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Abstract 
 
The diversity of fungi colonizing pine and spruce seedlings was analyzed in container and field (bare-root) nurseries in the Region 
of Warmia and Mazury, Poland. The presence of pathogenic fungi and Oomycetes belonging to the genera Botrytis, 
Cylindrocarpon, Fusarium, Pestalotia, Phoma, Phytophthora, Pythium and Rhizoctonia was noted in the sampled seedlings. The 
presence of the pathogenic species C. destructans and species belonging to the genera Fusarium and Phytophthora on the roots 
and stems of coniferous tree seedlings was also determined with the use of SCAR PCR molecular markers. This method proved to 
be more accurate than the conventional cultivation method. Conventional mycological analyses revealed that pine and spruce roots 
were significantly colonized by pathogenic fungi which accounted for 55.5% and 50.14% of all fungi, respectively. Pine stems 
were more severely infected with pathogenic fungi at 61.5%, whereas spruce stems were colonized by pathogenic fungi in 53.83%. 
Pathogenic fungi were more abundant on pine and spruce seedlings from the container nursery, whereas a comparison of the species 
richness index with the Shannon diversity index revealed greater species diversity of fungal communities in samples from field 
nurseries than in seedlings from container nurseries. The studies showed also the association of fungal communities with a specific 
nursery, which was probably influenced by the way of cultivation. Based on the research high efficiency of fungal identification 
by SCAR PCR method was found, this method should be recommended as part of integrated plant protection for wide use, 
especially in container nursery. 
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1. Introduction 

 
Afforestation projects and sustainable 

conversion of farmland to non-agricultural uses 
require healthy and high-quality seedlings (Kwaśna 
and Bateman, 2009). Container nurseries provide 
optimal conditions for the growth and development of 
forest seedlings (Szabla, 2009). In systems where the 
root system is containerized, seedlings are grown in 
substrates with favorable physicochemical properties. 
Soil moisture, the physiological condition of 
seedlings, their demand for nutrients and nutrient 
                                                           
*Author to whom all correspondence should be addressed: e-mail: adam.okorski@uwm.edu.pl; Phone:+48895233411 

leaching can be carefully monitored. Controlled 
mycorrhization and biological and chemical protective 
treatments are applied, and pests and pathogens are 
actively eliminated (Buraczyk and Szeligowski, 2008; 
Kormanek et al., 2013; Okorski et al., 2014; Szabla 
2009). Biological diversity in a forest ecosystem 
determines the health of trees because the availability 
of chemical protection products recommended for 
forest management is decreasing steadily (Okorski et 
al., 2015b). 

Seedling blight and root rot, which develop 
several weeks after germination, are ubiquitous 
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diseases in forest nurseries. They are caused by soil 
pathogens as well as pathogens without host 
specialization which are disseminated by seeds. Those 
pathogens contribute to rapid decomposition of plant 
tissue, and they prevent seed germination and seedling 
emergence (Sutherland et al., 2002).  

Fungi which cause the greatest losses in 
nurseries include Alternaria, Cylindrocarpon, 
Cylindrocladium, Fusarium, Trichothecium and 
Rhizoctonia, most of which are identified in the 
conidial stage (Sutherland et al., 2002; Verma and 
Yadav, 2018), as well as Oomycetes of the genera 
Pythium and Phytophthora which are disseminated 
with seeds and in soil by zoospores, oospores and 
chlamydospores (Lilja et al., 2010). Those dangerous 
pathogens with a wide host range are transferred to 
forests with seedlings from infected nurseries, and 
they colonize both annual and perennial plants 
(Orlikowski et. al., 2011). Environmental factors play 
an important role in the spread of disease and the 
transmission of pathogens in conventional forest 
nurseries. Forest trees are colonized mostly by fungal 
pathogens, and infections generally develop at the site 
of tissue damage.  

Unfavorable environmental conditions and 
abiotic stress contribute to the spread of fungal 
infections. In container nurseries which aim to 
maximize their output, the risk of disease is very high 
despite the use of pathogen-free substrates, healthy 
seeds and controlled growing conditions (Lilja et al., 
2010). In unprotected forest nurseries, seedling blight 
can damage up to 80% of young plants (Mańka, 1993). 
Molecular biology methods can be used to facilitate 
the identification of pathogens which cause many 
diseases (Nevoigt et al., 2010). Pathogenic agents can 
be detected by PCR in infected plant tissues in the 
latent stage and directly in soil (Nowakowska et al., 
2016b). Pathogens are very difficult to identify under 
a microscope based on their morphological traits due 
to similarities in species descriptions, the absence of 
morphological structures supporting microscopic 
evaluations, the need to apply specific growing 
conditions to produce morphological structures or the 
predominance of fast-growing species in fungal 
cultures (Garzon et al., 2007).  

For this reason, modern diagnostic tools based 
on DNA markers are indispensable in forest 
phytopathology (Nowakowska et al., 2016a). The aim 
of this study was to determine the persistence of fungal 
pathogens responsible for seedling blight of conifers 
(pine and spruce) in field (bare-root) and container 
nurseries. 
 
2. Materials and methods 
 
2.1. Studied localities 
 

The experiment was carried out in four 
nurseries (two container nurseries and two bare-root 
nurseries) selected by the Regional Directorate of 
State Forests in Olsztyn (Poland). Scots pine (Pinus 
sylvestris L.) and Norway spruce (Picea abies (L.) H.  

 
Karsten) seedlings were sampled for the study one 
year after sowing.  
 In the container nursery, pine and spruce 
seedlings were grown in HIKO V-120 SS (BCC) 
polypropylene trays measuring 352/216/110 mm 
(L/W/H) with 120 cm3 (0.12 l) cells and Roben V EPS 
polystyrene containers, measuring 650/312/180 mm 
(L/W/H) with 275 cm3 (0.275 l) cells. Seedlings were 
grown on peat substrate made from sphagnum peat 
moss with a decomposition rate of up to 15% (85 - 
87%), perlite with 3-6 mm (12-15%) particle size and 
milled dolomite added for acid neutralization at 2-4 kg 
per 1 m3 of the substrate. In field (bare-root) nurseries, 
seedlings were grown in accordance with nursery 
standards, and pine and spruce seedlings were 
sampled for the experiment in the first year after 
sowing on similar dates in all nurseries (48 h). Ten 
spruce seedlings and ten pine seedlings were randomly 
selected for the experiment. In a laboratory, seedlings 
were divided into roots and stems which were 
analyzed separately. 
 
2.2. Mycological analysis of root and stem fungi 
 

Small fragments were cut out from plant tissues 
selected for the study, they were rinsed in distilled 
water and disinfected in 50% ethyl alcohol solution for 
30 seconds and in 1% sodium hypochlorite (NaOCl) 
for 30 seconds. The samples were rinsed three times 
in sterile water and dried, and 2 mm sections were 
transferred to Petri plates (six sections per plate) 
containing potato dextrose agar (PDA). The plates 
were incubated at a temperature of 23°C in darkness 
for 5 days. The emerging filamentous fungi were 
transferred to PDA slants and identified based on the 
available keys and published data (monographs). 
 
2.3. Identification of fungi and Oomycetes by SCAR 
PCR 
 

DNA was isolated from plant tissues (in three 
biological replications per sample) with the use of the 
Invisorb® Spin Plant Mini Kit (Stratec Biomedical). 
PCR reaction volume was 25 µl, and PCR analyses 
were carried out with MasterAMP TFL DNA 
polymerase (Epicentre Technologies) in the 
Mastercycler Gradient thermocycler (Eppendorf). The 
applied PCR primers are presented in Table 1. PCR 
products were separated by electrophoresis in 1.5% 
agarose gel with ethidium bromide and 1xTBE buffer. 

 
2.4. Analysis of species diversity indices 
 

Species diversity was examined by principal 
component analysis (PCA) in Canoco vs. 5 software. 
The database of environmental factors was screened 
by PCA to evaluate the main trends in species 
diversity in the analyzed sites. The diversity of 
endophytic fungi was quantified based on the species 
richness index and the Shannon diversity index (H′) 
with the use of the Eq. (1): 
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Table 1. List of SCAR-based PCR primers for detecting fungal pathogens in forest nurseries 

 

Fungal species/genus Primer sequence Amplicon length  References 
Cylindrocarpon 

destructans 
CdU3 5’ GACGATTCGGGCCGTATCTGTG 3’ 

500 bp Seifert et al. (2003)  
CdL1b 5’ CAGCGGCGCCCACTAACAAC 3’ 

Fusarium  
p58SL 5’ AGT ATT CTG GCG GGC ATG CCT GT 3’ 

339 bp Hue et al. (1999) 
P28SL 5’ ACA AAT TAC AAC TCG GGC CCG AGA 3’ 

Phytophthora 
Yph1F 5’ CGACCATKGGTGTGGACTTT 3’ 

450bp Schena et al. (2006) 
Yph2R 5’ ACGTTCTCMCAGGCGTATCT 3’ 

 
 i

PiPiH )ln('
 (1) 

 
where: Pi is the relative abundance of a species in a 
given sample. The values of H′ began from 0 (only one 
species present with no uncertainty as to the species of 
each individual) and increased to reveal high 
uncertainty due to relatively uniform distribution of 
species. 
 
3. Results and discussion 

 
A total of 375 fungal isolates were obtained 

from pine roots in both years of the study, including 
236 in the first year and 139 in the second year (Table 
2). Pine stems were less abundantly colonized by fungi 
- 211 isolates were obtained in 2013 and 148 in 2014. 
Pathogenic fungi colonizing pine seedlings belonged 
to the genera Botrytis, Cylindrocarpon, Fusarium, 
Pestalotia, Phoma, Phytophthora, Pythium and 
Rhizoctonia. 

Pathogenic isolates accounted for 55.5% of 
fungi (208 isolates) colonizing roots and 61.5% of 
fungi (221 isolates) colonizing stems of pine 
seedlings. Pathogenic fungi isolated from pine roots 
represented 50% of all isolates in bare-root nurseries 
and 62% of all isolates in container nurseries. Pine 
stems were more severely infected by pathogenic 
fungi. Pathogenic species accounted for 55% of total 
isolates in field nurseries and 61% in container 
nurseries (Table 2).  

A comparison of the species diversity of fungi 
isolated from pine roots and stems in container 
nurseries and field (bare-root) nurseries revealed that 
pine roots in field nurseries were colonized by 35 taxa 
and non-sporulating fungi. Pine roots in container 
nurseries were colonized by 18 taxa and non-
sporulating fungi (Table 2). A total of 349 fungal 
isolates were obtained from spruce roots, including 
150 in the first year (2013) and 199 in the second year 
(2014) of the study (Table 3). 

 
Table 2. Fungi isolated from pine seedlings in four nurseries in both years of the study (2013-2014) 

 

Fungal species Abbrev. 
field nursery A field nursery B container nursery A container nursery B 

root stem root stem root stem root stem 
2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014

Alternaria 
alternata 

A_alt* 11  7 3 14 3 5 3 3 2 3  3 2 3 5 

Aureobasidium 
bolleyi 

A_boll 1 1 4 1  2 1 1 3        

Botrytis cinerea B_cin     7  6 2   4 2   3 5 
Cladosporium 

cladosporioides 
Cl_cl 5 1 4 6 5 1  1 6  4  2 3   

Cylindrocarpon 
destructans 

Cy_des 4  8 2 4   3 3 2 2 1 3 3  2 

Cylindrocarpon 
didymum 

Cy_di   1 1    1  2   3 4 2  

Cylindrocarpon 
obtusisporum 

Cy_ob 5   1 1  3  1 4  4  3   

Cylindrocarpon sp. Cy_ 4    1  1  1  2 3  2   
Eladia saccula El_sa 1                
Endothia sp. En_  4     1          
Epicoccum 

purpurascens 
Ep_pu 2            1    

Fusarium 
avenaceum 

F_av 3 1 8 2 5 3   2  3  8 12 16 17 

Fusarium 
oxysporum 

F_ox 6  8 4 4 1 10 4 5 15 6 11 2 1   

Fusarium 
tricinctum 

F_tr    2   1 2 2 4 6 10 1  3  

Fusarium 
sporotrichioides 

F_sp    1  1 1 1 1    1  3  

Gliocladium 
catenulatum 

G_ca 2     2 2    11      

Gliocladium 
fimbriatum 

G_fi  1   1   3         

Mucor 
circinelloides 

Mu_ci 2 2     2          
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Mucor elegans Mu_el 3   1             
Mortierella alpina Mo_al   4 1       1      

Mortierella 
candelabrum 

Mo_ca  1    1           

Mortierella 
elongata 

Mo_el      1           

Mortierella 
gracilis 

Mo_gr 1   1 2  1          

Mortierella pusilla Mo_pu    1             
Papulaspora sp. Pa_ 3      3          
Penicillium sp. Pen_ 2 2 4  1 1 1 2 6 2 4 2 6 1 2 6 
Pestalotia sp. Pes_ 10 2 12 3 1  2 1         

Phoma sp. Ph_ 3 3 2  2  3 4 2    2    
Phytophthora 

cactorum 
Phy_ca 3 1 1   3           

Phytophthora 
plurivora 

Phy_pl 4 2 7 1             

Phytophthora sp. Phy_ 5 3 6 1 3 3  2         
Pyrenochaeta 
mackinnonii 

Pyr_ma       3  3        

Pythium ultimum  Pyt_ul 3    2   2         
Pythium 

debaryanum 
Pyt_de  1   2 1  2         

Pythium sp. Pyt_ 2 2  2 1 2 1          
Rhizoctonia solani R_so 2 4   5 6           

Scopulariopsis 
brevicaulis 

S_br  1               

Trichoderma 
hamatum 

T_ham 1  1 1 1    1  1      

Trichoderma 
harzianum  

T_har 2 2  2   1 1 1        

Trichoderma 
koningii  

T_kon     2 2   2        

mycelia sterilia mc 2 5 4 3 2 2 2 3 3 3  1 1  1 1 
Sum  92 39 81 40 66 35 50 38 45 34 47 34 33 31 33 36 

The abbreviations refers to Fig.1 and 2 
 

Table 3. Fungi isolated from spruce seedlings in four nurseries in both years of the study (2013-2014) 
 

Fungal species 
Abbrev

. 

field nursery A field nursery B container nursery A container nursery B 

root stem root stem root stem root stem 

201
3 

201
4 

201
3 

201
4 

201
3 

201
4 

201
3 

201
4 

201
3 

201
4 

201
3 

201
4 

201
3 

201
4 

201
3 

201
4 

Alternaria alternata A_alt 1 3 1 5 2 6 3 10 3 4 5 2 6 1 3 3 

Aspergillus niger A_ni  2  2 1  2 1         

Aureobasidium bolleyi A_boll 1   4  1 2 2  2  3  2   

Botrytis cinerea B_cin   2     2 2 1    3  2 
Cladosporium 

cladosporioides 
Cl_cl 5 4 2 3 5 6 3 5 2 1 8 2 3 5 4 2 

Cylindrocarpon 
destructans 

Cy_de
s 

1 2 1   5  5     1 2   

Cylindrocarpon 
didymum 

Cy_di 1 5 2 3  6 2  3 1       

Cylindrocarpon 
obtusisporum 

Cy_ob  1  4             

Cylindrocarpon sp. Cy_ 2 4 1  2 1  2 1  2  2 3   

Eladia saccula El_sa     1  2 3         

Endothia sp. En_   2              
Epicoccum 

purpurascens 
Ep_pu 2 5 2 3 1      4      

Fusarium avenaceum F_av 1 1 3 7     3 3 3 17 9 13 14 25 

Fusarium oxysporum F_ox 3 5 5 8  8 2 19 6 9 13 21 3 4 2 5 

Fusarium tricinctum F_tr 1  2   1 2 2 2        
Fusarium 

sporotrichioides 
F_sp 1 2 1  3  1          

Gliocladium 
catenulatum 

G_ca 1    1  2          

Gliocladium fimbriatum G_fi 2 1 1   1 1 1         
Humicola fuscoatra H_fu 1  1              

Humicola grisea H_gr  2               

Mucor circinelloides Mu_ci 1  2  1  1          
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Mucor elegans Mu_el     1  2 1         

Mortierella alliacea Mo_all 1  2  1            

Mortierella alpina 
Mo_al

p 
 2 2 1   1          

Mortierella 
candelabrum 

Mo_ca   2  2  1 1         

Mortierella elongata. Mo_el 1    3            

Mortierella gracilis Mo_gr  1    1           

Mortierella pusilla Mo_pu   1  1   1         

Papulaspora sp. Pa_ 2   2             

Penicillium sp. Pen_ 4 1 3 2 3 3 2 5 4 2 3 2 2 3 5 3 
Pestalotia sp. Pes_ 2 2 4  1 2  2         

Phoma glomerata ( Ph_gl  1   1            

Phoma sp. Ph_ 2 1  3 2 3 4  2 1 2 4     

Phomopsis sp. Phom_          2       

Phytophthora sp. Phy_ 1 2   2 3   2 7       
Pyrenochaeta 
mackinnonii 

Pyr_m
a 

       1         

Pythium ultimum Pyt_ul  1    1 1          

Pythium debaryanum Pyt_de 1    1 2           

Pythium sp. Pyt_ 1    1 1           

Rhizoctonia solani R_so 2 6   1 9 1 2         
Scopulariopsis 

brevicaulis 
S_br  1 1  1 1  1         

Trichoderma hamatum T_ham 1 2    2 1          

Trichoderma harzianum T_har 2 1 1   1 1          

Trichoderma koningii. T_kon 1    1            
mycelia sterilia mc 3 2 2 1 3 5 3 4 2 1 1  2  2  

Sum  48 60 46 48 42 69 40 70 32 34 41 51 28 36 30 40 

The abbreviations refers to Fig. 1 and 2 

 
A total of 366 fungal cultures were isolated 

from spruce stems, of which 157 were isolated in 2013 
and 209 in 2014. Similarly to pine seedlings, 
pathogenic fungi isolated from spruce roots and stems 
belonged mostly to the genera Botrytis, 
Cylindrocarpon, Fusarium, Pestalotia, Phoma, 
Phytophthora, Pythium and Rhizoctonia. Pathogenic 
fungi isolated from spruce seedlings accounted for 
50.14% (175 isolates) of fungi isolated from spruce 
roots and 53.83% (297) of fungi isolated from stems. 
Pathogenic fungi isolated from spruce roots accounted 
for 43.38% of all isolates in field nurseries and for 
62% of all isolates in container nurseries, whereas 
pathogenic fungi isolated from spruce stems 
represented 42.6% and 68% of all fungi isolated in 
field and container nurseries, respectively (Table 3). A 
total of 43 fungal taxa were isolated from spruce roots, 
including 41 in field nurseries and 15 in container 
nurseries. Spruce stems were characterized by lower 
fungal diversity, and the isolated fungi represented 36 
species and genera. The stems of spruce seedlings 
from field nurseries were colonized by 36 taxa, 
whereas the stems of seedlings from container 
nurseries - by only 11 taxa.  

The presence of fungal species causing 
seedling blight and root rot, represented by the genera 
Cylidrocarpon, Fusarium, Pestalotia, Pythium, 
Phytophthora and Rhizoctonia, was noted in container 
nurseries (Stewart et al., 2006). In Canada, root rot in 
forest nurseries is most frequently caused by 
Cylindrocarpon destructans and Cylindrocladium 
floridanum. Both fungal species contributed to the loss 

of seedlings in nurseries (40-50%) and forest sites (30-
40%) (Hamelin et al., 1996). Dumroese and James 
(2005) identified fungi of the genera Pythium, 
Fusarium and Cylindrocarpon across the entire area 
of container nurseries in the Pacific Northwest, 
whereas Phytophthora fungi were persistent on out-
planted seedling roots. The similarities and differences 
between the examined fungal communities colonizing 
pine roots and stems from the analyzed nurseries are 
presented in a graphic projection of PCA results (Fig. 
1A and 1B). Root fungi were characterized by PCA 
which revealed that F. tricinctum and F. oxysporum 
were the dominant species in container nursery A in 
both years of the study (vector length) (Fig. 1A). 
Communities of root fungi in field nursery B (2014), 
field nursery A (2014) and container nursery B (2013, 
2014) were similar (Fig. 1A) with a high percentage 
of F. avenaceum and other non-sporulating fungal 
species of the genus Fusarium (Fig. 1A). Pine roots 
from field nurseries A (2013) and B (2013) were 
characterized by significant species richness with a 
high percentage of Pythium ultimum and species of the 
genus Phytophthora (Fig. 1A). In pine roots, PCA 
revealed the species specificity of fungal communities 
colonizing seedlings from container nursery B, with a 
predominance of F. avenaceum and other species of 
the genus Fusarium (Fig. 1B). F. tricinctum was the 
dominant species in container nursery A. 

Spruce seedlings grown in field nursery A were 
characterized by high similarity of root fungal 
communities with a predominance of F. oxysporum in 
2014 and members of the genera Phytophthora and 
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Pestalotia in 2013 (Fig. 1C). Principal component 
analysis revealed high similarities in fungal 
communities colonizing spruce roots with a clear 
dominance of F. avenaceum in both container 
nurseries (Fig. 1C). In 2013, fungal communities 
colonizing spruce roots in container nursery B were 
characterized by a high percentage of antagonistic 
species of Trichoderma, Gliocladium and Mortierella 
accompanied by pathogenic fungi of the genera 
Fusarium and Phytophthora (Fig. 1C).  

The dominant fungal species colonizing spruce 
stems was F. avenaceum in container nursery B and F. 
oxysporum in container nursery A (2014) (Fig. 1D). In 
field nursery B, a significant percentage of Fusarium  
sp., Pythium and the antagonistic species Trichoderma 
harzianum was noted in 2013, and a high proportion 
of Cylindrocarpon destructans was observed in 2014. 
Similar results were noted in field nursery A in the first 
year of the study. In the second year, the stems of 
spruce seedlings from field nursery A were colonized  

mainly by F. tricinctum (Fig. 1D). The values of the 
species richness index and the Shannon diversity 
index were high in all samples (spruce and pine) from 
bare-root nurseries (Fig. 2A, 2B, 2C and 2D). The 
roots and stems of spruce and pine seedlings from 
container nurseries were characterized by low values 
of the species richness index and the Shannon 
diversity index (Fig. 2A, 2B, 2C and 2D).  
 The PCA analysis was used in many works 
regarding to the definition of a fungal community 
isolated from different hosts or stands (Klamer and 
Hedlund, 2004; Jankowiak et al., 2016; Stenström et 
al., 2014). For example, Newton and Haigh (1998) 
studied the relationship between ectomycorrhizae and 
their host in Great Britain. In the presented study, the 
predominance of F. tricinctum, F. oxysporum and F. 
avenaceum in the fungal communities colonizing the 
roots and stems of spruce and pine seedlings grown in 
container nurseries suggests that those pathogens 
spread via trays, water and other channels. 

 

 
 

Fig. 1. PCA analysis of fungi colonizing the roots (A, C) and stems (B, D) of pine (A, B) and spruce (C, D) seedlings (*CNA- 
container nursery A, CNB- container nursery B, GNA- field nursery A, GNB- field nursery B; 13- samples from 2013 year, 14- 

samples from 2014 year) 
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c

 
 

Fig. 2. Species richness index and Shannon diversity index H' of fungi colonizing the roots (A, C) and stems (B, D) of pine (A, B) 
and spruce (C, D) seedlings (*CNA- container nursery A, CNB- container nursery B, GNA- field nursery A, GNB- field nursery 

B; 13- samples from 2013 year, 14- samples from 2014 year) 
 

Nursery cultural practices influence fungal 
community structure colonizing the seedlings. For 
instance, the different nurseries may vary sowing 
densities and amount of fertilizer applied (Stenström 
et al., 2014). These differences might be enough to 
influence fungal growth in the seedlings. In our study 
we found that the samples of spruce and pine show 
some similarity are coming from the same nursery; 
this indicates the strong influence that the nursery 
effect has on the fungal community composition in the 
roots of seedlings. 

Low levels of species diversity and species 
richness were noted, which is characteristic of 
container nurseries. In forest ecosystems, species 
diversity is increasingly often analyzed with the use of 
direct sequencing and NGS methods which are highly 
reliable but very expensive (Baldrian et al. 2012; Buée 
et al. 2009; Menkis et al. 2006). New diseases in forest 
nurseries and forest production have been noted in 

recent years (Gaffuri et al. 2015; Okorski et al. 2015a; 
Wit et al. 2015), which indicates that high-output 
forest nurseries and the spread of new species 
contribute to the emergence of new pathogens. The 
new pathogen which has been noted in this study is F. 
avenaceum, a species responsible for strong symptoms 
of beech disease in gangrenous diseases in previous 
studies (Okorski et al. 2015a). In a study evaluating 
the risk of invasive species in forest ecosystems, 
Santini et al. (2013) classified Poland as a country with 
a low number of new invasive species, but noted that 
due to the isolation of the Polish economy in the 20th 
century, the relevant risk is highly likely to increase in 
the present century. The introduction of invasive 
species to container nurseries can lead to high losses 
in the absence of competitive species in the substrate. 
For this reason, container nurseries should mycorrhize 
seedlings (Kuc and Aleksandrowicz-Trzcińska 2013) 
and apply biological protection products that are 
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certified for use in forest ecosystems (Okorski et al. 
2014). The risk of invasive species in container 
nurseries can be minimized by isolating infected 
seedlings and analyzing the substrate (peat), seeds and 
water used for irrigation (which is often drawn from 
open reservoirs) for the presence of pathogenic species 
or genera which can cause significant losses in 
production. The presence of pathogenic fungi of the 
genera Fusarium and Cylindrocarpon and Oomycetes 
of the genus Phytophthora in plant tissues was 
determined by SCAR PCR, but they were not 
identified in conventional mycological analyses, 
which indicates that SCAR PCR is a much more 
reliable diagnostic method (Table 4). 
 
Table 4. SCAR-PCR analysis of pine and spruce seedlings 

infected by Fusarium, Cylindrocarpon destructans and 
Phytophthora in four nurseries in both years of the study 

(2012-2013) 

Nursery 
method 

Plant 
species 

N 
Orga

n 
Fusar
ium 

Phytoph
thora  

Cylindroc
arpon 

destructa
ns 

Field 
nursery 

A 

pine 
9 root 

+*/+*
* 

-/+ -/+ 

9 stem +/+ +/- +/- 

spruce 
9 root +/- +/+ +/+ 
9 stem +/- -/- -/- 

Field 
nursery 

B 

pine 9 root +/- +/+ +/+ 
 9 stem +/- -/- -/- 

spruce 9 root +/- +/+ +/+ 
 9 stem -/- -/- -/- 

Contain
er 

nursery 
A 

pine 9 root +/+ -/- + 
 9 stem +/+ -/- -/- 

spruce 9 root +/+ -/- +/- 
 9 stem -/- -/- -/- 

Contain
er 

nursery 
B 

pine 9 root + -/- + 
 9 stem + -/- -/- 

spruce 9 root + -/- -/- 
 9 stem + -/- -/- 

*- 2012 year, **- 2013 year 

 
Fusarium species were identified in most 

samples from container nurseries, whereas 
Phytophthora species were noted only in seedlings 
from field nurseries (Table 4). Today it is possible to 
detect the disease in planting material using a DNA 
based test. One benefit of this test is its higher 
sensitivity compared to the traditional isolation (Lilja 
et al., 2010). Examination of seedlings by PCR should 
be an important element of disease prevention in 
container nurseries because sick seedlings may look 
green and healthy, the problem may increase if 
seedlings are used for planting immediately after 
storage in cold stores in Winter, when there are no 
visible lesions, due to the short time between lifting 
the cuttings from the cold store and planting into 
crops. Unfortunately in Poland, the prevalence of 
invasive species is controlled to a limited extent due to 
a small number of research centers which monitor 
such threats. Forest nurseries have to conduct routine 
inspections with the involvement of all available 
methods to minimize the spread of invasive species. 
Practical application of the molecular diagnostics 
method in forestry nursery in accordance with the 
dispositions of the European Commission (Directive 

No 2009/128/WE dated on October 21, 2009 and the 
Regulation No 546/2011 dated on June 10, 2011 
concerning the integrated plant protection against 
pests), which refer to the use of integrated pest 
management. However, this requires expansion of 
research infrastructure and greater awareness on the 
part of people involved in practice (forestry). 
 
4. Conclusions 

 
In conclusion, our findings suggest that 

container nurseries were characterized by lower 
species diversity of fungi colonizing conifer roots and 
stems in comparison with field (bare-root) nurseries. 
Fungal pathogens responsible for seedling blight and 
root rot, representing the genera Botrytis, 
Cylindrocarpon, Fusarium, Pestalotia, Phoma, 
Phytophthora, Pythium and Rhizoctonia, were 
identified in container and field nurseries. The 
molecular method with SCAR PCR markers was a 
highly effective tool for identifying fungal pathogens 
on pine and spruce seedlings. 
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