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Abstract
Replanting of coastal dunes following forest fires often result in low seedling survival, as the site is characterized
by loose sand, low water and nutrient availability, lack of ectomycorrhizal (ECM) inoculum and increased susceptibility
to insects and diseases. The aim of the present work was to check whether certain treatments of root systems have any
impact on Pinus sylvestris seedling establishment as compared with standard planting procedures. Treatments included:
i) inoculation with vegetative mycelium of Cenococcum geophilum (CGV); ii) inoculation with vegetative mycelium of
Suillus luteus (SLV); moreover, in each of those two treatments damp sphagnum peat / sand mixture was added to roots
upon planting; iii) inoculation with basidiospores of S. luteus applied during preceding growing season in the nursery
(SLB), and iv) standard planting, no treatment (control). A two hectare experimental plantation of P. sylvestris was
established in the spring of 2007 on coastal dunes of the Curonian Spit in western Lithuania on a site of approx.100
year-old Pinus mugo plantation that one year previously was devastated by a forest fire and clear cut. The three
treatments and control, comprising 2,500 seedlings each, were planted in rows as 16 replicates (5000 seedlings /ha).
Results showed that after the first growing season seedling survival was poor in all treatments (5.1  30.0%), but seedlings
in CGV, SLV and SLB showed respectively 591%, 533% and 196% better survival than no-treatment controls. Thus,
inoculations with vegetative mycelia and addition of peat/sand mixture were by far the best, although the most labourconsuming. After two growing seasons, the proportion of ECM-colonised roots in treatments was 27.3  39.8%, while
22.5% in the controls, and observed ECM types resembled those from forest nurseries. In conclusion, investigated
treatments had a considerable positive impact on seedling establishment under high-risk site conditions.
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Introduction
Coastal dunes of the Curonian Spit in the Baltic
Sea represent probably one of the most extreme environments for tree establishment and growth in Lithuania (Olðauskas 2009). Historically, afforestation of the
dunes was carried out in order to prevent drift of the
sand and to protect dunes from rapid erosion
(Strakauskaitë 2004). This was achieved by planting
seedlings of a non-native dwarf mountain pine (Pinus
mugo), which is a tree species known to be well adapted to harsh environmental conditions (Oyen 1999). As
currently those plantations are overstocked, very prone
to fire and of low recreational and aesthetical value
(mainly due to the numerous root disease centres), it
is generally considered that P. mugo should be gradually replaced by native Scots pine (Pinus sylvestris).
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Forest fires are common in the area and often of
high intensity. Such fires cause a major disturbance
in the ecosystem, resulting in loss of forest stand,
ground vegetation, and complete or partial burnout of
litter and organic soil layer (Lygis et al. 2010 and references therein). Moreover, the fires lead to a drastic
reduction of ectomycorrhizal (ECM) fungi in the soil
(Dahlberg 2002). Simultaneously, they favour certain
fire-adapted plant pathogens, as e.g. post-fire ascomycete Rhizina undulata, a cause of root-rot in conifers (Lygis et al. 2005 and references therein).
Reforestation of post-fire sites at the Baltic Sea
coast is of key importance to sustain coastal dunes
and prevent their erosion, but the efforts often result
in low survival rates or even complete loss of outplanted seedlings already during the first vegetation season (V. Kolokðanskis, Curonian Spit National Park,
ISSN 2029-9230
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personal communication). A complex of factors, e.g. low
water and nutrient availability, reduced ECM inoculum,
and damage caused by pathogens and insects are
thought to be the most probable causes for low rates
of seedling establishment. In particular, the ECM fungi are known to support plants with mineral nutrients
and water, and protect against unfavourable abiotic and
biotic stress factors, especially on low fertility sites
and under harsh environmental conditions (Smith and
Read 1997). To overcome deficiency of ECM fungi and
to improve establishment and survival of tree seedlings in the field, artificial ECM inoculation of seedling roots was suggested (Trappe 1977, Dunabeitia et
al. 2004, Menkis et al. 2007). Soil amendment with organic matter was also shown to have a positive effect
on tree growth on poor fertility habitats (Rincon et al.
2006). Consequently, one could expect that combination of both methods and use of selected ECM fungal
species adapted to the environmental conditions of the
planting sites could further benefit vigour of tree seedlings (Menkis et al. 2007). The aim of the present work
was to compare the outcome of standard planting procedures used in the Curonian Spit National Park, with
three pre-planting treatments of seedling root systems
aimed to promote the establishment and survival of P.
sylvestris seedlings on sandy dunes under post-fire
conditions.

Materials and methods
Study site and experimental design
The study was conducted on a sandy coastal
dune of Curonian Spit peninsula located at the east
coast of the Baltic Sea, western Lithuania (N 55º39,
E 21º07). The site comprised a shallow slope facing
the sea, about 900 m from the coastline. There, in May
2006 a severe forest fire devastated approx. 250 hectares of approx. 100 year-old plantation of P. mugo,
which subsequently has been clear-cut. In April 2007,
a two hectare experimental plantation of P. sylvestris
was established using two-year-old bare-root cultivated P. sylvestris seedlings produced in a local forest
nursery. The three treatments and control, comprising
2500 seedlings each, were planted in rows in 16 replicates (5,000 seedlings/ha). Treatments included: i) inoculation with vegetative mycelium of Cenococcum
geophilum (CGV); ii) inoculation with vegetative mycelium of Suillus luteus (SLV); moreover, in each of
those two treatments damp sphagnum peat/sand mixture (ratio 3:1) was added to roots upon planting; iii)
inoculation with basidiospores of S. luteus applied
during preceding growing season in the nursery (SLB),
and iv) standard planting, no treatment (control). In
case of CGV and SLV treatments, the previous study
2012, Vol. 18, No. 1 (34)
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has shown that addition of both ECM fungus and damp
sphagnum peat/sand mixture to the root systems has
significantly better effect on seedling establishment
and growth than addition of damp sphagnum peat/sand
mixture alone (Menkis et al. 2007), and therefore the
later treatment was not included in the present study.
In this study, no soil preparation was carried out prior to planting. This is a normal practice in dune reforestation on Curonian Spit, aimed to prevent soil erosion. Quality and mycorrhizal status of the seedlings
was assessed during previous study (Menkis and
Vasaitis 2011).
Meteorological conditions of study area
The climate in the area is transitional between
maritime and continental, characterised by frequent and
intense change of weather conditions, mild winters and
relatively warm summers. Mean annual air temperature
is 7°C, the absolute minimum -26°C and maximum 31°C.
Maximum soil temperatures recorded at the closest
meteorological station (10 km away) during the period 2006-2008, reached 56°C at the soil surface and 40°C
at the depth of 5 cm (Klaipëda Coastal Meteorological Station, personal communication). On our study site
respective surface temperatures were likely to be higher, as it was post-fire site covered by dark ash, which
furthermore increases heat absorption. Average annual
rainfall in the area is 660 mm, main precipitation occurring during October  February. Snow cover normally reaches 15-20 cm. Average wind velocity is 5.5
m/s, but 30-40 days per year it can reach up to 15 m/
s. Such wind imposes intense movement of sand, especially on sea-exposed slopes, as that of the present
study.
Soil characteristics
In order to determine soil characteristics, 20-cmdeep soil cores were taken at ten random locations
more or less evenly distributed within the experimental plantation, pooled together and analyzed as a bulk
sample. The analyses were carried out at the Institute
of Botany, Vilnius, Lithuania, using standard procedures (Mineev et al. 1989). The main soil properties
were as follows: pHKCl  4.59; humus content (calculated by oxidation method using a solution of K 2Cr2O 7
and HCl)  0.99%; Nmineralizable  0.0%; P 2O 5  146.8 mg/
kg and K2O  14.6 mg/kg. All this (e.g., complete absence of nitrogen) indicates very low soil fertility.
Inoculum preparation, inoculation and planting
ECM inoculation of seedling roots was carried out
employing two principally different methods. First,
using vegetative mycelium of C. geophilum and S.
luteus, as in CGV (i) and SLV (ii) treatments, respecISSN 2029-9230
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tively. Second, using basidiospore suspension of S.
luteus, as in SLB (iii) treatment. C. geophilum and S.
luteus were chosen for the experiment because both
fungi occur naturally and establish ECMs with P. sylvestris, both in forest nurseries with seedlings and in
coastal forests with old trees, and each of them has a
distinguishable morphotype (Menkis et al. 2005, Menkis and Vasaitis 2011). For example, S. luteus was reported to form ECM with P. sylvestris seedlings in
forest nurseries and in young forest plantations
(Menkis et al. 2005, Menkis et al. 2007), and therefore
could be expected to establish and increase overall
mycorrhization in root systems of the inoculated plants.
C. geophilum is known to be one of most drought
tolerant ECM species (Melax and Reid 1973, Pigott 1982,
Trappe 1977).
For the inoculations with vegetative mycelium
(CGV and SLV treatments), isolates of C. geophilum
(isolate UP162) and S. luteus (isolate UP72) were obtained from the culture collection of the Department
of Forest Mycology & Pathology, Swedish University of Agricultural Sciences, Uppsala. The inoculum was
prepared using a paper-sandwich technique described
by Menkis et al. (2007). Briefly, round sheets of sterile filter paper (13 cm in diameter) were soaked in liquid Melin-Norkrans medium (MMN) (Marx, 1969) and
pre-inoculated with a pure culture (a single genotype)
of each fungus. Those were incubated for 30-37 days
at room temperature in the dark. One day prior to the
planting, pre-inoculated filter papers were soaked in
sterile water to remove remaining nutrients, and on the
day of planting they were transported to the planting
site. In the field, roots of each seedling were shortened to 10-15 cm length and wrapped into one preinoculated filter paper. Then, a layer of damp sphagnum peat /sand mixture (ratio 3:1) was distributed round
filter paper, which was then wrapped into a double layer
of a paper towel. A total of 2500 seedlings were treated in this way with C. geophilum, and another 2500
with S. luteus, and each seedling was planted immediately after the inoculation.
For inoculations with basidiospores of S. luteus
(SLB treatment), sporocarps of the fungus have been
collected in the local stands of P. sylvestris in July 2006
and basidiospores were sampled from the spore prints.
The spores have been washed-off by sterile water; their
concentration was determined using haemocytometer
and spore suspension was then prepared adjusting the
concentration to ca. 10 5- 10 6 spores/ml. Inoculation
with the prepared S. luteus spore suspension was
carried out by watering roots of one-year-old bare-root
seedlings of P. sylvestris cultivated in the forest nursery. This was done twice during the year 2006: at the
end of July and in the middle of August. In May 2007,
2012, Vol. 18, No. 1 (34)
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a total of 2500 SLB seedlings were excavated from the
nursery and transported to the site for outplanting
simultaneously with CGV and SLV treatments.
Furthermore, 2500 standard two-year-old bare-root
cultivated seedlings of P. sylvestris were planted on
the site. The seedlings originated from the same forest nursery. No specific treatment of those was accomplished, and planting procedures fully resembled routine afforestation practices normally conducted on
coastal dunes in the Curonian Spit.
Assessment of seedling survival and fungal communities
Seedling survival in each treatment was assessed
after the first growing season (year 2007) by counting all living / dead plants. In order to assess possible fungal involvement in seedling dieback, simultaneously 200 root systems of dead seedlings were randomly and proportionally sampled from different treatments and the control. Fungal isolations from those
were done as described by Menkis et al. (2006). Briefly, roots have been washed in tap water and from each
root system one ca. 1-cm-long segment was cut from
lateral roots at the zone of advanced decay, the surface sterilized for 1 min in 33% hydrogen peroxide,
rinsed three times in sterile water, placed on MMN agar
medium in 9 cm Petri dishes (single segment per dish)
and incubated at room temperature (21°C) in the dark.
Isolated cultures were examined under a light microscope equipped with a long working-distance objective of 25×magnification, and grouped into mycelial
morphotypes.
Establishment and persistence of the inoculated
ECM fungi and the composition of fungal communities in roots were studied after the second growing
season (year 2008). From each of three treatments and
control twenty healthy-looking seedlings were randomly collected, their root systems were excised from
stems, individually packed into plastic bags, transported to the laboratory and kept at 4ºC, and then investigated using methods described by Menkis et al.
(2005). In brief, each root system has been washed with
a tap water and twenty single root tips were randomly collected from its different parts using forceps.
Sampled root tips were assessed for ECM colonisation using dissection microscope. In the presence of
ECM colonisation, they were morphotyped using macro- and microscopic features.
Identification of fungi
For species identification, an internal transcribed
spacer of the fungal ribosomal DNA (ITS rDNA) was
sequenced using primers ITS1F and ITS4 (White et al.
1990). This was done for representatives of those sets:
ISSN 2029-9230
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i) mycelial morphotypes isolated from the decayed
roots, and ii) ECM roots. Extraction of DNA from fungal mycelia and directly from the roots, and ITS rDNA
amplification by PCR followed established methods
described by Rosling et al. (2003). Sequencing was
performed by Macrogen Inc., Seoul, Korea, utilising ABI
3730 XL automated sequencers (Applied Biosystems,
Foster City, CA, USA). Raw sequence data were analysed using SeqMan version 8.1.3 software from DNASTAR package (DNASTAR, Madison, WI) and BioEdit
version 7.0.5.2 (Hall 1999). Databases at GenBank (Altschul et al. 1997) and UNITE (Koljalg et al. 2005) were
used to determine the identity of the sequences.
Statistical analyses
Comparison of seedling survival and ECM colonisation in different treatments was done using chi-square
(c 2) tests (Mead and Curnow 1983). As each of the
datasets was subjected to three comparisons, confidence
limits for p-values of the c 2 tests were reduced three
times, as required by the Bonferroni correction (Sokal
and Rohlf 1995). ECM community structure and possible treatment effects were analysed with incorporated
environmental variables (plant survival and mycorrhization) using Canonical Correspondence Analysis (CCA)
in CANOCO 4.5 (ter Braak and Smilauer 1998). Comparison of ECM community structures in different treatments was assessed by calculating qualitative (S S) Sorensen similarity indices (Magurran 1988).
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Results
Seedling survival
After the first growing season in the plantation,
seedling survival was poor in all treatments (5.1 30.0%). However, seedlings in CGV, SLV and SLB treatments showed significantly better survival (30.0%,
27.1% and 10.0%, respectively) than seedlings in the
control (5.1%) (c 2 test, p<0.0001). Furthermore, seedlings inoculated with vegetative mycelia (CGV and
SLV) showed significantly better survival than those
inoculated with basidiospores (SLB; c2 test, p<0.0001).
Among inoculations using vegetative mycelium, survival of seedlings in CGV was slightly higher than that
in SLV, but the difference was not statistically significant (c2 test, p=0.06).
ECM colonisation and community structure
After the second growing season, the proportion
of roots colonised by ECM fungi was rather low in all
treatments: 39.8% in CGV, 28.8% in SLV, 27.3% in SLB,
but it was the lowest in untreated control seedlings,
comprising 22.5%. Chi-square test revealed that mycorrhization of CGV-treated seedlings was significantly higher than in SLV, SLB or control (p<0.004), while
neither of those three did differ significantly from each
other (p>0.12). Out of the total of 80 root systems
investigated, ECM has not been detected in only two,
both originating from mycorrhiza-untreated controls,
Table 1. Frequency of occurrence of fungi (shown as percent
of colonised plants / roots) in
mycorrhizal root tips of Pinus
sylvestris seedlings in relation to
pre-planting treatment

Treatments: CGV  inoculated with vegetative mycelium of C. geophilum and supplemented with damp sphagnum peat /sand mixture; SLV  inoculated with vegetative mycelium of S. luteus and supplemented with damp sphagnum peat /sand mixture; SLB 
inoculated with basidiospores of S. luteus applied during preceding growing season in the
forest nursery; control  no treatment, standard planting.
b
Numbers of examined root systems / root tips.
a
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comprising there 10% among a total of 20 plants investigated. In the rest among all investigated plants
(78) at least one ECM root tip was detected in analysed sample of each root system.
A total of 11 taxa comprised an overall ECM community, which in CGV, SLV and SLB was dominated by
ascomycetes, while in the controls by basidiomycetes
(Table 1). The reason for this in CGV, SLV and SLB
treatments was the predominant root colonisation by
C. geophilum, while in controls by Thelephora terrestris. The number of ECM taxa detected in each treatment was similar (c 2 test, p>0.16): ten were detected
in CGV, six in SLV, seven in SLB and seven in controls
(Table 1). The CCA analysis showed 23.0% variation
in ECM community structure that can be attributed to
CGV, SLV, SLB treatments and the control (Figure 1).
Ordination showed that all treatments and control were
in rather close proximity on axis 1, indicating similar
ECM community structures. The latter was also indicated by estimates of qualitative Sorensen similarity
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indices (S S) which were high and ranged 0.710.77
(Figure 1). In the ordination, vector arrows pointed
into virtually similar direction showing strong association between seedling survival and mycorrhization.
As a result, both seedling survival and mycorrhization
were favoured in CGV and SLV (inoculations using
vegetative mycelia), but not in SLB (inoculation with
basidiospores) and the controls.
In the present study, only one of the inoculation
methods / ECM species used had a profound effect
on the establishment of ECM fungus in the root systems of inoculated plants. Consequently, the inoculation of seedling roots with vegetative mycelium of C.
geophilum significantly increased subsequent mycorrhization as compared to any of other treatments (c 2
test, p<0.0006) (Table 1). The inoculation with vegetative mycelium of S. luteus had less pronounced effect on mycorrhization, as the frequency of occurrence
of this fungus in SLV was significantly higher only
when compared to the controls (c 2 test, p<0.02), but
not when compared to CGV or SLB treatments (c2 test,
p>0.2). Inoculation of seedling roots with basidiospores of S. luteus in the nursery was even less
efficient, since the proportion of roots colonised by
S. luteus in SLB did not differ significantly from any
other treatment and control (c 2 test, p>0.7)
(Table 1).
Fungi in roots of dead seedlings
Fungal isolations from 200 segments of decayed
roots yielded 261 pure cultures (1.3 cultures per root
segment on average) representing nine distinct taxa.
The most commonly isolated fungi were ascomycetes
Fimetariella rabenhorstii (50.0%), Phialocephala
fortinii (29.0%) and Neonectria radicicola (17.5%)
(Table 2).
Table 2. Fungi isolated from decayed roots of Pinus sylvestris seedlings (n = 200)

Figure 1. Ordination diagram based on Canonical Correspondence Analysis of ectomycorrhizal communities in roots
of P. sylvestris seedlings inoculated with vegetative mycelia
of Cenococcum geophilum (CGV) and Suillus luteus (SLV),
basidiospores of S. luteus (SLB), and untreated control
(SNS). The diagram shows part of the variation within the
communities (23.0%) that can be attributed to the treatments
along CCA axes 1 and 2. Arrows indicate the relative importance of environmental variables (plant survival and mycorrhization). Grey circles represent treatments. Taxonomic
names correspond to a position in the ordination. Community structure is compared by calculating qualitative (S S)
Sorensen similarity indices (shown in the upper left corner
of the diagram)
2012, Vol. 18, No. 1 (34)

Fungal species
Ascomycetes
Fimetariella rabenhorstii
Gibberella avenacea
Leptosphaeria sp.
aurim1184
Neonectria radicicola
Penicillium spinulosum
Phialocephala fortinii
Unidentified sp. 1276
Unidentified sp. 1277
All Ascomycetes
Zygomycetes
Ambomucor
seriatoinflatus

GenBank
accession
no.

Proportion of
colonised root
systems, %

HQ406808
HQ406809
DQ0933683

50.0
0.5
0.5

HQ406810
HQ406811
HQ406812
HQ406813
HQ406814

17.5
10.0
29.0
12.0
10.5
99.5

HQ406815

0.5
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Discussion and conclusions
The survival of a planted seedling is largely determined during the first growing season. In case of
success, the majority of survivors are likely to be established and usually persist at the site during the
subsequent years (Menkis et al. 2007). In the present
study, although the planting site was characterised by
extremely unfavourable growth conditions, after the
first growing season survival rate was worse than it
could be expected. Factors contributing to this could
be specific conditions on a site that occurred during
that particular year. Following outplanting, the seedlings experienced exceptionally dry and warm period
that lasted for nearly two months when their shoots
were extensively grazed by Strophosomus capitatus
(Curculionidae) beetles. Moreover, sporocarps of root
pathogens Rhizina undulata and Armillaria spp. were
commonly observed in the area, indicating a high activity of those fungi in the soil. Consequently, despite
the low overall survival rates, the results of our study
demonstrate that applied methods of artificial inoculation of roots with ECM, and in particular when this
is combined with addition of damp peat-sand mixture,
can significantly enhance seedling establishment even
under extremely harsh environmental conditions and
pressure of pests.
In related studies, although significantly positive
effects of ECM inoculations on tree survival were reported, those were not always as strongly pronounced,
and in particular when seedlings were planted on relatively nutrient-rich sites like former agricultural land
(Menkis et al. 2007, Parlade et al. 2004). Furthermore,
inoculation with ECM fungi did not improve seedling
growth on forest clear-cuts characterised by relatively high availability of natural ECM inoculum (Loopstra 1988). Those results, together with the results of
the present study, suggest that artificial ECM inoculation of seedling roots is most effective on dry and
nutrient-deficient sites with low ECM availability.
ECM community detected in the current work
(Table 1) to a large extent resembled ECMs from the
nurseries, including the same nursery where from seedlings of this study had originated (Menkis et al. 2005,
Menkis and Vasaitis 2011). This indicates that only
limited changes did occur in communities of root fungi after seedling transfer and establishment on new
sites such as coastal sandy dunes. Moreover, in a
meanwhile natural colonization by both C. geophilum
and S. luteus was typically observed on seedlings to
which neither of the fungus has been inoculated (Table 1). The majority of fungi isolated from decayed
roots of dead seedlings roots (Table 2) were also reported from both healthy-looking and diseased roots
2012, Vol. 18, No. 1 (34)
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of conifer seedlings sampled in forest nurseries, clearcuts and abandoned farmland (Menkis et al. 2005,
Menkis et al. 2006, Menkis and Vasaitis 2011). The most
common isolates in this study, F. rabenhorstii and P.
fortinii, are characterised as root endophytes (Menkis et al. 2004, Sánchez Márquez et al. 2008) suggesting that behaviour of those fungi in roots might change
depending on environmental conditions and/or plant
health status (Menkis et al. 2004).
Furthermore, the inoculation of seedling roots with
vegetative mycelium of S. luteus (SLV treatment) was
far more effective when compared with the inoculation
of the fungus using basidiospores in the nursery
(SLB), which might be due to the fact that the method
creates more suitable conditions for establishment of
both ECM fungus and the host. Although in this study
the most successful inoculations were while using
paper towel pre-colonized with vegetative mycelia, this
method would hardly receive large-scale application
in practical forestry, mainly because it is highly labourconsuming. However, the method could be considered
when aiming to rapid restoration of forest cover on
high risk and fragile sites, as post-fire coastal ecosystems of high environmental, landscape, socio-economic
and recreational value.
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ÑÎÇÄÀÍÈÅ ÏËÀÍÒÀÖÈÉ ÑÀÆÅÍÖÀÌÈ PINUS SYLVESTRIS, ÈÍÎÊÓËÈÐÎÂÀÍÍÛÌÈ ÝÊÒÎÌÈÊÎÐÈÇÎÉ ÍÀ ÃÀÐßÕ Â ÏÐÈÁÐÅÆÍÛÕ ÄÞÍÀÕ
À. Ìåíêèñ, Â. Ëèãèñ, Ä. Áóðîêåíå è Ð. Âàñàéòèñ
Ðåçþìå
Ëåñîâîññòàíîâëåíèå â ïðèáðåæíûõ äþíàõ ïîñëå âîçäåéñòâèÿ ëåñíûõ ïîæàðîâ ÷àñòî õàðàêòåðèçóåòñÿ
íåóäîâëåòâîðèòåëüíîé ïðèæèâàåìîñòüþ ñàæåíöåâ èç-çà âëèÿíèÿ äâèæóùèõñÿ ïåñêîâ (çàñåêàíèå, çàñûïàíèå ñàæåíöåâ),
ïîñòîÿííûì íåäîñòàòêîì âîäû è ïèòàòåëüíûõ âåùåñòâ, îòñóòñòâèåì ýêòîìèêîðèçû (ÅÑÌ) â ïî÷âå è, êàê ñëåäñòâèå,
ïîâûøåííûì ðèñêîì ïîâðåæäåíèé âðåäèòåëÿìè è áîëåçíÿìè. Ãëàâíàÿ öåëü èññëåäîâàíèé áûëî èçó÷èòü âëèÿíèå
èñêóññòâåííîé ìèêîðèçàöèè êîðíåâûõ ñèñòåì ñàæåíöåâ Pinus sylvestris íà èõ ïðèæèâàåìîñòü ïî ñðàâíåíèþ ñî
ñòàíäàðòíîé ïðîöåäóðîé ïîñàäêè. Áûëè ïîäîáðàíû ñëåäóþùèå ìåòîäû èñêóññòâåííîé ìèêîðèçàöèè: i) èíîêóëÿöèÿ
âåãåòàòèâíûì ìèöåëèåì ãðèáà Cenococcum geophilum (CGV); ii) èíîêóëÿöèÿ âåãåòàòèâíûì ìèöåëèåì ãðèáà Suillus
luteus (SLV); êðîìå òîãî, â êàæäîì èç ýòèõ âàðèàíòîâ íåïîñðåäñòâåííî ïåðåä ïîñàäêîé ê êîðíÿì ñàæåíöåâ áûëà
äîáàâëåíà ñìåñü ñôàãíîâîãî òîðôà è ïåñêà; iii) èíîêóëÿöèÿ ïî÷âû ïèòîìíèêà áàçèäèîñïîðàìè ãðèáà S. luteus â
ïðåäûäóùåì âåãåòàöèîííîì ñåçîíå (SLB), è iv) ñòàíäàðòíàÿ ïîñàäêà (êîíòðîëü). Ýêñïåðèìåíòàëüíûå êóëüòóðû P.
sylvestris ïëîùàäüþ 2 ãà áûëè âûñàæåíû âåñíîé 2007-îãî ãîäà â ïðèáðåæíûõ äþíàõ Êóðøñêîé êîñû íà çàïàäå Ëèòâû.
Ïðåæäå íà ýòîì ó÷àñòêå ïðîèçðàñòàëè íàñàæäåíèÿ ñòîëåòíåé Pinus mugo, êîòîðûå ïîñòðàäàëè îò ñèëüíîãî ïîæàðà
2005 ãîäà è áûëè âûðóáëåíû â ñïëîøíóþ. Òðè âàðèàíòà è êîíòðîëü (êàæäûé ñîñòîÿùèé èç 2500 ñàæåíöåâ) áûëè
ïîñàæåíû ðÿäàìè ïî 16 ïîâòîðíîñòåé (5000 ñàæåíöåâ /ãà). Ðåçóëüòàòû ýêñïåðèìåíòà ïîêàçàëè, ÷òî ïîñëå ïåðâîãî
âåãåòàöèîííîãî ñåçîíà ïðèæèâàåìîñòü ñàæåíöåâ áûëà ñëàáàÿ âî âñåõ âàðèàíòàõ (5.1  30.0%), îäíàêî, ïî ñðàâíåíèþ ñ
êîíòðîëåì, ñàæåíöû CGV, SLV è SLB ïîêàçàëè áîëåå âûñîêóþ ïðèæèâàåìîñòü íà 591%, 533% è 196% ñîîòâåòñòâåííî.
Òàêèì îáðàçîì, èíîêóëÿöèÿ âåãåòàòèâíûì ìèöåëèåì è äîáàâêà ñìåñè òîðôà ñ ïåñêîì äàëè ëó÷øèå ïîêàçàòåëè
ïðèæèâàåìîñòè ñàæåíöåâ, õîòÿ ýòîò ìåòîä îêàçàëñÿ ñàìûì òðóäîåìêèì. Ïîñëå âòîðîãî âåãåòàöèîííîãî ñåçîíà, äîëÿ
ìèêîðèçíûõ êîðíåé âî âñåõ âàðèàíòàõ ñîñòàâëÿëà 27.3  39.8% (â êîíòðîëå  22.5%), è íàéäåííûå òèïû ÅÑÌ áûëè
ñõîäíû ñ òèïàìè, îáíàðóæèâàåìûìè â ëåñíûõ ïèòîìíèêàõ. Â çàêëþ÷åíèè, èñêóññòâåííàÿ ìèêîðèçàöèÿ èìåëà
çíà÷èòåëüíûé ïîëîæèòåëüíûé ýôôåêò íà ïðèæèâàåìîñòü ñîñíîâûõ ñàæåíöåâ â ñëîæíûõ ìåñòíûõ óñëîâèÿõ.
Êëþ÷åâûå ñëîâà: ýêòîìèêîðèçà, ëåñîâîññòàíîâëåíèå, ëåñíûå ïîæàðû, ïàòîãåíû ñàæåíöoâ, ñîñíà îáûêíîâåííàÿ,
ãðèáíûe ñîîáùåñòâa
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