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FUNGI ASSOCIATED WITH DECLINE OF SCOTS PINE SEEDLINGS IN
FOREST NURSERIES

Afforestation and sustainable conversion of old farmland to woodland require
healthy and high-quality seedlings. Container nurseries provide optimal conditions
for the growth and development of forest seedlings (Szabla 2009). Controlled
mycorrhization and biological and chemical protective treatments are applied, and
pests and pathogens are actively eliminated. Unfortunately, container nurseries are
not common practice in forestry in Ukraine and most Scots pine seedlings are grown
In greenhouses.

Therefore, seedling blight and root rot, which develop several weeks after
germination, are ubiquitous diseases in forest nurseries. They are caused by soil
pathogens as well as pathogens without host specialization disseminated by seeds.
Those pathogens contribute to rapid decomposition of plant tissue, and they prevent
seed germination and seedling emergence (Menkis et al. 2006). 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; Lilja et al. 2010; Meshkova et al., 2012,
Davydenko and Meshkova, 2017, 2018). 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. Environmental factors play an important
role in the spread of disease and the transmission of pathogens in conventional forest
nurseries.

The aim of this study was to determine the fungal pathogens responsible for the
pine seedling decline in the field and nurseries.

The experiment was carried out in six nurseries in State Forest Enterprises of
Kharkov, Sumy and Poltava regions. Scots pine (Pinus sylvestris) seedlings were
sampled in the greenhouse for the study one year after sowing. In the field nurseries,
seedlings were grown in accordance with nursery standards, and pine seedlings were
sampled for the experiment in the first year after planting on similar dates in all
nurseries. Ten pine seedlings were randomly selected for the experiment. In a
laboratory, seedlings were divided into roots and stems which were analyzed
separately.

The study was carried out with the involvement of conventional culture
methods as well as PCR with specific primers for Fusarium, Phytophthora root
pathogens. By pure cultural method, small fragments were cut out from plant tissues
selected for the study, they were rinsed in distilled water and disinfected in 96% ethyl
alcohol solution for 30 seconds and in 1% sodium hypochlorite (NaOCI) for 30
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seconds. The samples were rinsed three times in sterile water and dried, and 2 mm
sections were transferred to Petri dishes (Six sections per plate) containing malt
extract agar (MEA). The plates were incubated at a temperature of 20°C in darkness
for 7-10 days. The emerging filamentous fungi were transferred to new Petri dishes
with 2% MEA and identified based on the available keys and published data.

Isolation of DNA, amplification and sequencing followed method described by
Davydenko & Meshkova (2017). The thermal cycling was carried out using an
Applied Biosystems GeneAmp PCR System 2700 thermal cycler (Foster City, CA,
USA): initial denaturation step at 95°C for 5 min was followed by 35 amplification
cycles of denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and extension at
72°C for 30s and final extension step at 72°C for 7 min. Raw sequence data were
analyzed using the SegMan Pro version 10,0 software from DNASTAR package
(DNASTAR, Madison, W1, USA). The criteria used for identification were: sequence
coverage > 80%; similarity to taxon level 98-100%, similarity to genus level 94-97%.

Species diversity was examined by principal component analysis (PCA) in
PAST software (Hammer et al., 2001). 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

A total of 228 fungal isolates were obtained from pine roots in both years of
the study, including 124 in the first year and 104 in the second year.

Pathogenic fungi colonizing pine seedlings belonged to the genera Alternaria,
Botrytis, Cylindrocarpon, Fusarium, Pestalotia, Phoma, Pythium and Rhizoctonia.
Pathogenic isolates accounted for 57.5% of fungi colonizing roots and 30.5% of fungi
colonizing stems of pine seedlings. Pathogenic species accounted for 59% of total
isolates in greenhouses and 41% in field nurseries. A comparison of the species
diversity of fungi isolated from pine roots and stems revealed that pine roots in
greenhouses were colonized by 19 taxa and non-sporulating fungi. Pine roots in field
nurseries were colonized by 11 taxa and non-sporulating fungi. The presence of the
pathogenic species Cylindrocarpon destructans and species belonging to the genera
Fusarium and Alternaria on the roots and stems of pine seedlings was also
determined.

Pathogenic fungi were more abundant on pine seedlings from the greenhouses,
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 greenhouses.

The dominant fungal species colonizing pine stems was F. avenaceum and F.
oxysporum in greenhouses. In field nurseries, a significant percentage of Fusarium
sp., Pythium and the antagonistic species Trichoderma harzianum was noted, and a
high proportion of Cylindrocarpon destructans was observed.

The presence of pathogenic fungi of the genera Cylindrocarpon in plant tissues
was determined by PCR, but they were not identified in conventional mycological
analyses, which indicates that PCR is a much more reliable diagnostic method.
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Fusarium species were identified in most samples from greenhouses, whereas
Cylindrocarpon species were noted only in seedlings from field nurseries.

Therefore, fungal pathogens responsible for seedling decline and root rot,
representing the genera Alternaria, Botrytis, Cylindrocarpon, Fusarium, Pestalotia,
Phoma, Phytophthora, Pythium and Rhizoctonia, were identified in greenhouses and
field nurseries. Pathogenic isolates accounted for 57.5% of fungi colonizing roots and
30.5% of fungi colonizing stems of pine seedlings. Moreover, the molecular method
with PCR markers was a highly effective tool for identifying fungal pathogens on
pine seedlings.
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3AXO0HU 3AXUCTY ABJYHI Bl LIKITHUKIB

Y 2018 p. mioma mioaoBO-ATIAHUX KYJIbTYp CTaHOBWJIA 228 THC. ra, 3 HHUX
mwiogoHocHux — 200 Tuc. ra. BanoBe BUPOOHUUITBO IUIOAOBO-ATIAHOI MPOIYKII
HapaxoByBajg02571 Tuc. T, y T. 4. B CUIbCHKOIOCHOJIAPCHKUX MIAMPUEMCTBAX —
556 tuc. T, rocmomapcTBax HaceneHHsa — 2015 Tuc. 1. Cepen MmIOAOBO-STIIHUX
KYJbTYP OCHOBHOIO KYJIBTYpOIO € s101yHs. Y 2014 p. BoHa BUpOITyBajgacs Ha IO
115,2 Tuc. ra, BasioBe BUpOOHUIITBO 0ayK cTaHOBMiIO 1090 trc. 1. V 2015 p. mioma
HacaJKeHb sS0yHi gopiBHIOBasa 111,7 Tuc. ra, BUpOOHUIITBO 0JYK — HAPaXOBYBAJIO
1200 tuc. 1. Y 2016 p. cioctepiraeTbes 3MeHIIeHHs momli si6ayni 1o 106,1 THc. ra,
BUpOOHUIITBO sI0NTyK — 10 1100 Tuc. 1. YV 2017 p. mioma HacamkeHb s01yH1 Oyia
103,1 Ttuc. ra, BajgoBe BUPOOHHITBO si0Nyk — 1070 Ttmc. 1. Y 2018 p. mioma
Haca/pkeHb craHoBwia 101,6 tuc. ra, a BupoOHUIITBO s01MyK ckiamo 1500 twuc. T.
Otxe, B YKpaiHi € 10CTaTHHO pe3epBIB sl 3a0€3MeueHHs HACENIeHHs s0JIyKaMu 3a
paxyHOK 3aKjaJaHHs] HOBMX IHTCHCHMBHUX HACaJDKEHb, MOJIMIICHHS TEXHOJOTii
BHUPOIIYBaHHS, 30€piraHHs BUPOIIEHOT MPOAYKITii.

YpaxoByrouu, 110 IUIOJ0OB1 JepeBa BUPOIIYIOTh Ha OJAHOMY MICII MPOTITOM
0araThOX pOKIB, y CaJIOBUX HACAI)KCHHAX YTBOPIOIOTHCS MEBHOIO MIpPOIO CTaOUIbHI
€KOJIOTIYHI yMOBH, $Ki (OPMYIOTHh BIJJHOCHO TIOCTIMHMHM CKJIaJ IIKIJJIUBOI Ta
kopucHoi paynu. B Ykpaini Bitomo 01u3bko 400 BUIIB KOMax, SKl MOUIKOJKYIOTh
TJIOJIOBI HacaJKeHHS. BpaxoByrouw pi3Hy HACHYEHICTh SO0JYyHEIO B PIZHHUX
OPUPOAHUX 30HAX, BUAOBUM CKJIaJ MIKIJHUKIB TaKoX HeoaHakoBuH. s
MIBUIIEHHS CTIMKOCTI TUIOJOBUX KYJbTYpP MPOTH IIKITHUKIB, OJIEP>KAHHS BUCOKOTO
BPOXKaMHOCTI HEOOXIIHO TPOBOAMTH 3aXMCHI 3aXOId MPOTATOM YChOT'O POKY.
Cucrema 3aXHCHHX 3aXO(iB /I POMUCIOBHUX HacaKeHb sS0MyHI BKItodae 10 10-12
00p0OOK IPOTH KOMILIEKCY IITKITHUKIB.

JlocnipKeHHsT TPOBOIMIM B YMOBax HaBUYaJIbHO-HAYKOBOT'O BUPOOHUYOTO
koMiuiekcy CyMCBhKOI0 HalllOHAJIBLHOI'O arpapHoro yHisepcutety y 2016—-2018 pp. Ha
copti s10:1yHi dnopuna. Meroanka MpoBEeACHHS TOCTIIKEHb 3arajibHonpuitHaTa. Can
Cymcbkoro HAY 3aknageno y 2008 p. YpaxoByrouu Te, 10 HACaJKEHHS SOJIYyHI



