
*Forest District Siewierz, Siewierz, Poland
**Technical University of Częstochowa, Częstochowa, Poland

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

FUNGI INHABITING SCOTS PINE (PINUS SYLVESTRIS)
SEEDS IN VARIOUS STAGES OF EXTRACTION PROCESS

*A. Kowalczyk, **M. Kacprzak and ***M. Mańka

Abstract

Changes in structure of communities of fungi inhabiting Scots pine seeds in
various stages of extraction process were determined. The cones, wings and seeds
were examined. Neither the number of fungal propagules nor the number of spe-
cies isolated was affected significantly by seed extraction process. However, super-
ficial sterilization with sodium hypochlorite (in a part of samples) led to
considerable reduction of colony number from seeds and wings. The most fre-
quently occurring species were: Cladosporium cladosporioides, Sclerotinia sclerotiorum,
Alternaria alternata, Fusarium oxysporum, F. solani, F. moniliforme, Penicillium expansum,
P. commune and Epicoccum nigrum.
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Introduction

Pinus sylvestris L. is main tree species in Polish forests. Scots pine stands cover ca
70% of forest area (Boratyński 1993). New stands are established mainly artificially
and natural reforestation applies to less than 5% of area. That is why the need for
good propagation material is permanent. Hence, stored seeds should produce
healthy seedlings so as to give good quality seedlings and transplants (Suszka 2000).

The source of seeds are cones collected from tree crowns in Forest Districts, ac-
cording to official forest regionalization of seeds and seedlings in Poland. The
cones are transported to seed extraction plant, where seeds are extracted. After-
wards they are prepared for storage or sown. Pathogenic fungi most of which in-
habit nursery soil threaten emerging seedlings, but they may also occur on seeds.
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Infestation of seedlings by damping-off pathogens may result in final losses in for-
est nursery production.

The aim of this study was recognition of fungal communities inhabiting Scots
pine seeds in dependence on extraction stage.

Material and methods

The experiments were carried out in Siewierz Seed Station in 2003. The seeds
came from Kluczbork Forest District (macroregion 360, microregion 554) and
were processed in Lasowice Małe Extraction Plant. The samples represented 0.6 kg
of seed reserve.

Following samples (representing different stages of extraction process) were
used for investigation:

cone fragments,
0 stage – seeds together with wings, extracted from cones individually; the

wings were estimated separately,
I stage – seeds together with wings extracted from cones in Extraction Plant;

the wings were estimated separately,
II stage – dewinged seeds (separator NOMEKO),
III stage – seeds pre-cleaned on sieves (separator DAMAQ),
IV stage – seeds cleaned on pneumatic separator (DAMAQ),
V stage – clean seeds (5% moisture content).

The seeds were estimated according to simplified method of seed estimation,
using germination method, described in:

1) Polish standard PN-R-65700 (2000),
2) Regulation of General Manager of State Forests (Zarządzenie… 2000).
From a mean sample (30 g) laboratory sample was taken (10 g). First analysis

was analysis of purity (percentage of purity). The three main fractions were cho-
sen: 1) pure seeds, 2) foreign seeds, 3) contaminations (including empty seeds).

Percentage participation of pure seeds was calculated, and then 3 × 100 seeds
were taken. Each 100 seeds were sown on blotting-paper in Jacobsen germination
apparatus. Germination energy (after seven days) and germination capacity (after
14 days) were determined.

Then from remaining seeds, the 300 were taken for mycological analysis. Seeds
of stages 0 and I were dewinged individually and wings were also assigned to fur-
ther analysis.

The following investigations were carried out:
100 non superficially sterilized seeds were incubated on SNA medium,
100 non superficially sterilized seeds were incubated on Sabouraud medium,
50 superficially sterilized seeds were incubated on SNA medium,
50 superficially sterilized seeds were incubated on Sabouraud medium.

For sterilization the solution of sodium hypochlorite (with 4% active chlorine
concentration) was used. The samples were treated for 2 min and next washed
three times in sterilized water.
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Similarly, the wings (2 × 300) and cones (50 fragments) were estimated. In to-
tal 1800 seeds, 600 wings and 50 cones were investigated. After 14 days of incuba-
tion at 25°C the fungal colonies were counted and species were identified
according to mycological keys.

Statistical analysis

The significance of differences between the combinations was tested with
one-way ANOVA, using correlation coefficient after determination of Gausian dis-
tribution. The coefficients of linear Pearson correlation (p < 0.05, N = 50) for
seeds, wings and cones at each stage of extraction (with sterilization and without)
were counted. The structure and relationships among fungal communities were
displayed as a dendrogram with Ward’s method using Euclides distance (Różycki
2001). The results were analysed with the use of cluster analysis. The cluster anal-
ysis is a statistical method assigning objects to groups (clusters) on the basis of
general mutual similarity. Hierarchy of cluster analysis depends on gradual con-
necting – first the most similar objects, and then their clusters – the larger, the less
similar. All statistical calculations were performed using the statistical computer
program – STATISTICA 5.0.

Results

After analysis of purity, the share of empty seeds was from 1.2% (stage I) to
4.1% (stage III). There were no empty seeds in stages IV or V. The germination ca-
pacity and germination energy in all studied combinations were high, above 91% (I
class). The value of germination capacity for seeds estimated with germination test
ranged from 96 to 98% (according to PN-R-65700 the seeds of I class are character-
ized by germination capacity over 91% and germination energy over 85%). Superfi-
cially sterilized seeds also displayed comparative values of germination capacity
(88–100%). A small number of non-separated empty seeds in the tests did not af-
fect the number of non-germinating seeds. The non sterilized seeds placed on the
media (especially on Sabouraud), germinated slowly and were very quickly covered
by fast-growing fungal mycelia (Table 1).

Altogether 2710 colonies of fungi representing about 50 species were isolated
(Tables 2–7). The medium used and the stage of extraction process affected num-
ber of fungal isolates. The number of colonies from non sterilized seeds varied
from 148 to 201 on Sabouraud medium and from 104 to 146 on SNA, while the
sterilized seeds yielded 0 to 24 colonies and 3–26 colonies, respectively (Tables
4–6). Thus, the superficial sterilization led to considerable reduction of colony
number from seeds and wings, but not from cones (Table 3). The most abundant
communities were isolated from I extraction stage (Tables 4–7).

The most frequently occurring species were: Cladosporium cladosporioides, Sclero-
tinia sclerotiorum, Alternaria alternata, Fusarium oxysporum, F. solani, F. moniliforme, Pe-
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Table 1
The values of purity and germination capacity of Scots pine seeds (%)

Stage of
extraction

Purity Germination
capacity

Germination
energy

Germinated seeds
non sterilized sterilized

total empty seeds SNA Sabouraud SNA Sabouraud
0 82.9 3.5 98.0 96.0 80.0 59.0 92.0 88.0

I 82.8 4.1 97.0 97.0 76.0 53.0 100.0 100.0

II 94.8 3.6 98.0 97.0 83.0 76.0 96.0 98.0

III 98.8 1.2 96.0 95.0 80.0 59.0 92.0 88.0

IV 100.0 0 97.0 97.0 80.0 76.0 98.0 100.0

V 100.0 0 98.0 97.0 85.0 78.0 98.0 100.0

V* 100.0 0 97.0 97.0

Table 2
Fungal taxons isolated from studied seeds, wings and cones

Absidia glauca Hagem Paecilomyces farinosus (Holm ex Gray) A.H.S. Brown

Alternaria alternata (Fr.) Keissler et G. Sm.

Alternaria tenuissima (Kunze ex Pers.) Wilts. Penicillium  canescens Sopp

Alternaria sp. Nees ex Fr. Penicillium commune Thom

Aspergillus niger van Tieghem Penicillium citrinum Thom

Brunchorstia pinea Höhn. Penicillium expansum Link ex Gray

Chrysosporium merdarium (Link ex Grev.) Carm. Penicillium granulatum Bain.

Chrysosporium pannorum (Link) Hughes Penicillium jensenii Zaleski

Chrysosporium sp. Corda Penicillium janczewskii Zaleski

Cladosporium cladosporioides (Fres.) de Vries Penicillium sp. Link ex Fr.

Coelomycetes sp. 1 Phialophora sp. Medlar

Coniothyrium fuckelii var. sporulosum (W. Gams et Phoma sp. Sacc.

Domsch) van der Aa Pythium sp. Pringsheim

Epicoccum nigrum Link ex Link Rhizoctonia sp.

Fusarium avenaceum (Fr.) Sacc. Sclerotinia sclerotiorum (Lib.) De Bary

Fusarium culmorum (W.G. Sm.) Sacc. Trichoderma atroviride Karsten

Fusarium moniliforme Sheld. Trichoderma longibrachiatum Rifai

Fusarium oxysporum (Schlecht.) Snyd. et Hans. Trichoderma viride Pers. ex Gray

Fusarium solani (Mart.) Sacc. Trichoderma sp. Pers. ex Gray

Fusarium sp. Link Trichothecium roseum (Pers.) Link ex Gray

Geotrichum candidum Link ex Leman Truncatella truncata (Lev.) Stayaert

Mucor hiemalis Wehmer Ulocladium consortiale (Thüm.) Simmons

Mucor sp. Mich. ex St. Verticillium chlamydosporium Goddard

Oidiodendron griseum Robak Verticillium nigrescens Pethybr.

Paecilomyces sp. Verticillium sp. Nees ex Link

White, non sporulating
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Table 3
The number of fungal isolates received from cone fragments

Fungus on Sabouraud medium Non sterilized Sterilized
Alternaria alternata 15 18
Brunchorstia pinea 9 5
Epicoccum nigrum 5 –
Fusarium solani 2 4
Fusarium sp. – 2
Paecilomyces farinosus – 2
Rhizoctonia sp. 5 1
Sclerotinia sclerotiorum 1 15
Verticillium chlamydosporium 4 –
Total 41 47

Table 4
The number of fungal isolates obtained in 0 stage of extraction

Fungus
Non sterilized Sterilized

SNA Sabouraud SNA Sabouraud
seeds wings seeds wings seeds wings seeds wings

Alternaria alternata 8 16 6 14 1 1 2
Chrysosporium pannorum 1
Cladosporium cladosporioides 38 60 30 53 2 1
Coelomycetes sp. 1 2 2
Epicoccum nigrum 1 5
Fusarium avenaceum 3
Fusarium culmorum 2 1 2
Fusarium moniliforme 1
Fusarium oxysporum 1 9
Fusarium solani 13 8 8 15 2 1
Fusarium sp. 3 6 10 8
Oidiodendron griseum 1
Penicillium canescens 7
Penicillium commune 3 3 4 5
Penicillium expansum 5 18 2 5 5 5
Penicillium granulatum 1 1 1
Penicillium sp. 1
Phoma sp. 1
Sclerotinia sclerotiorum 29 36 77 77 1 2 6 7
Trichoderma atroviride 1
Truncatella truncata 2
Bacteria 3 2
Total 104 161 150 187 11 15 7 12
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Table 5
The number of fungal isolates obtained in I stage of extraction

Fungus

Non sterilized Sterilized

SNA Sabouraud SNA Sabouraud

seeds wings seeds wings seeds wings seeds wings

Alternaria alternata 2 27 80 10 4 1

Alternaria tenuissima 3

Aspergillus niger 2 1

Chrysosporium merdarium 2

Chrysosporium pannorum 2 10

Chrysosporium sp. 1 1

Cladosporium cladosporioides 37 53 30 65 3 3 5

Epicoccum nigrum 6 13

Fusarium avenaceum 9 1

Fusarium culmorum 1 14 2

Fusarium moniliforme 12 1 4

Fusarium solani 2 4 1 15 1

Fusarium sp. 4 6 8 1

Oidiodendron griseum 1 8

Paecilomyces sp. 1

Penicillium canescens 1 2

Penicillium commune 8 31 24 25 3 3 1 1

Penicillium citrinum 4 2

Penicillium expansum 17 22 18 15

Penicillium granulatum 1

Phoma sp. 4 4 4

Pythium sp. 1

Sclerotinia sclerotiorum 53 66 54 7 4 11 3

Trichoderma sp. 1

Trichothecium roseum 1

Ulocladium consortiale 6 13

Verticillium nigrescens 3 8

White, non sporulating 1 1

Bacteria 1

Total 146 220 201 220 26 32 24 11
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Table 6
The number of fungal isolates obtained in II and III stages of seed extraction

Fungus

II stage III stage

non sterilized sterilized non sterilized sterilized

SNA Sabouraud SNA Sabouraud SNA Sabouraud SNA Sabouraud

Absidia glauca 2

Alternaria alternata 38 1 7

Alternaria sp. 2 6

Aspergillus niger 7

Chrysosporium pannorum 3 1

Chrysosporium sp. 1 2 3

Cladosporium cladosporioides 62 26 45 35

Coniothyrium fuckelii var.
sporulosum

2 1

Epicoccum nigrum 1 1

Fusarium culmorum 1 1

Fusarium moniliforme 12 1 1

Fusarium oxysporum 57 62

Fusarium solani 2 14

Fusarium sp. 1 2

Geotrichum candidum 1

Oidiodendron griseum 4 3 2

Penicillium commune 5 3 12

Penicillium citrinum 2

Penicillium expansum 4 2 8

Penicillium jensenii 15 2

Penicillium janczewskii 1

Penicillium sp. 2 1 1

Phialophora sp. 1

Phoma sp. 1 5

Sclerotinia sclerotiorum 26 9 26 20

Truncatella truncata 1

Verticillium chlamydosporium 1

Bacteria 4 2 1 2

Total 116 175 3 1 102 163 6 0
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Table 7
The number of fungal isolates obtained in IV and V stages of seed extraction

Fungus
IV stage V stage

non sterilized sterilized non sterilized sterilized
SNA Sabouraud SNA Sabouraud SNA Sabouraud SNA Sabouraud

Alternaria alternata 3 6 8
Alternaria tenuissima 1
Alternaria sp. 7 8
Aspergillus niger 2
Chrysosporium pannorum 4 3 1
Chrysosporium sp. 2 1
Cladosporium cladosporioides 47 35 29 41
Coniothyrium fuckelii var.

sporulosum
1 2 1

Epicoccum nigrum 1
Fusarium culmorum 1 2 3
Fusarium oxysporum 54 9
Fusarium solani 10 34
Fusarium sp. 2 1
Geotrichum candidum 1
Mucor hiemalis 1 1
Mucor sp. 1
Oidiodendron griseum 2
Penicillium canescens 1
Penicillium commune 8 19 11 16
Penicillium expansum 6 3 10 7
Penicillium granulatum 1
Penicillium jensenii 1
Penicillium janczewskii 1
Penicillium sp. 9 4
Phoma sp. 3 3 1
Pythium sp. 1
Sclerotinia sclerotiorum 18 11 21 6
Trichoderma atroviride 17
Trichoderma longibrachiatum 1
Trichoderma viride 3 6
Trichoderma sp. 6
Truncatella truncata 1
Verticillium sp. 1
Bacteria 3 1 1 2 1
Total 117 150 3 1 105 148 3 2



nicillium expansum, P. commune and Epicoccum nigrum. The share of the most
frequently occurring species and genera (C. cladosporioides, S. sclerotiorum, Fusarium
spp., Alternaria spp.), other fungi and bacteria is shown on Figures 1–4. More colo-
nies of C. cladosporioides and S. sclerotiorum were observed on non sterilized seeds
growing on SNA as compared to Sabouraud. However, the participation of
Fusarium spp. increased significantly on Sabouraud.

Fungi inhabiting Scots pine (Pinus sylvestris) seeds... 61

Fig. 1. The percentage participation of the main groups of fungi determined on SNA medium
from non sterilized samples

Fig. 2. The percentage participation of the main groups of fungi determined on Sabouraud medium
from non sterilized samples



Figures 5 and 6 show proportional participation of fungi isolated on Sabouraud
from fragments of cones without sterilization as well as superficially sterilized. It
seems interesting, that more colonies were obtained from sterilized cones (47) as
compared to non sterilized fragments (41). Moreover, two pathogenic species,
which were not isolated from seeds or wings: Brunchorstia pinea and Rhizoctonia sp.
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Fig. 3. The percentage participation of the main groups of fungi determined on SNA medium
from sterilized samples

Fig. 4. The percentage participation of the main groups of fungi determined on Sabouraud medium
from sterilized samples
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Fig. 6. The main groups of fungi isolated from sterilized cones growing on Sabouraud medium

Fig. 5. The main groups of fungi isolated from non sterilized cones growing on Sabouraud medium



occurred on cones. Alternaria alternata was the most frequently isolated fungus from
both sterilized and non sterilized cone fragments. Sterilization resulted in significant
increase of S. sclerotiorum and decrease of Rhizoctonia sp. isolates number. Paecilomyces
farinosus occurred only on sterilized fragments. Altogether 88 colonies of fungi (nine
different species and genera) were isolated from fragments of cones.

As different number of sterilized seeds (50), non sterilized seeds (100) and
cone fragments (25) were used for isolation, the percentage participation of indi-
vidual species in each community was counted first, and then statistical analysis
performed. Significant differences were obtained between fungal communities
from seeds and wings in tests with non sterilized and sterilized elements at each
extraction stage. The highest values of coefficients of correlation were obtained be-
tween fungal communities growing on SNA medium. The fungal communities
from seeds and wings of stage I were least correlated with the communities from
seeds of stage IV (correlation coefficient was equal 0.79). The highest correlation
coefficients were obtained in the case of communities isolated from seeds and from
wings (for stage 0 – 0.96 and for stage I – 1.0), as well as in the case of communities
from seeds of stage IV, stage III and from seeds of stage II (0.97). In the case of fun-
gal communities isolated from non sterilized seeds and wings growing on SNA
mean value of correlation coefficient was 0.90. The correlation coefficients, calcu-
lated for communities isolated from non sterilized seeds and wings growing on
Sabouraud were much lower, as compared to values obtained for communities
growing on SNA. The values of correlation coefficients ranged from: 0.29 (between
communities from seeds of stage 0 and communities from seeds of stage II), to
0.96 (between communities from seeds and communities from wings of stage 0).
Average value of correlation coefficient in the case of fungal communities isolated
from non sterilized seeds and wings growing on Sabouraud was 0.59. The superfi-
cial sterilization resulted in decrease of average values of correlation coefficients
from 0.35 (SNA medium) to 0.51 (Sabouraud medium). Significant differences
were found between correlation coefficients for fungal communities isolated from
sterilized seeds as compared to fungal communities inhabiting wings. For fungal
communities growing on SNA the highest value of correlation coefficient was be-
tween seeds and wings of stage 0 (0.814). For communities isolated on Sabouraud
a high value of correlation coefficient was obtained between communities isolated
from seeds and wings – 0.97, and between communities isolated from seeds of
stage 0 and seeds of stage I – 0.84. The value of coefficient in the case of communi-
ties isolated from sterilized and non sterilized cones was 0.70.

The hierarchic clusters are presented in the form of a tree (Figs 7, 8). The two
main clusters were determined on SNA medium (50% of maximum distance), in
the first the fungal communities from non sterilized seeds are dominated (24% of
maximum distance), in the second – communities from sterilized seeds (52% of
maximum distance). The fungal communities from seeds and wings of stage 0 and
stage I were most closely connected. In the case of cluster analysis between com-
munities obtained on Sabouraud, one main cluster was found (39% of maximum
distance), with dominant communities isolated in stage 0 and stage I. However,
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here there was no clear difference between communities isolated from sterilized
and non sterilized seeds, as in the case of SNA medium.

Discussion

Identification of almost 50 species confirms a wide differentiation in fungal
communities inhabiting of P. sylvestris seeds. Many of them could play important
role, as potential pathogens causing seed damages and seedling diseases (damp-
ing-off). However, the observed phenomenon of isolation of majority colonies
from normally germinating seeds suggests rather their endophytic character.
Endophytes are known as organisms able to infect living tissues, without disease
symptoms (Kowalski and Sadłowski 1993, Kowalski and Stańczykiewicz 2000).
Moreover, only some species were occurring on seeds most frequently, such: C.
cladosporioides, S. sclerotiorum, A. alternata, F. oxysporum, F. solani, F. moniliforme, P.
expansum, P. commune and E. nigrum. In the literature scarce information is available
on the fungi occurring on Scots pine seeds. Stocka (1999) identified Arthrobotrys
arthrobotryoides (Berl.) Lind. on Scots pine seeds and found that the significance of
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Fig. 7. Cluster analysis of fungal communities on SNA medium

0_SNA – seeds 0-stage non sterilized
0_SNAS – wings 0-stage non sterilized
I_SNA – seeds I-stage non sterilized
I_SNAS – wings I-stage non sterilized
II_SNA – seeds II-stage non sterilized
III_SNA – seeds III-stage non sterilized
IV_SNA – seeds IV-stage non sterilized
V_SNA – seeds V-stage non sterilized

0SNAP – seeds 0-stage sterilized
0SNASP – wings 0-stage sterilized
ISNAP – seeds I-stage sterilized
ISNASP – wings I-stage sterilized
IISNAP – seeds II-stage sterilized
IIISNAP – seeds III-stage sterilized
IVSNAP – seeds IV-stage sterilized
VSNAP – seeds V-stage sterilized



the species increased during long-term storage, when the fungus could contribute
to decrease of germination capacity of seeds by 15%. In present investigations the
fungus was not found on seeds, what can suggest that A. arthrobotryoides infects
seeds rather during storage. The presence of Fusarium spp. and Alternaria spp. on
seeds and cones may suggest that these species can infect seeds in closed cones.
Lilja (1986) in his studies in Finnish forest nurseries obtained similar results.
Alternaria alternata, E. nigrum and Fusarium spp. were found by Lilja (1995), while
investigating fungi occurring on the scales of cones and seeds of Scots pine. The
authors found also Gram-negative bacteria, which were connected with fungal col-
onies, and increased their pathogenicity. Ocamb et al. (2002) found Fusarium one
of the predominant genera infecting Pinus strobus L. seeds. Kozłowska (1970) from
sterilized Scots pine seeds incubated on wet tissue paper in Petri plates and non
germinated seeds (from Seed Station of Forest Research Institute) with visible my-
celium, identified following species: F. oxysporum, Cephalothecium roseum Corda,
Alternaria tenuis Ness., Penicillium granulatum, Fusarium equiseti (Corda) Sacc.,
Acrostolagmus cinnabarinus Corda, P. expansum, Aspergillus niger, Botrytis cinerea Pers.,
Pestallotia hartigii Tubeuf and Alternaria humicola Oudem. Seed sterilization (with
0.1% sublimate for 5 min) led to reduction of seed inhabiting species F. oxysporum
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Fig. 8. Cluster analysis of fungal communities on Sabouraud medium

0_SAB – seeds 0-stage non sterilized
0_SABS – wings 0-stage non sterilized
I_ SAB – seeds I-stage non sterilized
I_ SABS – wings I-stage non sterilized
II_ SAB – seeds II-stage non sterilized
III_ SAB – seeds III-stage non sterilized
IV_ SAB – seeds IV-stage non sterilized
V_ SAB – seeds V-stage non sterilized
0SABP – seeds 0-stage sterilized

0SABSP – wings 0-stage sterilized
ISABP – seeds I-stage sterilized
ISABSP – wings I-stage sterilized
IISABP – seeds II-stage sterilized
IIISABP – seeds III-stage sterilized
IVSABP – seeds IV-stage sterilized
VSABP – seeds V-stage sterilized
SZKP – cones sterilized
SZK – cones non sterilized



and C. roseum, which were less numerous. In general, the author observed stimulat-
ing effect of F. oxysporum, Trichothecium roseum and Alternaria tenuissima on seed ger-
mination. Mallams (2004) after evaluation of seeds of American sugar pine,
western white pine and Douglas-fir isolated: Fusarium acuminatum, F. avenaceum and
F. culmorum, Arthrobotrys spp., Botrytis spp., Cladosporium spp., Penicillium spp.,
Rhizopus spp. and Trichoderma spp.

Kozłowska (1970) divided the fungi occurring on seeds of coniferous trees into
three groups: 1) future causing agents of seedling diseases, 2) species directly af-
fecting vitality of seeds, 3) poliphages, often saprotrophs or facultative parasites.

It seems that the seed extraction process did not affect significantly the range of
species or the number of fungal colonies inhabiting seed of Scots pine. The seed
germination on Jacobsen germination apparatus was very satisfactory, despite of
fungi presence, as five–seven days after sowing all seeds were germinated. The sur-
face sterilized seeds germinated similarly easy and quickly on both media, while
the non sterilized ones germinated badly on media and were covered by mycelium
of fast growing fungi. The fact, that sterilized seeds germinated much better than
non sterilized ones, may rather be connected with the use of the water for washing
off the hypochlorite (the seeds got moisture necessary for germination) than with
limited presence of fungi on seeds. Sterilization did not lead to reduction of fungal
species range, but only limited considerably the number of colonies.

The results obtained confirms the opinion that fungi generally did not pene-
trate seeds deeply, but rather occurred on their surface. Non sterilized seeds placed
in unfavourable conditions (plates with medium), germinated much slower. How-
ever, these conditions were profitable for fungi, particularly Sabouraud medium –
the presence of quickly available carbohydrates enabled fast growth of mycelium
by germinating seeds.

Statistical analysis showed small variation in fungal communities depending on
extraction stage. In the case of non sterilized seeds the medium had much larger ef-
fect on differentiation of fungal communities. Both on SNA and Sabouraud me-
dium the most similar to each other were fungal communities from initial
extraction stages. The communities isolated on SNA medium in following extrac-
tion stages were less different from communities isolated on Sabouraud medium.
The fungal communities occurring on wings were very similar to the communities
occurring on seeds. The statistical analysis of fungal communities isolated from
surface sterilized samples showed large differentiation of communities as com-
pared to non sterilized seeds. In the case of surface sterilized samples, diversifica-
tion of communities was also determined by the medium.

The fact that Rhizoctonia sp. was only found on cones is in accordance with the
results of Stępniewska and Mańka (2004) who (in 2003) failed to find Rhizoctonia
solani Kühn in 18 lots of Scots pine seeds from Wielkopolska region, analyzed for
its presence. The pathogen was mentioned among fungi inhabiting seeds of peren-
nial grasses (Wiewióra and Prończuk 2002) but was not found within the exam-
ined seed material.
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Summary

Scots pine (Pinus sylvestris) is one of the main tree species of Polish forests. Patho-
genic fungi are one of the causes of seed and seedling diseases and result in final
losses in forest nursery production. The aim of the study was recognition of fungal
communities occurring on Scots pine seeds (prepared to storage), in dependence on
seed extraction process. The seeds from Kluczbork Forest District were processed in
Lasowice Małe Extraction Plant. In the work following samples were used: cone
phragments, seeds with wings, extracted from cones individually, seeds with wings
extracted from cones in Extraction Plant, dewinged seeds, seeds pre-cleaned on
sieves, seeds cleaned on sieves, seeds separated by forced stream of air.

The Sabouraud and SNA (synthetic nutrient poor agar) media were used for
fungi isolation, and a part of samples was sterilized superficially with sodium
hypochlorite. 2710 colonies of fungi representing about 50 species were isolated.
The medium and the stage of extraction process affected fungal numbers, although
not significantly. The number of colonies from non sterilized seeds varied from
148 to 201 (Sabouraud medium) and from 104 to 146 (SNA), while the sterilized
seeds yielded 0 to 24 colonies and 3 to 26 colonies, respectively. The surface steril-
ization led to considerable reduction of fungal colonies from seeds and wings, but
not from cones. The most frequently occurring species were: Cladosporium
cladosporioides, Sclerotinia sclerotiorum, Alternaria alternata, Fusarium oxysporum, F.
solani, F. moniliforme, Penicillium expansum, P. commune, Epicoccum nigrum.

The seed extraction process did not affect significantly the number of fungal
species or isolates.

Streszczenie

GRZYBY ZASIEDLAJĄCE NASIONA SOSNY ZWYCZAJNEJ (PINUS
SYLVESTRIS) NA RÓŻNYCH ETAPACH PROCESU WYŁUSZCZANIA

Sosna zwyczajna to jeden z podstawowych gatunków drzew w polskich lasach.
Grzyby patogeniczne są jedną z przyczyn chorób nasion i siewek, a w rezultacie
ogromnych strat w szkółkarstwie leśnym. Celem badań było poznanie zbiorowisk
grzybów zasiedlających nasiona sosny zwyczajnej w trakcie procesu ich wyłuszcza-
nia. Nasiona pochodziły z Nadleśnictwa Kluczbork i zostały poddane procesowi
wyłuszczenia w Wyłuszczarni Lasowice Małe. Do badań pobrano próby z następu-
jących etapów łuszczenia: szyszki z nasionami, nasiona ze skrzydełkami (wyłusz-
czone ręcznie), nasiona wyłuszczone z szyszek w wyłuszczarni przed odskrzydle-
niem, nasiona po odskrzydleniu na mokro, nasiona oczyszczone na separatorze
sitowym, nasiona oczyszczone na separatorze powietrznym oraz nasiona czyste.

Grzyby izolowano na pożywkach Sabouraud i SNA, a część prób została po-
wierzchniowo wysterylizowana podchlorynem sodu. Uzyskano 2710 kolonii grzy-
bów, reprezentujących 50 gatunków. Rodzaj pożywki i etap wyłuszczania miały
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wpływ na liczbę uzyskanych izolatów, choć różnice nie były istotne statystycznie.
Liczba kolonii z nieodkażonych nasion wynosiła od 148 do 201 (Sabouraud) i od
104 do 146 (SNA), podczas gdy na odkażonych nasionach otrzymano odpowiednio
od 0 do 24 kolonii oraz od 3 do 26 kolonii. Powierzchniowa sterylizacja spowodo-
wała znaczne ograniczenie liczby kolonii grzybów izolowanych z nasion, ale nie z
szyszek. Najczęściej występowały gatunki: Cladosporium cladosporioides, Sclerotinia
sclerotiorum, Alternaria alternata, Fusarium oxysporum, F. solani, F. moniliforme, Penicil-
lium expansum, P. commune, Epicoccum nigrum.

Proces wyłuszczania nie wpłynął istotnie na liczbę gatunków ani na liczbę izola-
tów grzybów.
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