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Abstract
In recеnts years lots of evidences were accumulated regarding involvement of Phy-

tophthora spp. in the descent of important forest tree populations across Europe and world-
wide. In our survey we explored the possibility (hypothesis) fungi-like pathogens from genus 
Phytophthora to be involved in the deteriorating processes in Norway spruce (Picea abies 
(L.) H. Karst.) stands in Vitosha Mountain. Two Phytopthora species (P. cambivora (Petri) 
Buisman) and P. cryptogea Pethybr. et Laff.) were isolated and identified on the basis of 
morphological, cultural and molecular traits. Both species are known as important patho-
gens with a broad range of host species. They are also recognized as causing agents of the 
destructive ‘Ink disease’ on Castanea sativa, which is reported to resurge in Europe. In many 
cases of descent of forest tree populations across Europe Phytophthora spp. are considered 
as primary invaders. From this point of view, an assessment of the risk these pathogens to be 
involved within the range of factors negatively affecting the ecosystems in Vitosha Moun-
tain, is urgently needed.
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INTRODUCTION

Vitosha Mountain is situated in the central parts of Western Bulgaria, near 
to the country capital Sofia. It is an important ecological factor and valuable amen-
ity area for the city. In 1934 it is declared as the first national park in Bulgaria, and 
since 2000 is acknowledged as ‘Vitosha Nature Park’. The natural spruce forests on 
Vitosha are of great ecological importance. They are also a source for timber produc-
tion. As a part of the sub-alpine forests, and due to their biological characteristics 
(flat root systems, formation of homogenous stands), Norway spruce populations 
are among the most frequently affected by different types of natural disasters, such 
as wind throws, fires and insect outbreaks. Nowadays it is demonstrated that these 
natural disturbances are an integral part of the forest ecology (Tsvetanov, Panayotov, 
2013). 
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After a storm (tornado) passed through the Nature Park ‘Vitosha’ in 2001, 
12.5 ha and 62.0 ha spruce forest in the area of ‘Opheliite’ and the Biosphere Reserve 
‘Bistrishko branishte’ respectively, have been destroyed completely and the trees 
were fallen down (Dunchev, 2007). The presence of big number windfallen trees 
within the affected areas has likely been a fundamental prerequisite for the outbreak 
of bark beetles (mostly typographer – Ips typographus L.) following the disaster. 
Some authors speculated that warmer and drier summers in recent years could also 
be a contributing factor for the flourishing development of the bark beetles (Panayo-
tov, Georgiev, 2012). These were the conditions characterizing the summer of 2003 
in Vitosha, when spread of the damaging insect outside the wind throw area was ob-
served. The spruce decline phenomenon generated great societal concerns about the 
future of these ecosystems. As result, several scientific surveys were carried out in 
order to determine the factors contributing to the Norway spruce decline in Vitosha 
(Panayotov, Georgiev, 2012; Dunchev, 2007).

The plant pathogens from genus Phytophthora are water moulds, most of 
them known as causatives of devastating diseases on agricultural crops of great 
economic importance. For instance, one of the best studied P. infestans, causing 
agent of the ‘late blight’ disease in potato, nowadays is a major constraint for po-
tato production (Erwin, Ribeiro, 1996). In 1845 this Oomycete species was trans-
ferred via human activities to Europe and spread rapidly from Belgium to other 
countries, Great Britain and Ireland inclusive. The pathogen completely destroyed 
the potato production in two subsequent years in Ireland resulting in more than one 
million people’s deaths and forcing another million to leave the country (Yoshida 
et al., 2013).

Among Phytophthora species there are some which are especially destruc-
tive in the forests all over the world. They are all alien, introduced and can 
threaten the economic viability and ecological sustainability of the affected for-
ests (Hansen, 2008). 

In recent decades there are growing evidences that Phytophthora spp. are in-
volved in the descent of populations in many important forest tree species across 
Europe and worldwide (Jung et al., 2002; Jung, 2009; Brasier et al., 2004). A le-
thal disease in alder (Alnus spp.), classical ‘collar rot’ (Brasier, 2000) appeared for 
first time in Great Britain in 1993, demonstrating fast spread and severe damages 
(Brasier et al., 2004). The causing agent, Phytophthora alni and its subspecies alni, 
multiformis and uniformis continue to be a threat for both natural and artificial alder 
stands in Europe (Brasier et al., 2004). P. ramorum, which was described barely in 
2002, is associated with the mortality of thousands trees from at least three natural 
oak species (Quercus spp.) in Oregon, USA since 1993. The disease it causes, ’Sud-
den Oak Death’, has turned into epidemic altering considerably the landscape of 
California (Garbelotto et al., 2001).

Having in mind the increased spread of Phytophthora spp. as a part from a 
global tendency for intensified international movement of pathogens across Eu-
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rope and worldwide, we investigated the possibility these pathogenic fungi-like 
microorganisms to be involved in processes of decline of affected Norway spruce 
stands in Vitosha.

MATERIALS AND METHODS

Four different areas in Vitosha Mountain were investigated: locality ‘Zlatnite 
mostove’, locality ‘Ofeliite’, the biosphere reserve ‘Bistrishko Branishte’ and a re-
stricted zone of the Vitosha foothill near Bistritsa village. The survey was carried out 
in the autumns of two subsequent years, 2011 and 2012.

In 2011 seven samples were collected: from Quercus sp., Salix alba L., 
Pyrus pyraster (L.) Burgsd and two from Norway spruce (Picea abies (L.) H. 
Karst.) trees in the area of ‘Zlatnite mostove’. In 2012 the sampling was concen-
trated mainly on Norway spruce trees. Eight Norway spruce trees were sampled 
again in the area of ‘Zlatnite mostove’, two in ‘Ofeliite’, seven in Biosphere Re-
serve ‘Bistrishko branishte’ and eight from the spruce trees situated in an area of 
Vitosha foothill near Bistritsa village. Three additional samples from other forest 
species were collected in the last area (one from Pinus sylvestris L. and two from 
Betula pendula Roth.)

Sampling 
Rhizosphere soil and tissue samples were collected from trees exhibiting dif-

ferent levels of decline and sometimes from healthy looking plants. At a distance 
of approximately 50 cm from the stem the organic layer was removed and a fixed 
amount of soil with adjacent roots was collected (20 cm depth). Where possible, this 
approach was applied for taking 2x2 samples in two perpendicular sides of the tree. 
The total volume of each soil sample was about 2 kg. Additionally, some pre-screen-
ing information about possible availability of the pathogen was obtained by using 
field serological kit for Phytophthora spp. (PocketDiagnostic, Forsite Diagnostics 
Ltd.) on isolated root tissue. Root/stem tissue and soil samples were put separately in 
plastic bags and were further transported to the laboratory in a cooling bag.

Isolation
A volume of about 400 mL soil from each well-mixed sample were flooded 

with 600 mL distilled water. Fresh leaves from Phytophthora-susceptible plants 
(Nerium oleander L., Prunus armeniaca L., Castanea sativa Mill.) grown in green-
house were placed on the water surface to serve as a bait (Themann, Werres, 2000). 
When the characteristic spots appeared on the leaves, they were carefully washed 
under running water, surface disinfected for about 1 minute in 3.7% (v/v) active 
chlorine solution, and for 30 sec in 70% (v/v) ethanol. The leaves were next rinsed 
twice in sterile distilled water for 1 min. Small pieces from the border of the necrotic 
tissue were cut and placed on selective media or/and water agar media (Themann, 
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Werres, 1999). The selective medium used was Malt Agar (Duchefa Biochemie, 
Netherlands) amended with 15 mg mL-1 benomil, 10 μg mL-1 pimaricin, 250 μg mL-1 
ampicilin (sodium salt), 15 μg mL-1 rifampicin and 50 μg ml-1 hymexazol (Erwin, 
Ribeiro, 1996; Jung et al., 2000). 

Growth measurements
The mycelial growth of the isolates was measured on VA (100 mL vegetable 

juice, ‘Gemuse saft Alnatura’, 900 mL distilled water and 16 g agar). In order to 
determine the general growth temperatures the three Phytophthora isolates obtained 
from Vitosha were grown in 9 mm Petri dishes at 4°C, 10°C, 15°C, 20°C, 25°C, 
30°C and 35°C in two Petri dishes for each temperature regime. A piece of agar 
culture with mycelium of each isolate was placed in the centre of the plate and left 
to initiate growth at room temperature for 12 h. Then the plates were put in climate 
chamber at 4°C, 10°C, 15°C, 20°C, 25°C, 30°C and 35°C in the dark. The general 
temperatures for vegetative growth was determined by measuring linear growth after 
11 days for 4°C, 7 days for 10°C, 5 days for 15°C, 6 days for 20°C, and 4 days for 
25°C, 30°C and 35°C. The mycelium growth was recorded along two lines intersect-
ing the centre of the inoculum at right angles (Jung, Burgess, 2009) and calculated 
as average growth for 24 h in mm/day. Four measurements were made on each Petri 
dish along the four directions of the two perpendicular lines crossing the plate, i. e. 
eight measurements for each isolate.

DNA extraction, PCR and sequencing 
Genomic DNA was extracted from Phytophthora cultures. The mycelium was 

grown in vegetable broth (100 mL juice ‘Gemuse saft Alnatura’, clarified with 2 g Ca-
CO3, 900 mL distilled water) for one week at room temperature, then washed with sterile 
distilled water and dried on sterile filter paper. After that it was frozen in liquid nitrogen 
and grinded to powder with mortar and pestle. DNA was extracted using GenElute Plant 
genomic DNA Miniprep kit (Sigma Aldrich) and used in PCR for amplification of the 
internal transcribed sparser (ITS) region of ribosomal DNA and Cytochrome c oxidase 
subunit 1 (cox1). The ITS region was amplified using primers ITS 6 and ITS 4 (Cooke et 
al., 2003) under the following thermal conditions: denaturation step at 94°C for 3 min; 35 
cycles at 93°C for 30 s, 55°C for 30 s, 72°C for 1 min; and final elongation step at 72°C 
for 10 min. The cox1 was amplified using COXI1F (5’AAGGAACTTGCCCCAAGC) 
and COXI1RI (5’GATGGCTTTTTTCAACAAATCA) under the following thermal 
conditions: denaturation step at 95°C for 2 min; 35 cycles at 95°C for 30 s, 58°C for 
1 min, 72°C for 1 min and a final elongation step at 72°C for 10 min. The amplicons 
were purified with Gene MATRIX Short DNA Clean – UP Purification kit (EURx Ltd, 
Poland). All samples were sequenced using Sanger ABI 3730xl platform at GATC 
Biotech Company. 

The obtained ITS and cox1 sequences were compared to sequences in the 
NCBI database using Basic Local Alignment Search Tool (BLAST). The sequenc-
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es of the closest representative and other reference isolates (accession numbers: 
HQ708277, HQ708245, HQ643176, HQ643211, GU133463, AF266783) were ex-
tracted and aligned with the sequences of the isolates from our survey in the envi-
ronment of CLC Main Workbench software, with which phylogenetic analysis have 
been also performed.

Microscope observations
The studied isolates were cultured in vegetable broth for 4-5 days to accu-

mulate mycelium. After that the mycelium was washed with sterile distilled water 
and flooded with soil extract (10 g soil mixed with 1 L distilled water and filtered, 
according to Erwin, Ribeiro, 1996) for 24 h. After a certain period of time (24–72 h) 
sporangia appeared on the mycelium and their morphology and size were examined 
and described using a light microscope (Zeiss Axio Imager). For determination of 
the mean size of the Oomycete structures pictures of at least 50 randomly chosen 
sporangia were taken. The length and width of each sporangium was measured with 
the help of ‘Image J’ software, freely available in Internet.

Pathogenicity tests
The pathogenicity of isolates named Vitosha 11 (P. cambivora Petri) and Vito-

sha 16 (P. cryptogea Pethybr. et Laff.) was tested on potted seedlings of sweet chest-
nut (C. sativa) and Turkish oak (Q. cerris) grown in controlled conditions (20°C, 
12-h photoperiod). Four chestnut and five oak plants were inoculated with each of 
both Vitosha 11 and Vitosha 16 isolates. Same number of the plants was subjected 
to the similar action but with sterile agar. Another set of plants was left uninjured as 
a control. The evaluation of the results was made after three weeks and once again 
after six weeks. The seedlings were artificially infected by under bark inoculation 
according to Jung, Nechwatal, (2008). After removing the bark with a sterile knife 
along the stem (ca. 6 mm) a piece of agar with mycelium was placed on the cam-
bium layer. The approximate size of the agar pieces was 5x5 mm. The bark was put 
back and the place was covered with sterile moist cotton, sealed with parafilm and 
covered with aluminum foil. In order to fulfil Koch’s postulates a re-isolation of 
pathogens from the seedlings was done. 

RESULTS

Three Phytophthora isolates were obtained when soil samples were baited 
with Nerium oleander leaves: Vitosha 4/1, Vitosha 11 and Vitosha 16. Оn the basis 
of their morphologic, cultural and molecular characteristics Vitosha 4/1 and Vitosha 
11 isolates were identified as Phytophthora cambivora (Pertri) Buisman and Vitosha 
16 as Phytophthora cryptogea Pethybridge and Lafferty.

P. cambivora Vitosha 4/1 was isolated in 2011 from soil sample obtained close 
to a dead Norway spruce specimen belonging to a group of dead spruce trees near the 
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road from ‘Momina skala’ hut to ‘Zlatnite mostove’ area. This region was not amongst 
the ones affected by tornado. P. cambivora Vitosha 11 was obtained in October 2012 
from rhyzosphere soil taken in the same place like Vitosha 4/1 but from another spruce 
tree. The sampled tree was between 50 and 60 years old showing symptoms of severe 
decline - dead branches and sap oozing. P. cryptogea Vitosha 16 was isolated from soil 
beneath a spruce tree without symptoms of decline. It should be noticed that the sam-
pled tree was situated in close proximity to a tourist trail passing through the locality 
‘Ofeliite’ - the other area strongly affected from tornado in 2001. 

The optimal growth temperature for both tested Phytophthora species was 
between 25 and 30°C (Fig. 1). According to the relevant literature temperatures of 
22 to 24°C for P. cambivora and 22 to 25°C for P. cryptogea are considered to be 
optimal (Erwin, Ribeiro, 1996). The reported minimum and maximum temperatures 
for growth of P. cambvivora is less than 1°C and above 32°C, respectively, while for 
P. cryptogea the corresponding values are less than 2°C and above 31-33°C (Erwin, 
Ribeiro, 1996).

The isolate Vitosha 16 (P. cryptogea) showed faster growth compared to isolate 
Vitosha 11 (P. cambivora). Both isolated species had similar demands to the tempera-
ture conditions, with higher optimal temperature for P. cambivora Vitosha 11, being 
30°C, while for P. cryptogea Vitosha 16 it was approximately 25°C (Fig. 1).

The mycelium growth of P. cambivora Vitosha 11 had no distinctive pattern, 
being aerially situated on the VA. The Oomycete isolate was heterothallic and did not 
produce oospores in single culture. The sporangia were obpyriform to ellipsoid, non-
papilated and non-caduceus, with pronounced nested proliferation. Their dimensions 
varied between 42 to 66 μm in length, 58.8 μm on the average, and 29-48 μm width, 
with average value 34.6 μm. The average length to width ratio was 1.7 (Table 1). These 
measurements corroborated the data published before (Gerrettson-Cornell, 1994). 

The mycelium of P. cryptogea Vitosha 16 growth had no distinctive pattern, 

Fig. 1. Mycelium linear growth of P. cambivora Vitosha 11 and P. cryptogea Vitosha 16 isolates 
on vegetable agar (mm/day). Vertical bars indicate standard errors of means.
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showing predominantly an aerial spread on VA. The isolate was heterothallic as well. 
The sporangia are obpyriform, ovoid to elliptical, non-papilated and non-caduceus. 
Their dimensions varied between 40 to 57 μm length, 47.1 μm on the average and 

Table 1. Dimensions of Phytophthora sporangia isolated from Norway spruce trees 
in Vitosha Mountain

Isolate Average length of 
sporangia (μm)

Average width of 
sporangia (μm) 

Average length/width 
ratio 

P. cambivora Vitosha 11 58.76 ± 8.54 34.56 ± 3.96 1.7 ± 0.16
P. cryptogea Vitosha 16 47.10 ± 4.12 31.86 ± 2. 56 1.5 ± 0.1

28.5 to 41 μm width, 31.86 μm on the average. The average length to width ratio was 
1.5 (Table 1). These values were also in general accordance with some data previ-
ously reported (Gerrettson-Cornell, 1994). 

The pathogenicity tests showed that both P. cambivora Vitosha 11 and P. cryp-
togea Vitosha 16 isolates caused necrosis on the stems of C. sativa seedlings, unlike 
the Q. cerris ones. The latter showed no visible symptoms of pathogenic injuries. 
Similarly, the re-isolation of pathogen was successful from chestnut seedlings, but 
not from the oak ones.

The measurements of the length of necrosis along the stem of the tested seed-
lings showed that P. cambivora was more aggressive to sweet chestnut (C. sativa) 
plants compared to P. cryptogea Vitosha 16 (Fig. 2). 

The ITS and cox1 sequences of Vitosha 16 isolate were 100% identical to 

Fig. 2. Length of stem necrosis developed on C. sativa seedlings inoculated with P. cambivora 
Vitosha 11 and P. cryptogea Vitosha 16 isolates.

GenBank deposited accessions for Phytophthora cryptogea, while ITS and cox1 se-
quences of both Vitosha 4/1 and Vitosha 11 isolates were 100% identical to acces-
sions for Phytophthora cambivora (Fig. 3).
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Fig. 3. Neighbour-joining tree based on ITS (А) and coxI (B) sequence data. The numbers represent 
bootstrap values based on 1000 replicates. Scale bar shows number of substitution per site.

DISCUSSION 

There is not much information available for Phytophthora spp. associated 
with diseases on Norway spruce. It was reported that Phytophthora citrophthora had 
been isolated in 2002 from spruce stand in Poland showing symptoms of decline. 
The authors described browning and necrosis of roots and trunks with bleedings, dis-
coloration and shedding of needles, growth stunting of lateral twigs and dry-topping. 
The infected root system often dies and the trees fall down sooner or later (Oszako, 
Orlikowski, 2004).

On the other hand, one of the isolated in our experiments species, P. cambiv-
ora, is notorious as one of the main causes of ‘Ink disease’ which is responsible for 
descend of numerous sweet chestnut plantations in Southern Europe. It also has wide 
host range, including sweet chestnut (C. sativa), apple (Pyrus malus), Norway maple 
(Acer platanoides L.), European beech (Fagus sylvasica L.), wild cherry (Prunus 
avium L.), beach she-oak (Casuarina equisetijolia L.), pyrethrum (Chrysanthemum 
cinerarilfolium), Erica spp., raspberry (Rubus idaeus L.), Senecio cruentus, pigeon 
pea (Cajanus cajan), walnut (Juglans regia L.),white lupin (Lupinus albus), Nothof-
agus spp., pea (Pisum sativum), Quercus spp. and Ulmus spp. (Gerrettson-Cornell, 
1994). P. cambivora pathogen was found in forest ecosystems in Poland inhabiting 
the rhyzosphere of an over 150-year old oak (Quercus robur L.) declining tree. The 
common oak has been reported as a host species also for France, Germany and Italy 
(Stępniewska et al., 2008).

The fact that P. cambivora is present in spruce populations in Vitosha Nature 
Park is alarming. The species is known as an aggressive introduced pathogen, which 
once established is hard or even impossible to be eradicated. When favourable con-
ditions are available it is capable of spreading rapidly, which might lead to unpredict-
able consequences.
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The isolated in ‘Ofeliite’ area Phytophthora species (P. cryptogea) has a wide 
host range of glasshouse and field crops including tomato (Lycopersicon esculentum), 
chrysanthemum (Chrysanthemum spp.), tulip (Tulipa spp), dahlia (Dahlia x hybri-
da), rhododendron (Rhododendron spp.), eggplant (Solanum melongena), chichory 
(Cichorium intybus), spinach (Spinacia oleracea), cucumber (Cucumis sativus), po-
tato (Solanum tuberosum), sugar beet (Beta vulgaris), alfalfa (Medicago sativa); saf-
flower (Carthamus tinctorius), Cupressus spp., Chamaecyparis spp., sweet chestnut 
(C. sativa), Monterey Pine (Pinus radiata D. Don), Populus spp. and many others 
(Gerrettson-Cornell, 1994). The pathogen is responsible for economically important 
diseases on agricultural and ornamental plants. In some cases it has been isolated 
also from forest trees, e. g. C. sativa (Brasier, Jung, 2006).

It is considered that the nursery Phytophthora species, which are pathogens 
on cultural plants, such as P. cryptogea, do not survive long in forest soils and do not 
spread to surrounding trees. The reason is that they are adapted to agricultural soils 
and environments and cannot compete in the more complex forest soil microbial 
communities formed in the generally drier and better drained forest soils (Hansen, 
2008). However, P. cryptogea was isolated in the rhyzosphere soil near a Norway 
spruce tree in Vitosha being away from any surrounding agricultural area.

Another important point is that both sampled Norway spruce trees from which 
Phytophthora species were isolated were situated close to tourist trails. It raises the 
possibility propagules from these pathogens to be transferred to long distances by 
people’s shoes and vehicles. 

At the moment, there is no clear evidence about the connection between Phy-
tophthora spp. presence and the damaging effect from the windthrow events in Vi-
tosha. At the same time, the undoubted proved presence of Phythophtora pathogens 
might contribute to the decline processes in the dominated by Norway spruce eco-
systems.
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