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Abstract: the invasive pathogen Cryphonectria parasitica causes one of the most destruc-
tive chestnut blight diseases on Castanea sativa stands. in Bulgaria, the disease was observed 
for first time at the end of 1980s in pure and mixed chestnut stands in Belasitsa mt. and the 
eastern rhodopes. over the last decades, the disease has affect negatively the vitality of C. 
sativa populations throughout the country, leading to the loss of an important chestnut stands 
production and the progressive death of the trees. in 2018, the incidence of the pathogen, its 
distribution and strain diversity were surveyed in a network of permanent sample plots estab-
lished on the northern slopes of Belasitsa mountain, southwest Bulgaria and in the eastern 
rhodopes. the sample trees were visually assessed for the presence of pathogen’s reproductive 
structure and dieback in crowns. the severity of chestnut blight disease was evaluated according 
to the number of cankers on stems and degree of defoliation compared between the differ-
ent sample plots and regions. at lower altitude (400-600 m), the outbreak of disease leaded 
to destruction of the stands and degradation for a longer period, the stands were assessed as 
degraded. new records for C. parasitica spreading on a chestnut mature plantation planted in 
the region of state Forests Kirkovo and Krumovgrad, the eastern rhodopes, were established. 
isolation of 86 pathogen strains were carried out at the laboratory, among them, 25% revealed 
whitish colour. current knowledge of the spreading and severity of the disease is an important 
circumstanse for the implementation of timely and effective management control strategies.
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INTRODUCTION

Cryphonectria parasitica (murrill) Barr is invasive, highly aggressive 
fungal pathogen, causing one of the most destructive ‘chestnut blight disease’ 
on the sweet chestnut (Castanea sativa mill.) stands, plantations and seed 
orchards throughout europe. the pathogen originated from the east asia, 
considered as a non-native alien parasite, spread outside of its natural range 
to new, native host - in europe (rigling, Pospero, 2017). For first time, the 
disease was registered in 1904 on the american chestnut (Castanea dentata 
(marsh.) Borkh.) in the Zoological Park of new york city (agnostatkis, 
hillman, 1992). the pathogen was identified as Diaporthe parasitica murrill. 
afterwards, its name was transferred to Endotia parasitica (murrill) anderson 
et anderson (anderson, anderson, 1912), and only in 1978, the species was 
received its current name, Cryphonectria parasitica (Barr, 1978). till now, the 
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pathogen has been established on C. dentata, C. sativa, C. molissima Blume, 
C. crenata siebold et Zucc., C. seguinii dode (roane et al., 1986). 

the chestnut blight pathogen was most likely introduced from asia to 
north america around 1900s, either through imported chestnut lumber or 
plants for planting (milgroom et al., 1996). since 1990s, the pathogen has 
largely eliminated the dominant native host C. dentata. in europe, symptoms 
of chestnut blight disease was first recorded on C. sativa in 1938 near genoa, 
italy (Biraghi, 1946). in France, the disease was reported in 1956 (darpoux et 
al., 1957) and the parasite was found on Japanese chestnut in spain in 1950, 
but only later (1972-1974) on european chestnut, as reported by muñoz, 
cobos (1991). in short period, the fungus spread through southern europe, 
causing significant epidemics on chestnut stands and playing an important 
role in their evolution and affecting management (turchetti, maresi, 2000; 
robin, heiniger, 2001). in serbia, the fungus was spread in many localities 
endangers sweet chestnut trees, and recently it has been found on sessile oak 
trees (Quercus petraea (matt.) lebl.) (Karadžić, milenković, 2012).

according to conspectus of Bulgarian vascular flora (assyov et al., 
2012), sweet chestnut stands in the country is spread in several floristic regions: 
the north slopes of Belasitsa mt., Western border mts. (ograzhden, Vlahina, 
maleshevska, osogovo), slavyanka, Pirin, mesta river Valley, Western 
rhodopes, Western Balkan range. the altitude of the species’ spread is 
between 0 to 1000 m a.s.l. and it is a mediterranean floristic element.

in the middle of the 20th century, Bulgarian national governments 
multiplied the number of quarantine inspection regulations on imported 
chestnut wood and non-wood products. although quarantine measures were 
enforced, the pathogen C. parasitica was introduced into Bulgaria. the fungus 
was most likely imported in 1980s by C. mollissima or C. crenata seeds 
introduced for seedling productions, although these host were considered as 
less susceptible to chestnut blight disease (anagnostakis, hillman, 1992). in 
1980s, it was ascertained that both blight disease caused by C. parasitica and 
ink-disease caused by Phytopthora spp. were the main factors for decline 
of the nature chestnut stands in Belasitsa mt. and in West Balkan range 
(iliev, mirchev 1992; Petkov, rossnev, 2001). the pathogen C. parasitica was 
observed for first time in the sweet chestnut stands on the northern slopes 
of Belasitsa and the eastern rhodopes mountains (Petkov, rossnev, 2000). 
in the subsequent years, the disease spread throughout the country (Petkov, 
rossnev, 2001; Bratanova-doncheva, mihaylov, 1995; georgieva et al., 2013).

in Bulgaria, decline of sweet chestnut stands was observed in 1930s 
in the second largest natural locality in the country - the Western Balkan 
range (Zashev, 1969). as no disease symptoms were found, the decline was 
considered as a result of lack of air or soil humidity. since then, a great 
number of investigations has been initiated in order to clarify the main 
factors that provoked sweet chestnut decline. 
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the aim of present study was to investigate the current health status of 
sweet chestnut stands in the region of the eastern rhodopes and Belasitsa 
mt., where the pathogen was detected for first time, and to assess the degree 
of disease severity and the variety of C. parasitica strains.

MATERIALS AND METHODS

in the vegetation period of 2018, 15 permanent sample plots (PsP) were 
set in the region of the eastern rhodopes - one in makaza (state Forestry 
(sF) Kirkovo), two in Bagriltsi and tokachka vills. (sF Krumovgrad), and 
twelve - in the north slopes of Belasitsa mt. (sF Petrich) and natural park 
‘Belasitsa’ (table 1). in each plot, 40 trees were numbered and all were 
inspected for the presence of the typical symptoms of chestnut blight disease 
or other damages caused by fungal pathogens, insect pests, game fauna, or 
anthropogenic injuring.

defoliation and damage symptoms of leaves and branches were assessed 
for each selected tree according to icP ‘Forests’ methodology (eichhorn et 
al., 2010) (table 2). defoliation of 11-25% was considered a warning stage, 
and a defoliation of more than 25% was taken as a threshold for damage. 
dead trees were indicated by defoliation values of 100%. in order to identify 
fungal pathogens, microscopic fungus were isolated from samples of bark, 
sprouts and leaves of chestnut trees. Five samples of bark with cankers 
(approximately 3×3 cm) were taken from five infected trees. each piece of 
bark was placed in a separate sterile polyethylene bag on which the number 
of sample plot, tree and sample number were recorded. the coordinate data 
of each tree were registered. 

all collected samples were stored at -20°c until the initiation of 
mycelium isolations according to methodology of cortesi et al. (1996). the 
identification of fungal pathogens was carried out on the basis of their 
morphological and cultural properties. an amount of 375 bark samples were 
transferred to the laboratory of Phytopathology at Forest research institute, 
sofia. the samples were surface sterilized with 70% ethanol for 10 s, washed 
by 0.5% sodium hypochlorite and afterwards - by sterile water. Wet chambers 
were prepared for all sterilised samples. in a week, one isolate per tree was 
randomly chosen and transferred to Potato-dextrose-agar nutrient medium. 
all isolated colonies of C. parasitica mycelium were stored at 22°c in a 
thermostat. mycelium colour of each isolate was registered in a period of 
7-10 days of incubation. isolates with white phenotype were presumed to be 
infected with hypovirulent stain collected from abnormal (healing) cankers, 
whereas isolates with yellow phenotype were presumed to be infected with 
virulent strain (able to kill branches and sprouts).  
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RESULTS

the results of survey carried out in three different regions revealed a 
high variability among the health condition of Castanea sativa trees and plots 
(Fig. 1). the plantation in PsP makaza (sF Kirkovo) was in relatively good 
health status with single dry branches in the lower part of crowns. Fifty-five 
percent of trees were assessed with no or slight defoliation (between 10 and 
25%), and 45% of them were moderately defoliated - with 30% defoliation 
(Fig. 1). no severe or completely dead trees were registered. after the 
laboratory investigations, a total of 36 mycelial cultures were appeared from 
fruiting structurers of the pathogen Cryphonectria parasitica. among them, 21 
were determined with yellow phenotype and 15 - with whitish colour. 

in the region of Bagriltsi and tokachka vills. (sF Krumovgrad) all trees 
were assessed with deteriorative health condition. in a 55-year old plantation 
in PsP Bagriltsi, 75% of trees were severely damaged, and 5% - completely 
died. decline caused by recent virulent infections was established on all 
sample trees, with a high level of defoliation, damages on leaves, branches 
and stems. the occurrence of chestnut blight disease was revealed by the 
presence of dry branches on the top of infected trees’ crowns and numerous 
old cankers on the stems (between 8 and 15). the presence of infection 

Table 1. studied sample plots of Castanea sativa mill. stands with Cryphonectria parasitica

State forestry Location Latitude 
(N)

Longitude 
(E)

Altitude 
(m) Age Origin

Kirkovo makaza 41.272813 25.408712 546 30 plantation

Krumovgrad Bagriltsi 41.458531 25.768885 505 55 plantation

Krumovgrad tokachka 41.369861 25.528169 547 60 plantation

Petrich Belasitsa point PP1 41.365502 23.196742 832 50 natural

Petrich Belasitsa point PP2 41.367282 23.199985 739 65 plantation

Petrich Belasitsa point PP3 41.221000 23.114300 643 60 plantation

Petrich Belasitsa point 3 41.356295 23.104209 664 75 natural

Petrich Belasitsa point 4 41.356752 23.059601 663 65 natural

Petrich Belasitsa point 8 41.359445 23.095323 650 70 natural

Petrich Belasitsa point 11 41.358411 23.052411 614 70 natural

Petrich Belasitsa point 12 41.360740 23.110676 505 65 natural

Petrich Belasitsa point 14 41.357716 23.019078 559 60 natural

Petrich Belasitsa point 15 41.359567 23.045905 589 70 natural

Petrich Belasitsa point 21 41.364357 23.083757 523 65 natural

Petrich Belasitsa point 23 41.364934 23.090233 481 60 natural
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symptoms such as reproductive orange fungal structures and mycelia fan 
of C. parasitica in the inner bark, were also ascertained. laboratory studies 
proved the presence of the pathogen. in humid chambers, masses of yellow-
orange to reddish-brown pustules developed on the infected bark and exuded 
long orange tendrils of spores. successfully 25 mycelia isolation appeared 
and all of them were in yellow to dark orange colour. 

in PsP tokachka, the health status of the chestnut plantation was 
established as worse with 15% of completely died trees and 72.5% - severely 
damaged with 80-90% defoliation (Fig. 1). signs of chestnut blight disease 
were detected on all surveyed trees and was the main mortality factor in 
studied plantation. dead branches without leaves indicated the presence of 
the blight on all sample trees. yellow or brown leaves of dead branches 
were standing out the trees and contrasting to the green foliage of the health 
trees. the pathogen C. parasitica was spread through the completely studied 
area. it was affected stems of trees, forming cankers on the bark and into 
the cambium tissue. cankers on smooth bark were easily recognized by 
their yellowish and brown surface colour, contrasted with the greyish colour 
of normal bark. Fourteen mycelia isolations were registered with yellow 
colour, and only five of them were with white nuance. 

in two sample plots set between 700-900 m of Belasitsa mt., the 
health status of trees was in relatively good condition, with defoliation 
between 10 and 30% (Fig. 1). slight signs of chestnut blight disease were 
noticed at this altitude but no mycelia culture were isolated yet. in the rest 
ten PsPs situated at lower altitude (400-600 m), chestnut stands were visibly 
deteriorated with severely damaged and completely died trees, independently 
of their origin. orange fruiting bodies of C. parasitica were found on all 
bark samples. 

there was a difference between the mean degrees of defoliation caused 
by C. parsitica in the three studied regions, according to their altitude (Fig. 
2). chestnut trees in two PsPs in Krumovgrad and five ones in Belasitsa 
mt. at 400-700 m (Petrich 1) showed the highest mean defoliation - 74 and 
70% respectively, whereas the plantation in sF Kirkovo and two PsPs in 

Table 2. defoliation classes according to unece and eu classification (eichhorn et al., 
2010)

Defoliation class Degree of defoliation Percentage of leaf loss

0 not defoliated 0–10%

1 slightly defoliated >10–25%

2 moderately defoliated >25–60%

3 severely defoliated >60–99%

4 dead tree 100%
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Belasitsa mt. at 700-900 m (Petrich 2) were in good vitality, with mean 
crown defoliation between 25 to 37%.

at lower altitude the outbreak of disease leaded to destruction of the 
stands and degradation for a longer period, the stands were assessed as 
degraded.

From all studied plots, C. parasitica was identified by the characteristics 
of its reproductive structures: yellow to dark-orange stroma with a diameter 
of 0.5-3-4 mm in diameter and 1.5-2.5 mm in height, coming out from 
beneath the bark only with its upper a convex part and a yellow orange 
mycelium formed under the bark. observed asexual structures (pycnidia) 
had diameter of 100-300 μm (single or multiple in one stroma) with red 
orange colour, formed as irregular loops, which, when moistened, extrude 
homogeneous yellowish fillets containing sticky conidia. after a 3-day stay 
in a wet chamber, white or yellow mycelia developed. in the pycnidia, 
elliptical, colourless, unsealed conidia with (3-5×1.5-2 μm) and elliptical 
septal ascospores (7-12×3.5-5.0 μm) were observed. 

in 85% of the isolations, mycelial development began on the 4th day 
after the inoculation. the remaining 15% of the mycelium appeared after 
a 7-day period. on the 20th day, 25% of the samples showed white colour, 
and the rest 75% were with orange mycelia developed from the fungus’ fruit 
bodies.

isolates of C. parasitica from the studied PsPs varied widely in cultural 
characteristics and pathogenic properties. the samples with white coloured 
showed the characteristics of hypovirulent strains - they grew more slowly than 
the orange ones (most likely virulent strains) at 22°c on Pda media in the 
laboratory. the white phenotypes (most possible hipovirulent) predominated 
in the isolates from bark samples in region of PsP makaza. however, 
determination based only upon the morphological observations (e.g. the 

Fig. 1. degree of defoliation on chestnut trees in the PsPs
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colour of the colony) is not still reliable as there are many exceptions. 
additional tests with the european strains are required as well.  

other pathogens, such as Armillaria mellea complex, Melanconis modonia 
tul. et tul., Phytophtora cambivora (Petri) Buisman, Cryptodiaporthe castanea 
(tul. et tul.) Wehm., Phomopsis castanea (sacc.), Cytospora indermedia tul. 
affected roots, branches and stems had additional negative impact on the 
health status of chestnut stands. 

DISCUSSION

new records for Cryphonectria parasitica spreading were established in 
chestnut plantations situated at altitude between 505 and 547 m in the region 
of makaza (sF Kirkovo) and tokachka and Bagriltsi (sF Krumovgrad). the 
pathogen was recorded in the regions of the eastern rhodopes in 1990s 
(Petkov, rossnev, 2000). since then, the first significant outbreak of chestnut 
blight disease in these regions was recorded in current study. Plantations’ 
decline occurred as a result of the combined effects of different factors. 
the main cause for the deterioration of chestnut stands in Bulgaria is the 
infection caused by the alien invasive species C. parasitica.  the virulent 
strains of pathogen have widely distributed in the county, infected both 
plantations and natural stands, and resulted in destructive consequences 
from the initial infections. the local climate characteristics also influenced 
the state of chestnut trees – prolonged droughts decrease the vitality of trees 
and they became more sensitive to the pathogen impact. the probability of 
infection occurrence increased with the presence of mechanical damages 
caused by birds, game or anthropogenic activities (georgieva, 2013).

robin, heiniger (2001) described the history of the distribution and 
research of chestnut blight disease in europe. nowadays, the infection by the 

Fig. 2. distribution of mean defoliation degree in the studied regions 
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pathogen C. parasitica has been found in many european countries where 
chestnut forests occur, except for the northern part in France and the united 
Kingdom. the importance of the disease provoked the initiation of many 
scientific studies done on the alien species that has been introduced in many 
countries in europe and expanding its range with deleterious consequences 
for native sweet chestnut stands – greece (Xenopoulus, 1982; Perlerou, 
diamandis, 2009), italy (turchetti, maresi, 2000) macedonia (sotirovski et 
al., 2004), romania (chira et al., 2017), slovakia (Juhasova et al., 2004) etc.

the diversity of the most distributed virulent strains of C. parasitica 
were studied in the european country: eu-1 (Bosnia and herzegovina, 
France, italy, turkey), eu-2 (austria, France, germany, italy, spain, 
switzerland), eu-5 (italy, switzerland), eu-6 (hungary), eu-12 (Fyr of 
macedonia, Bosnia and herzegovina, greece, hungary, slovak republic), 
eu-33 (France), etc. (robin, heiniger. 2001.). 

in Bulgaria, a study was carried out in 2005 and 2007 to determine 
the diversity of C. parasitica strains and it was established that strains eu-
2, 5, 10 and 12 were distributed in the West Balkan range and Belasitsa 
mt. (risteski et al., 2013). according to results of current study, the highest 
number of isolates with white phenotypes predominated in the PsP makaza 
where the health status of plantation was assessed as good, with no visible 
chestnut blight symptoms. it is most probably that isolates from this PsP 
belong to the hypovirulent strains of the pathogen and they could be used 
successfully as biological control measures against the virulent ones in future. 
the cultivated isolates from the studied regions will be used to assessed the 
vegetative compatibility of studied samples with the established before in 
the country neighbouring Bulgaria: eu-2, 5, 10, 12 and 22, to determine the 
population diversity of the highly pathogenic C. parasitica strains spreading 
in the region of Belasitsa mt. and the eastern rhodopes. 

the introduction of C. parasitica and spread of its virulent strains have 
deteriorative effects on native chestnut host populations. the pathogen is 
recognised as invasive species because it has been wide spread in country 
and is a major threat to the biodiversity. current knowledge of the incidence 
and severity of the disease in different regions of the country is important for 
implementation of timely and effective management control strategies applying 
both biological and silviculture methods. the intended outcome of such control 
programs is the recovery of valuable native chestnut ecosystems in Bulgaria. 
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раЗПрОСТранение и ВъЗДеЙСТВие на ПаТОГена  
CRYPHONECTRIA PARASITICA В ГОри ОТ КеСТен  

(CASTANEA SATIVA) В БъЛГария

Ев. Филипова, М. Георгиева
Институт за гората – софия 
Българска академия на науките

(реЗЮМе)

Инвазивният патоген (Cryphonectria parasitica) причинява едно от 
най-деградивните заболявания по обикновения кестен (Castanea sativa) 
в страните от европа и северна америка. В България заболяването 
се наблюдава за първи път в края на 80-те години на миналия 
век в чисти и смесени кестенови насаждения в Беласица, западна 
стара планина и Източните родопи. През последните десетилетия 
заболяването се разпространява в значителна степен, оказвайки 
отрицателно въздействие върху жизнеността на популациите от C. 
sativa на територията на цялата страна. През 2018 г. са заложени 
15 постоянни пробни площи в естествени насаждения по северните 
склонове на Беласица и в горски култури, на възраст от 30-60 г., на 
територията на дгс кирково и крумовград, Източни родопи. нови 
находища на заболяването са констатирани в района на местността 
маказа (дгс кирково) и в близост до с. Багрилци и с. токачка (дгс 
крумовград). на 40 дървета в пробните площи е извършена оценка 
на здравословното състояние според степента на обезлистване на 
короните и повредите, причинени от гъбни патогени и насекомни 
вредители. В пробните площи в дгс крумовград и Беласица, попадащи 
в пояса от 400-600 m надм. в., дървета показват най-висока степен 
на повреда (над 70% обезлистване на короните), докато дърветата 
в маказа и Беласица на по-висока надморска височина (700-900 
m) показват слаба до средна степен на инфекция, с обезлистване 
на короните съответно 25% и 37%. При лабораторни условия са 
извършени изолации за оценка на щамовото разнообразие на патогена 
Cryphonectria parasitica. Получените данни за степента на развитие 
на заболяването могат да бъдат приложени за разработване на 
своевременни и ефективни стратегии за контрол на заболяването в 
страната.

Ключови думи: Cryphonectria parasitica, Castanea sativa, разпространение, пато-
генност, България


