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Abstract

The Kampinos National Park (KNP), in terms of ecology, is an exceptionally valuable place in the Polish lowland 
region. Until the 20th century, as a result of limited human influence on the natural resources of the Kampinos Forest, 
it can be presumed that the 100-year-old tree stands were shaped by natural ecological processes. This study contains 
a detailed assessment of crown conditions, dendrometric measurements and visible disease symptoms in the oldest 
fragments of the KNP, as well as statistical evaluation of the relationships between these factors. Results were cor-
related with ecological factors such as precipitation and temperature.

For the purpose of the study, five tree stands, each over 130 years old, were selected. In each stand, the level of 
defoliation was assessed, based on the forest monitoring methodology performed in Poland for the State Environ-
mental Monitoring. Tree height, circumference, and diameter at breast height measurements were performed for all 
the trees, and any visible disease symptoms were described.

Defoliation data were used to classify 93.6% of the trees as the second level of stand damage (the so-called 
‘warning’ level) according to the monitoring methodology. Observed disease factors confirm the physiological weak-
ening of the trees. The populations studied exhibited a range of mean height and stem volume, and these were not 
significantly related to the level of defoliation or visible disease symptoms. Ecological factors, especially the drought 
in 2015, probably did not have a negative impact on the examined stands.

The analysed pine populations demonstrate physiological weakness, but this appears to be related to their age 
and natural ecological processes.
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Introduction

The Kampinos National Park (KNP), established on 16 
January 1959, is a unique and valuable place in the Pol-
ish lowland region. Its dune belts and marshy lands, re-
sulting from the presence of a complex of inland dunes, 
contribute to the preservation of the mosaic environ-
ment (Zgorzelski and Pawłowska 2003). The area con-
tains rare plants (Głowacki and Ferchmin 2003), fungi 
(Karasiński et al. 2015; Gierczyk et al. 2017), birds 
(Pepłowska-Marczak 2018) and invertebrates (Marczak 
2010; Marczak and Masiarz 2013). Due to the topogra-
phy and location of this area, numerous species use it 
as a refuge. The structure of old-forest trees on inland 
dunes found in the park is virtually unheard of else-
where in Europe.

Until the 18th century, stand structure in the Kam-
pinos Forest had not been significantly influenced by 
humans. Historically, the easily accessible areas were 
used, such as those in the southern part (Heymanowski 
1969a). The remaining stands were left to nature due 
to low accessibility. However, since the 18th century, 
the development of mid-forest settlements occurred, 
providing evidence of the early use of the Kampinos 
Forest (Heymanowski 1969b). Unfortunately, as a re-
sult of World War I and II and later afforestation works 
(Zielony 2004), humans had a significant influence on 
the species composition and age structure of the Kam-
pinos forests. Today, in the KNP, the dominant tree 
species are Scots pine (69%) and black alder (12.5%) 
(Szczygielski 2002). It was not until the establishment 
of reserves (the oldest, Zamczysko, in 1924) and the 
subsequent creation of the national park that human 
influence within the Kampinos Forest was reduced. 
It should, however, be assumed that the total area oc-
cupied by the old-growth native pine trees (over the 
age of 100 years) in KNP is about 6,000 ha (Tyburski 
2015).

This study attempted to increase the knowledge 
about a  set of focal tree stands in KNP due to the 
uniqueness and potential nativeness of the tree stands. 
This work was carried out as a part of the project ‘Ge-
netic Characterization of Scots Pine Stands (Pinus syl-
vestris) in the Kampinos National Park - Stage I’, which 
includes an assessment of the loss of assimilation appa-
ratus and its causes, as well as the height and diameter 
at breast height (dbh) of the examined trees.

Crown health assessment is used in monitoring the 
programs implemented in Poland and around the world 
(Dmyterko 1992; Jaszczak 1995; Lech 1995a). These as-
sessments use the defoliation criterion as one of the ele-
ments of the assessment of forest health (Lech 1995b). 
In Poland, the data on defoliation are used, among oth-
ers, in the assessment of forests’ damage (Wawrzoniak 
2015). The loss of the assimilation apparatus is one of 
the outcomes of the complex impact of drought (Lehner 
et al. 2006), which can activate parasitic fungi in the 
tree crowns, causing their browning and dying. The tree 
manifests this through the increased loss of the assimi-
lation apparatus. In Poland, complex impacts of drought 
were reported in 2015 (Orphan and Novik unpublished 
data); the Climatic Water Balance (July–September) 
recorded by the Institute of Meteorology and Water 
Management for the KNP area showed a difference be-
tween water gains and losses in the evaporation process 
of minus 190–199 mm. The water deficit in the KNP 
in 2015 was confirmed by the detailed measurement 
data (Fig.  9). The weakening of the tree stands does 
not end with the disappearance of the complex impacts 
of drought, but instead a  secondary weakening of the 
health condition of the trees is to be expected (Lehner 
et al. 2006).

The main measurement and observation objectives 
for this study were:
–– an assessment of the status of crowns for the exam-

ined trees
–– measurement of height and diameter of the exam-

ined trees
–– a description of any visible disease symptoms of the 

examined trees
–– a list of detailed meteorological data including pre-

cipitation and temperature at KNP

The following research hypotheses guided this 
work:
–– Populations with higher defoliation are character-

ized by lower height and smaller diameter at breast 
height.

–– A higher degree of defoliation is associated with ob-
served disease symptoms.
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Study area

The research was carried out in five sites (Fig. 1) con-
taining the old-growth Scots pine (over 130 years old) 
(Tab. 1). All the sites are located in areas protected by law.

The research sites were selected in a way that takes 
into account the diversity of the oldest stands and the 
entire area of the Park (Fig. 1). The age of the stand is 
calculated from estimates provided by the Forest Eco-
systems Protection Service KNP as of 2001 (Tab. 1).

Czerwińskie Góry

meteo. point
Granica

Granica

meteo. point
Izabelin

Wilków

Wiersze

Sieraków

Figure 1. Map of the distribution of research areas and 
meteorological measurement stations in the Kampinos 
National Park

Material and methods

Fifty trees were selected in each studied tree stand, and 
a map was created using a handheld GPS unit with GIS 
software, which indicated the approximate location of 
the selected trees (Fig. 2–6). The distance between the 
trees was equal to at least one height of the stand. Each 
tree was marked on the landscape.

In the study sites, a health assessment of the crowns 
of all trees was performed. The assessment was carried 
out by adapting the forest monitoring methodology that 
is performed as part of the State Environmental Moni-

toring. The methodology is presented in detail in the 
work of Tyburski and Przybylski (2016).

Dendrometric measurements (height, DBH) were 
carried out. Height measurement was performed using 
a Vertex diameter ultrasonic height meter (with an ac-
curacy of 0.5 m). Estimates of the DBH were made with 
the means of DBH of 1.30 m (to an accuracy of 1 mm).

Table 1. Approximate age, type of forest habitat, and mean height and diameter at breast height of the examined stands

Stand Abbre-
viation Age Type of forest habitat Mean height Mean diameter  

at breast height
Czerwińskie Góry Cg 199–204 Mesic mixed coniferous 28.8 58.9
Granica Gr 146–159 Mesic mixed coniferous /Fresh mixed forest 30.6 64.3
Sieraków Si 189–199 Mesic coniferous/ Fresh mixed forest 22.8 54.9
Wiersze Wr 144–164 Mesic coniferous 27.3 48.4
Wilków Wi 181–201 Mesic coniferous 28.5 61.5

Figure 2. Distribution of trees in the Sieraków site

Figure 3. Distribution of trees in the Wiersze site
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Visual assessment of disease symptoms was made 
for all the examined trees and divided into three types: 
mistletoe, bracket fungus, and resin spills. The number 
of infected trees in each category was assessed for each 
study site.

Meteorological data from 2008–2017 were averaged 
from the measurement stations located in the KNP (Fig. 1), 
which provided total rainfall and average temperature.

Results were analysed statistically in accordance 
with the methodology described in detail by Tyburski 
and Przybylski (2016). Results were visualized in two-
dimensional graphs, where vertical bars indicate confi-
dence intervals of 0.95. Significant differences were as-
sumed for those bars for which the confidence interval 
did not have convergent points.

Results

Aggregate health data for tree crowns on all the study 
sites is shown in Table 2. The data show that of the 250 
examined trees, 234 (93.6%) were classified as the sec-
ond class of crown damage, that is, the warning class 
(Jaszczak 1999). Eleven trees (4.4%) were classified as 
the first class. However, five trees (2%) were classified 
as the third class. It is worth noting that in the (Gr) site, 
no tree was assigned to the first class of crown damage, 
while in the Czerwińskie Mountains (Cg) and Wiersze 
(Wr). Gr. sites, trees were classified as the third class.

Thinning type (centrifugal vs. thinning) was also 
described for each tree. A  total of 149 trees (59.6%) 
demonstrated thinning-type thinning, with the largest 
number of trees with this type of thinning (44 individu-
als) described in the Gr site. Centrifugal-type thinning 
was described only for 2 individuals (0.8%), located in 
the Sieraków (Si) site.

Most trees – 141 (56.4%) – had two suits of annual 
needles, whereas for 23 trees (9.2%), three suits of an-
nual needle studs were found; the largest concentration 
of these trees occurred in the Wi site (9 individuals). For 

Figure 4. Distribution of trees in the Granica site

Figure 5. Distribution of trees in the Wilków site

Figure 6. Distribution of trees in the Czerwińskie Góry site
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86 individuals, one suit of annual needles was recorded. 
The largest number of individuals with one suit of nee-
dles was recorded on the Gr site (29 individuals).

Table 2. Thinning of crowns divided into defoliation classes, 
and the number of observed annual needles with occurrence 
of dead branches in crowns for the examined trees
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Occurrence of dead branches up to 10% was re-
corded for 196 trees (78.4%), and the occurrence of 
dead branches in the range of 11–50% was recorded for 
54 trees (21.6%), with the highest density of such trees 
occurring in the Wi site (18 trees). No tree lacked dead 
branches.

Measured dendrometric data are presented in Ta-
ble 1; they indicate that the average height of the exam-
ined trees was 27.6 m, and the sites were characterized 
by a significant difference in mean heights (Fig. 7). The 

highest trees were found in the Gr stand, with a mean 
of 30.6 m., and the lowest in the Si site, with a mean of 
22.8 m. The average DBH of trees in all the sites was 57.6 
cm. The largest diameters at breast height were recorded 
in the Gr site, with a mean of 64.3 cm, and the smallest 
in the Wi site, with a mean of 48.4 cm. The differences in 
diameters were statistically significant (Fig. 8).
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Figure 7. Comparison of average pine heights for the five 
research sites. Vertical bars represent confidence intervals 
of 0.95
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A  detailed assessment of any external disease 
symptoms of the examined trees was carried out in the 
study sites, and the results are given in Table 3. The 
most common stress factor detected for the trees was 
the bracket fungus, observed on 37.2% of analysed 
individuals. The most intensely infested population 
was in Cg site, where nearly 60% of the trees were 
damaged. The smallest number of pines (20%) with 
annosum root rot basidiomata was observed in the Si 
site (Tab. 3).

Like bracket fungi, mistletoe was observed on the 
areas in the Cg population, which also coincides with 
the location of the observed resin spills. Sometimes all 
three forms of disease symptoms occurred on one tree, 
and the most frequent cases of this were observed in the 
Cg population.

Mean precipitation and temperatures are visual-
ized in Figure  9. There was a  significant decrease in 
average precipitation (400 mm) in 2015, compared to 
the previous years (2014; 615 mm.). Additionally, in 
2015, the highest average temperature (10oC) was re-
corded for the 10-year period of measurement. The 
years 2016–2017 were characterized by an increase in 

the average amount of rainfall and a lower average tem-
perature than 2015. It should also be noted that 2017 was 
characterized by a  significant amount of precipitation 
(<800 mm), similar to 2010.
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Figure 10. Correlation between the height (m) of the 
examined trees and the level of their defoliation (%) across 
all five research sites
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Figure 11. Correlation between the circumference (cm) of 
the examined trees and the level of their defoliation (%) 
across all five research sites

Table 3. Observed disease symptoms and their occurrence by number and percentage of trees in the examined stands

Type  
of damage

Number and percentage of trees with observed disease features in the study sites

Cg Wi Gr Wr Si ∑

Mistletoe 23 (46%) 22 (44%) 14 (28%) 9 (18%) 15 (30%) 83 (33.2%)

Bracket fungus 29 (58%) 23 (46%) 13 (26%) 18 (36%) 10 (20%) 93 (37.2%)

Resin spills 13 (26%) 4 (8%) 2 (4%) 3 (6%) 6 (12%) 28 (11.2%)
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Figure 9. Average total precipitation and temperature from 
measurement stations located in Izabelin and Granica, from 
2008–2017 (KNP data)
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The correlations (r) between the height and di-
ameter of the analysed trees and the level of their de-
foliation are presented in Fig.  10–11. There were no 
statistical relationships between the analysed param-
eters. The correlation coefficient for the relationship 
between height and defoliation was r = 0.05, while the 
correlation coefficient for the relationship between di-
ameter and defoliation was r = 0.03. In addition, no 
relationship was found between the observed disease 
symptoms and the level of defoliation of the examined 
trees’ crowns.

Discussion and conclusions

A detailed analysis of the health assessment found that 
the majority of trees (93.6%) were in the second class 
of defoliation (26–60%). According to the methodol-
ogy, this is a warning state in which there is a  clear 
inhibition of height increase, withering of the shoots in 
the apical part of the crown, low vitality of the trees, 
and dying of shoots in the central part of the crown 
(Jaszczak 1999). However, it should be borne in mind 
that the applied methodology was mainly developed 
for commercial stands which only sporadically oc-
cur in the old-forest phase. In addition, it is believed 
that the pine is a species in which practically no indi-
viduals are recorded with defoliation below 10%. This 
is confirmed by the research done by Borecki et al. 
(1991).

In this study, there was a significant difference in 
defoliation between the Gr site and other research sites. 
The trees in the Gr site, compared to the remaining re-
search sites, grow in the most fertile habitat (Szczygiel-
ski 2002). The largest DBH and tree height were also 
recorded in this sites. This suggests that with increas-
ing habitat fertility, the analysed dendrometric values ​​
for Scots pine are higher. This relationship between the 
dendrometric parameters and habitat quality was dem-
onstrated by Przybylski (1993), who stated that on rich 
soils, the Scots pine reaches the peak of productivity 
and the optimum of vitality earlier, and on poor habitats 
these peaks are delayed by several dozen years (Przyb-
ylski 1993). The results obtained in the KNP confirm 
these relationships (Fig. 12).

Regarding the thinning of the crown, 59.6% of 
trees were found to be affected, and 27.2% of trees 

were found to have grassroots thinning. In the case of 
pine, the typical type of thinning is grassroots thinning, 
which results from the slow loss of the assimilation ap-
paratus associated with shading the lower branches of 
a  tree. Old-growth trees naturally lose their ability to 
grow, and as a  result of the death of individual trees, 
the density of trees gradually diminishes, because 
the lateral growth of crowns at this age is minimal 
(Szymański 2001).

Due to the natural weakness of trees resulting from 
old age, the most numerous annual needle class for the 
studied trees was a two-year suit of annual needles, at 
56.4%. For 34.4% of the trees, one year of annual nee-
dles was found, a  signal of the commencement of the 
dying processes, which lasts for different amounts of 
time depending on the individual. Pine needles of nor-
mal lengths were observed for 99.2% of the trees. Based 
on this, it appeared that there was no disorder in the 
supply of nutrients. In the case of excess or deficien-
cy, unusual needle growth may occur (hypertrophy or 
shortening). The occurrence of dead branches in 78.4% 
of the trees did not exceed 10%. Scots pine is character-
ized by the dying of branches in the lower parts of the 
tree, which results from the known process of ‘cleaning’ 
the spire-shaped tree trunk, by eliminating the most 
shaded branches. Thus, these trees carrying 10% dead 
branches were likely to be healthy.

The individuals assessed were severely affected by 
pathogens, as evidenced by the presence of the bracket 
fungi, resin spills and mistletoe. All the damage to the 
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tree is indicative of weakness and physiological distur-
bances inside the trunk. Such disorders include decay 
processes caused by fungi. Porodaedalea pini (Brot.) 
Murrill, the cause of white speck pine decay causing 
the phenomenon of white pocket trunk rot, was found 
on the studied trees. Development of the disease in 
the studied stands is favoured by the presence of thick 
branches (Mańka 2005) subject to breaking and thus 
damage. These processes are a natural component of 
old age in trees. Damage of trees with diseases caused 
by fungi does not always indicate significant weaken-
ing of trees. Blajer and Beker (2015) found that in the 
case of a stand 74% infested by the annosum root rot, 
the pine stand showed only weak damage, if any. The 
results obtained here were consistent with those find-
ings, and the relationship between paralysis fun brack-
et fungi and the defoliation index was not confirmed.

The KNP recorded significant variation in the aver-
age total precipitation and in temperatures over the time 
period 2008–2017. During the measurement period, 
there were years with an average rainfall of more than 
800 mm (2010 and 2017), which caused local flooding 
of stands located in dunes and marsh belt lowlands. On 
the other hand, extremely low average rainfall amounts 
were recorded in 2015 (406.5 mm), and during this pe-
riod high temperatures also occurred. Low precipitation 
and high temperatures result in increased transpiration, 
which could lead to disturbances in pine physiology and 
the formation of complex impacts of drought (Lehner et 
al. 2006). At present, no significant weakening of the 
examined trees was observed that could have resulted 
from the strong variation in rainfall of recent years. It is 
assumed that the examined stands have a deep root sys-
tem, which even in a period of prolonged drought covers 
the demand for water due to moist soil layers (Obmiński 
1970). The strength of the trees, likely to be resulting 
largely from rainfall exceeding average for many years, 
is also bolstered by the fact that the examined stands are 
located in dune areas, where root damage – as a result of 
the increased level of subsurface waters – is lower than 
in depressions in a non-dune terrain. Pines demonstrate 
considerable tolerance for environmental factors such 
as atmospheric precipitation and thermal conditions 
(Przybylski 1993). On the other hand, changes in the 
level of rainfall in the last decade have had a negative 
effect on deciduous species in younger age classes. For 
example, in depressions of a  non-dune terrain, alder 

death and weakening of oaks were observed (unpub-
lished KNP data).

There is insufficient data in the literature concern-
ing the relationship between defoliation and the height 
and DBH of trees. Studies on poplar showed a signif-
icantly smaller increase in height and trunk growth 
in trees when defoliation was in the range of 50–75% 
(Tucker et al. 2004). Lemke’s studies found a  strong 
correlation between the thickness of leafy branches 
and the volume increase of studied trees (r = 0.802) 
(Jaworski 2004). A weaker correlation was found be-
tween the thickness of leafy branches and the tree di-
ameter increase (r = 0.522). Height increase correlated 
significantly with the thickness of the leafy branches, 
but the correlation coefficient was small (r = 0.198) 
(Jaworski 2004). Studies have not confirmed the effect 
of loss of the assimilation apparatus on dendrometric 
indices and observed disease symptoms.

In conclusion, the health condition of the crowns 
of the examined pines places them in the warning class 
according to standard monitoring. On the other hand, 
taking into account the age of the analysed trees, specif-
ic terrain conditions and processes occurring naturally 
in old trees, the general condition of crowns should be 
considered compatible with naturally occurring eco-
logical processes. However, the disease symptoms ob-
served may indicate weakening of the examined pines 
and the approach of their terminal period. No clear re-
lationship was observed between the defoliation index 
and disease factors and the dendrometric parameters of 
the examined old trees.
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