining the frequency of of species, spore
abundance and species richness, and by calculating dominance coefficients (G6rny
and Gruma 1981). Frequency of occurrence was calculated by determining the
percentage of samples from which spores of a particular species were recovered.
Spore abundance and specics richness were defined by determining the number of
spores and species, respectively, occurring in 100 g dry soil. Dominance coefficient
expresses the proportion of the number of spores of a particular species in all spores
of AMF recovered.

Relationships between spore count data, values of mycorrhizal colonization, and
soil chemical and physical properties were assessed by a linear correlation analysis.

The similarity of the species composition of the AMF revealed in cultivated sites
of the Western Pomerania (this study) and the Szezecin Province (Btaszkowski
1993) was determined using a cocfficient of similarity (Koske and Tews 1987). The
equation is: C=2w/a+b, where w=the number of species common to both the fun-
gal communities compared, a=the number of species of the first community, b=the
number of species of the second community.

ing of roots

RESULTS
Arbuscular fungi

General data. During a three-year study, the occurrence of AMF in agricultural
soils of the Western Pomerania was determined based on 162 soil and root mixtures
collected in 109 localities (Fig. 1). The samples represented 10 plant species belong-
ing to four families (Tab. 2). The plant family most frequently examined was the
Poaceae (121 samples, 6 plant species), followed by the Brassicaceae (17 samples, 2
species) and Chenopodiaceae (21 samples, I specics).

Most soil and root samples came from under T aestivin (58; Tab. 2).
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Tab.
Plants and localitics in which the occurrence of arbuscular mycorrhizal fungi was examined

Plant Locality
s (see Fig. 1, Table 1)
BRASSICACEAE

Brassica napus L. (61, 74,77, 86, 101 105, 106, 110, 112, 131, 133, 152, 155
Brassica oleracea L. 456,96
CHENOPODIACEAE
‘Beta vulgaris L. 1.2,3,16, 17, 18, 28, 29,30, 37, 38, 39, 43, 44, 45, 92, 93, 94, 95, 98, 103
POACEAE
Avena sativa L. 71,51, 83, 84, 85, 108, 111, 130, 132, 134, 137, 142, 143, 145, 151, 157, 161
Hordeunt vulgareL. 114,115, 116, 118, 120, 122, 124, 126, 135, 139, 158
Secale cereale 1. 67. 68, 78, 79, 50, 87. 91, 97, 102, 107, 109, 129, 136, 138, 147, 156, 160
1011121314 15.15.20.21, 25,26, 27,31, 22.38.30. 35, 36,49, 50,21,
Triticum aestivim | 54,38, 60,62, 63 665,66, 72 76,82, 8, A,
m 1 30 195 20157, 1144, 146, 138 145, 190, 153 15,

XTriticosecale Wittmack_[40.41, 43. 69,70,73,75, 113
24,46,47, 48,55, 56, 57, 128

Zea mays L.
ROSACEAE
Fragaria vesca L. 7,879

From the soil samples cxamined, a total of 25707 spores of AMF were isolat-
ed; 7453 spores came from field-collected soils, and 18254 from trap cultures. The
spores represented seven of the cight existing genera of the phylum Glomeromycota
(SchuBler ctal. 2001). Among the spores recovered, 26 species were recognized.

Oceurrence of AMF. Spores of AMF occurred in 155 soil and root samples col-
lected in the field, i ¢., in 95.7% of all the samples collected. The spore population
comprised 16 species and one undescribed morphotype of the genus Glomus. Most
(12) taxa came from the genus Glomus.

Of the 486 trap cultures established, 462 (95.1%) contained spores of AMF. Most
cultures with AMF were found when the plant host was Z. mays (98.1%).

Culturing of soil-root mixtures in trap cultures revealed cight species (Ac. cap-
sicula, Arch. trappei, GL. clarum, Gl. etunicatum, GL. intraradices, Gl. spurcum, Gl
vermuculosum, . occultum) and four undescribed morphotypes (one cach of Acau-
lospora, Entrophospora, Gigaspora, and Scutellospora) carlier not found in the field-
collected samples.

Although the total number of the fungal species revealed did not depend on the
species of the plant host used in trap cultures, more members of the genus Glonus
were isolated from cultures with 2 lanceolata and Z. mays (13 specics cach vs. 11
from cultures with S. vulgare), and three of the four species of Acaulospora were
found only in cultures with S. vulgare.

Of the AMF found to sporulme in the field, 12 specics and one morphotype of
the genus Glomus produced spores in trap cultures. Spores of G fuegianum, Gl.
macrocarpum, Gl microcarpum, and Scu. pellucida were revealed only in soil-root
samples coming from the field.

Considering the results of studies of both field samples and trap cultures, the
AMEF markedly most frequently occurring in the soil-root samples examined were
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members of the genus Glomus (Tab. 3). Glomus species were associated with roots
of all plants of the families Brassicaceae and Rosacea. Of the plants of the family
Poaceae, which were most frequently examined (n=121), 98.2% hosted Glomus spp.
Only ca. 5% of plants of the family Chenopodiaceac were not associated with spe-
cies of the genus Glomus.

Other AMF relatively frequently revealed in his study were members o the gen-
era and (Tab. 3). Species of Acaulospora
more frequently co-existed with plamso( the family Chenopodiaccac. Archacospora
rappei, the only specics of this genus found in this study, was most frequently associ-
ated with plants of the family Ci Species of were most
frequently recovered from samples representing the family Poaccac.

Of the plant species considered, only A. sativa, Be. vulgaris, and T. aestivm not
always harboured fungi of the genus Glomus (Tab. 4). However, the values of the
frequency of occurrence of Glomus spp. among roots of these plant species exceed-
ed 94%.

Fungi of the genus Acaulospora most frequently co-occurred with Br. oleracea
(Tab. 4).

Archaeospora trappei most frequently co-existed with Z. mays (Tab. 4).

Spores of Entrophospora infrequens, the only member of this genus recorded in
this study, occurred not numerously and infrequently (Tab. 4). They were found
only in trap cultures with rhizosphere soil-root mixtures of S. cereale, T. aestivum,
and XTriticosecale.

Spores of the genus Gigaspora occurred only in trap cultures with mixtures of
soils and roots representing S. cereale, T. aestivum, and XTriticosecale (Tab. 4).

Spores of the genus Scutellospora were most frequently associated with roots of
. cereale and A. sativa (Tab. 4).

Paraglomus occultum, the only species of the genus revealed in this study, was
found only in four trap cultures representing Be. vulgaris, T. aestivum, and Z. mays
(Tab. 4).

Participation of seven genera of arbuscular fungi in spore populations of these
fungi isolated from under four families of cultivated plants. In the spore popula-
tion of AMF isolated, the markedly highest participation had members of the genus
Glomus (Tab. 5). Fungi of this genus were most numerously represented among
spores isolated from under plants of the family Chenopodiaceac.

Species of the genus Acaulospora ranked second; however, their participation in
the total number of spores isolated did not exceed 5%. Fungi of this genus were also
most numerously recovered from soil-root samples coming from under plants of the
family Chenopodiaceac.

The participation of spores of the other genera in the spore populations of AMF
recovered ranged from 0.1% (Entrophospora, Scutellospora ~ Poacea) to 1.51%
(rchacospora ~ Chenopodiaceae).

of seven genera of fungi in spore of these

fungi isolated from under 10 species of cultivated plants. The members of the genus

Glomus predominated (a participation of >50%) in the spore populations of AMF

recovered from among roots of Be. vulgaris, Br. napus, S. cereale, and T. aestivum
(Tab. 6). The lowest number of spores of this genus came from under H. sativum.

Most spores of the genus Acaulospora were isolated from trap cultures contain-
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ing rhizosphere soil-root mixtures of Be. vulgaris, when the host plant was Z. mays.

The participation of spores of the other genera in the spore populations of AMF
recovered was low and ranged from 0.01 to 1.51%.

Frequency of occurrence of species of AMF. In the field-collected rhizosphere
soil-root samples, the species of AMF most frequently found (present in >20% of
samples) were Gl. caledonium, Gl. constrictum, Gl. deserticola, Gl. dominikii, and Gl.
mosseae (Tab. 7). Relatively frequently (present in 10-20% of samples) also occurred
Gl claroideum and Scu. dipurpurescens.

The arbuscular fungi most frequently occurring in trap cultures were Gl. caledo-
nium, Gl. Gl i Gl. deserticola, Gl. dominikii, and Gl. mosseae
(Tab. 7). Their occurrence did not generally depend on the plant host species used.

Considering the frequency of occurrence of the AMF revealed in soil-root sam-
ples coming from both the field and trap cultures with the three plant hosts used,
the arbuscular fungal species occurring most frequently in cultivated soils of the
Western Pomerania were Gl deserticola (present in 76.5% samples), followed by
Gl mosseae (66.7%), Gl. claroideum (48.8%), Gl. caledonium (40.1%), and Gl. do-
minikii (30.3%; Tab. 7). Of them, Gl. deserticola and Gl. dominikii were more fre-
quently found in field-collected samples, whereas the other species more frequently
occurred in trap cultures.

Dominance. In the field-collected soil-root samples, the eudominants (a coef-
ficient of dominance of D>10.0%) were GL. deserticola and Gl. dominikii (Tab. 8).
Of the species encountered, none classified to dominants (D=5.1-10.0%). The sub-
dominants (D=2.1-5.0%) were Gl. constrictum and GI. mosseae.

Except for GI. constrictun found to be a subdominant in trap cultures with the
plant host S. vulgare (Tab. 8), the specit of the fungi in the
cultures was identical and the position of the fungal species in the rank established
only slightly changed depending on the species of the trap plant used.

When spores recovered from both field samples and trap cultures with the three
plant host species used were considered, the eudominants of the agricultural soils
of the Western Pomerania were Gl. tInrm(lewm Gl d{:EﬂlCD’ﬂ Gl. dominikii, and
Gl. mosseae (Tab. 8). The group of was formed by GI and an
undescribed Glomus sp. Glomus constrictum was a subdommanl

‘The higher number of spores and species of the genus Glomus in the spore popu-
lations of AMF isolated in this study (Tabs 3, 5, 7) agrees with the earlier literature
reports of a good adaptation of these fungi to a wide range of physical and chemi-
cal soil conditions (Anderson, Liberta and Dickman 1984; Grey 1991; Haas
and Menge 1990; Jansa etal. 2002; Porter, Robson and Abbott 1987). Dan-
iels and Trappe (1980) found that the optimal temperature for germination of
spores of Glomius spp. is 14-22°C, . ¢., a temperature range of the growing season of
north-western Poland (Kozminski and Michalska 2001). In contrast, species of
the genera Gigaspora and Scutellospora preferred warmer (Koske 1987; Schenck,
Graham and Green 1975) and more sandy soils (Btaszkowski 1993). Koske
(1987) proved statistically that temperature was the main abiotic factor differentiat-
ing the structure of AM fungal populations along a dune transect extending from
New Jersey to Virginia. According to Pirozynski (1968), temperature is the main
factor regulating the distribution of fungi in general.

The disclosure in trap cultures of cight species and four undescribed morphotypes
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Table 7
The frequency of oceurrence of arbuscular mycorrhizal fungi among roots
of plants cultivated in the Western Pomerania (%)

Frequency of oceurrence
Trap cultures
Fungal species with
" Mantage | Sorgiun vulgare|  Zea mays

Vicaulospora capsicula 062
Ficaulospora paulinae 247 062
Picaudaspora dhonii 062 062
Undescribed Acaulospora sp. 062 23
[irchacospora trappei 247 247 370
Gigaspora sp. 062
Lnirophospora infrequens 062 062 062
Undescribed Enrophospora sp 062
Glomus aggregatum 185 062
Glomus caledonium 2099 2.6 592 0.2
Glomus claroideun 7 3333 2901 w76

s clarum 062
(Glomus consrictun 2654 2160 1790 1605
Glomus descricola 7654 15 4753 074
Glomus dommnkit 3025 2160 2099 013
Glomus cunicatum 123 062 062
Glomus fasciculatiun: 370 185 247 247
Glomus fuegiamum 062
Glonis geosporunt L5 309 309 [
Glomus intraradices 062 062
Glomus laceatun 247 247 617
Glomus macrocarpunt 494
Glomus microcarpun 062
Glonns mosseac 3765 E5) 049 66,67
Glomus spurcun 062 123
Glomus verraculosum 062
U . [E 679 555 555
[Paraglomus occultum 062 123 062

926 062 [ 062

[Scutellospora pellucida 123
Undescribed Scutellospora sp. 062

carlier not found in field-collected samples (Tab. 7) supports the conclusions of, €. 8.,
Blaszkowski, Adamska and Czerniawska (2002), Stiitz and Morton (1996)
and Jansa etal. (2002) that a great part of AMF does not sporulate in the field at all
or their sporulation is seasonal.
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The dominance of arbuscular mycorrhizal fungi isolated from under cultivated plants
of the Western Pomerania (%)

Dominance
Trap cultures
Fungal species with
s Plantago | orepum vulgare | Zea ma
lanceolata il
Pcaulospora capsicula 003
[Acaulospora paulinac 0.1 153 003
[ caulospora thomit 003 [
[Undescribed Acaulospora sp [ 147
Urchacospora trappei 082 155
Gigaspora . 0.0
Entrophospora infrequens 002 003
Undescribed £7 0 001
[Gloms aggregatunt 036 004
Glomus caledonium 142 407 695 730
(Glommus clarvideunt 078 4496 1962 49,60
rammu clarunt 008
[Glomus constricuun 203 206 075
[Glomus deserticola 1446 2118 835
Glonmss dominikii 638 792 225
Glonmus etunicatunt 038
(Glonmus fuscieulatin 046 028 017 005
(Glomus fucgianint 010
Glomus seasporunt 029 [ 042 139
Glomus intraradices 008 007
(Glomus laccatun 028 093 147
(Glomus macrocarpum 024
(Glomus microcarpunt 004
(Glomus mosseae 260 1553 3176 2326
(Glomuus spurcunt 006 046
Glonmss vermuculosun 005
Undescribed Glomus sp 025 487 698 155
Paraglomus occultum 048 028 002
Scutellospora dipurpurescens 070 022 037 001
[Scullospora pellcida 005
[Undescribed Scutellosport p. 002

The relatively lower species diversity of the spore populations of the genus
Glomus isolated from trap cultures with the plant host S. ulgare than from those
with P lanceolata and Z. mays and the presence of three Acaulospora spp. in cultures
with . vulgare (only one Acaulospora sp. in cultures with Z. mays and lack of spores
of this genus in cultures with 2 lanceolata; Tab. 7)) correspond with the carlier liter-
ature reports of a high influence of  plant host species on the development of AMF
in trap cultures (Brundrett, Abbott and Jasper 1999; Brundrett, Jaspper
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and Ashwath 1999; Jansa et al. 2002). According to

H % % S i Bever etal. (1996), the most important factor restrict-

H181E)414 ing the development of some taxa of AMF is the degree
of their adjustment to a plant host.

The main reasons of the lack of sporulation of GL

«|elz| fuegianum, Gl macrocarpum, Gl. microcarpum, and
DIk Scu. pellucida in trap cultures, species found to occur
af oh | in the field (Tab. 7), probably were (1) the exclusion or
suppression of these fungi by specics more competitive
or faster adapting to the conditions of trap cultures and
212|513|3 (2) the incompatability of the under- and above-ground
RIS conditions, as well as the plant hosts of these cultures
with the ecological requirements of the four fungal spe-

cies (Brundrett etal. 1999, b; Jansa ct al. 2002).
Many previous studics (c. g., Btaszkowski 1993;
Gerdemann 1968 Harley and Harley 1987,
a % % 1990) showed that cultivated plant species of the fami-
z13E lies Brassicaceae and Chenopodiceae generally do not

form mycorrhizae with fungi of the phylum Glomero-
mycota. However, recent investigations proved that

yeorrhizae of same species of AMF do not react with
the commonly used stains (Morton and Redecker
2001) and one of the methods enabling to reveal an ex-
istence of a mycorrhizal association is culturing of soil-
root mixtures in trap cultures to initiate sporulation of
species of AMF not producing spores in the field condi-
tions (Stitz and Morton 1996). This method used in
the studies discussed here indicated among others that
Br. napus and Br. oleracea hosted abundant and diverse
populations of AMF in trap cultures, despite the field-
collected thizosphere soils of members of the family

4902513

205300
7942692

3332263
147123

Brassicaceae contained the lowest number of spores of
2lzlgl|g these fungi (Tab. 4).
SE|H || E The species most frequently occurring and pre-
EEIEIEE dominating in the spore populations of AMF associ-

ated with plants cultivated in the Western Pomerania,
i. e., Gl. caledonium, Gl. claroideum, Gl. desertiola, Gl.
i bl g dominikii, and Gl. mosseae (Tabs 7 and 8), have many
times been found in cultivated soils of the other regions
of the world (Blaszkowski 1993; Boddington and
Dodd 2000; Jansa etal. 2002 Morton, Bentiven-
ga and Bever 1994; Talukdar and Germida 1993;
Vestberg 1995).

Stahl and Christensen (1991) suggested that a
wide distribution of some species of AMF results from
their genetical adaptation to different environmental

ditions that leads to dil iation of icall

515%416
5255713
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distinct populations. Hence, the marked tolerance of the species mentioned above
to agricultural and chemical practices applied in the Western Pomerania probably is
stable. The evidence of it also is that the fungi belonged to the taxa most frequently
revealed in both the field-collected samples and trap cultures.

Spore abundance. The average total spore abundance of AMF in the field-col-
lected samples was 44:278.3 and ranged from 0 to 511 in 100 g dry soil. In trap cul-
tures, the average total spore abundance was highly depended on the plant host used
(Tabs 9, 10). It always was higher when the plant hosts were Z. mays and P lanceolata
than S. vulgare.

In the field, most spores hosted plants of the familics Rosaceac and Chenopo-
diaceae, and least members of the family Brassicaceae (Tab. 9). In trap cultures,
most spores were generally also found when the cultures contained soil-root mix-
tures coming from under plants of the Rosaceae (Tab. 9).

The plant species growing in the field and harbouring most spores of AMF was
F. vesca (115.7 in 100 dry soil; Tab. 10). Numerous spore populations of these fungi
were also isolated from samples collected under Be. vulgaris, S. cereale, and H. sati-
vum.

In trap cultures, most spores were revealed following the cultivation of soil-root
mixtures coming from under F. vesca (152.7 in 50 g dry soil; Tab. 10). Relatively
abundant spore populations also came from cultures representing Br. oleraceae and
Z. mays.

The average total abundance of spores of AMF isolated from the field samples by
the authors of this paper is within the lower range of abundances determined in most
agricultural sites examined to date (Hayman 1978; Hayman and Stovold 1979;
Jakobsen and Nielsen 1983; Kianmehr 1981; Schenck and Kinloch 1980;
Stahl and Christensen 1982). In contrast, in Btaszkowski’s (1993) studies,
the average total spore abundance of these fungi in cultivated soils of the former 11
provinces of Poland was almost two times higher than that found in this study. Apart
from agricultural sites, Btaszkowski (1993) also examined soils of home gardens
and nurseries with perennial shrubs and trees, whose soils generally are infrequently
fertilized. Perennial plants have usually hosted more abundant spore populations
of AMF than annual plants (Btaszkowski 1993; Johnson 1977; Hetrick and
Bloom 1983; Kormarnik 1985). High rates of fertilizers usually suppress the ac-
tivity of AMF (Hayman 1970; Kruckelmann 1975).

The finding of the highest number of spores in both field-collected samples and
trap cultures representing the family Rosaceae (Tab. 9) supports many literature
reports of an exceptionally stable and effective preservation of symbiosis of plants of
this family with AMF (Harley and Harley 1987, 1990).

The presence of spores of AMF in both the field samples and trap cultures rep-
resenting the families and C iaceae (Table 9 icts many
previous literature data that plants of these families are immune to AMF (Gerde-
mann 1968; Harley and Harley 1987; 1990; Landwehr et al. 2002). Recently,
arbuscular mycorrhizac have been revealed in, e. g, Biscutella laevigata L. (Brassi-
caceac; Ortowska et al. 2002), many species of the genus Thlaspi (Brassicaceac;
Regvar et al. 2002), and species of the family Chenopodiaceae (Sengupta and
Chaudhuri 2002).
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Species richness. The average total species richness of AMF in the field-col-
1.3 and ranged from 0 to 5 in 100 g dry soil. In trap cultures,
s richness of these fungi was highest when their plant host
was Z. mays), and the lowest number of species was trapped by . vulgare.

In the field samples, the average species richness in 100 g dry soil coming from
the plant families compared was similar and ranged from 2.0 (Rosaceae) to 2.9
(Brassicaceac; Tab. 9).

Cultivation of the soil-root mixtures in trap cultures showed that most fungal
species were harboured by plants of the families Rosaceac and Poaceae (Tab. 9).

In the field, the plant species associated with the highest number of species of
AMEF were H. vulgare (3.1), Br. napus (3.1), and S. cereale (2.8; Tab. 10).

Considering the results of studies of trap cultures, most species of AMF co-oc-
curred with H. vulgare (3.3), A. sativa (3.1), and F. vesca (3.0; Tab. 10). Relatively
high number of species of these fungi also hosted Br. oleraceae (2.8), T. aestivum
(25), and Z. mays (2.7).

Thus, the examination of the field samples and those from trap cultures indicated
that the plant species harbouring most species of AMF in agricultural sites of the
Western Pomerania were H. sativum (3.3), Br. napus (3.1), A. sativa (3.1), and F.
vesca (3.0; Tab. 10).

Both the average total and the range of species richness of AMF found in this
study (Tabs 9 and 10) are similar to those determined in agricultural sites of other
regions of the world (Abbott and Robson 1977; Berch, Gamiet and Deom
1988; Stahl and Christensen 1982; Taludgar and Germida 1993). Some-
what higher average number of species of cultivated sites of Poland revealed by
Blaszkowski (1993) probably resulted from the same reasons discussed in the
section “Spore abundance”.

Arbuscular mycorrhizae

The of arbuscular mycorrhizac in plants of the Western
Pomerania was determined based on 67 root samples of eight species belonging to
three plant familics. Most root samples came from under plants of the Poaceae. The

Table 11
The percent of oot length with arbuscules, vesicles, and intraradical hyphac of arbuscular
fungi in sclected species of plants cultivated in the Western Pomerania

Atbuscule Vesicle Tntraradical hyphae

3 B av.SD. av.£5D. av25D.
vena sarva i3 60240 7080 36002300
Beta vulgaris 2 00 20220 2102280
Brassica napus 0 30240 20240 2302130
[Hordeun wiare 5 30240 40220 310120
[Secale cereale 5 3030 50260 3102160
Trticunsacsiwvin 7 30230 02140
Triicosecale 4 50230 340100
Zea mays i 500 410

- umber of oot sampls cxamined
$.0. - standard deviati
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plant species most frequently examined were T, aestivum, S. cereale, and A. sativa
(Tab. 11).

Arbuscules. The percent of root length with arbuscules was highest in A. sativa,
followed by T aestivum and XTriticosecale (Tab. 11). No arbuscules were found in
roots of Be. vulgaris.

Vesicles. The occurrence of vesicles was highest in roots of 4. sativa, then in S.
cereale, XTriticosecale, and Z. mays (Tab. 11).

Intraradical hyphae. The percent of root length with intraradical hyphae was
highest in A. sativa and Z. mays (Tab. 11).

According to Sanders et al. (1977), as low as 10% level of root colonization
by AMF significantly increased the amount of absorbed phosphorous from the soil.
Volkmar and Woodbury (1989) found that 2-7% colonization of roots by AMF
increased up to 25% the weight of shoots of H. vulgare.

Arbuscules are indicators of functional mycorrhizac (Smith and Read 1997).
Hence, their lack in roots of Be. vulgaris examined in this study (Tab. 11) suggests
that the mycorrhizae revealed were inactive. However, only two root samples came
from under Be. vulgaris, and numerous spores of AMF found in both the field sam-
ples and trap cultures representing this plant species (Tabs 4, 6, 10) indicated the Be.
vulgaris mycorthizac to be effective.

The amount of literature data of the common occurrence of arbuscular mycor-
thizac in plants of the family Chenopodiaceac increases (Landwe hr etal. 2002).

Physical and chemical properties of soils of the area investigated. The physical
and chemical properties of the soils sampled in the Western Pomerania were deter-
mined based on 73 soil samples.

The mechanical composition of the soil samples investigated was typical of the
cultivated soils of the Western Pomerania (Kozmifski and Michalska 2001).
Most samples represented medium sand and slightly loamy sand, and least light
loam.

pH of the soils examined ranged from 4.5 to 8.0. The ranges of the contents of or-
ganic carbon (%), phosphorous, potassium (mg per 100 g of soil), and total nitrogen
(%) were 0.33-2.41,0.04-26.62, 3.32-36.71, and 0.05-0.32, respectively.

Analysis of correlation. The analysis of lincar corrclation showed the significance
of correlation’s between the total spore abundance of AMF and (1) the species
richness of these fungi (r=0.58, p<0.03), (2) the abundance of spores of the genus
Glomus (r=0.75, p<0.05) and Scutellospora (r=0.36, p<0.05), (3) the abundance
of spores of GL. caledonium (r=0.51, p<0.05), GL. claroideum (r=0.57, p<0.05),
Gl constrictum (r=0.66, p<0.05), Gl. deserticola (r=0.62, p<0.05), Gl dominikii
(r=0.46, p<0.05), and Scu. dipurpurescens (r=0.34, p<0.05).

Soil pH correlated with (1) the total abundance of spores (r=0.31, p<0.05), (2)
the total species richness (r=0.28, p<0.05), (3) the abundance of spores of the ge-
nus Glomus (r=0.40, p<0.05), (4) the frequency of occurrence of spores of the ge-
nus Glomus (r=0.40, p<0.05), Gl. constrictum (r=0.30, p<0.05), and Gl. deserticola
.27, p<0.05).

The content of organic C was associated with the occurrence of Gl. constrictum
(r=0.34, p<0.05).

The content of soil phosphorous correlated with (1) the total species richness
of AMF (r=0.26, p<0.05), (2) the frequency of occurrence of spores of the genera
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Glomus (r=0.53, P<0.05) and Scutellospora (r=0.35, p<0.05), (3) the amount of
spores of Gl. caledonium (r=0.28, p<0.05), Gl. claroideum (r=0.59, p<0.05), Gl
constrictum (r=0.56, p<0.05), and G. deserticola (r=0.42, p<0.05).

The content of potassium correlated positively with the amount of spores of Gl.
claroideum (1=0.51, p<0.05) and the frequency of occurrence of Gl. constrictum

Table 12
“The similarity of the species composition of arbuscular mycorrhizal fungi revealed in the
cultivated sites of the Western Pomerania and the Szczecin Province

Szczecin Provinee

Western Pomerania
(this paper)

(Blaszkowski 1993)

Number of soil and 100t samples

162

Number of sites sampled

109 |

Number of plant

ampled

0 i

3

Fungal species
¥ Acaulospora capsicula -
Acaulospora lacunosa
¥ Acaulospora paulinae
Acaulospora mellea
Acaulospora thomii

H|+ [+

Archacospora trppei

+]+ |+

infrequens.
- Gigaspora gigantea
Glomus aggregatunt

H|+ ]|+

Glomus caledonium
Glomaus claroideun
Glomus clarum

Glomus consirictunt

Glomus deserticola

Glomus dominikii

Glomus etunicatun
Gloms fasciculatunt
Glomaus fuegianunt

S PSP ) )

Glomus geosporum

||+

Glonms heterosporunt

=]

Glomus microcarpunt

|+ |+

Glomus mosseac.

Glomus spurcum
Glomus vermuclosum
Glomus tenue

Paraglomus occulium

+ Scutellospora dipurpirescens
Scutellospora pellucida

o P e e e

%

4]+l
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140, p<0.05) and Gl. deserticola (r=034, p<0.05), but negatively with the fre-
quency of occurrence of Gl. dominikii (r=-0.26, p<0.05).

The total level mycorrhizal colonization of the plant species considered did not
correlate with either any of the properties regarding the occurrence of spores and
species of the AMF revealed or the chemical properties of the soil samples exam-
ined.

‘The resulis of the analysis of correlation indicated that the soil chemical prop-
erties most i the of AMF in soils of the Western
Pomerania are pH and the content of phosphorous. The concentration of phos-
phorous in both the soil and plant is the main factor modifying the activity of AMF
(Smith and Read 1997). Germination of spores of AMF highly depends on soil
pH (Green etal. 1976).

ison of the species of izal fungi
nf agricultural sites of the Western Pomerania and the Szczecin Province

The similarity of the species composition of the spore populations of AMF re-
vealed in this study and that found by Btaszkowski (1993) in the years 1985-1990
was 67% (Tab. 12). In the study discussed here, 26 fungal species were identified,
and Blaszkowski (1993) revealed 22. The number of common species was 16.

Although the numbers of soil-root samples, sites, and plant species examined
by the authors of this paper were almost two and over three times higher, and over
2 times lower, respectively, than those considered by Biaszkowski (1993) and
Blaszkowski (1993) did not use trap cultures, the high similarity of the species
composition of the populations of AMF revealed in both studies indicate that (1)
the occurrence of most taxa of AMF in agricultural soils of the Western Pomerania
is uniform and does not change with time, (2) the communities of these fungi are
stable, despite the arduousness resulting from the influence of the agro-technical
and chemical practices applicd, and (3) the species diversity of the cultivated plants,
when considered in a long period of time, does not influence the specics composi-
tion of populations of AME
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Grzyby i mikoryzy arbuskularne gleb rolniczych
wojewddztwa zachodniopomorskiego
Czesé 1. Wystepowanie grzybéw i mikoryz arbuskularnych

Streszezenic

Niniejszy artykul prnd\hlwm wyniki trzyletnich badaf wysls,powanm arbuskularnych
2rzybos wglebach rolniczych wo-

o i h grzybé na podstawie prob.
gleby i korzeni zebranych zarowno z pola, jak i kultur pulapkowych.
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