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Abstract

The study was carried out in a cork oak plantation situated in the Southwestern part of the country 
(Petrich region) with a goal of assessing the local adaptation of the species as related to the dynamics of 
the radial increment indices. A multiple linear regression analysis showed that temperature-precipitation 
regime was the main growth-limiting factor (coefficient of determination, R2 = 69%). The analysis was done 
using Walter’s climate diagrams. A risk assessment for cork oak decline as result from the ongoing climatic 
changes was carried out according to Manion’s scheme following the concept that trees’ diseases result from 
multiple interacting factors to be grouped into three categories: predisposing, inciting and contributing. 
Both precipitation and temperatures were thoroughly analyzed as the most important predisposing factors. 
Among the other stress factors, the impact of the cork harvest during prolonged droughts and Phytophtora 
ssp. pathogens seem to be important. The results from the dendrochronological analysis showed that for the 
past growth period the cork oak was successfully adapted in Southwestern of Bulgaria.
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INTRODUCTION

The introduction of cork oak (Quercus suber L.) in Bulgaria started with 
establishment of experimental plantations in the Southwestern part of the country 
(Petrich region) in the middle of 1950s (Petrov, 1994). The activity was further extended 
on both the Eastern Rhodopes Mountain river valleys and along Southern Black Sea 
costal area. Nowadays, while the general assessment of results from the introduction of 
this nonnative species is positive, some of the plantations are lost, but many of them 
demonstrate good health and productive abilities.

The deterioration of forests’ health and high level of tree mortality in many 
regions over the past decades raised the necessity of applying new approaches in studying 
the etiology of the diseases. This led to development of new concepts in consideration 
of their health and the complex of the responsible factors. The tree dieback is now 
mostly considered as a polyetiological process, i.e. caused by successive or simultaneous 
influence of several factors. A significant contribution in this direction was made by 
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Sinclair (1965), who differentiates the factors into three hierarchically ordered groups – 
predisposing, inciting and contributing. Manion (1981) further developed the idea and 
formulated a new type of forest disease – ‘forest decline’, which was described as a complex 
disorder, resulting from simultaneous or successive action of the factors belonging to the 
categories mentioned above. This conceptual novelty made easier the determination and 
understanding the role of factors in disease etiology. The advantages of the concept of 
forest decline made possible its wider application in studies of pathological dieback in a 
number of tree species (Mirtchev, 1991; Innes, 1993; Bigler et al., 2006).

The same concept was followed also in studying the decline of cork oak trees in 
the Mediterranean basin (Camilo-Alves et al., 2013). They adapted Manion’s disease 
spiral for cork oak decline by specifying as predisposing factors Phytophthora cinnamomi 
and soil characteristics, both affecting root expansion and water retention, inadequate 
cultural practices and drought as inciting factors and opportunistic pathogens as 
contributing stressors. Unfavourable growth conditions, which are mainly linked with 
abiotic (climatic anomalies) and biotic (pathogens and insects) stressors are considered 
to be basic reasons for the emerging of oak decline (incl. native cork oak) in the Iberian 
Peninsula (Brasier et al., 1993; Tuset et al., 2002). The majority of authors showed up 
the temperature-precipitation regime as a key factor for originating of the oak decline.

The most likely way of precisely investigating the influence of the variety of 
environmental factors on trees’ health status is by considering the dimension of time. 
The past environmental situation could be shown in true light only by the tree rings 
(Schweinguber, 1996), which makes dendrochronological methods the most suitable 
ones for studying the impact of the factors affecting tree health.

The study was aimed at assessing the local adaptation of a cork oak plantation 
situated in the Southwestern part of Bulgaria, as related to the dynamics of the radial 
increment indices. For this purpose, several research tasks had to be settled:

i) to analyze the dynamics of the radial increment of the studied trees in the past; 
ii) to assess the effect of temperature and precipitation regime on the health status of the 
stand; iii) to compare the dynamics of the radial increment of the cork oak trees with 
that of Quercus frainetto Ten., a native oak species naturally found in the studied area.

MATERIAL AND METHODS

The cork oak (Quercus suber L.) plantation in ‘Dervishitsa’ locality (41°25’39.36” 
N, 23°9’15.12” E, altitude 200 m) has been established in 1954 and further  extended 
during the next three years (Fig. 1, 2). Cork oak acorns from plantations situated in the 
Caucasian Black Sea coast on the territory of Georgia have been used as plant reproductive 
materials. The origin of the latter comes from seed production cork oak stands situated 
in the Crimean Peninsula.

The natural Hungarian oak (Q. frainetto) stand is located in ‘Sokolata’ reserve, 
which purpose is to preserve a century-old ecosystem from this tree species. It is positioned 
in Maleshevska Mountain, with an area of 211 ha. In geographical aspect the reserve is 
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located over mid elevated mountains, situated west of Struma river along the border 
with FYR of Macedonia. The locality lies in the Continental-Mediterranean transition 
mountainous area – from north towards south the climate changes from Transition 
Continental to Continental Mediterranean (Asenova, 2007).

The core samples for dendrochronological analysis were taken from 12 Q. suber 
trees in the cork oak plantation and 15 Q. frainetto trees in ‘Sokolata’ reserve. The 
sampling was done by increment borer at 1.0–1.3 m height above tree base. One core 
was taken from each tree.

Dendrochronological methods, as described by Fritts (1976), Cook, Kairiukstis 
(1990) and Mirtchev et al. (2000), were used for sampling the trees and processing 
the ring-width series. The samples were polished with sandpaper, scanned (A3, 1800 
dpi scanner) and tree-ring widths were measured by the use of CooRecorder computer 
program in the University of Forestry, Sofia. Both visual and statistical (COFECHA 
computer program; Holmes, 1986) techniques were applied for cross-dating of the tree-
ring series. The standardization of the obtained ring-width chronologies was performed by 
ARSTAN (Cook, Holmes, 1986) and DendroStat (Zafirov, 2006) application software. 
Modified exponential, Weibull and Hugershoff functions were used for detrending the 
individual increment series. The mean index chronologies for both stands were computed 
as arithmetic means of the individual standardized series from cork and Hungarian oak, 
respectively. To minimize effects of autocorrelation in the time series, we used the ARS mean 

Fig. 1. Location of the studied cork oak plantation
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index chronologies, generated 
by the program ARSTAN. They 
are created by an autoregressive 
modeling of the individual index 
series, after which the pooled, 
stand-level autocorrelation, 
assumed to be climatic in origin, 
is placed back into the resulting 
chronologies. The two mean 
chronologies were smoothed by 
11-year moving averages.

The mean index 
chronologies for the radial 
increment range around a mean 
value of 1, with higher indices  (It > 
1) being indicative for good health 
condition of the trees, and with 
lower index values (It < 1) – for 
impact of stress factors resulting 
in poor health condition of the 
trees (Innes, 1993; Mirtchev et 
al., 2000). The prolonged periods 
of their retention below the mean 
value are defined as stress periods.

For assessment of the climate 
impact on oak growth in the study area data were provided for Sandanski meteorological 
station, which is the nearest available for both stands (Fig. 3; 191 m a.s.l., mean annual 
temperature 19.9°C, mean annual rainfall 497 mm). The period of time  from 1965 to 
2009 was used since this is the common time span of the two mean index chronologies 
for the radial increment of the trees. The indices for the mean annual temperatures and 
precipitation were computed as ratios of their annual values to the mean temperature and 
precipitation sum for the whole analyzed period, respectively. A multiple linear regression 
analysis was performed for further assessment of the climate influence on the cork oak 
growth. The following variables were used as predictors in the model: mean monthly 
temperatures and monthly precipitation over a period of twelve months – from October of 
the previous year to September of the current year. 

RESULTS AND DISCUSSION

The mean increment of cork oak in the studied plantation is 3.26 mm/year, which 
is similar to the increment of the same species, reported from Spain and Portugal (Caritat 
et al., 1996). The mean increment of Hungarian oak is 1.35 mm/year. No missing tree 

 
 

Fig. 2. A sampled cork oak tree. 
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rings were found during the cross-dating of the core samples, which showed that the 
environmental conditions in the studied sites had not been unfavourable enough to cease 
the radial growth of the both oak trees species. The first order autocorrelations of the raw 
data are 0.58 and 0.78, respectively. The time span of ARSTAN mean index chronology 
for the cork oak covers the period from 1966 to 2014 and its mean sensitivity is 0.296. 
The time span of Hungarian oak mean chronology covers similar period – from 1950 to 
2014. As compared to the cork oak mean chronology, its mean sensitivity is significantly 

 

 

Fig. 3. Climate diagram for Southwestern Bulgaria 
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Fig. 4. Dynamics of: a) cork oak and b) Hungarian oak chronologies 
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(p<0.05) lower – 0.119. The calculated chronology signal (Expressed Population Signal) 
for the two stands has values above 0.85 (0.95 for cork oak and 0.85 for Hungarian 
oak) showing that the number of sampled trees was sufficient for creating the mean 
chronologies.

The parallel graphical analysis of the smoothed mean index chronologies for the 
two oak species showed some similarities (Fig. 4). The dynamics of the two chronologies 
are shown for their common period after 1965.

The cork oak chronology had started with a stress period lasting from 1966 to 
1972 (Fig. 4 a). It can be caused by unfavourable growing conditions, but also it might 
be a result of detrending, being at the beginning of the chronology. After a period of 
a normal growth the species had faced a second stress period in 1987, with the radial 
increment being below the average until 2001. During the next years the indices for the 
radial increment of cork oak had been more often above the average value, which showed 
that in the beginning of the current century the species was in a good health condition.

During the first two decades of the common period for both chronologies the 
increment index of Hungarian oak had been above the average value (Ir > 1, Fig. 4 b). 
This species suffered from only one stress period coinciding with the longer one for the 
cork oak, namely from 1987 to 2001. During the next years its radial increment index 
was also stabilized above the average. The lowest index values in both tree species were 
noticed for the years 1993 and 1994.

The graphical analysis of the temperature-precipitation regime (Fig. 5) showed 
that there had been two periods with low precipitation in the studied area within the 
period analyzed – after mid ’60s to mid ’70s of the last century and after the beginning 
of the ’80s to mid ’90s. During the second drought period the precipitation had been 
significantly lower as compared to the first one. It can also be noted that during the first 
drought period the temperature had been near the average values, while in most of the 
years during the second such period it had been more frequently above the average values. 
The revealed stress periods for the cork oak plantation corresponded almost exactly to 
these droughts, while the natural oak stand had passed through stress period only during 
the significantly drier years after the mid ’80s.

The multiple linear regression analysis, where monthly precipitations and mean 
monthly temperatures were included as predictors together, confirmed that there was a 
strong climatic signal in the chronology for the cork oak plantation. The coefficient of 
determination (R2) is 69% and the level of significance (p) is below 0.05.

In order to determine which climatic factor has greater effect on the radial 
increment of the cork oak, multiple regression analyses were performed separately with 
the mean monthly temperatures and the monthly precipitations (Fig. 6). The index 
chronology for the radial increment of cork oak showed greater dependence on the 
monthly precipitation compared to the mean monthly temperatures. The coefficient 
of determination for precipitation influence is 47% (p < 0.05), while for temperature 
influence is 24% (p > 0.05). The increased above the average precipitation has positive 
effect on the growth of cork oak during all of the twelve studied months. Statistically 
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significant (p < 0.05) were the regression coefficients for the following months: October 
from the previous year, February, May, June, July and August from the current year. There 
are no statistically significant regression coefficients for the mean monthly temperatures 
influence on the cork oak growth.

The cork harvest usually does not cause severe damages to the oak trees, but it 
could be a dangerous activity when it is done during periods of prolonged droughts. As 
shown on Fig. 4, 1993 is the year with the minimal index for the radial increment for cork 
oak, but it had already decreased to close to that value during the previous year. Walter’s 
diagrams for 1992 and 1993 (Fig. 7, 8) indicate extremely severe and long drought 
periods (7-8 months) as compared with the typically experienced in the region 3-month 
drought period (Fig. 3). Based on the results obtained, it is highly recommended to be 
performed a preliminary analysis of the temperature-precipitation Based on the results 

Fig. 5. Dynamics of temperature-precipitation regime in the study area

Fig. 6. Combined influence of temperature-precipitation regime on cork oak trees
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obtained, a preliminary analysis of the temperature-precipitation conditions for both 
the previous and current years before planning a cork harvest is highly recommended to 
be done, in order to to avoid combination of two stressors (drought and cork harvest), 
which might provoke irreversible cork oak decline.

The climatic changes trigger development of a number of important diseases of 
the cork oak. As already stated, the Phythophtora spp. are among the most dangerous 
pathogens, with Ph. cinnamomi being the most devastating one. This pathogen is 
invasive for Europe and supposed to originate from Papua New Guinea islands (Brasier, 
1996). Zentmyer (1988) suggests that the species is indigenous in Southeast Asia and in 
Southern Africa, and had spread across the Pacific to Latin America in XVIII century. 
According to CAB and EPPO the pathogen is isolated from trees in most of the European 
countries, including three of our neighboring countries (Serbia, Greece, Turkey). Ph. 
cinnamomi development is linked with water availability in the soil and it is found that 
the spread of the pathogen is connected with preceding long lasting periods of drought 
(Jung et al., 2000). The action of another stressors like insects and other pathogens 

Fig. 8. Climate diagram for Southwestern Bulgaria (1993)

Fig. 7. Climate diagram for Southwestern Bulgaria (1992)

Climate Diagram for South-Western Bulgaria (1992)
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could be combined with the drought thus assisting the acceleration of Ph. cinnamomi 
development. The soil conditions are also important factor affecting it, with the deficit of 
mineral substances (mainly phosphorous) being a favourable prerequisite towards arising 
of the pathogenicity process.

CONCLUSIONS

The studied cork oaks have passed through two stress periods during the second 
half of XX century, while the naturally grown Hungarian oak trees experienced only 
one stress period during these years. Summer drought is the most important factor, 
influencing the health condition of the cork oak trees.

The results from dendrochronological analysis showed that for the past growth 
period cork oak was successfully adapted in the Southwestern part of Bulgaria. The 
analytic data showed that regional climatic conditions (more specifically the precipitation 
regime) had decisive importance for adaptation process success and provoked appearance 
of chronical stress periods.

The cork harvest increases vulnerability of the trees to unfavourable climatic 
conditions. The period of time between the cork harvests (harvest rotation) is an important 
factor for the health of the cork oak trees. We consider the harvest rotation could be 
more precisely defined by use of mathematical models. For that purpose the multiple 
statistical model, like the one used in the current dendrochronological analysis, could 
be the best choice. The analysis in question is quite complicated due to the big number 
of predictors and an useful approach for simplifying the multiple regression model is to 
perform a stepwise regression. In the stepwise regression, variables are added or removed 
from a regression model one at time, with the goal of obtaining a model that contains 
only significant predictors, but does not exclude any useful variables. The model should 
be applied for the whole period and then to be used for the rotation period (ca. 10 years). 
When the value of the index for radial increment during the rotation period defined by 
step-regression analysis is less than 0.7 (Ir < 0.7), cork harvest should not be planned during 
that year. The process of cork stripping is also important for the health condition of the 
trees. It should  be done by experienced workers in order to minimize damages to the trees.

According to the recently performed survey about the occurrence of Phythophtora 
pathogens in Bulgaria, there are no data for Ph. cinnamomi availability in the country 
(Lyubenova at al., 2015). Nevertheless, there is a need for continuous internal quarantine 
control and system monitoring on the health of cork oak plantations. One of the major 
future tasks would be to determine the pathogens involved in the cork oak decline in 
Bulgaria and how the climate changes can contribute to the process.
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