
*The August Cieszkowski Agricultural University, Poznań, Poland
**Białystok Technical University, Białystok, Poland

SOIL FUNGI COMMUNITIES EFFECT ON THE GROWTH
OF HETEROBASIDION ANNOSUM VERSUS FOREST

ENVIRONMENT POLLUTION1

*M. Mańka, **Z. Tyszkiewicz and *S. Stępniewska-Jarosz

Abstract

Six forest districts in the Polish Lowland, representing various degrees of fresh
coniferous mixed forest pollution, were examined for the dependence of soil fungi
communities on the environment pollution degree. The communities were exam-
ined for their effect on the growth of Heterobasidion annosum – a severe tree root
pathogen. The communities from Waliły and Żednia Forest Districts, close to Po-
land’s eastern border – unpolluted area – supported (on average) the pathogen’s
growth only slightly, while the communities from Włoszakowice Forest District
(severely polluted area) – supported it very much. The effect of communities from
Sieraków, Oborniki and Żołędowo (average degree of pollution) was supporting to
an extent similar to that in Włoszakowice.

Key words: fresh coniferous forest, Scots pine, lowlands, environment pollution,
soil fungi

Introduction

In the Polish Lowland the most widespread type of forest is – according to Pol-
ish forest site typology – fresh coniferous forest, with stand consisting mostly of
Scots pine (Pinus sylvestris). Numerous anthropogenic factors effect the environ-
ment of this forest type in the Polish Lowland. Differentiated pressure of several
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factors has biggest effect on soil and water, disturbing the water balance (Wpływ
długotrwałych… 1995). The disturbances shape various elements of forest envi-
ronment, including the communities of soil fungi.

In 1993 six forest districts in the Polish Lowland were chosen (Fig. 1), repre-
senting various degrees of forest environment pollution. In every forest district
three compartments have been investigated in 1993–1995 in Scots pine stands on
fresh coniferous forest site. The results of pedological, phytosociological and forest
management investigations were described by Miś and co-workers (Wpływ długo-
trwałych… 1995).

In 2003–2005 the investigations were continued and their range included my-
cological and phytopathological approach. The communities of saprotrophic soil
fungi from every compartment in question were treated as an index of environ-
ment pollution degree, basing on the idea of K. Mańka (Mańka K. and Chwaliński
1960) that the soil environment conditions are reflected in qualitative and quanti-
tative structure of soil fungi communities. This structure, in turn, results in the ef-
fect of the community on growth of pathogenic soil-borne fungi. The pathogen
chosen for testing the effect was Heterobasidion annosum, a common pathogen of co-
niferous tree roots.

An attempt was undertaken to define the actual status of environment pollu-
tion with the effect of soil fungi communities on the growth of H. annosum.
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Fig. 1. Localization of investigated forest districts in the Polish Lowland (Niż Polski);
map by S. Zajączkowski (Wpływ długotrwałych… 1995)



Materials and methods

The investigations were carried out in six forest districts in the Polish Lowland,
that represent various degrees of environment pollution (Table 1). Włoszakowice
Forest District is the one representing the highest pollution degree, Sieraków,
Oborniki and Żołędowo are situated in an area of lower pollution level, while
Waliły and Żednia are considered control objects due to non polluted area they are
situated in. In every forest district three Scots pine stands (three compartments) of
similar characteristics, on fresh coniferous forest site, were investigated.

In 2003 soil was sampled from every compartment in question, between the
end of August and the beginning of October. The communities of soil fungi were
isolated following the soil plate method (Warcup 1950) modified by K. Mańka
(Johnson and Mańka K. 1961, Mańka K. 1964, 1974, Mańka K. and Salmanowicz
1987). This yielded three communities from each of the six forest districts in ques-
tion.

Heterobasidion annosum isolate was obtained from a basidiophore on a
10-year-old diseased Scots pine tree in Zielonka Forest District, compartment 47k
(fresh mixed coniferous forest) in August 2003. It represented pine type (P) within
H. annosum species.

The biotic relations between the pathogen and the soil fungi communities were
examined with the biotic series method by K. Mańka (1974, Mańka K. and Mańka
M. 1992, Mańka M. and Mańka K. 1995). According to K. Mańka (1974) the struc-
ture of the fungal community (and its phytopathological function) reflects both
biotic and abiotic conditions of the environments, i.e. soil fertility, structure, tem-
perature, humidity etc. and root exudates, other (micro)organisms influence, etc.
In the biotic test, individual biotic effect (IBE) is evaluated, which is the effect of
one isolate of a soil fungus species on the pathogen growth. The IBE value is multi-
plied by the frequency of the species in the community which results in general bi-
otic effect (GBE = the effect of all the isolates of the species on the pathogen
growth). All the GBE values are summarized to give summary biotic effect (SBE),
i.e. the effect of the entire soil fungi community on the pathogen. The SBE de-
scribes phytopathological function of the community. Any of the biotic effects
mentioned, can be positive (indicating suppressive effect on the pathogen’s
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Table 1
Average air pollution (according to: Wpływ długotrwałych… 1995)

Forest District SO2 NOx F Dust per month
(g/m2)

Włoszakowice 25.0 0.25 0.05 4.79

Sieraków 17.1 0.18 0.06 4.73

Oborniki 14.5 0.19 0.06 4.10

Żołędowo 8.5 0.17 0.02 2.74

Waliły and Żednia 7.3 0.06 0.02 2.59



growth), negative (indicating supporting effect on the pathogen’s growth) or neu-
tral (“0”). Intensity of the supporting or suppressing effect is described by the ab-
solute value of the effect.

Results

The biotic effects of the soil fungi communities on the growth of H. annosum are
presented in Tables 2–7, and the average values of summary biotic effects – in Ta-
ble 8.
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Table 2
Biotic effect of soil fungi community from Włoszakowice Forest District

on the growth of Heterobasidion annosum in 2003

Species of fungi Frequency
Biotic effects on Heterobasidion annosum

IBE* GBE**

1 2 3 4

Włoszakowice Forest District, compartment 225Aa

Penicillium daleae 79 –2 –158

Mortierella vinacea 53 –5 –265

Penicillium lividum 47 –5 –235

Trichoderma koningii 26 +8 +208

Penicillium janczewskii 19 –2 –38

Mortierella isabellina 3 +2 +6

Trichoderma harzianum 2 +9 +18

Trichoderma viride 2 +9 +18

Penicillium sp. 2 –5 –10

Absidia sp. 2 +7 +14

Not sporulating 2 2 –6 –12

Oidiodendron sp. 2 –6 –12

Isolates – total 239

Summary biotic effect –466

Włoszakowice Forest District, compartment 299c

Mortierella vinacea 80 –4 –320

Penicillium lividum 44 +3 +132

Trichoderma koningii 9 +8 +72

Penicillium daleae 6 +8 +48

Acremonium sp. 6 –1 –6

Mortierella sp. 5 –1 –5

Oidiodendron sp. 4 –5 –20
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1 2 3 4

Rhizopus oryzae 3 +7 +21

Isolates – total 157

Summary biotic effect –78

Włoszakowice Forest District, compartment 299d

Penicillium lividum 112 –7 –784

Mortierella vinacea 39 –5 –195

Penicillium daleae 33 –3 –99

Trichoderma koningii 10 +5 +50

Oidiodendron sp. 7 –6 –42

Not sporulating 1 4 –8 –32

Penicillium decumbens 3 –4 –12

Penicillium vinaceum 3 –4 –12

Trichoderma viride 2 +8 +16

Isolates – total 213

Summary biotic effect –1 110

*Individual biotic effect.
**Summary biotic effect.

Table 3
Biotic effect of soil fungi community from Żednia Forest District

on the growth of Heterobasidion annosum in 2003

Species of fungi Frequency
Biotic effects on Heterobasidion annosum

IBE* GBE**

1 2 3 4

Żednia Forest District, compartment 5b

Mortierella vinacea 43 –5 –215

Penicillium purpurogenum 18 –4 –72

Penicillium janczewskii 14 +9 +126

Penicillium spinulosum 9 –4 –36

Scopulariopsis brevicaulis 7 –6 –42

Trichoderma koningii 5 +8 +40

Penicillium daleae 4 –7 –28

Acremonium sp. 3 –7 –21

Paecilomyces sp. 2 –7 –14

Isolates – total 105

Summary biotic effect –262

Żednia Forest District, compartment 12a

Mortierella vinacea 30 –6 –180

Penicillium purpurogenum 14 –1 –14

Penicillium atrovenetum 10 –6 –60
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1 2 3 4

Penicillium janczewskii 8 –7 –56

Penicillium daleae 6 –1 –6

Mortierella isabellina 4 –5 –20

Penicillium janczewskii 3 –5 –15

Penicillium purpurogenum 3 0 0

Not sporulating 4 3 +2 +6

Penicillium spinulosum 3 –6 –18

Acremonium hyalinum 3 –5 –15

Absidia glauca 2 –5 –10

Not sporulating 3 2 –2 –4

Aspergillus versicolor 2 –6 –12

Scopulariopsis brevicaulis 2 –7 –14

Isolates – total 95

Summary biotic effect –418

Żednia Forest District, compartment 12b

Mortierella vinacea 41 –5 –205

Scopulariopsis brevicaulis 21 –3 –63

Penicillium purpurogenum 17 –4 –68

Penicillium daleae 8 –5 –40

Aspergillus repens 6 –3 –18

Aspergillus versicolor 3 –6 –18

Oidiodendron sp. 2 –5 –10

Absidia glauca 2 +1 +2

Mortierella isabellina 2 –5 –10

Mortierella minutissima 2 –4 –8

Isolates – total 104

Summary biotic effect –438

*, ** – see Table 2.

Table 4
Biotic effect of soil fungi community from Oborniki Forest District,
compartment 445a, on the growth of Heterobasidion annosum in 2003

Species of fungi Frequency
Biotic effects on Heterobasidion annosum

IBE* GBE**

1 2 3 4

Oborniki Forest District, compartment 445a

Penicillium janczewskii 69 –4 –276

Mortierella vinacea 41 –6 –246

Penicillium decumbens 33 –6 –198
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1 2 3 4

Penicillium daleae 14 –4 –56

Penicillium lividum 12 –3 –36

Trichoderma koningii 6 +7 +42

Trichoderma viride 6 +8 +48

Penicillium waksmanii 4 –2 –8

Not sporulating 1 4 –8 –32

Penicillium janczewskii 4 –4 –16

Trichoderma viride 3 +8 +24

Thysanophora penicilioides 2 +2 +4

Isolates – total 198

Summary biotic effect –750

Oborniki Forest District, compartment 591c

Penicillium lividum 25 –4 –100

Penicillium daleae 18 –5 –90

Penicillium decumbens 15 –8 –120

Mortierella vinacea 12 –5 –60

Oidiodendron tenuissimum 11 –6 –66

Penicillium janczewskii 10 –2 –20

Penicillium spinulosum 7 –5 –35

Penicillium purpurogenum 6 –1 –6

Penicillium melinii 5 –6 –30

Penicillium funiculosum 4 –6 –24

Trichoderma viride 4 +8 +32

Penicillium janthinellum 4 –5 –20

Not sporulating 1 4 –7 –28

Absidia glauca 3 –1 –3

Not sporulating 2 2 –7 –14

Sporothrix schenckii 2 –6 –12

Isolates – total 132

Summary biotic effect –596

Oborniki Forest District, compartment 597b

Trichoderma viride 17 +8 +136

Oidiodendron tenuissimum 14 –6 –84

Penicillium decumbens 16 –5 –80

Acremonium fusidioides 13 –8 –104

Penicillium lividum 9 –5 –45

Aspergillus versicolor 9 –5 –45

Penicillium janczewskii 7 –3 –21

Penicillium decumbens 5 –5 –25

Scopulariopsis brevicaulis 4 –7 –28
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Table 5
Biotic effect of soil fungi community from Waliły Forest District,

compartment 269a, on the growth of Heterobasidion annosum in 2003

Species of fungi Frequency
Biotic effects on Heterobasidion annosum

IBE* GBE**

1 2 3 4

Waliły Forest District, compartment 269a

Penicillium purpurogenum 27 +5 +135

Penicillium janczewskii 27 +10 +270

Mortierella vinacea 22 –4 –88

Penicillium daleae 22 +3 +66

Acremonium fusidioides 7 –7 –49

Not sporulating 2 6 –6 –36

Not sporulating 5 6 +6 +36

Penicillium lividum 3 –3 –9

Trichoderma koningii 2 +4 +8

Isolates – total 122

Summary biotic effect +333

Waliły Forest District, compartment 278a

Penicillium purpurogenum 31 –2 –62

Mortierella vinacea 28 –5 –140

Mortierella minutissima 17 –3 –51

Penicillium daleae 17 –4 –68

Penicillium janczewskii 14 +3 +42

Penicillium sp. 11 –7 –77

Trichoderma viride 9 +9 +81

Absidia glauca 7 +5 +35

Penicillium lividum 5 –6 –30

Penicillium waksmanii 4 +3 +12

Penicillium spinulosum 3 +1 +3

1 2 3 4

Aspergillus repens 4 –4 –16

Penicillium purpurogenum 4 –5 –20

Penicillium purpurogenum 2 –3 –6

Penicillium spinulosum 2 +1 +2

Verticillium sp. 1 2 –6 –12

Isolates – total 108

Summary biotic effect –348

*, ** – see Table 2.
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1 2 3 4

Verticillium sp. 2 +8 +16

Trichoderma atroviride 2 +8 +16

Not sporulating 3 2 –5 –10

Aspergillus versicolor 2 –6 –12

Isolates – total 154

Summary biotic effect –245

Waliły Forest District, compartment 293b

Mortierella vinacea 92 –5 –460

Penicillium daleae 44 +8 +352

Penicillium janczewskii 36 +2 +72

Verticillium sp. 13 +3 +39

Trichoderma koningii 8 +8 +64

Penicillium purpurogenum 8 –5 –40

Gliocladium viride 5 +8 +40

Absidia glauca 4 +6 +24

Penicillium lividum 3 –4 –12

Mortierella isabellina 2 –5 –10

Isolates – total 215

Summary biotic effect +69

*, ** – see Table 2.

Table 6
Biotic effect of soil fungi community from Żołędowo Forest District

on the growth of Heterobasidion annosum in 2003

Species of fungi Frequency
Biotic effects on Heterobasidion annosum

IBE* GBE**

1 2 3 4

Żołędowo Forest District, compartment 181g

Mortierella vinacea 48 –5 –240

Oidiodendron tenuissimum 10 –5 –50

Mortierella isabellina 9 –5 –45

Penicillium daleae 7 +4 +28

Mortierella minutissima 5 –1 –5

Penicillium decumbens 5 +2 +10

Thysanophora penicillioides 4 –6 –24

Verticillium sp. 1 4 –4 –16

Not sporulating 3 2 –3 –6

Oidiodendron sp. 2 –7 –14

Isolates – total 96

Summary biotic effect –362
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1 2 3 4

Żołędowo Forest District, compartment 188c

Penicillium janczewskii 56 +3 +168

Mortierella vinacea 44 –4 –176

Mortierella minutissima 9 0 0

Thysanophora penicillioides 9 –4 –36

Penicillium daleae 7 –4 –28

Penicillium atrovenetum 4 –6 –24

Trichoderma viride 3 +5 +15

Absidia glauca 3 +3 +9

Verticillium sp. 2 +1 +2

Penicillium lividum 2 –5 –10

Isolates – total 139

Summary biotic effect –80

Żołędowo Forest District, compartment 204d

Mortierella vinacea 107 –7 –749

Penicillium janczewskii 61 +3 +183

Penicillium daleae 38 –6 –228

Mortierella isabellina 12 –5 –60

Penicillium lividum 7 –5 –35

Oidiodendron sp. 6 0 0

Mortierella minutissima 3 –5 –15

Trichoderma viride 3 +9 +27

Oidiodendron tenuissimum 3 +5 +15

Acremonium fusidioides 2 –6 –12

Penicillium decumbens 2 –4 –8

Isolates – total 244

Summary biotic effect –882

*, ** – see Table 2.

Table 7
Biotic effect of soil fungi community from Sieraków Forest District

on the growth of Heterobasidion annosum in 2003

Species of fungi Frequency
Biotic effects on Heterobasidion annosum

IBE* GBE**

1 2 3 4

Sieraków Forest District, compartment 255c

Penicillium lividum 33 –5 –165

Mortierella vinacea 19 –5 –95

Penicillium janczewskii 13 –2 –26



The community from Waliły Forest District was the only one to suppress the
growth of H. annosum (SBE +52), while the community from Żednia supported it
(SBE –349). The average SBE of both communities from Waliły and Żednia – local-
ized in non polluted environment – was the least supporting the pathogen’s
growth: –148.

The effect of community from Włoszakowice (strongly polluted area) was
strongly supporting H. annosum growth (SBE –545). Sieraków, Oborniki and
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1 2 3 4

Verticillium sp. 10 –5 –50

Penicillium daleae 9 0 0

Trichoderma koningii 8 +8 +64

Penicillium lividum 7 –5 –35

Chrysosporium sp. 6 –4 –24

Penicillium lividum 2 –5 –10

Trichoderma harzianum 2 +8 +16

Not sporulating 5 2 +8 +16

Oidiodendron tenuissimum 2 –7 –14

Acremonium hyalinum 2 –8 –16

Isolates – total 128

Summary biotic effect –339

Sieraków Forest District, compartment 269g

Penicillium janczewskii 73 +3 +219

Mortierella vinacea 31 –5 –155

Penicillium daleae 22 –3 –66

Penicillium lividum 21 –5 –105

Not sporulating 5 13 +5 +65

Not sporulating 2 7 –7 –49

Thysanophora penicillioides 2 +11 +22

Isolates – total 169

Summary biotic effect –69

Sieraków Forest District, compartment 304b

Mortierella vinacea 92 –5 –460

Penicillium janczewskii 47 +9 +423

Penicillium lividum 15 –3 –45

Penicillium daleae 13 –4 –53

Mortierella minutissima 3 –4 –12

Trichoderma harzianum 2 +9 +18

Verticillium sp. 2 –3 –6

Isolates – total 174

Summary biotic effect –135

*, ** – see Table 2.



Żołędowo communities (average degree of pollution; SBE –181, –586 and –441, re-
spectively; average SBE –403) supported the pathogen growth to an extent similar
as in Włoszakowice.

Discussion

The vegetation season 2003 was very dry and hot all over Poland, creating simi-
lar weather conditions in all the forest districts in question. The examined soil
fungi communities supported the growth of H. annosum in most of the 18 compart-
ments investigated. The average of SBE values for a forest district show the worst
situation in Włoszakowice where the area is severely polluted. The highest values
of SBE were obtained in Waliły – one of the two forest districts in the unpolluted
eastern region of the Polish Lowland.

Taking into consideration that there was only one forest district in the polluted
area, the other results, obtained in less polluted regions, were treated as an average
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Table 8
Summary biotic effect values for the soil fungi communities

from the investigated forest districts

Forest District Compartment
Summary biotic effect

for compartment for forest district for pollution degree

Włoszakowice 225Aa

299c

299d

–446

–78

–1 110

–545
–545

Sieraków 255c

269g

304b

–339

–69

–135

–181

–403

Oborniki 445a

591c

597b

–750

–596

–348

–586

Żołędowo 181g

188c

204d

–362

–80

–882

–441

Waliły 269a

278a

293b

+333

–245

+69

+52

–148
Żednia 5b

12a

12b

–262

–418

–438

–349



for every region in question. Thus, the region where Waliły and Żednia Forest Dis-
tricts were situated (practically non polluted) and the region with Sieraków,
Oborniki and Żołędowo (average degree of pollution) were treated as separate
units and the results calculated accordingly. The approach resulted in finding
slight differences between the three groups of forest districts.

It seems that the support of soil fungi communities from Waliły and Żednia
Forest Districts (in the unpolluted area) to the pathogen’s growth was the lowest,
while the communities from Włoszakowice Forest District (severely polluted
area) – supported it to the greatest extent. The effect of communities from
Sieraków, Oborniki and Żołędowo (situated in the region of average pollution de-
gree) was supporting to an extent similar to that in Włoszakowice.

Streszczenie

WPŁYW ZBIOROWISK GRZYBÓW GLEBOWYCH NA WZROST
HETEROBASIDION ANNOSUM A SKAŻENIE ŚRODOWISKA LEŚNEGO

W sześciu nadleśnictwach na Niżu Polskim, reprezentujących różne stopnie
skażenia środowiska leśnego, podjęto próbę scharakteryzowania aktualnego stanu
skażenia środowiska boru mieszanego świeżego za pomocą fitopatologicznej anali-
zy zbiorowisk grzybów glebowych. W 2003 roku wyizolowano zbiorowiska grzy-
bów glebowych i zbadano wpływ tych zbiorowisk na wzrost patogenu korzeni
drzew – Heterobasidion annosum.

Zbiorowiska z Nadleśnictw Waliły i Żednia – położonych na terenie nieska-
żonym – oddziaływały (średnio) na wzrost patogenu najmniej sprzyjająco, a zbio-
rowiska z Nadleśnictwa Włoszakowice (teren bardzo skażony) – najbardziej
sprzyjająco. Wpływ zbiorowisk z Nadleśnictw Sieraków, Oborniki oraz Żołędowo
(teren skażony w średnim stopniu) był sprzyjający w stopniu zbliżonym do
Włoszakowic.
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