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Abstract
For many years, we have observed a significant rise in urban population, the spatial development of cities, and an increase 
in urbanized areas. More and more people feel the need to have contact with nature. The interest in forest recreation is grow-
ing, though the forest is a serious source of allergenic plant pollen. The aim of the present study was to compare two forest 
types in the context of their recreational potential and the effect strength of aeroallergens. This study was conducted in SE 
Poland in a Nemoral Scots pine forest (RB) and in a Central European submountainous beech forest (TH). Their recreational 
potential was assessed. Samples of moss containing plant pollen were collected under the canopy, from forest clearings and 
forest edges as well as in an open area. Based on the number of pollen grains deposited in moss pollsters, the forest impact 
on humans was calculated. The recreational potential values for both sites studied are evidence of the high recreational suit-
ability of these forests, but the recreational capacity of RB is lower compared to TH. Palynological analysis showed that the 
pollen deposition is higher in BR and that the plant pollen risk is lowest under the canopy, regardless of the forest type. The 
beech forest was found to be characterized by greater recreational potential and a weaker actual effect of pollen allergens 
than the pine forest. In assessing forest recreational potential, palynological data should form the basis for modification of 
the degree of recreational suitability. Such information would also be useful in controlling recreational traffic since, as we 
have proved, visiting appropriate places in a forest allows the exposure of allergen sensitive people to be reduced.
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Introduction

Due to urbanization and the related spread of urban life-
style, a very large part of the human population spends 
most of the time indoor. Therefore, the need to have con-
tact with nature is increasing and nowadays there is a great 
interest in forest recreation (Lee and Lee 2015), which is 
accompanied by the growing demand for recreational infra-
structure (Wilkes-Allemann et al. 2017). Forests provide 

important recreational services, and popular forms of rec-
reation primarily include forest walking, running, Nordic 
walking, cycling, and wildlife watching, e.g., birdwatching 
or butterfly watching, while in winter cross-country skiing 
(Krzymowska-Kostrowicka 1997; Hansen et al. 2017). In 
Japan about 36% of people regularly practice forest walking 
(Morita et al. 2009). In Poland forest recreation also enjoys 
great popularity and as much as 76–90% of people declare 
their willingness to spend their leisure time in forests (Kikul-
ski 2008; Gołos 2013; Dudek 2016). This situation can be 
explained by the positive effects of the forest environment 
on physical and mental health (Karjalainen et al. 2010; Lee 
and Lee 2015). As a green space, the forest buffers stress and 
beneficially influences our mental health, forest visits have 
a positive effect on our concentration and performance and 
they can even help in the treatment of depressions (Anner-
stedt et al. 2010; van den Bosch 2017; Kuo 2015). Forest 
recreation results in reduced pulse and diastolic blood pres-
sure, decreases blood glucose levels in diabetic patients, and 
also gives the subjective ‘feeling of comfort’, ‘feeling of 
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calm’, and ‘feeling of refreshment’ to a much greater extent 
than in an urban area (Ohtsuka et al. 1998; Park et al. 2009). 
The above described benefits pose new challenges to forest 
recreation management (Jay and Schraml 2013) and must 
be incorporated into forest management planning (Nord-
ström et al. 2015). As far as urban and suburban forests are 
concerned, their importance for public health has a crucial 
impact on forest management already today (Wolch et al. 
2014). Forests play an important role in reducing air pollut-
ants, in particular including PM10 (particulate matters with 
an aerodynamic diameter smaller than 10 μm) and CO2 as 
well as O3, SO2, and NO2 (Nowak et al. 2006; Escobedo 
et al. 2011), but at the same time they produce biogenic vola-
tile organic compounds harmful to humans (van den Bosch 
2017). Poisonous or thorny plants, insect bites, fires, wildlife 
damage are one of the forest disservices (Vaz et al. 2017). 
The literature describes a number of serious health hazards, 
most of which are associated with tropical forests and only 
few of them relate to boreal and temperate zone forests. In 
these areas, the most important threats include Lyme disease 
and tick-borne encephalitis (Butler 2008; Wójcik-Fatla et al. 
2009). However, there is a gap as regards research on forests 
as a source of allergenic pollen. As a matter of fact, this risk 
is noticed (Moore et al. 2006; Morita et al. 2009; Vaz et al. 
2017), but studies are few and without detailed analysis of 
palynological data or allergenic flora. Forest is certainly a 
source of a huge amount of pollen, but there is a lack of reli-
able data regarding the scale of pollen production by forests 
and also a lack of research on the negative effects of forest 
visits by allergy sufferers. Many forest-forming species of 
the Northern Hemisphere, such as beech, oak, hornbeam, 
birch, pine, fir, and spruce, are anemophilous and the scale 
of their pollen production is very large (Subba Reddi and 
Reddi 1986). It is estimated that one hazel flower produces 
about 36,000 pollen grains, whereas a single inflorescence 
almost 9 million (Piotrowska 2008). The pollen released 
from flowers of a single tree often falls close to the mother 
plant, but if large vegetation complexes, such as a forest, 
are the source of pollen, clouds of released pollen can travel 
substantial distances (Skjøth et al. 2008), thus creating a 
serious threat to humans due to its allergenic properties. It 
is now estimated that from 5 to 40% of the human popula-
tion is allergic to plant pollen and this percentage is con-
stantly rising, in particular in industrialized urban areas 
with severe air pollution (Pawankar et al. 2013; Timm et al. 
2016). Pollen plant causes a range of disease symptoms, 
most frequently rhinitis and conjunctivitis, and it can lead to 
asthma. Nowadays, patients are quite frequently sensitized 
to the pollen of many plant species that bloom at different 
times (Pawankar et al. 2013). Among trees found in the tem-
perate climate, the pollen of deciduous trees, predominantly 
from the Fagales order, i.e., oaks, birches, alders, and hazels, 
is the most frequent cause of inhalant allergies (Pawankar 

et al. 2013; Šaulienė et al. 2016). Sensitized people suffer 
allergic conditions during periods of occurrence of airborne 
pollen (Šaulienė et al. 2016). In Europe the growing season 
lasts more than half a year and hence a patient with polyva-
lent allergy is exposed to health-threatening concentrations 
of plant pollen over a long period of time (Kasprzyk 2011; 
Šauliene et al. 2016). Allergy treatment costs are very high 
and thus prevention, that is, avoiding contact with an aller-
gen, is much desired (Pawankar et al. 2013).

In common opinion, supported by many scientific stud-
ies, the forest is considered to be a perfect place for recrea-
tion and visiting a forest is recommended for healthy people 
and also for people suffering from various health conditions 
(Krzymowska-Kostrowicka 1997; van den Bosch 2017; Kar-
jalainen et al. 2010). Nevertheless, an physician considers 
whether the forest is safe for his or her patient and whether 
it is a good place for recreation for this patient. The com-
parison of the benefits and risks associated with forest visits 
has been addressed exceptionally rarely, and one of the few 
examples is a paper regarding visits of allergenic people to a 
Japanese cedar forest during the pollen season (Morita et al. 
2009). These authors stress that despite the fact that even 
20% of the population is allergic to cedar pollen, about 1/3 
of people prefer forest recreation (“shinrin-yoku”). The pre-
sent study deals with similar issues and is a kind of polemic 
with authors who represent various scientific fields and who 
perceive the forest from different perspectives.

The main question is how to judge the importance of the 
forest for visitors, their health and well-being, in times of the 
growing risk of allergy. It was assumed that the forest could 
be a potential threat to human health and its impact depends 
not only on the quantitative and qualitative composition of 
tree stands, but also on the allergenic potential of forest-
forming species. As an attempt to address this problem, this 
study determined the recreational potential of two forest 
types that are frequently found in the Northern Hemisphere: 
Nemoral Scots pine forest and Central European submoun-
tainous beech forest, as well as the degree of their impact on 
allergic people based on an analysis of allergenic plant pol-
len deposited in moss pollsters. The practical objective was 
to prepare recommendations for people visiting these two 
forest types and to create a scientific basis for developing a 
method for determining forest recreational potential based 
on palynological analysis.

Materials and methods

Study area

This study was conducted in forests of southeastern Poland 
in the Podkarpacie region (Subcarpathia), in two forest 
complexes: the Bór Nature Reserve (RB, 21°97′–22°01′E, 
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50°11′–50°14′N), which comprises suburban forests of 
Rzeszów (the largest city of SE Poland with a population 
of 187,000 inhabitants and an area of 120 km2), and about 
30 km SE in relation to RB—the area of the Tarnawka and 
Hadle villages (TH, 22°21′–22°28′E, 49°91′–49°96′N; 
Fig. 1). The study area belongs to two regions: a tectonic 
basin (Sandomierz Basin) and the Carpathian foothills (Kon-
dracki 2000). Forest cover in Podkarpacie is one of the high-
est in Poland, about 38%, while the national average is 29.4% 
(Central Statistical Office 2014).

The region’s climate has the following characteristics: 
(1) mean annual temperature: 8.8  °C; (2) mean annual 
precipitation: 687 mm; (3) mean growing season length: 
225–230 days; (4) prevailing wind direction: S-W, W, and 
N-W. The warmest month is July when the mean tempera-
ture is 19.3 °C, and the total precipitation is about 111 mm. 
January is the coldest month (− 1.9 °C), whereas the low-
est precipitation is recorded in February, on mean 33.1 mm 
(Tomczyk and Szyga-Pluta 2016, www.tutie​mpo)

RB is located in a lowland area, slightly undulating and 
characterized by small elevation differences. The altitudes 
are from 205 to 235 m a.s.l. Brown and podzolic soils 
formed on Quaternary moraine sands are predominant here 
(Plan Urządzania Lasu 2010). Under such conditions, mod-
erately fertile habitats have formed, i.e., hemiboreal forests 
and mixed broadleaved-coniferous forests. The forest stands 
in the age range from 20 to 110 years are dominated by the 
pine (age classes III–V). In RB the forest stands consist of 
the following: Pinus sylvestris (Scots pine), Quercus robur 

(pedunculate oak), and Fagus sylvatica (European beech). 
Among the other species, the following are important: Larix 
decidua (European larch), Betula pendula (common birch), 
and Carpinus betulus (European hornbeam) (Table 1). The 
area of TH is characterized by a more diverse topography 
where wide ridges with an altitude of 350–450 m a.s.l. are 
separated by valleys—150–200 m a.s.l. Brown soils, luvi-
sols, and pseudogley soils prevail here. In this area, one for-
est habitat type was found, the most fertile upland habitat—
upland mesic forest. The following species are predominant 
in the forest stands there: F. sylvatica, Abies alba (European 
silver fir), Q. robur, and C. betulus. In the admixture, the 
following species are found: L. decidua, B. pendula, Acer 
pseudoplatanus (sycamore maple), Picea abies (Norway 
spruce), Fraxinus excelsior (ash), and Tilia spp. (lindens). 
The forest stands where the study was carried out repre-
sented age classes from II to VII (Table 2) (Plan Urządzania 
Lasu 2013). 

Determination of forest recreational potential

Forest recreational potential was assessed using recrea-
tional evaluation by the point grading method developed 
for plain areas (here RB) by the Forest Research Insti-
tute by Łonkiewicz and Głuch (1991) (Tables 3, 4). This 
method evaluates two main criteria: habitat moisture and 
forest stand age, and it has been positively tested in the 
forests of central Europe (Kikulski 2006). For the areas 
of varied orography (here TH), the third criterion, terrain 

Fig. 1   Map with the location of the study area; the numbers denote the sites where moss was collected and they are consistent with the number-
ing presented in Tables 1, 2

http://www.tutiempo
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inclination, is taken into account, and this has also been 
positively tested in several upland and mountain forests of 
central Europe (Dudek 2013, 2017b). In both cases (RB 

and TH), four auxiliary criteria were used: stand density, 
the presence of undergrowth and underbrush, soil cover, 
and stand species composition.

Table 1   Characteristics of 
stands parameters of RB based 
on Plan Urządzania Lasu (2010)

SC, tree species composition; P, Pinus sylvestris; Q, Quercus robur; F, Fagus sylvatica; L, Larix decidua; 
C, Carpinus betulus; B, Betula pendula; Pi, Picea excelsa; Pt, Populus tremula; Al, Alnus glutinpsa; T, 
Tilia cordata; A, Abies alba; Age, age of trees stands according to the dominant species; UU, undergrowth 
and underbrush; H, height of trees stands according to the dominant species

Number 
of sample

Location Area (ha) SC (%) Admixture species Age (years) UU (%) H (m)

2 Under canopy 17.72 90Q; 10P Q,B,C,F,Pi,Po 78 30 25
3 Under canopy 18.19 100P Q,B,Al,PI,F 88 50 25
4 Under canopy 24.07 60P; 40F Q,B,C,A 123 30 33
6 Under canopy 2.55 100P Q,B,F,Pi 91 20 25
12 Under canopy 13.32 100P Q,B,C,F,Pi 106 50 27
13 Under canopy 12.15 100P Q,Al,F 96 20 25
16 Under canopy 13.97 100P Q,C,Al,F, 83 50 26
17 Under canopy 4.43 90P; 10L Q,B,C 29 20 13
14 Forest clearing 5.59 80P; 20Q F,Pi 5 0 2
7 Forest clearing 1.72 100P Q,B,C,F,Al 69 30 23
8 Forest clearing 5.66 100P B,F 52 10 20
10 Forest edge 1.68 90Q; 10P Q,B,C,Al,Pt 73 30 24
20 Forest edge 2.28 90P; 10L Q,F,Pi,T 22 0 11
15 Open area
18 Open area

Table 2   Characteristics of stands parameters of TH based on Plan Urządzania Lasu (2013)

SC, tree species composition; P, Pinus sylvestris; Q, Quercus robur; F, Fagus sylvatica; L, Larix decidua; C, Carpinus betulus; A, Abies alba; B, 
Betula pendula; Pi, Picea excels; Ac, Acer pseudoplatanus; Fr, Fraxinus excelsior; T, Tilia cordata; Pt, Populus tremula; Ns, natural succession; 
UU, undergrowth and underbrush; H, height of trees stands according to the dominant species

Number of 
sample

Location Area (ha) SC (%) Admixture species Age (years) UU (%) H (m)

12 Under canopy 25.45 40Q; 40F; 20C B,P,L,Pt,Pi,Ac 97 30 26
13 Under canopy 11.37 80F;10Q; 10C P,B,A,Ac 87 20 29
27 Under canopy 5.40 50F; 30A; 10Q; 10L C,Ac,Fr 41 20 17
31 Under canopy 18.38 40C; 20F;20Q; 20B Ac,Fr 93 80 25
34 Under canopy 3.61 70F; 20C; 10L Q,P,Ac,A,T 85 30 25
35 Under canopy 24.69 50A; 20Q; 20F; 10L C,Pi,Ac,T 73 70 26
36 Under canopy 3.11 90F; 10A Q,P 95 40 28
37 Under canopy 20.13 100F Q,P,L,Pi 107 90 32
9 Forest clearing 0.62
10 Forest clearing 0.62
28 Forest clearing 6.23 70A; 20Q; 10F B,P,C,Ac 85 50 28
29 Forest clearing 10.38 50F; 20L; 10C; 10Q; 10A B,A,Ac 43 20 16
4 Forest edge 1.83 100F L,Pi 33 0 13
7 Forest edge 0.42 Ns
22 Forest edge 10.55 100A Q,F,C,L,Ac 87 30 31
2 Open area
3 Open area
33 Open area
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Data on the age of the stand, the forest habitat type, ter-
rain inclination and subsidiary criteria are required to evalu-
ate each branch obtained from forest management plan (Plan 
Urządzania Lasu 2010, 2013). Habitat humidity is deter-
mined during the development of these forest management 
plans based on phytosociological research (indicator plants) 
and soil studies (soil excavation).

The advantage of the method described is the ability to 
analyze the measurable characteristics such as age of the for-
est, inclination, habitat humidity, which according Kliskey 
(2000) and Bulut (2018) are the most important to assess 
recreational utility of woodland. This method refers mainly 
to the protection of forests, their durability in the landscape 
and not to the subjective feelings of visitors and dictated 
desire to visit a given area. Therefore, the humidity of the 
habitat is more important than surface waters because this 
parameter, along with the inclination of the area and the 
age of stands, determines potential recreational and tourist 
damage in the forests.

Given the above, according to the authors selected meth-
odological approach is best suited to achieving the aim set 
out in this paper, where research areas are in the forests of 
central Europe exposed to recreational damage.

Recreational carrying capacity (RCC) is calculated as 
the product of the degree of forest stand recreational suit-
ability and the area of forest stands belonging to a particu-
lar degree. Next, the mean forest recreational capacity was 
calculated as the quotient of the recreational capacity of the 
study area and the total area of forest stands in the study area 
(man-hour × ha−1 × day−1).

This method takes into account the most popular forest 
recreation forms, i.e., walking, running, Nordic walking, and 

cycling. But it does not include extreme leisure forms such 
as climbing, MTB (mountain terrain bike), freestyle skiing, 
etc., where a large slope inclination is desired. The clas-
sification of recreational suitability of forest stands uses a 
5-point scale (Lonkiewicz and Gluch 1991):

4—forest stands of very high suitability;
3—forest stands of high suitability;
2—forest stands of medium suitability;
1—forest stands of low suitability;
0—unsuitable forest stands.

Depending on the mean terrain gradient for a forest unit, 
the following assignment of a forest stand to the respective 
degree of recreational suitability was adopted (Dudek 2013):

degree 0—precipitous slope (more than 45°);
degree 1—lowland area, very steep slope (31°–45°);
degree 2—steep slope (18°–30°);
degree 3—mild slope (up to 7°), strongly inclined slope 
(13°–17°),
degree 4—slanted slope (8°–12°).

Performing the assessment in the plain area (RB), the age 
class of the stand within the group of forest habitat types 
decides about the allocation of the forestry division to the 
level of recreational suitability. In the terrain with diversified 
relief (TH) one should observe the principle that the lower 
value of two assessed main criteria (age of forest stand and 
inclination) within the forest habitat group determines the 
allocation of forestry division to the level of recreational 
suitability.

Table 3   Forest recreational 
suitability degrees—the main 
assessment criteria (according 
to Łonkiewicz and Głuch 1991)

Age of tree stands Forest habitat types

Continental 
pine forests

Eutrophic fresh 
deciduous

Dry forests Damp forests Bog forests

> 100 4 4 3 1 0
81–100 4 3 2 1 0
61–80 3 2 1 1 0
41–60 2 1 1 0 0
21–40 1 1 0 0 0
1–20 0 0 0 0 0

Table 4   Auxiliary criteria for 
assessment of forest recreational 
suitability (according to 
Łonkiewicz and Głuch 1991)

Criterion Basis to increase the degree Basis to reduce the degree

Stand species composition Pine + deciduous Spruce, spruce + fir
Stand density Loose Full
Presence of undergrowth and 

underbrush
Moderate (1–10%) Very abundant (≥ 40%)

Soil cover Mosses–bilberries, bilberries Forest litter–lichens, mosses–lichens
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Pollen deposition analysis

The palynological research methodology followed the rec-
ommendations of the Pollen Monitoring Programme (http://
www.polle​ntrap​ping.net/). Clump of moss with a diameter 
of 5 cm were pollen traps. Although the collection of moss 
samples was carried out once at the end 2012, the spectrum 
of pollen isolated from this type of traps reflects several-
year-long deposition and such information is necessary to 
achieve the defined aim of the study. Moss was collected in 
the forest at places with a dense stand structure (under the 
canopy), in forest clearings, and at the forest edge. Moreover, 
moss was also collected in an open area where the distance 
from the forest edge was at least 500 m. The field-collected 
moss samples were stored in a fridge at − 7 to − 8 °C.

The field-collected moss was placed in a boiling water 
bath in a 3.5% KOH solution for 10 min in order to separate 
pollen grains from the moss. After washing it with distilled 
water, the material was filtered through sieves with decreas-
ing mesh sizes and subsequently the filtered water was cen-
trifuged and then decanted. A solution with 5 dissolved 
Lycopodium marker tablets was added to the sediment. The 
centrifuged sediment was washed with glacial acetic acid 
and after the sediment was centrifuged again, acetolysis mix-
ture was poured over it: 9 parts of acetic anhydride and 1 
part of concentrated sulfuric acid. The centrifuged sediment 
was immersed in alcohol with the following ratio: 1 part of 
water and 3 parts of alcohol, and after centrifugation several 
drops of fuchsin-stained glycerol were added. At each stage, 
the centrifugation lasted 3 min at 4500 revolutions/min. For 
each sample, microscopic slides were prepared and ana-
lyzed at a magnification of 400, counting at least 500 pollen 
grains and at least 100 Lycopodium spores (Pidek 2007). The 
results were converted according to the following formula:

Most pollen grains were identified to genus level, rarely to 
family like Poaceae or Amarathaceae or to type like Plantago 
major/minor type. Each pollen taxon was also specified as 
AP (arboreal pollen) or NAP (non-arboreal pollen).

Data analysis

The calculation of the potential allergenicity and actual aller-
genicity of forest stands was partly based on the formula 
developed by Cariñanos et al. (2014).

The actual impact of forest stand vegetation (forest 
impact- FI) on humans was assessed based on the value of 

Pollen influx = [(number of added Lycopodium spores∕

number of counted Lycopodium spores)

× number of counted pollen

grains of a given taxon]∕moss diameter.

PI (pollen influx) of a given taxa, potential allergenicity of 
its pollen (ap) in a 1–4 scale, duration of pollination period 
of a given taxa in a 1–3 scale (pp), and pollination strategy 
(ps; self-fertilized, entomophilous, amphiphilous, anemo-
philous) according to a 0–3 scale. The higher the values 
of the above-mentioned parameters, the stronger negative 
impact on humans. The detailed description relating these 
parameters are presented by Cariñanos et al. (2016).

The values of pollen index (PI) of some taxa were high; 
hence, often the FI values were several hundred thousand. 
To better follow the text, the values of FI are expressed in 
exponential form, always 105. The higher the FI value, the 
more negative the impact of the forest is.

The potential impact of forest stand vegetation (PFI) was 
determined based on the mean  proportion of the area occu-
pied by the tree species (TS). Based on data presented in the 
Tables 1, 2 for each species, the average percentage share 
in the forest was calculated. Maximum value of PFI is 36.

For each site type, the mean value of FI was calculated 
and then statistically significant differences were detected 
using one-way ANOVA test, having first checked for nor-
mal distribution using the Shapiro–Wilk test and for the 
homogeneity of variance by the Brown-Forsythe test. 
Detailed pairwise comparisons were done using LSD test 
(Least Significant Difference). The statistical hypotheses 
were tested at α ≤ 0.05, and all calculations were carried 
out with Statistica 10.0 software package.

Contributions of pollen taxa to the FI value of differ-
ent site types (under the canopy—uc, forest clearings—fc, 
forest edge—fe, open area—op) were examined through 
a multidimensional Principal Component Analysis (PCA) 
using Canoco 5software. The results were illustrated in the 
two-dimensional plot, where the site types were presented 
as arrows and pollen taxa as dots.

Due to the fact that the forest impact (FI) and the rec-
reational carrying capacity (RCC) indicators are expressed 
in different units they cannot be compared directly. There-
fore, their values were transformed into Z-values.

where σ is the standard deviation of the population, and µ 
the mean of the population.

Standardization converts a variable with unit into a vari-
able without unit. After that the additivity and range sta-
bility postulates were fulfilled and the indicators (FI and 
RCC) could be directly compared looking at the sign and 
the value of z-variables. Raw values above the mean have 

FI =
∑

i=1

(api ∗ ppi ∗ psi ∗ PIi)

PFI =
∑

i=1

(

api ∗ ppi ∗ psi ∗ TSi
)

Z = (x1 − �)∕�

http://www.pollentrapping.net/
http://www.pollentrapping.net/
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positive z-variables, while values below the mean have nega-
tive z-variables.

Results

Recreational potential of the studied forests

The RB forests are diverse. Eutrophic fresh deciduous are 
most numerous (36.64% of the total area), and they show 
high suitability for recreational use. Continental pine forests, 
in which there are forest stands of the highest recreational 
suitability, occupy 33.73% of the area. Damp forests of low 
recreational suitability account for the remaining 29.63%. In 
the case of TH, on the other hand, the upland fresh eutrophic 
accounts for 100% of forest stands (Tables 1, 2).

The forest stand age structure looks beneficial for rec-
reation; the older a forest stand is, the more suitable for 
recreation it is. Forest stands in age class VI and older 
(> 100 years) cover 30.32% of the RB area and 14.26% in 
TH; as regards the other age classes: V—38.00% RB and 
55.76% TH; class IV—17.12% RB and 17.49% TH; class 
III—4.59% RB and 11.18% TH; class II—5.44% RB and 
1.30% TH. Nurseries and young-growth stands excluded 
from recreational use (age class I—up to 20 years of age) 
occupy only 4.53% of the RB area, while in TH none were 
found. Upland forests occupy 100% of the TH area, whereas 
in RB they do not occur (Tables 1, 2). A large majority of 
upland forests in TH grow on slopes with an inclination 
of 8°–12° (87.76%), which is the most beneficial in terms 
of the possibility of forest recreational use (Dudek 2013). 
The other ones grow on slopes with an inclination of 7° or 
13°–17°.

Forest stands suitable for recreational use account for 
67% of the area of the evaluated forests in RB and 87% in 
TH (Table 5, degrees 2–4). Forest stands of low suitability or 

unsuitable stands occupy 33% of the RB area and 13% in TH 
(Table 5, degrees 0 and 1). A reduction in the degree of rec-
reational suitability of forest stands primarily resulted from 
the presence of dense underbrush (one of the 4 supplemen-
tary criteria). The calculated forest recreational capacity was 
282.45 man-hour × day−1 in RB and 380.11 in TH, which 
gives the mean recreational capacity equal to, respectively, 
2.29 and 2.69 man-hour × day−1 × ha−1 (Table 5).

Pollen analysis

Pollen deposition clearly differed between forests and site 
types. In RB the mean PI value was 100104.0, while in TH 
it was nearly twice less (PI = 58387.7). In both forests, the 
under-canopy sites were characterized by the lowest PI value. 
In RB, on mean the highest amount of pollen was found in 
the samples collected at the forest-edge sites, whereas in TH 
in the open-area locations. In both forests, arboreal pollen 
was dominant in all site types. In RB, the lowest amount 
of arboreal pollen was found outside the forest, whereas in 
TH the mean PI value for trees was highest in this type of 
sites. Although in TH the PI values were distinctly lower 
than those for RB, the percentage ratios between AP and 
NAP, except for the forest-edge locations, were very similar, 
that is, the greatest disproportions between the PI values for 
these two groups were found in the under-canopy samples. 
At these sites, arboreal pollen accounted for as much as ¾ 
(Fig. 2).

The tree species diversity of the forests was lower than 
the diversity of the tree pollen grains identified. In the RB 
forest stands, P. silvestris was the dominant species and a 
maximum of 6 tree species were found in the admixture 

Table 5   Recreation carrying capacity (RCC) of the forests in the 
studied areas

Level of recreational usefulness of 
forest stands

Area of forest 
stands (ha)

Recreation car-
rying capacity 
(RCC) (man-
hour/day)

RB TH RB TH

4 24.07 0.00 96.28 0.00
3 54.89 117.29 164.67 351.87
2 3.40 6.23 6.80 12.46
1 14.70 15.78 14.70 15.78
0 26.27 1.83 0.00 0.00
Total 123.30 141.13 282.45 380.11
Average (man-hour × day−1 × ha−1) 2.29 2.69 Fig. 2   Values of pollen influx (PI) for arboreal pollen (AP) and non-

arboreal pollen (NAP)
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(Table 1), whereas the pollen of as many as 23 woody taxa 
was found in the deposition, out of which 6 were recorded 
sporadically. In TH, there were more dominant species 
than in RB, in some forest units up to 5 species, whereas 
in the admixture from 2 to 5 species (Table 2). Pollen of 
18 arboreal taxa was found in the deposition. Forest stand 
composition (Tables 1, 2) is not reflected in the quantita-
tive and qualitative spectrum of arboreal pollen deposition. 
Regardless of the forest or site type, in each moss sample 
Pinus pollen was predominant (Fig. 3). In RB it accounted 
for 70 to 78% and its mean percentage in the stand was esti-
mated at 76%. In the samples collected in TH, there is an 
overrepresentation of Pinus pollen. P. silvestris occur in a 
few stands but only as the admixture species, but its pollen 
content in the deposition ranged from 42 to 47%. The near-
est larger clusters of pine occur about 3 km from the forest. 
Underestimation of pollen in the moss traps applies to Abies, 
Fagus, Carpinus, and Quercus. It was not rare that high PI 
values were noted in the deposition for several taxa, whereas 
in the forest stand their percentage was very small (Fig. 3; 
Tables 1, 2). It related, among others, to Betula pollen which 
was found in large amounts in the moss samples from the RB 
and TH forests, accounting, respectively, for 9 to 13% and 
from 17 to 26%, while in the forest stands B. pendula did not 
occur or occurred rarely. In RB A. glutinosa and C. betulus 
were an admixture, but their pollen was found in the moss 
traps collected at each site type. The opposite relationship 
was found in the case of Larix. The percentage of its pol-
len in the deposition was insignificant (in total, only several 
pollen grains were found), whereas the mean percentage of 

L. decidua in the TH forest stands was estimated at nearly 
4% (Fig. 3).

The taxonomic richness of herbaceous pollen found in the 
moss traps was greater than in the case of tree pollen. In BR 
42 taxa were identified, but only in the case of six of them 
their pollen grains were found in most of the samples. In TH 
23 taxa were identified, but the PI values were considerable 
only for six of them, mostly the same as in RB. Regardless 
of the forest and site type, Poaceae pollen was dominant 
in the NAP group. In TH its PI values were comparable 
to Pinus. As regards the herbaceous group, Urtica, Rumex 
and Plantago lanceolata pollen grains were found in each 
sample from each forest stand.

Forest stands and the risks to people

The palynological analysis allowed us to determine the 
actual effect strength of allergenic pollen originating from 
the forest on humans (FI). The number of pollen grains 
deposited in moss pollsters is a proxy of total pollen pro-
duction per a given plant community, here forest. In both 
forest types, apart from arboreal pollen, pollen grains of 
herbaceous plants were found in large numbers and their 
percentage was significant—about 33%. They include 
Poaceae pollen, which are a source of very strong allergens 
and its allergenicity potential has a maximum value, i.e., 
4, as well as the pollen of Rumex and P. lanceolata, for 
which allergenicity potential is 3. It was demonstrated that 
people visiting the RB forest would be more exposed to the 
effect of aeroallergens than in TH, which was confirmed 

Fig. 3   Percentages of dominant 
tree species in RB and TH forest 
stands and of pollen grains iso-
lated from the moss originating 
from 5 site types
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by relevant calculations (see Forest Impact formula). The 
mean FI values are 5.25 × 105 and 3.52 × 105, respectively. 
The forest impact depends on the place that one is visiting. 
In both forest types, under-canopy sites are places with the 
weakest effect of aeroallergens, whereas the forest-edge and 
open-area sites pose the greatest risk (Fig. 4). The mean 
FI values for the under-canopy sites in BR and TH were 
3.93 × 105 and 2.17 × 105, respectively, and differed signifi-
cantly from the other site types. In RB the forest-edge site 
was characterized by the highest mean FI (FI = 7.07 × 105), 
which significantly differed from the mean FI values of 
the under-canopy and the forest clearing sites (F = 6.974; 
p = 0.008178). In contrast, in TH the mean FI value of the 
open-area site has the highest FI value (FI = 4.48 × 105) was 
significantly differed from those of under-canopy and forest-
edge sites. (F = 18.003; p = 0.000045).

The potential risk to people from forest aeroallergens 
differs depending on the forest type and in consequence of 
percentage of forest area occupied by dominant tree species. 
The Central European submountainous beech forest (TH) 

is characterized by a larger number of tree species whose 
pollen exhibits high or relatively high allergenic potential 
(ap) and such species include C. betulus, Q. robur, and F. 
sylvatica. The percentage contribution of these species to 
the TH forest is close to 70%, while the PFI value is 14.8. 
The RB forest (Nemoral Scots pine forest) was dominated by 
P. sylvestris whose ap is rated only at 1. Q. robur occupies 
between 10 and 20% of the area, while F. sylvatica up to 5%. 
On this basis, it was found that the potential negative impact 
of beech forest aeroallergens on humans is higher than in the 
case of the pine forest, for which PFI = 12.1.

The PCA biplots demonstrated which of pollen taxa had 
the greatest influence on the FI value (Figs. 5,6). For RB 
and TH, two axes of PCA explained 96.87% and 94.92% 
of variances, respectively. As the biplots showed, the mean 
values of FI of RB and TH depended on different pollen taxa 
(Figs. 5,6). In BR forest, the under-canopy site was clearly 
different from the others sites and its value of FI depended 
on P. lanceolata, Pinus, Betula, Alnus and Carpinus pollen. 
The pollen of most herbaceous plants is of no importance. 
In contrast, in TH, under canopy and on the forest clearings 
the adverse impact of pollen on humans depended on Fagus, 
Carpinus and Corylus pollen. In the forest-edge and open-
area sites, the values of the FI are affected by Poaceae, Pinus 
and Betula pollen.

Figure 7 shows the comparison among the FI and RCC 
values. In both forests, at under-canopy sites the importance 
of these indicators is adverse. These places are conducive 
to man, because the recreational capacity is the largest and 
the negative effect of pollen is the smallest. The reverse was 

Fig. 4   Mean values of FI index for different site types in RB and TH 
forest stands. Arabic letters mean humongous groups distinguished 
on the base of LSD post hoc test

Fig. 5   PCA biplots illustrating the contributions of pollen taxa to the 
FI value of different site types (under the canopy—uc, forest clear-
ings—fc, forest edge—fe, open area—op) in RB. Ab, Abies; Ac, 
Acer; Aln, Alnus; Amar, Amaranthaceae; Amb, Ambrosia; Apiac, 
Apiaceae; Ast, Asteracea; Bet, Betula; Bras, Brassicaceae; Carp, 
Carpinus; Cor, Corylus; Cup, Cupresseaceae; Fag, Fagus; Frax, 
Fraxinus; Lar, Larix; Pic, Picea; Pin, Pinus; Pla l., Plantago lan-
ceolata; Pla m/m, P. major/media; Poa, Poaceae; Pop, Populus; Que, 
Quercus; Rum, Rumex; Ulm, Ulmus; Urt, Urtica 
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at open area in RB and in forest clearing in TH. There was 
no relationship between the potential and real impact of 
the studies forest stands on humans. To sum up, TH (beech 
forest) is characterized by greater recreational potential as 
expressed by higher recreational capacity and the weaker 
actual effect of aeroallergens than in the case of RB (pine 
forest; Fig. 8).

Discussion

In times when allergies have become a social disease, the 
negative effect of vegetation on human health and well-
being, i.e., environmental disservices, is gradually being 
noticed. Despite that the level of knowledge on the adverse 
effect of plant pollen on humans is increasingly higher, 
research is focused on urban greenery (Andrusaityte et al. 
2016; Cariñanos et al. 2016, 2017), but it neglects natural 
ecosystems. Andrusaityte et al. (2016) demonstrated that the 
risk of asthma is growing among 4–6-year-olds living within 
100 m from large urban green areas. In the case of natural 
habitats, mainly benefits are noticed (Annerstedt et al. 2010; 
Hansen et al. 2017), but their negative effects are rarely men-
tioned (van den Bosch 2017). Some researchers noticed such 
risk posed by forests with a predominance of Japanese cedar 
producing very strong allergenic pollen (Morita et al. 2009), 
but they did not present any detailed quantitative analysis. 
It is difficult to accurately determine pollen production by 
plant communities and, consequently, the scale of their nega-
tive effects, but palynological research provides some pos-
sibilities. It allows us to determine the scale of threat and 
to indicate which natural habitats pose high risk to allergic 
people. So far, such research has not been conducted for 
natural communities—forests, and therefore our study fills 
the gap in the literature of the subject.

The obtained results provide information on the risk 
of health worsening among allergy sufferers visiting for-
est areas or their immediate vicinity. The quantitative and 
qualitative spectrum of pollen deposition is characterized 

Fig. 6   PCA biplots illustrating the contributions of pollen taxa to the 
FI value of different site types (under the canopy—uc, forest clear-
ings—fc, forest edge—fe, open area—op) in TH. Ab, Abies; Ac, 
Acer; Aln, Alnus; Amar, Amaranthaceae; Amb, Ambrosia; Apiac, 
Apiaceae; Ast, Asteracea; Bet, Betula; Bras, Brassicaceae; Carp, 
Carpinus; Cor, Corylus; Cup, Cupresseaceae; Fag, Fagus; Frax, 
Fraxinus; Lar, Larix; Pic, Picea; Pin, Pinus; Pla l., Plantago lan-
ceolata; Pla m/m, P. major/media; Poa, Poaceae; Pop, Populus; Que, 
Quercus; Rum, Rumex; Ulm, Ulmus; Urt, Urtica 

Fig. 7   Z values of RCC (recreational carrying capacity) and FI (forest 
impact) indicators for under-canopy, forest clearing and forest-edge 
sites in RB and TH forest stands

Fig. 8   The comparison between RCC (recreational carrying capac-
ity), FI (forest impact) and PFI (potential forest impact) indicators in 
RB and TH forest stands
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by significant spatial variation, even within a small area, 
as proven by numerous palynological studies (Poska and 
Pidek 2010; Baker et al. 2016). These differences arise 
not only from variations in in situ vegetation but also in 
regional vegetation. Our study has confirmed these reports. 
The pollen deposition in the forest and its vicinity varies 
in each of the forest areas studied. Both in the beech forest 
(TH) and in the pine forest (RB), under-canopy locations 
are places of the weakest impact of aeroallergens, forest-
clearing and forest-edge sites pose greater risk, while the 
greatest risk is found at open-area sites. These results are 
seemingly surprising but, as reported by many authors, 
the pollen deposition spectrum is not an accurate reflec-
tion of vegetation. Even the presence of airborne pollen 
depends on very many factors. They include those associ-
ated with the abundance of pollen production and those 
related to the structure of pollen grains and their dispersal 
ability (Subba Reddi and Reddi 1986; Piotrowska 2008). 
Heavier pollen grains of the fir, larch, maple and beech 
remain in the air for a very short period of time (Broström 
2002; Poska and Pidek 2010). Due to this fact and low 
pollen production, the percentage of larch pollen in the 
deposition is minimal, though in several forest units in 
TH it was a significant species. The pollen of this taxon, 
just like maple and spruce, has no effect on the FI value 
in both stands. An opposite phenomenon was noted in the 
case of P. sylvestris. Poska and Pidek (2010) report that 
trees located at a distance of even 4500 m from the place 
where the pollen deposition was investigated had a notice-
able effect on the pollen loading value. Similarly as in the 
case of Pinus, Betula, pollen grains have a larger disper-
sal area due to their high production and good dispersal 
ability (Subba Reddi and Reddi 1986; Skjøth et al. 2008) 
than pollen grains of other species present in the forest 
stands; therefore, they were found in each sample with 
a high frequency, even in the samples taken in the forest 
units where no trees grew as well as in those collected in 
the open-area locations. This is confirmed by PCA analysis 
indicating that in TH pollen of these two taxa as well as 
Poaceae has the largest contribution to the high FI value of 
open area sites. Why are we less exposed to contact with 
an aeroallergen in the forest than in its vicinity? The num-
ber of pollen grains produced by a stand-alone (solitary) 
tree is higher than that produced by trees in a dense stand 
(Aaby 1994). Moreover, in trees growing at high density, 
inflorescences occur in greater numbers in the upper parts 
of the crown. Pollen released in the upper parts of the tree 
crown is more prone to horizontal winds and transport 
for a dozen or several dozen kilometers (Kuparinen et al. 
2007). This explains the higher arboreal pollen concentra-
tions outside the forest. In the middle and lower parts of 
the crown, the number of inflorescences is lower than at 
the crown top, and trees growing under the canopy do not 

flower almost at all (Milleron et al. 2012). It does not mean 
that there is no risk from allergenic pollen. Underbrush 
and forest floor are also its source. Pollen released at nose 
height, e.g., by hazel trees that produce very large amounts 
of allergenic pollen, can also pose a risk to forest visitors 
(Piotrowska 2008).

Information on the risk of allergenic pollen in natural 
communities would be extremely useful in controlling recre-
ational traffic since, as we have proved, visiting appropriate 
places in the forest allows the exposure of allergen sensitive 
people to be reduced. A study conducted by Dudek (2017a) 
concerning preferences of residents of the region where the 
present study was carried out reveals that people most will-
ingly spend their leisure time in the forest interior (36% of 
respondents). However, a comparable number of respond-
ents choose for recreation places where pollen concentra-
tions are higher: the forest-edge zone (18% of respondents) 
and forest clearings (17% of respondents). Similar results 
are presented by Gołos (2013), according to whom 43% of 
the surveyed residents of the capital city declared that they 
choose the forest interior as the place for recreation, while 
25% the forest-edge zone. In another study, on the other 
hand, as many as 57% of Warsaw residents declared that they 
choose to spend their leisure time in the forest-edge zone 
and only 12% in the forest interior (Janeczko and Woźnicka 
2009). As shown by de Meo et al. (2015), forest visitors’ 
preferences are associated with the forest structure. Visitors 
to the Italian Alps prefer more open forests (82% of respond-
ents), with a lower crown density, than closed forests (18% 
of respondents). The obtained results regarding the risk of 
allergenic plant pollen in different places of the forest, with 
an appropriate level of education as regards the need to use 
prevention in allergic diseases, can completely reshape forest 
visitors’ preferences with respect to the places of recreation 
(forest interior, edge zone, forest clearings). They can also 
be important information for forest managers in the situa-
tion when, on the one hand, we need to take into account 
the growing interest in forest recreation, while on the other 
hand, the increasing number of allergy sufferers. Morita 
et al. (2009) indicate the need to inform the society, through 
public advertisements, about the risk of exposure to pollen 
during forest visits in the course of the plant pollination sea-
son. The purpose of such information campaigns conducted 
in Japan is to increase the percentage of people aware of 
the existing risks to allergy sufferers. Although most of the 
respondents (65.2%) still visit forests even during the pollen 
season, 28.6% of the Japanese people surveyed declare that 
they avoid visiting forested areas during the pollen season 
(Morita et al. 2009).

The recreational suitability of forest communities 
depends on forest age, habitat resistance to recreational 
damage (soil treading, destruction of forest floor veg-
etation, damage to young trees), forest type (deciduous, 
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coniferous, mixed), young-growth density, forest floor spe-
cies composition, crown density, and microclimate (Dudek 
2013; Kikulski 2006). The value of the recreational capac-
ity indicators exceeded 2.2 man-hour × day−1 × ha−1 what 
was higher than indicator calculated for suburban forests 
of the city of Rzeszów located within a distance of up to 
20 km from its boundaries, where this value was 1.79 man-
hour × day−1 × ha−1 (Dudek 2016). They are also higher 
relative to the 4 Carpathian (mountainous) forest national 
parks where the calculated mean recreational capacity was 
from 1.93 to 2.11 man-hour × day−1 × ha−1 (Dudek 2017b). 
Thus far, assessments of forest recreational suitability have 
not taken into consideration the needs of people suffering 
from pollen allergies. This study, conducted in two forest 
types commonly found in the temperate climate zone, i.e., 
Central European submountainous beech forest and Nemoral 
Scots pine forest, shows that the potential forest impact (PFI) 
of the beech forest is higher than that of the pine forest. 
Thus, if only the species composition of dendroflora is taken 
into account, it would seem that the pine forest is a better 
place for recreation for allergy sufferers than the beech for-
est. Nevertheless, palynological studies have not confirmed 
this. A forest visitor is exposed not only to the pollen of 
trees growing in the forest, but also to high concentrations 
of herbaceous pollen. The forest impact depends, among 
others, on the allergenic potential of plants growing in the 
forest, the amount of pollen production, pollen frequency 
not only in the forest, but also in the forest’s vicinity because 
pollen transport to the forest cannot be excluded. Although 
beech pollen is characterized by higher allergenic potential 
than pine pollen, its production is much smaller than in the 
case of other deciduous trees or the pine, but the beech pol-
len season is relatively short (Subba Reddi and Reddi 1986; 
Cariñanos et al. 2016). In mixed and pine forests, pollen 
concentrations, in particular the concentration of pine pol-
len, but also of strongly allergenic birch, hornbeam and oak 
pollen, are much higher and therefore, as a matter of fact, 
the beech forest exhibits a weaker actual impact of aeroal-
lergens than the pine forest. Therefore, in order to assess 
the strength of the influence of forest on people, it is not 
enough to analyze its composition, but it is necessary to 
study the spectrum of pollen fall. In assessing the recrea-
tional potential of a forest, its type should form the basis for 
modification of the degree of recreational suitability. In the 
light of the obtained results, a pine stand with an admixture 
of deciduous species, including birch to a large extent, which 
is exactly the forest stand type that we find in RB, is the basis 
for reducing the degree of recreational suitability. A number 
of studies reveal that people prefer mixed forests for recrea-
tion (Nielsen et al. 2007; Grilli et al. 2014), they are fol-
lowed by evergreen forests, while broadleaf forests are least 
preferred (de Meo et al. 2015). There is also an opinion that 
tree species only slightly affect forest recreational suitability 

(Edwards et al. 2012), though it is thought that coniferous 
species affect it to the least extent. Forest structure seems to 
be more important. Thus, the situation is complex because, 
on the one hand, people prefer mixed and coniferous forests 
for recreation and they are rated higher in determining forest 
recreational potential. On the other hand, as shown by our 
results, this type of forest is characterized by a greater actual 
impact of aeroallergens than the deciduous beech forest. Our 
finding is particularly important in the light of other data that 
show that the coniferous forest, due to its microclimate, has 
antiseptic, anti-tuberculosis, and antiasthmatic properties 
(Krzymowska-Kostrowicka 1997).

Conclusions

We have shown that assessment of forest recreational suit-
ability requires us to take into account the risk to forest visi-
tors arising from the emission and dispersal of allergenic 
plant pollen. It is a novelty in this type of research because 
so far this problem has not been noticed. The initiated direc-
tion of research is particularly important at a time when the 
scale of allergy incidence is growing. We think that a good 
understanding of this problem requires cooperation of not 
only the forester and the aerobiologist, but also experts from 
epidemiology, public health, botany, ecology, and geogra-
phy. At this stage of research, the obtained results can form 
a certain basis for developing new principles for assessment 
of suitability of forests for recreational use.

Despite that the present research was a pilot study, we can 
present certain recommendations for forest visitors. When 
planning outdoor recreation in a highly forested area, one 
should keep in mind that we are less exposed to the impact 
of pollen in the forest itself than in the close vicinity to the 
forest. It is essential to know flowering times of the most 
important allergenic plants. Recreation in beech forests is 
the most dangerous in early spring, late summer and autumn, 
while as far as coniferous or mixed forests are concerned, 
the period when they can be safely visited is shorter. In this 
type of forest, the best time for recreation during the grow-
ing season is early spring and the period until late summer. 
Nevertheless, these times are dependent on the geobotani-
cal or climatic region and hence it is necessary to know the 
pollen calendar. As stressed by the World Allergy Organiza-
tion (Pawankar et al. 2013), avoiding contact with allergens 
is more important than pharmacological treatment.
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