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Effect of Drought Stress on Physiological and Biochemical Traits of Quercus 
petraea subsp. iberica Seedlings and Analysis of the Relationship with 

Morphological Traits

PEinfluss von Trockenstress auf physiologische und biochemische 
Merkmale von Quercus petraea subsp. iberica Sämlingen und Analyse der 

Beziehung zu morphologischen Merkmalen
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Abstract

Due to climate change, forest tree species are expected to be impacted by drought. 
As drought becomes a worldwide problem, there is a need to investigate the res-
ponses of forest tree species to drought. In this study, the objectives were 

(I) to determine the physiological and biochemical responses of seedlings grown 
from seeds obtained from different populations of Quercus petraea subsp. iberica 
naturally distributed in Turkey under drought stress, 

(II) to establish the relationships between morphological variations among popula-
tions and the physiological and biochemical responses of seedlings to drought 
stress, and 

(III) to provide recommendations for the selection of populations with better adapta-
tion to drought for future afforestation activities. 

1 Department of Forest Engineering, Faculty of Forestry, Karadeniz Technical University, Trabzon, Turkey 
  *Corresponding author: Ebru Atar, eatar.61@gmail.com
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It was determined that total carotenoid, proline, and total carbohydrate contents 
increased, while predawn xylem water potential, chlorophyll a, chlorophyll b, and 
total chlorophyll amounts decreased in seedlings exposed to drought stress as the 
stress intensity increased. Furthermore, strong relationships were revealed between 
root percentage and Dickson quality index, which are important for seedling qua-
lity classification, and the physiological and biochemical responses of populations 
to drought stress. The populations of Alucra, Koyulhisar, and Mesudiye with water 
potential above -1.0 MPa during the drought stress experiment and experiencing 
more severe summer drought in their natural habitats have apparently exhibited hig-
her drought tolerance compared to other populations.

Zusammenfassung

Aufgrund des Klimawandels wird erwartet, dass Waldbaumarten von Trocken-
heit beeinflusst werden. Da Trockenheit und Dürreperiode weltweit zu einem Pro-
blem werden, besteht die Notwendigkeit, die Reaktionen von Waldbaumarten auf 
Wassermangel zu untersuchen. In dieser Studie waren die Ziele (I), die physiologi-
schen und biochemischen Reaktionen von Sämlingen zu bestimmen, die aus Samen 
unterschiedlicher Populationen von Quercus petraea subsp. iberica stammen, die 
natürlicherweise in der Türkei verbreitet sind und unter Trockenstress aufgewach-
sen sind, (II) Beziehungen zwischen morphologischen Variationen zwischen den 
Populationen und den physiologischen und biochemischen Reaktionen der Säm-
linge auf Trockenstress herzustellen und (III) Empfehlungen für die Auswahl von 
Populationen mit besserer Anpassung an Trockenheit für zukünftige Aufforstungs
aktivitäten bereitzustellen. Es wurde festgestellt, dass der Gesamt-Carotinoid-, Pro-
lin- und Gesamtkohlenhydratgehalt zunahm, während das Xylemwasserpotential vor 
dem Morgengrauen, die Chlorophyll-A- und Chlorophyll-B-Werte sowie die Gesamt-
Chlorophyllmengen bei Sämlingen, die Trockenstress ausgesetzt waren, mit zuneh-
mender Stressintensität abnahmen. Darüber hinaus wurden starke Beziehungen 
zwischen Wurzelprozentsatz und Dickson-Qualitätsindex, die für die Klassifizierung 
der Sämlingsqualität wichtig sind, und den physiologischen und biochemischen 
Reaktionen der Populationen auf Trockenstress aufgezeigt. Die Populationen von 
Alucra, Koyulhisar und Mesudiye, die während des Trockenstressexperiments ein 
Wasserpotenzial über -1,0 MPa aufwiesen und in ihren natürlichen Lebensräumen 
stärkere Sommertrockenheit ausgesetzt waren, zeigten im Vergleich zu anderen 
Populationen eine höhere Toleranz gegenüber Trockenheit und Dürreperioden.
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1 Introduction

The effects of global warming and climate change manifest as drought, decreased 
water resources, increased flooding, reduction of agricultural and forest areas, heat-
waves, etc. (Cook et al. 2015; Turan 2018; Çobanoğlu et al. 2023). Climate change is 
linked to escalating aridity pressure in every forest ecosystem across the globe, with 
a potentially major impact on their role as carbon sinks (Anderegg et al. 2015). 

It is stated that there is a correlation between a species' tolerance to drought in their 
native habitats and the intensity of summer droughts in those regions (Lenoir et al. 
2008; Franklin et al. 2016). The identification of drought-resistant origins and their 
utilization in suitable growing environments are of great importance for future seed 
transfer and breeding programs (Ericsson et al. 1993; Dirik 2000). In nature, water 
stress is prevalent for either long-term or short-term periods depending on the lo-
cal climate. Therefore, most plants possess some degree of adaptation or response 
to enhance growth and survival rates during water stress and subsequent recovery 
(Arve et al. 2011). Even in regions where water scarcity has not significantly affected 
the growth of tree species so far, problems associated with drought stress can be 
encountered in the near future. Therefore, it becomes important to compare the to-
lerances of populations within the same climatic regions in relation to drought stress 
(Atar 2021). This approach will also play a crucial role in establishing the foundation 
for active gene conservation in an uncertain future (Chaves and Oliveira 2004). The-
refore, it is important to identify relatively drought-tolerant origins, as the assurance 
of local origins may not be certain, for determining future afforestation strategies 
(Çalıkoğlu 2002).

The growth and adaptation of forest trees are regulated by genetic structure and en-
vironmental factors, as in other organisms (Kozlowski and Pallardy 1997). It has been 
reported by various researchers that water, either alone or in conjunction with other 
environmental factors, is an important factor determining vegetation distribution on 
Earth (Kozlowski and Pallardy 1997; O'Brien 1998). Due to the significance of water in 
plant development, numerous studies have been conducted on water stress resul-
ting from either water scarcity or water excess (Bayar and Deligöz 2021; Illescas et al. 
2022; Koç et al. 2022; Koç and Nzokou 2023). Water stress can change the metabolic 
and growth patterns in the plant, reduce respiration, photosynthesis and ion absorp-
tion, and in severe situations, culminate in plant mortality (Jaleel et al. 2009).

Plants exposed to stress factors respond with physiological and biochemical reac-
tions to prevent or minimize damage (Scholz et al. 2012). Drought stress, which is 
an important stress factor, triggers many biochemical, physiological, and molecular 
responses in plants (Cotrozzi et al. 2016; Xiong et al. 2022). As a result, plants also de-
velop adaptation mechanisms in response to stress conditions to adapt to changing 
environmental conditions (Ranjan et al. 2022). In the case of drought stress, plants 
close their stomata and reduce carbon dioxide uptake to prevent water loss (Pirasteh‐
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Anosheh et al. 2016). Additionally, plants exposed to prolonged drought stress re-
gulate their carbon assimilation rates by making certain morphological (such as leaf 
orientation) or physiological (such as osmotic potential) adjustments (Wright et al. 
2015). Plants exposed to drought stress regulate their osmotic potentials by accumu-
lating certain organic solutes within their cells to maintain cell turgor. These organic 
solutes, known also as osmolites, accumulate as soluble sugars, such as glucose and 
sucrose, which are soluble carbohydrates (Huang et al. 2000). Additionally, another 
osmolite that can be accumulated under drought stress is proline (Anjum et al. 2011). 
The accumulated proline under stressful conditions provides energy for plant growth 
and survival, aiding the plant in tolerating stress (Sankar et al. 2007). Some studies 
have reported an increase in soluble sugar and proline content as a result of drought 
stress (Deligöz and Bayar 2018; Zolfaghari and Akbarinia 2018). On the other hand, 
it has been stated by many researchers that drought stress has a negative impact on 
photosynthesis as a consequence of both stomata regulation and structural changes 
(Ashraf and Harris 2013; Osakabe et al. 2014). Water stress leads to structural changes 
in chloroplasts that affect photosynthesis (Dubey 1997). Under drought stress, the 
content of photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids) can 
decrease (Pukacki and Kaminska-Rozek 2005; Terzi et al. 2010). Following relief from 
drought stress and exposure to adequate water conditions, the photosynthetic sys-
tems of plants are restored (Nar et al. 2009). These responses in plants against water 
deficiency vary depending on genotype, species, severity and duration of water loss, 
plant age, and developmental stage (Clua et al. 2009).

Oaks (Quercus sp.) are known for their drought tolerance (Johnson et al. 2019). Howe-
ver, the level of drought tolerance may vary among different oak species (Dickson and 
Tomlinson 1996; Popović et al. 2010; Deligöz and Bayar 2017; Bayar 2022). Turkey has 
a important diversity in terms of oak species. Sessile oak (Quercus petraea), which is 
among the oak species with a wide distribution range, is an important species in Tur-
key due to its ability to naturally grow in different ecological conditions, being a tree 
of temperate climates, and its tolerance to low rainfall and drought (Anşin and Özkan 
2006). It is also valued for its adaptability to various growing conditions and the ver-
satility of its wood, which finds applications in many areas. The general distribution of 
Quercus petraea includes Europe, the Balkans, Thrace, and Anatolia. Quercus petraea 
subsp. iberica is naturally distributed in the Marmara region and the entire Black Sea 
region (Öztürk 2013). Numerous studies have been conducted on various aspects of 
seedling development (Chaar et al. 1997; Farque et al. 2001), fertilization (Vernay et 
al. 2018; Durand et al. 2020), seed germination (Kollmann and Schill 1996; Tilki 2010), 
forest management and regeneration (Mölder et al. 2019; Kohler et al. 2020) related 
to the species Quercus petraea. The effects of drought stress on sessile oak have also 
been revealed through various studies (Bruschi 2010; Turcsán et al. 2016; Móricz et al. 
2021; Matoušková et al. 2022; Nyamjav 2022). However, there is currently no study 
available in Turkey that specifically investigates the drought tolerance of Quercus 
petraea subsp. iberica and the variations in response to drought stress among dif-
ferent populations. In this study, the research questions we want to address are the 
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following: (I) determining the physiological and biochemical responses of seedlings 
grown from seeds obtained from different populations of Quercus petraea subsp. ibe-
rica naturally distributed in Turkey under drought stress, (II) establishing the relation-
ships between morphological variations among populations and the physiological 
and biochemical responses of seedlings to drought stress, and (III) providing recom-
mendations for the selection of Quercus petraea subsp. iberica populations with bet-
ter adaptation to drought for future afforestation activities.

2 Materials and Methods

2.1 Plant Material and Growth Conditions

The seeds were collected in September-October 2019 from six different populations 
of Quercus petraea subsp. iberica in the natural distribution areas in the Black Sea Re-
gion, including Trabzon-Merkez, Gümüşhane-Torul, Giresun-Alucra, Sivas-Koyulhisar, 
Ordu-Mesudiye, and Samsun-Vezirköprü (Table 1, Fig. 1). Healthy seeds were mostly 
identified by using the water flotation method, and they were then stored at cold 
temperature of 4°C until the sowing date. The seeds were sown in December 2019 
in polyethylene bags measuring 12×20 cm, which were filled with a mixture of fo-
rest soil, peat, and river sand (2:2:1). The sowing took place in the open field nursery 
conditions of the Research and Application Greenhouse of the Faculty of Forestry at 
Karadeniz Technical University (40°59'N, 39°46'E, altitude 60 m above sea level).

Table 1: Coordinate and altitude information for each population.

Tabelle 1: Koordinaten- und Höheninformationen für jede Population.
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Figure 1: The geographical locations of the populations and the distribution of the groups obtained 
through hierarchical clustering analysis (Caudullo et al. 2017).

Abbildung 1: Die geografischen Standorte der Populationen und die Verteilung der Gruppen, 
ermittelt durch hierarchische Clusteranalyse (Caudullo et al. 2017).

2.2 Experimental Design

The seedlings grown in the open-field nursery conditions were irrigated close to field 
capacity every two or three days from May to August 2020. In July, the seedlings were 
moved to the Research and Application Greenhouse to protect them from possible 
rainfall. Furthermore, during the implementation of the water withholding method to 
induce drought stress in the seedlings, the temperature in the automated greenhou-
se system was kept as stable as possible, and the impact of temperature fluctuations 
in external weather conditions was minimized. In August, the seedlings were divided 
into two groups for the drought stress experiment. In the control group, irrigation 
continued regularly (every three days until field capacity water content was reached), 
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while irrigation was ceased in the stress group to create drought stress. The stress 
group was subjected to water deprivation for 5, 15, 25, 35, 45, and 55 days to create 
drought stress, and measurements were taken during these days. The study was con-
ducted on a total of 1260 seedlings using a randomized complete block design with 6 
populations × 2 treatments [control and drought stress] × 6 measurements × 5 seed-
lings × 3 replications. During the drought stress experiment, a portable meteorolo-
gical station (Davis Vantage Pro-2) was installed inside the greenhouse to determine 
daily air temperature and humidity changes. Throughout the experiment period, the 
average temperature ranged between 23.4°C and 24.5°C, and the average relative 
humidity varied between 78.4% and 82.7%.

2.3 Predawn xylem water potential and soil moisture content

Predawn xylem water potential (PWP) was measured using a pressure chamber de-
vice (PMS Instruments, Corvallis, OR, USA) following conventional methods. Predawn 
measurements were conducted on nine shoot samples (three seedlings × three repli-
cations) excised from the root collar level of each population, from both the control 
and drought stress groups, between 03.30 and 06.00 AM. Soil moisture was measured 
using a soil moisture meter device (TFA Dostmann). The soil moisture meter provides 
values ranging from 1 to 10, with values between 1–3 indicating dry, 4–7 indicating 
moist, and 8–10 indicating wet conditions on the device's scale.

2.4 Photosynthetic pigments

Photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll and carot-
enoid) were determined by Arnon's method (1949). Fresh leaves from the seedlings 
(nine seedlings in each treatment and population), obtained by cutting them from 
the root collar, were cut into small pieces with scissors to achieve a homogeneous 
mixture. Subsequently, the fresh leaf samples weighing 0.1 g were homogenized by 
grinding with 10 ml of 80% acetone solution, and mixed using a vortex for approxi-
mately 5–10 seconds. The absorbance of the supernatant was measured at 450, 645 
and 663 nm wavelengths using a spectrophotometer (T80+UV/VIS spectrophotometer).

2.5 Total soluble carbohydrate and proline content

Total soluble carbohydrate and proline content were measured using all of the leaves 
from nine seedlings in each treatment and population. Leaf samples were dried at 
65˚C for 48 hours. The total soluble carbohydrate content was determined using the 
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phenol-sulfuric acid method according to Dubois et al. (1956). An amount of 0.1 g of 
dried leaf samples was homogenized with 80% ethanol for 24 hours. The supernatant 
was transferred to another test tube and treated with a 5% phenol solution and sul-
furic acid. The total carbohydrate content was calculated by creating a standard curve 
using standard glucose and measuring the absorbance at 490 nm, expressed as mg 
g-1 dry weight. The amount of proline was determined using the acid-ninhydrin met-
hod (Bates et al. 1973). An amount of 0.1 g of dried samples was homogenized with 
10 ml of 3% sulfosalicylic acid. Then, 2 ml of the supernatant was taken and 2 ml of 
acid-ninhydrin and 2 ml of glacial acetic acid were added to it. The prepared samples 
were kept in a water bath at 100˚C for 1 hour and the reaction was stopped in an ice 
bath. Toluene was added to the cooled samples and mixed in a vortex mixer for 15 
seconds, making them ready for measurement. The absorbance value of each sample 
was measured at 520 nm, and the proline content was calculated using a calibration 
curve, expressed as µmol g-1 dry weight.

2.6 Morphological parameters

Morphological measurements were conducted in October 2020 using 30 randomly 
selected seedlings from each population. On one-year-old seedlings, the following 
morphological measurements were taken: seedling length (SL), root collar diameter 
(RCD), shoot fresh weight (SFW), shoot dry weight (SDW), root fresh weight (RFW), 
root dry weight (RDW), root percentage (RP), and Dickson quality index (DQI). The 
seedling height was measured using a meter with a measurement accuracy of ±1 
mm, and the root collar diameter was measured using a digital caliper with a measu-
rement accuracy of ±0.01 mm. Fresh shoot and root weights were measured using a 
precision scale with an accuracy of ±0.001 g, and then they were dried at 105°C for 24 
hours. Shoot and root dry weights were also measured using a precision scale with 
an accuracy of ±0.001 g. The root percentage expresses the ratio of root dry weight to 
the total dry weight of the seedling [RP = RDW / (SDW + RDW)]. The Dickson Quality 
Index was calculated using the equation DQI = (SDW + RDW) / [(SL / RCD) + (SDW / 
RDW)].

2.7 Climate data and bioclimatic classification for populations

Long-term climate data (1976–2000) and bioclimatic characteristics according to the 
Emberger bioclimatic classification for populations selected from different growing 
conditions are provided in Table 2. The climate data was obtained from the WorldClim 
database (Fick and Hijmans 2017).
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Table 2: Long-term climate data and bioclimatic types of Q. petraea subsp. iberica populations.

Tabelle 2: Langzeitklimadaten und bioklimatische Arten von Q. petraea subsp. iberica Populationen.

According to the Emberger bioclimatic classification (Akman 2011), the precipitation-
temperature coefficient (Q) was applied to determine the Mediterranean bioclimatic 
zones, and the following formula was used. One of the most important factors in 
determining the Mediterranean climate is the identification of summer drought in-
dex (S). Emberger developed the following formula (Eq. 1) to determine the drought 
period.

The smaller the precipitation-temperature coefficient (Q), the drier the climate, and 
the larger it is, the more humid the climate is. Classifications based on Q values are as 
follows: Q < 20: Very arid Mediterranean, 20 ≤ Q ≤ 32: Arid Mediterranean, 32 < Q ≤ 63: 
Semi-arid Mediterranean, 63 < Q < 98: Little-Rainfall Mediterranean, Q = 98: Rainfall 
Mediterranean. 

As the summer drought index (S) decreases, the severity of summer drought increa-
ses, and as the summer drought index increases, the severity of summer drought de-
creases. Classifications based on S values are as follows: S < 5: Mediterranean S = 5–7: 
Sub-Mediterranean S > 7: Not Mediterranean.

2.8 Statistical analysis

The data were analyzed using the “Windows SPSS Software 26.0” and “R v.4.1.3” sta-
tistical package programs. Variance analysis was applied to determine the statistical 
significance (p<0.05) of the differences in morphological, physiological, and bioche-
mical characteristics among populations. Independent samples T-test was used to 
determine the statistical significance (p<0.05) of differences between drought stress 
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treatments for each measurement day. Correlation analysis was performed to reve-
al the linear relationships between the measured morphological, physiological and 
biochemical characteristics. The results of the morphological, physiological, and bio-
chemical characteristics were evaluated together with the long-term climate data of 
the populations, and the groupings formed among the populations were determi-
ned using hierarchical clustering analysis. The statistical significance of the grouping 
obtained by clustering analysis was tested using discriminant analysis.

3 Results

Statistically significant differences (p<0.01) were determined among the measure-
ment time, drought stress application and populations for all measured physiological 
and biochemical parameters. Furthermore, significant differences at a 99% confiden-
ce level were determined among each measured parameter depending on the inter-
actions of time × stress, time × population, stress × population, and time × stress × 
population (Table 3).

Table 3: Results of the variance analysis for the measured parameters.

Tabelle 3: Ergebnisse der Varianzanalyse für die gemessenen Parameter.

3.1 Drought stress impacts on predawn xylem water potential and soil 
moisture content

Predawn xylem water potential values were found to vary depending on drought 
stress application and populations. The average PWP values of the populations in-
cluded in the control group did not show much difference depending on the measu-



	 Effect of Drought Stress on Physiological and Biochemical Traits� Seite 91

rement time. In the control group, the average PWP value was measured highest at 
-0.15 MPa (Vezirköprü population, measurement on the 15th day) and lowest at -0.42 
MPa (Koyulhisar population, measurement on the 55th day). In the drought group, 
the highest average PWP value was determined as -0.22 MPa (Torul population, mea-
surement on the 5th day), and the lowest average PWP value was -2.13 MPa (Trabzon 
population, measurement on the 55th day). In Trabzon, Torul, and Vezirköprü popula-
tions, it was determined that starting from the 45th day of the drought stress experi-
ment, the average PWP dropped below -1.00 MPa, and yellowing and drying began 
on the leaves of some seedlings. 55th day, PWP values dropped below -2.00 MPa, and 
most of the seedlings dried out. The average PWP values of the Alucra, Koyulhisar, 
and Mesudiye populations did not drop below -1.10 MPa even on the 55th day of 
drought stress, indicating that their drought tolerance is higher compared to other 
populations.

 
 
 
Figure 2: PWP values and t-test results (*p<0.05, **p<0.01) for measurement days and populations.

Abbildung 2: PWP-Werte und t-Test-Ergebnisse (*p<0.05, **p<0.01) für Messtage und Populationen.

Until the 15th measurement day, the PWP values were close to each other in the con-
trol and drought groups. However, the PWP values decreased as the water deficiency 
increased, starting on the 25th measurement day in the drought group. As seen in 
Fig. 3, soil moisture levels in the control group were generally close to each other as a 
result of regular irrigation, while soil moisture levels in the drought group decreased 
constantly due to increased drought stress. As a result of the independent samples t-
test, statistically significant differences at a 99% confidence level were found on each 
measurement day except for the 5th measurement day.
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Figure 3: Change of soil moisture depending on measurement days and treatments. Asterisks show 
significant differences by independent sample t-test (*p< 0.05, **p< 0.01) between treatments.

Abbildung 3: Veränderung der Bodenfeuchtigkeit in Abhängigkeit von Messtagen und Behandlungen. 
Sternchen zeigen signifikante Unterschiede zwischen den Behandlungen anhand des unabhängigen 
Stichproben-T-Tests (*p<0.05, **p<0.01).

3.2 Drought stress impacts on photosynthetic pigments

The amounts of chlorophyll a, chlorophyll b and total chlorophyll generally showed 
fluctuating course depending on the measurement times in the control group. Howe-
ver, the chlorophyll levels in the drought group were lower compared to the control 
group starting on the 25th measurement day. According to the independent samples 
t-test results, statistically significant differences (p<0.05) were found between the re-
sults obtained on the 35th and 55th measurement days of the control and drought 
groups. The total carotenoid amounts of the drought group had higher values com-
pared to the control group starting on the 15th measurement day. However, no sta-
tistically significant differences (p>0.05) were found between the results obtained 
from the control and drought groups on each measurement day (Fig. 4).
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Figure 4: Change of chlorophyll a, chlorophyll b, total chlorophyll and total carotenoid amounts depending 
on measurement days and treatments. Asterisks show significant differences by independent sample t-test 
(*p< 0.05, **p< 0.01) between treatments.

Abbildung 4: Veränderung der Mengen an Chlorophyll a, Chlorophyll b, Gesamtchlorophyll 
und Gesamt Karotinoide in Abhängigkeit von Messtagen und Behandlungen. Sternchen zeigen 
signifikante Unterschiede zwischen den Behandlungen anhand des unabhängigen Stichproben-T-
Tests (*p<0.05, **p<0.01).

In the control group, the minimum TChl was determined to be 2.60 mg g-1 (on the 15th 
measurement day in the Torul population), and the maximum TChl was 4.81 mg g-1 
(on the 35th measurement day in the Vezirköprü population). In the drought group, 
the minimum TChl was 1.92 mg g-1 (on the 55th measurement day in the Trabzon 
population), and the maximum TChl was 4.54 mg g-1 (on the 45th measurement day 
in the Koyulhisar population). As the measurement days increased in the Trabzon, 
Torul, Mesudiye, and Vezirköprü populations, the total chlorophyll amounts of the 
seedlings belonging to the drought group generally remained lower compared to 
the control group. However, in the Alucra and Koyulhisar populations, it was obser-
ved that the total chlorophyll levels varied depending on the measurement days for 
both the control and drought groups (Fig. 5).
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Figure 5: Change of total chlorophyll amounts in each population depending on measurement days and 
treatments. Asterisks show significant differences by independent sample t-test (*p< 0.05, **p< 0.01) 
between treatments.

Abbildung 5: Veränderung der gesamten Chlorophyllmengen in jeder Population in Abhängigkeit 
von Messtagen und Behandlungen. Sternchen zeigen signifikante Unterschiede zwischen den 
Behandlungen anhand des unabhängigen Stichproben-T-Tests (*p<0.05, **p<0.01).

3.3 Drought stress impacts on total soluble carbohydrate and proline content

In the control group, the total soluble carbohydrate and proline contents showed 
a close and gradually increasing trend depending on the measurement days. The 
drought group generally had close values to the control group until the 25th measu-
rement day, but the total soluble carbohydrate and proline contents of the seedlings 
in the drought group increased from the 35th day with increasing drought stress (Fig. 
6).
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Figure 6: Change of total soluble carbohydrate and proline contents depending on measurement days 
and treatments. Asterisks show significant differences by independent sample t-test (*p< 0.05, **p< 0.01) 
between treatments.

Abbildung 6: Veränderung des Gesamtgehalts an löslichen Kohlenhydraten und Prolingehalt in 
Abhängigkeit von Messtagen und Behandlungen. Sternchen zeigen signifikante Unterschiede 
zwischen den Behandlungen anhand des unabhängigen Stichproben-T-Tests (*p<0.05, **p<0.01).

The TSCC of the populations in the drought group showed significant changes 
throughout the duration of drought stress. In the drought group, the TSCC was the 
lowest at 43.15 mg g-1 (on the 15th measurement day in the Torul population) and the 
highest at 122.31 mg g-1 (on the 55th measurement day in the Trabzon population). 
Until the 35th measurement day, the TSCC of the seedlings in the Trabzon, Torul, Alu-
cra and Vezirköprü populations were close to each other in the control and drought 
groups. However, from the 35th day onward, the TSCC of the seedlings in the drought 
group increased due to the effect of drought stress. In both Koyulhisar and Mesudiye 
populations, the TSCC of the drought and control groups exhibited variation throug-
hout the drought stress application, and on the 55th measurement day, the TSCC 
of the seedlings in the drought group was higher compared to the seedlings in the 
control group (Fig. 7). Except for the Mesudiye population, in other populations, as 
the duration of drought stress application increased, the seedlings in the drought 
group had higher proline contents compared to the seedlings in the control group. 
The seedlings exposed to drought stress accumulated proline as the stress increased 
(Fig. 8).
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Figure 7: Change of total soluble carbohydrate content in each population depending on measurement 
days and treatments. Asterisks show significant differences by independent sample t-test (*p< 0.05, **p< 
0.01) between treatments.

Abbildung 7: Veränderung des Gesamtgehalts an löslichen Kohlenhydraten in jeder Population 
in Abhängigkeit von Messtagen und Behandlungen. Sternchen zeigen signifikante Unterschiede 
zwischen den Behandlungen anhand des unabhängigen Stichproben-T-Tests (*p<0.05, **p<0.01).

 
 
Figure 8: Change of proline content in each population depending on measurement days and treatments. 
Asterisks show significant differences by independent sample t-test (*p< 0.05, **p< 0.01) between 
treatments.

Abbildung 8: Veränderung des Prolingehalts in jeder Population in Abhängigkeit von Messtagen und 
Behandlungen. Sternchen zeigen signifikante Unterschiede zwischen den Behandlungen anhand 
des unabhängigen Stichproben-T-Tests (*p<0.05, **p<0.01).



	 Effect of Drought Stress on Physiological and Biochemical Traits� Seite 97

3.4 Drought stress impacts on morphological parameters

In order to reveal the relationship between the responses of seedlings from different 
populations to drought stress and their morphological characteristics, some mor-
phological characteristics of the seedlings were determined. Based on the results of 
the analysis of variance, there was a statistically significant difference among popu-
lations at the 99% confidence level in terms of SL, SFW, SDW, RP, and DQI values. In 
terms of RCD and RDW values, there was a statistically significant difference among 
populations at the 95% confidence level. However, there was no statistically signifi-
cant difference among populations in terms of RFW value (Table 4).

Table 4: Mean values and analysis of variance results for morphological characteristics of populations.

Tabelle 4: Mittelwerte und Varianzanalyseergebnisse für morphologische Merkmale von Populationen.

The significance of the groups formed among populations through hierarchical 
cluster analysis was tested using discriminant analysis, and the separation into two 
groups was found to be statistically significant. According to Emberger's precipita-
tion-temperature coefficient (Q), the populations of Alucra, Mesudiye, Koyulhisar, Ve-
zirköprü, and Torul, located in the low-rainfall Mediterranean Bioclimatic type, form 
the first group, while the population of Trabzon, located in the rainfall Mediterranean 
Bioclimatic type, forms the second group (Fig. 9). Although the discriminant analysis 
determined that the separation into two groups was statistically significant, the other 
potential groups that could be formed are shown in Fig. 1 and 9. Based on S and Q 
values (Table 2), the populations of Alucra, Mesudiye, and Koyulhisar, which have low 
values, were in the first group. The population of Vezirköprü formed another group. 
The populations of Torul and Trabzon, which have higher S and Q values compared 
to the other populations, were also in separate groups on their own. Indeed, it can 
be observed from the clustering that the climatic characteristics of populations and 
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consequently their adaptation to their habitats have a significant influence on the 
morphological characteristics as well as the physiological and biochemical responses 
to drought stress.

 
Figure 9: Dendrogram of population groups related to hierarchical cluster analysis, and correlation 
analysis result of measured morphological, physiological and biochemical parameters.

Abbildung 9: Dendrogramm der Bevölkerungsgruppen im Zusammenhang mit der hierarchischen 
Clusteranalyse und Korrelationsanalyseergebnis der gemessenen morphologischen, physiologischen 
und biochemischen Parameter.

According to the correlation analysis, it was determined that the PWP value has a 
positive correlation with Chla, Chlb, and TChl, while it has a negative correlation with 
TSCC and proline. Furthermore, the PWP value is strongly positively correlated with 
the RP and DQI of the seedlings, while it has a negative relationship with SL, SFW and 
SDW. It has been revealed that many measured parameters exhibit strong correlati-
ons, both negative and positive, with each other (Fig. 9). Indeed, the correlation ana-
lysis has showed that there are strong relationships between the physiological and 
biochemical responses of the seedlings to drought stress and their morphological 
characteristics.

Statistically significant relationships were found, both negative and positive, bet-
ween climate data and the measured characteristics. The S and Q values, used in Em-
berger's climate classification, were positively correlated with TCr, TSCC, SL, SFW and 
SDW and negatively correlated with PWP, Chla, Chlb, TChl, RP and DQI (Table 5). Po-
pulations with low summer drought indexes (S) and rainfall-temperature coefficients 
(Q) had higher PWP values because they lost less water during drought stress due to 
their adaptation to the growing environments.
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Table 5: Correlation analysis result of climate data and measured parameters.

Tabelle 5: Ergebnis der Korrelationsanalyse von Klimadaten und gemessenen Parametern.

4 Discussion

4.1 Drought stress impacts on physiological and biochemical characteristics

Plants reach their highest water potential values during the predawn (Cleary and Za-
err 1984). In many studies, it is indicated that the optimal PWP for plant growth is bet-
ween -0.5 and -1.2 MPa, and when the PWP drops below -1.2 MPa, the plant requires 
irrigation. (McDonald 1984; Lopushinsky 1990). In the present study, at the beginning 
of the drought stress experiment, the highest average PWP was obtained as -0.22 
MPa in the Torul population, while on the 55th day of the drought stress experiment, 
the lowest average PWP was determined as -2.13 MPa in the Trabzon population. De-
ligöz and Bayar (2017) found in their study on Q. cerris that the xylem water potential, 
which was -0.84 MPa at the beginning of the drought stress experiment, decreased 
to -1.73 MPa on the 30th day of the experiment in stressed seedlings. Also, in the 
control seedlings, the plant water potentials ranged from -0.56 MPa to -1.01 MPa. 
Thomas and Gausling (2000) stated that under moderate drought stress, Q. petraea 
and Q. robur seedlings had significantly lower predawn leaf water potentials compa-
red to control seedlings. In a study conducted on Q. variabilis, it was reported that 
leaf water potential values decreased as drought stress increased (Wu et al. 2013). 
As a result of drought stress applied to Q. cerris and Q. robur seedlings, the lowest 
predawn xylem water potential was determined as -2.28 MPa for Q. cerris and -3.37 
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MPa for Q. robur (Deligöz and Bayar 2018). Consistent with previous research results, 
our study also revealed a significant decrease in xylem water potentials during the 
duration of drought stress.

Plant water potential values can vary depending on environmental conditions and 
plant species. Indeed, significant differences were observed among populations in 
terms of PWP values in the present study. In a study performed on seedlings belon-
ging to 7 different origins representing different bioclimatic zones of Pinus brutia, it 
was determined that origins experiencing strong summer drought in their natural 
distribution areas had the lowest osmotic potential values and were the most re-
sistant to drought effects (Dirik 2000). A seedling could survive at a predawn water 
potential of -2.0 MPa, but typical stomatal activities may be inhibited during the day, 
photosynthesis may progressively decline, and seedling development may cease 
(Lopushinsky 1990). In the present study, it has been determined that in particular 
populations of Trabzon, Torul, and Vezirköprü, the average PWP dropped below -1.0 
MPa from the 45th day of the drought stress experiment. Some seedlings started sho-
wing yellowing and wilting symptoms. The PWP had dropped below -2.0 MPa by the 
55th day, and many seedlings experienced severe wilting. On the other hand, in the 
populations of Alucra, Koyulhisar, and Mesudiye, it was observed that the average 
PWP remained above -1.0 MPa even on the 55th day of the drought stress, indicating 
their high drought tolerance. 

Changes in light intensity and the amount of water in the soil significantly affect 
the synthesis of pigments (Matysiak 2001). This is because chlorophyll pigments are 
highly sensitive to various environmental factors (Lepeduš et al. 2003). It is known 
that carotenoids protect the photosynthetic membranes from damage caused by 
light and play a role in capturing photosynthetic light (Havaux 1998). In this study, it 
was found that from the 25th measurement day onwards, the drought group exhi-
bited lower amounts of chlorophyll a, chlorophyll b, and total chlorophyll compared 
to the control group, while the total carotenoid amounts were higher. Additional-
ly, positive correlations were observed between the PWP and chlorophyll amounts, 
whereas a negative correlation was found with total carotenoid. Similarly, Baquedano 
and Castillo (2007) reported a significant reduction in chlorophyll amounts in oak 
species due to the impact of drought stress. Mafakheri et al. (2010) pointed out that 
drought stress applied during plant growth significantly reduced the amounts of 
chlorophyll a, chlorophyll b, and total chlorophyll.

One of the responses of plants to drought stress is the alteration of carbohydrates in 
stressed plants (Vassey and Sharkey 1989). In response to drought conditions, carbo-
hydrate accumulation increases in different parts of the plant (Krasenky and Jonak 
2012). In the present study, the Trabzon, Torul, and Vezirköprü populations, which 
were significantly affected by water insufficiency and whose PWP values approached 
and fell below -2.0 MPa by the 55th measurement day, had higher carbohydrate accu-
mulation compared to other populations. Similar to the results of the study, Deligöz 
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and Bayar (2017) emphasized that starting from the 7th day of the drought experi-
ment in Q. cerris, the total soluble carbohydrate content in drought-stressed seed-
lings was found to be significantly higher compared to the control seedlings. In stu-
dies conducted on Q. pubescens (Holland et al. 2016) and Q. variabilis (Wu et al. 2013) 
seedlings, it was found that the total soluble carbohydrate content increased with 
the increase in drought stress level. Many studies have also reported carbohydrate 
accumulation in plants under drought stress conditions (Morales et al. 2013; Maguire 
and Kobe 2015; Deligöz and Bayar 2018).

One of the most important responses of plants to drought stress is the accumulation 
of protective solutes such as proline (Yavaş et al. 2016). Many plants accumulate proli-
ne as a response to osmotic stress (Bhaskara et al. 2015). The concentration of proline 
increases with a decrease in water potential or an increase in plant water stress (Lan-
sac et al. 1994). In the present study, it was determined that the proline amount of the 
seedlings in the drought group was higher than the seedlings in the control group 
due to the increase in drought stress in other populations except the Mesudiye popu-
lation. It is believed that the lower accumulation of proline in the drought group of 
the Mesudiye population, compared to the control group, is due to the prioritization 
of carbohydrate accumulation rather than proline accumulation by the seedlings un-
der drought stress to maintain osmotic balance. Indeed, when examining the results 
of carbohydrate analysis, it can be seen that the Mesudiye population had the hig-
hest carbohydrate accumulation among the populations with a value of 117.92 mg 
g-1 on the 45th measurement day. Cotrozzi et al. (2016) reported that drought stress 
caused an increase in proline amounts in Q. ilex, Q. pubescens, and Q. cerris species. 
Deligöz and Bayar (2018) stated that drought stress induced an increase in proline 
and carbohydrate contents in Q. cerris and Q. robur, and Q. robur had more proline 
accumulation than Q. cerris. Wu et al. (2013) indicated that drought stress increased 
proline amounts in Q. variabilis seedlings. Numerous studies have also observed an 
increase in proline amounts with the increase in drought stress (Sircelj et al. 2005; 
Shvaleva et al. 2006; Yang et al. 2007). 

4.2 Drought stress impacts on morphological characteristics

It is seen that many of the studies conducted until recent years for determining seed-
ling quality were based on morphological parameters (Apholo and Rikala 2003; Atar 
2021; Güney et al. 2023). In a study conducted by Semerci (2002), a positive correla-
tion was found between seedling length and survival success. However, some resear-
chers have reported a negative correlation between these two parameters (Larsen 
et al. 1986; Tuttle et al. 1987). Furthermore, it is stated that the root collar diameter 
is a more important criterion in seedling quality classification compared to seedling 
length (Yahyaoğlu and Genç 2007). The root percentage is another important para-
meter used to determine seedling quality (Ayan et al. 2020; Güney et al. 2020). High 
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root development potential is associated with a high survival rate in the field (Ritchie 
1984). Among the populations, the highest mean RP (81.21%) was determined in 
the Koyulhisar population, which is one of the populations least affected by drought 
stress, and the lowest mean RP (63.40%) was determined in the Trabzon population, 
which was most affected by drought stress. Bruschi (2010) stated that there are signi-
ficant differences in morphological characteristics in Q. petraea seedlings exposed to 
drought stress, both in terms of population and irrigation regime. The Dickson quality 
index is an important indicator in determining seedling planting success and survival 
rate (Bayala et al. 2009). According to Dickson et al. (1960), seedlings with a quality 
index close to or above 1 are considered to be of higher quality. In this study, the hig-
hest mean DQI was obtained in the Koyulhisar population with a value of 1.41, while 
the lowest mean DQI was found in the Trabzon population with a value of 0.68. The 
populations with the highest DQI values, namely Koyulhisar, Alucra, and Mesudiye, 
were determined to be the most drought-tolerant populations based on their res-
ponses to drought stress. In addition, it was determined that there was a strong posi-
tive correlation between PWP and RP and DQI values of the seedlings by correlation 
analysis. Indeed, Ritchie and Shula (1984) emphasized that evaluating the physiolo-
gical characteristics of seedling material is crucial, regardless of how good they are in 
terms of genetic and morphological features, as accurate results cannot be obtained 
otherwise. Furthermore, they reported that the results would be more accurate when 
the morphological data used for seedlings aligned with physiological data.

5 Conclusions

In order to make afforestation efforts successful in arid and semi-arid areas, knowing 
the phenotypic characteristics of existing forest trees in nature may not always be 
sufficient. Therefore, it is important to determine the geographic variations of species 
and assess the morphological and physiological characteristics of seeds and seed-
lings obtained from these areas. The populations of Alucra, Koyulhisar, and Mesudiye, 
which have PWP above -1.0 MPa during the drought stress experiment and experien-
ce more severe summer drought in their natural habitats (with lower S and Q values), 
have exhibited higher drought tolerance compared to other populations. It can be 
concluded that these populations can be used in afforestation efforts in water-defi-
cient arid and semi-arid regions.

The increase in the total soluble carbohydrate content of the populations of Q. pe-
traea subsp. iberica under stress conditions can be expressed as an adaptation de-
veloped in response to adverse conditions. The increase in both proline and total 
soluble carbohydrate content serves as important criteria indicating drought tole-
rance in Q. petraea subsp. iberica. Moreover, the increase in carotenoid amounts can 
be considered a good adaptation criterion for drought tolerance, as it helps prevent 
membrane damage associated with water deficiency and contributes to the conti-
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nuity of photosynthesis by assisting chlorophyll pigments.

In the study, it has been revealed that there are strong and significant relation-
ships between the data obtained from the root percentage and Dickson quality in-
dex, which are important parameters in the seedling quality classification, and the 
drought stress resistance of the populations. Thus, it can be said that morphological 
parameters such as RP and DQI, which are simpler to measure than physiological and 
biochemical parameters, can be used in determining the drought tolerance of diffe-
rent populations. Additionally, the bioclimatic classification created using the sum-
mer drought index (S) and precipitation-temperature coefficient (Q) can be utilized as 
an indicator in the selection of populations that may exhibit drought tolerance. Also, 
it is crucial to integrate knowledge about intraspecific ecological amplitude and ad-
aptation processes. However, there might still be biases and difficulties in unraveling 
the correlation between the environment and genetics.

The fact that there are statistically significant differences in terms of drought stress 
among the studied populations necessitates a more detailed study by considering all 
distribution areas of Q. petraea subsp. iberica in Turkey. In this context, future studies 
to establish in situ and ex-situ protection strategies for the species and the determi-
nation of origins that are highly adaptable to changes that may occur in the horizon-
tal and vertical distribution areas of the species, especially at the point of adaptation 
to climate change, will reveal extremely important results for forestry strategies.
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Abstract

In recent years, the social acceptance of biodiversity conservation in forests is taking 
on increasing importance at an international level, both in the scientific communi-
ty and among policy makers. In literature, many studies have investigated people’s 
preferences for biodiversity conservation in protected areas, while there is a know-
ledge gap on the social acceptance of biodiversity conservation in production fo-
rests. The aim of this study is to investigate visitors’ attitudes and perception towards 
biodiversity conservation through the creation of a Saproxylic Habitat Sites (SHSs) 
network in a case study in Germany (University Forest Sailershausen). To this end, 
a questionnaire survey was administered to a sample of 119 visitors from June to 
September 2023. The results show that the target of visitors is mainly composed by 
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young people (under 30 years old) characterized by no or low income (66.1% of total 
respondents), mainly coming from Würzburg or other cities in Bavaria (86.4%). These 
visitors consider fauna and flora conservation and climate change mitigation as the 
most important ecosystem services provided by the University Forest Sailershausen. 
They perceive deadwood in the forest positively and assign higher aesthetic values 
to images of the University Forest Sailershausen with a high amount of deadwood 
(as within the SHSs) compared to images without deadwood. The preliminary results 
provided by this study can be considered a starting point for future research focused 
on the social acceptance of biodiversity conservation in production forests.

Zusammenfassung 

In den letzten Jahren hat die soziale Akzeptanz des Schutzes der Biodiversität in 
Wäldern sowohl in der wissenschaftlichen Gemeinschaft als auch bei politischen 
Entscheidungsträgern auf internationaler Ebene an Bedeutung gewonnen. In der 
Literatur haben viele Studien die Präferenzen der Menschen für die Erhaltung der bio-
logischen Vielfalt in Schutzgebieten untersucht, während es eine Wissenslücke über 
die soziale Akzeptanz gegenüber der Erhaltung der biologischen Vielfalt in bewirt-
schafteten Wäldern gibt. Das Ziel dieser Studie ist es, die Haltung und Wahrnehmung 
von Besuchern in einer Fallstudie in Deutschland (Universitätswald Sailershausen) 
hinsichtlich des Schutzes der Biodiversität durch die Schaffung eines Netzwerks sa-
proxylischer Lebensräume (SHS = Saproxylic Habitat Sites) zu untersuchen. Zu diesem 
Zweck wurde von Juni bis September 2023 eine Fragebogenerhebung bei 119 Besu-
chern durchgeführt. Die Ergebnisse zeigen, dass sich die Zielgruppe der Besucher 
hauptsächlich aus jungen Menschen (unter 30 Jahren) zusammensetzt, die über kein 
oder nur ein geringes Einkommen verfügen (66,1 % aller Befragten) und mehrheit-
lich aus Würzburg oder anderen Städten in Bayern kommen (86,4 %). Diese Besucher 
betrachten den Schutz von Fauna und Flora und die Abmilderung des Klimawandels 
als die wichtigsten Ökosystemleistungen des Universitätswaldes Sailershausen. Sie 
nehmen Totholz im Wald positiv wahr und messen Bildern des Universitätswaldes 
Sailershausen mit einem hohen Totholzanteil (wie innerhalb der SHS) einen höheren 
ästhetischen Wert zu als Bildern ohne Totholz. Die vorläufigen Ergebnisse dieser Stu-
die können als Ausgangspunkt für künftige Forschungen zur sozialen Akzeptanz der 
Erhaltung der Biodiversität in Wirtschaftswäldern dienen.

1 Introduction

Since the early 1990s, the importance of biodiversity conservation has been gro-
wing all over the world following the entry into force of the Convention on Biological 
Diversity (CBD) in 1993 (Ohtani, 2022). The main objectives established by the CBD 
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were the following (Boisvert and Vivien, 2005): 

(i) defining and applying incentives for the conservation of biological diversity; 
(ii) favouring the instruments and actions that promote the sustainable use of bio-

diversity; 
(iii) implement tools and mechanisms to enable the access to biological resources 

and the fair and equitable sharing of the benefits arousing from their utilization. 

Therefore, since 1993 biodiversity conservation has also become a priority of policy 
makers and not only of the scientific community (Herkenrath, 2002).

In 2012, the United Nations (UN) Conference on Sustainable Development (Rio20+) 
reaffirmed one of the key aspects of the previous international environmental agen-
da, namely the importance of recognising the “intrinsic value of biological diversity, 
as well as the ecological, genetic, social, economic, scientific, educational, cultural, 
recreational and aesthetic values of biological diversity and its critical role in main-
taining ecosystems that provide essential services, which are critical foundations 
for sustainable development and human well-being”. Consequently, Rio20+ Confe-
rence emphasized the connection between biodiversity conservation and other be-
nefits (i.e. ecosystem services) provided by natural resources to society (Carrière et 
al., 2013). In this sense, biodiversity sustaining all life processes and contributing to 
human health and well-being (Mace et al. 2010) is strictly related to the “supporting 
services” as defined by the Millennium Ecosystem Assessment (MEA) Report (MEA, 
2005). In fact, supporting services are the benefits that ecosystems provide in order 
to maintain the life of other species or, in other words, those related to habitat func-
tioning themselves (e.g., soil formation, primary production, nutrient cycling). These 
ecosystem services can be considered transversal to the other categories (i.e., pro-
visioning, regulating and cultural services) or as support for the production of ot-
her environmental services (De Meo et al., 2018). Thus, there is a mutual relationship 
between supporting services and biodiversity as emphasized by the global strategic 
plan 2011−2020 of the Aichi biodiversity targets (Harrison, 2014; Liquete et al., 2016).

In 2015, the 2030 Agenda for Sustainable Development has included among its 17 
goals: sustainable forest management; combating desertification; halting and re-
versing land degradation; halting biodiversity loss (SDG15). Particularly, target 15.2 
of this goal fixed for 2020 the objective to promote sustainable management of all 
types of forests, halt deforestation, restore degraded forests and substantially in-
crease afforestation and reforestation globally. According to this target, biodiversity 
conservation is a priority in all types of forests, including those primarily intended 
for timber production or to achieve other objectives. In addition, the target 15.9 set 
another important objective for 2020: to integrate ecosystem and biodiversity values 
into national and local planning, development processes, poverty reduction strate-
gies and accounts. This target has taken up what has already been stated by Rio20+ 
Conference on the close relationship between biodiversity and human well-being 
and poverty reduction.
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At European level, EU 2030 Biodiversity Strategy established in 2020 is the founding 
pillar of the European Union (EU) policy on biodiversity and is based on the following 
three principles (EC, 2020): 

(i) protecting and restoring nature in the EU, by consolidating a coherent and effecti-
ve network of protected areas and restoring degraded habitats; 

(ii) enabling a new governance framework to ensure co-responsibility and co-owner-
ship by all relevant actors in meeting the biodiversity commitments; and 

(iii) adopting a global biodiversity agenda. Then, EU 2030 Biodiversity Strategy emp-
hasized the network approach for biodiversity conservation as-well-as the imple-
mentation of restoration interventions on degraded habitats. 

In addition, the importance of involving all stakeholders is a key point to ensure ef-
ficient and effective biodiversity protection (Hermoso et al., 2022). Also the new EU 
Forest Strategy for 2030 has included protection and restoration of EU’s forests to 
reverse biodiversity loss among its priorities. This Strategy underlined the import-
ance of implementing dedicated actions for the production and the use of long-li-
ved wood products, in the full respect of biodiversity objectives. As already stated 
by SDG15, also the new EU Forest Strategy for 2030 underlines the need to consider 
biodiversity conservation measures in all types of forests, even those intended for 
timber production.

From a practical point of view, there is a trade-off between timber production and 
biodiversity conservation in production forests as highlighted by many authors (Faith 
et al., 1996; Boncina, 2011; Duncker et al., 2012). To reconcile critical trade-offs bet-
ween these two ecosystem services, integrating nature conservation measures into 
production forests can be a useful tool in this regard. The integration approach is 
characterized by several possible strategies, including the preservation of Saproxylic 
Habitat Sites (SHSs) also known as veteran tree islands or îlot de senescence (Aerts, 
2013; Mason and Zapponi, 2015). SHSs are defined as small and permanently un-
managed patches capable of providing sustainable habitats for saproxylic organisms 
(Lachat and Bütler, 2008). A network of SHSs located in production forests is aimed at 
the conservation of some target saproxylic species (e.g., Black woodpecker, Western 
barbastelle, Rosalia longicorn, European stag beetle, Hermit beetle) through the crea-
tion and maintenance of tree microhabitats. In Europe, a network of SHSs has been 
implemented in some countries on both a national scale (i.e., Switzerland) and local 
scale (i.e., Cansiglio in Italy, Mont-Ventoux massif and Vosges massif in France) (Rose 
and Callot, 2007; Lachat and Bütler, 2008; Mason et al., 2016). However, from the visi-
tors’ perspective SHSs may appear as the result of neglected management and even 
a threat to the forest ecosystem (Sacher et al., 2022).

In the international literature, some studies investigated people’s preferences and 
attitudes for forest ecosystem services. Particular attention is given to the moneta-
ry assessment of ecosystem services, with regard to those services not traded on a 
real market, such as biodiversity conservation (Martín-López et al., 2007; Sagoff, 2008; 
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Garcia et al., 2011). Several studies highlighted the importance recognised to suppor-
ting services in forests (Nikodinoska et al., 2015; Pastorella et al., 2016a, Howley et al., 
2011; Lupp et al., 2016; Ranacher et al., 2017). In particular, some studies focused on 
the perception of biodiversity conservation measures mainly in protected areas (Thu 
Le et al., 2016; Aseres and Sira, 2020; Bhat and Sofi, 2021), while other research focu-
sed on the characteristics of forests related to natural diversity (Paletto et al., 2013; 
Langmaier et al., 2023). In addition, some studies have focused on the perception 
that visitors have of lying deadwood and standing dead trees (Golivets, 2011; Paletto 
et al., 2022; Tyrväinen et al., 2003). However, there is a knowledge gap on the social 
assessment of biodiversity conservation in forests with another priority function (e.g., 
timber production, protection against natural hazards, tourism and recreation). 

In the light of these considerations, the objective of this study is to investigate visitors’ 
attitudes, preferences and perception towards biodiversity conservation, achieved 
through the creation of SHSs and the maintenance of deadwood and tree microha-
bitats in production forests. The study was conducted within the LIFE SPAN project 
(LIFE19 NAT/IT/000104) aimed at preserving saproxylic biodiversity in two produc-
tion forests (i.e. Cansiglio Orientale Forest in Italy and University Forest Sailershau-
sen in Germany). The present study focuses on investigating visitors’ preferences and 
perceptions towards biodiversity conservation within SHSs in the University Forest 
Sailershausen in Bavaria (Germany). 

2 Materials and methods

2.1 Study area

The study area is the University Forest Sailershausen (50°55’46’’ N, 10°44’34’’ E) loca-
ted in the northern of Bavaria, in southern Germany (Figure 1). This study area was 
chosen because it is a typical broadleaved mixed forest of Central Europe heteroge-
neous in stand structure, age, and tree species composition, managed primarily for 
timber production and located within agricultural land for crop production. The area 
is managed by the forestry enterprise of the University of Würzburg, taking into ac-
count the principles of multifunctionality at the landscape level and the interactions 
between biodiversity and ecosystem functions (Müller et al., 2022; König et al., 2023).

The University Forest Sailershausen (hereinafter referred to as UFS) covers a total 
land area of 2,346 ha, thus divided: 2,176 ha of forest area with a growing stock of 
600,000 m3 (276 m3 ha-1) of which 547 ha are part of FFH/Natura 2000 network and 
the remaining 1,629 ha of production forest, 120 ha of extensively managed agricul-
tural land, and 50 ha of human infrastructure (i.e., roads and paths). As for visitors, the 
area is mainly suitable to outdoor activities, while the presence of shops selling local 
products (e.g. food and wine or handicrafts) is quite low. The forest area consists of 
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74% deciduous forests and 26% coniferous forests: 10% Norway spruce, 16% pine, 
larch, Douglas fir, 21% European beech, 19% oak, 11% hornbeam, 19% noble hard-
wood (with high commercial value wood) and 4% other hardwood species. The forest 
management system supports old-grown trees as well as natural tree microhabitats, 
deadwood enrichment, rare and red list species. The focus of silvicultural treatments 
of the UFS management lies on old hardwood stands in very long-term regeneration 
periods, while maintaining the value growth on the individual stem and considering 
the nature conservation objectives. The group selection management (Femelschlag 
in German) is applied in order to encourage the natural regeneration of forest and 
at the same time to diversify the vertical stand structure. Oak species is given special 
consideration in all silvicultural interventions due to its outstanding economical, con-
servational, and cultural-historical importance.

Thus, being part of the University of Würzburg, several excursions for students take 
place at the UFS, for example from the Technical University of Munich, the FH Wei-
henstephan-Triesdorf, the Technical University of Dresden and the University of Bay-
reuth. Further, the UFS has a training cooperation with the Forestry School Lohr am 
Main. Since 2018, there is a cooperation with the Department of Animal Ecology and 
Tropical Biology of the University of Würzburg, where the canopy structure was expe-
rimentally enhanced in a large-scale experiment (Müller et al., 2023). Several Bachelor, 
Master and PhD theses are based on those study site at the University of Würzburg.

For 2023, the recreational-educational attendance of the site was characterized by 
eight field trips, with about 170 students in total, and by six forest tours with kinder-
garten, forestry enterprises and the population, with approximately 150 people in 
total. In addition, the UFS is regularly frequented by the inhabitants of neighbouring 
cities for leisure and recreation activities.

During the activities of the LIFE SPAN project, a network of 25 SHSs for the conserva-
tion of saproxylic species have been created on an area corresponding to 5% of the 
managed UFS. In the SHSs, thinning interventions, the creation of microhabitat trees 
and the opening of gaps of 0.15 ha have been carried out (see Figure 1). In addition, 
a marteloscope site – a research plot in the forest where all trees are measured and 
associated software are related to provide a framework for in-forest training in selec-
tion and marking (Kruse et al., 2023) – was developed and set-up for educational-de-
monstrative purposes.
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Figure 1: Location of the study area – University Forest Sailershausen (UFS) – in Bavaria (Germany).

Abbildung 1: Lage des Untersuchungsgebiets – des Universitätswaldes Sailershausen - in Bayern 
(Deutschland).
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2.2 Research framework

The study aimed to investigate the attitudes, preferences and perceptions of visitors 
to the UFS was structured in three steps: 

(1) preparation and pre-testing of the survey (semi-structured questionnaire); 
(2) sampling and face-to-face administration of the questionnaire to a sample of vi-

sitors; 
(3) statistical processing of data collected with the questionnaire.

Step 1

From early February to late April 2023, the preliminary version of the questionnaire 
was prepared by the research team of the LIFE SPAN project. In May 2023, the draft 
questionnaire was pre-tested with three students of the University of Würzburg, in 
order to highlight weaknesses and poorly formulated questions. After the pre-test 
phase, two questions have been changed to simplify them, while one question was 
eliminated because it was considered redundant. The final version of the question-
naire was made up of 19 questions divided in three thematic sections (see Annex 1).

In the first thematic section, the recreational use of the UFS was investigated in or-
der to target visitors through questions concerning the characteristics of the visits 
(e.g. duration, means of transports, travel distance, costs incurred). In addition, the 
reasons for the visit were examined, distinguishing between a series of alternatives 
(e.g. hiking/trekking, sport activities, relaxing into the nature, etc.). The respondents 
assigned the importance of the above reasons using a 5-point Likert scale (1 not im-
portant, 2 not very important, 3 neutral, 4 important, 5 very important).

The second thematic section considered the visitors’ attitudes and preferences to-
wards the UFS. In particular, the perceived importance of the ecosystem services pro-
vided by the study area was investigated using a 5-point Likert scale (1 not import-
ant, 2 not very important, 3 neutral, 4 important, 5 very important). The ecosystem 
services to be evaluated have been selected on the basis of a preliminary literature 
review (D’Amato et al., 2016; Aznar-Sánchez et al., 2018; De Meo et al., 2018). 

After that, three images of the UFS with an increasing gradient of deadwood amount 
were shown to the respondents, in order to investigate their perception towards this 
component of forest ecosystem. Photos have not been edited and showed real views 
of the study area. Photo 1 shows the UFS without lying deadwood and standing dead 
trees, while in Photo 2 the same forest is represented with a medium-high amount 
of deadwood and in Photo 3 with a high amount of deadwood as within the SHS. 
Respondents were asked to assign their preferences from an aesthetic point of view 
using a 5-point Likert scale format (1 very ugly aesthetic landscape, 2 ugly aesthetic 
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landscape, 3 neutral aesthetic landscape, 4 pleasant aesthetic landscape, 5 very nice 
aesthetic landscape). Then, respondents selected one or more alternatives, indicating 
whether they considered deadwood as a positive or negative element for the forest 
ecosystem.

In the last thematic section, data concerning the socio-demographic characteristics 
of the respondents were collected (e.g., gender, age, level of education, personal an-
nual income, etc.).

Step 2

In the second step, the final version of the questionnaire was administered both to 
groups of organized visitors and to individual visitors to the study area (18 years old 
and older) between June and September 2023. The questionnaire was administered 
to organized groups of mainly undergraduate students and forest tours after visiting 
the site, while individual visitors were sampled at a survey point near the site access. 
Therefore, both types of visitors – individuals and organized groups – were involved 
in the survey with the aim of better targeting the attendance of the site. As regards 
the method of sample selection, participants in the organised groups were all invol-
ved, while for individual visitors, one person in two was systematically selected at the 
sampling points where questionnaires were administered. The respondents were as-
ked to complete the questionnaire by themselves, even if the interviewers remained 
available for clarification.

Step 3

In the last step, the collected data were processed to produce the main descriptive 
statistics: mean, median and standard deviation (SD) for the data collected using the 
Likert-scale format; percentage of frequency distribution (%) for other types of ques-
tion. 

For the data concerning the importance of ecosystem services (Q2.1), two non-para-
metric tests were performed to highlight statistically significant differences between 
groups of respondents. In particular, the non-parametric Kruskal‐Wallis test (α=0.05) 
was used to highlight statistical significant differences considering gender, age, le-
vel of education, income; while the non-parametric Mann-Whitney test (α=0.05) was 
used to point out statistical significant differences between local visitors (from Würz-
burg) and non-local visitors (from other German regions or abroad), and between 
members and non-members of environmental NGOs. The non-parametric tests were 
applied, rather than parametric tests, for the following two reasons: the sample size is 
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not large enough (119 questionnaires collected); the assumption of normality is vio-
lated (Shapiro-Wilk test: W=0.879, p<0.0001). All statistical test was performed using 
the XLStat 2020 software.

A Principal Component Analysis (PCA) was implemented to classify the target visitors 
to the UFS based on: the frequency of visits (Q1.1); the travel distance between the 
visitors’ home and the site of visit (Q1.4); the reasons for the visit (Q1.9).

3 Results

3.1 Socio-demographic characteristics of respondents

At the end of data collection, 119 visitors to the UFS filled out all the thematic sections 
of the questionnaire. Table 1 shows the socio-demographic characteristics of respon-
dents. The results showed that the sample of respondents was composed by 48.7% 
of females, 47.8% of males, and 3.5% of non-binary. Regarding the age, the majority 
of respondents were aged between 21 and 30 years old, followed by those between 
31 and 40 years old and between 18 and 20 years old. The majority of respondents 
have a high level of education, but a low annual income. In addition, it is interesting 
to highlight that approximately a quarter of the respondents were members of an en-
vironmental NGOs. Considering the city of origin, the majority of respondents came 
from Würzburg city (37.0%) or other cities and towns of Bavaria (49.4%), while the 
remaining 13.6% came from other parts of Germany or other countries. 
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Table 1: Socio-demographic characteristics of the respondents.

Tabelle 1: Soziodemografische Merkmale der Befragten.
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3.2 Target visitors of the University Forest Sailershausen

The findings indicated that the majority of respondents declared they generally visit 
forests “at least once a week” (57.0%), followed by those who declared “at least once 
a month” (21.9%), “every day” (20.2%), and “at least once a year” (0.9%). Specifically 
considering the UFS, the results about the visitors’ attendance showed that most of 
the respondents had never visited the study area before the day of the investiga-
tion (33.0%), followed by those who had been there only once in the last 12 months 
(22.3%). However, it is worth noting that 22.3% of the respondents were “regular” 
visitors who had been in the study area more than 12 times in the last 12 months. 
The sample actually consisted of 81.2% of daily hikers and the remaining 18.8% of 
tourists, who stayed in local accommodation facilities for one night (6.8%) or two or 
more nights (7.7%). With regards to the visit in progress, the majority of respondents 
stayed in the forest more than 4 hours (43.7%), followed by those who remained bet-
ween 2 and 4 hours (37.8%) and those less than 2 hours (18.5%). The visitors reached 
the UFS mainly by car (77.3%), while the remaining arrived on foot (3.4%), by public 
transport (2.5%), bike (1.7%), or tour bus (15.1%). The latter were university and post-
university students of Biology and Forest Science, who participated in educational 
excursions to the study site. Regarding the costs incurred for the visit in progress, 
the outcomes highlighted that a high number of visitors did not incur any costs for 
accommodation (88.2%), for meals (25.6%), for travel (24.1%) or for the purchase of 
local products (64.5%). The highest cost items were related to the travel (10.1% sup-
ported travel costs between € 11 and € 20 and 3.8% between € 21 and € 30), and to 
the meals (72.1% spent between € 1 and € 10). With reference to the latter cost item, 
visitors declared they mostly dined with a packed lunch (82.9%) and only less than 
1% at a local restaurant. All cost items incurred for the visit undertaken at the time of 
the investigation are summarized in Table 2.

Table 2: Distribution (%) of costs incurred for today’s visit to the University Forest Sailershausen.

Tabelle 2: Verteilung (%) der Kosten, die für den jeweiligen Besuch im Universitätswald Sailershausen 
anfallen.
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Observing the data on the reasons for visiting the study area, the results evidenced 
that (Table 3): education visit was the most important reason for visiting UFS with an 
average value of 4.07 (SD=1.97) in a scale from 1 (not important) to 5 (very important), 
followed by work (3.71±3.22), wildlife watching (2.87±2.25), and relaxing into the na-
ture (2.73±2.26). Conversely, the two least important reasons were: hiking/trekking 
(1.95±1.50) and sport activities (1.56±1.36). Based on the high SD values, it is possible 
to assert that there were two groups of visitors: the first group was composed of stu-
dents, researchers and professors who frequent the study site for work or educational 
reasons; while the second group was composed of hikers from the surrounding towns. 
Taking into account the socio-demographic characteristics of visitors, it is interesting 
to emphasize that females assigned a higher importance to relaxing into nature and 
wildlife watching compared to other genders, while males assigned highest import-
ance to NWFPs collection. Moreover, young visitors (under 30 years old) emphasized 
the importance of hiking/trekking (average value of 2.00±1.27 for visitors under 20 
years old and 2.04±1.47 for visitors between 21-30 years old); while older visitors stres-
sed the relevance of NWFPs collection (average value of 1.82±1.50 for visitors between 
31-40 years old and 1.78±1.37 between 41-50 years old). Regarding the city of origin 
of respondents, the results evidenced that the local visitors from Würzburg city highl-
ighted the importance of the motivations related to sport activities (2.08±1.62) and 
hiking/trekking (2.13±1.36), while visitors from other German lands or abroad empha-
sized as the main reason wildlife watching (3.28±1.94). The main reasons of the visit 
both for the members and non-members of environmental NGOs were educational 
visit and work (4.18±1.71 and 4.22±1.78 vs. 4.00±1.92 and 3.44±2.14 respectively).

Table 3: Importance of the reasons to visit the University Forest Sailershausen in accordance with the 
visitors ‘opinions (5-point Likert scale – from 1 not important to 5 very important).

Tabelle 3: Gewichtung der Gründe für den Besuch des Universitätswaldes Sailershausen in Überein
stimmung mit den Meinungen der Besucher (5-stufige-Likert-Skala - von 1 nicht wichtig bis 5 sehr wichtig).
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The results of Principal Component Analysis (PCA) highlighted that visitors who have 
travelled longer (i.e. greater travel distance) visited the UFS almost exclusively for an 
educational visit. In this group of visitors there were foreign students or students 
from all-over Germany. Conversely, those who most often frequented the UFS were 
those who did so for work reasons or to practice sport activities or hiking/trekking. In 
the first group there were presumably researchers from academia, while the second 
group probably included residents from the surrounding cities. The results of PCA are 
shown in Figure 2.

 

 

 
Figure 2: Results of principal component analysis (PCA) considering the frequency of visits, travel distance 
in minutes between the visitor’s home and the site, and the reasons for the visit.

Abbildung 2: Ergebnisse der Hauptkomponentenanalyse (PCA) unter Berücksichtigung der Häufigkeit 
der Besuche, der Anreisezeit (in Minuten) zwischen dem Wohnort des Besuchers und der Örtlichkeit 
sowie der Gründe für den Besuch.
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3.3 Attitudes and preferences towards the University Forest Sailershausen

The results of the second thematic section revealed that for the sample of respon-
dents: flora and fauna conservation was the most important ecosystem service pro-
vided by the UFS with a mean of 4.34 (SD=1.19) in a scale from 1 (not important) 
to 5 (very important), followed by climate change mitigation (3.72±1.24) and tim-
ber and bioenergy production (3.53±1.40). Conversely, cultural and historical values 
were considered the least important ecosystem services provided by the study area 
(2.85±1.26). Observing data by socio-demographic characteristics, it is interesting to 
emphasise that the non-parametric Kruskal-Wallis test highlighted statistical signifi-
cant differences for two ecosystem services: biodiversity (i.e. flora and fauna conser-
vation) (p=0.049) and cultural and historical values (p=0.044). In particular, males as-
signed lower average values to cultural and historical values and a higher value to the 
biodiversity, compared to females and others. In addition, people over 40 assigned 
the highest values to most ecosystem services (i.e., climate change mitigation, wa-
ter provision, cultural and historical values), while younger people emphasized the 
importance of biodiversity more than other age classes. Regarding the level of edu-
cation, the test findings evidenced statistically significant differences for biodiversity 
(p=0.011) and climate change mitigation (p=0.018). In particular, visitors with an ele-
mentary school degree assigned a lower importance to these two ecosystem services 
compared to the other three groups. Finally, it is interesting to highlight that visitors 
with higher incomes assigned greater importance to timber and bioenergy produc-
tion, recreation, and climate change mitigation compared to those with the lowest 
incomes, which assigned greater importance to biodiversity conservation. The non-
parametric Mann-Whitney test showed statistically significant differences between 
local and non-local visitors only for timber and bioenergy production (p<0.0001), 
highlighting that foreign visitors assigned higher importance to this ecosystem ser-
vice compared to local visitors. The outcomes of the test revealed statistically signifi-
cant differences between members and non-members of environmental NGOs only 
for biodiversity (p=0.011). Contrary to what was expected, non-members assigned 
a higher importance to biodiversity than members of environmental NGOs. The im-
portance of ecosystem services by socio-demographic characteristics of respondents 
are presented in Table 1 of the Annex 2.

Regarding the visitors’ perception towards deadwood in forest landscapes, the results 
highlighted that the preferred image of the UFS was the one represented in Photo 3 
with a mean value of 4.05 (SD=1.10) in a scale from 1 (very ugly aesthetic landsca-
pe) to 5 (very nice aesthetic landscape), followed by Photo 2 (3.88±1.02) and Photo 
1 (3.48±1.32). The non-parametric Kruskal-Wallis test showed statistically significant 
differences among the visitors’ preferences towards the three photos (p=0.006). The-
refore, the sample of visitors gave a preference to forest landscapes with the presence 
(high and medium) of deadwood rather than those without deadwood (Figure 3). 
Considering the socio-demographic characteristics of respondents (see Table 2 of the 
Annex 2), the results showed that females prefer Photo 1 and Photo 2, characterized 
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by the almost total absence or low quantity of deadwood, while males assigned a 
higher value to Photo 3, characterized by a high deadwood amount. However, the 
non-parametric Kruskal-Wallis test showed statistically significant differences only for 
the Photo 1 (p=0.004). Observing the data by age, the results did not show a clear 
trend, as young people (less than 21 years old) assigned the highest values to both 
Photo 1 and Photo 3, while people over 40 gave a preference for Photo 2. Also for the 
level of education no statistically significant differences resulted, with a slight prefe-
rence of people with high school degree for the photos without or with low amount 
of deadwood (Photo 1 and 2), and of people with middle school degree for the photo 
with high amount of deadwood (Photo 3). With regard to the city of origin, the fin-
dings revealed that for all three photos local people assigned a lower preference 
compared to people from other parts of Germany or foreigners. The non-parametric 
Mann-Whitney test confirmed the absence of statistically significant differences bet-
ween these two groups of respondents. As expected, people who were not members 
of environmental NGOs assigned a higher preference to Photo 1 compared to the 
members (mean value 3.61 vs. 3.35), while members of environmental NGOs assig-
ned higher preferences to Photo 2 (3.92 vs. 3.84) and Photo 3 (4.23 vs. 3.68). However, 
the non-parametric Mann-Whitney test showed no statistically significant differen-
ces between the two groups for all three photos. Taking into account the income of 
the respondents, the results evidenced that people with a higher income assigned 
a preference for the photos with a low and high amount of deadwood (Photo 2 and 
3) compared to the other categories, while people with a lower income emphasi-
zed the aesthetic value of forest landscape without deadwood (Photo 1). However, 
the non-parametric Kruskal-Wallis test showed no statistically significant differences 
for all three photos. Finally, the findings revealed that the majority of respondents 
highlighted the positive roles of deadwood in forest landscapes for fauna conserva-
tion (31.7% of total responses), for flora conservation (23.0%), and for soil fertilization 
(20.8%). Conversely, only a minority of respondents emphasized the negative role 
of deadwood in forests related to: the risk of forest fires (4.2%), the risk of harmful 
insects (5.1%), or aesthetic appreciation (2.0%). Overall, these results showed that vi-
sitors perceived deadwood in forests more positively than negatively from an aesthe-
tic-visual point of view and functions performed.
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Figure 3: Visitors’ perception (mean±standard deviation) towards deadwood in forest landscapes (5-point 
Likert scale – from 1 very ugly aesthetic landscape to 5 very nice aesthetic landscape).

Abbildung 3: Wahrnehmung der Besucher (Mittelwert±Standardabweichung) hinsichtlich dem 
Totholz in Waldlandschaften (5-stufige Likert-Skala – von 1 sehr unästhetische Landschaft bis 5 sehr 
schöne ästhetische Landschaft).

4 Discussion

4.1 Visitors’ characteristics 

First of all, the results showed that visitors of the UFS are mainly represented by 
young people (under 30 years old) characterized by no or low income under € 15,000 
(66.1%), principally coming from Würzburg or other cities in Bavaria (86.4%). Besides, 
the PCA results highlighted that the sample is divided into three main groups based 
on visit frequency, travel distance, and reasons for visit: 
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i) visitors who come from far away for the first time to the site for educational visit 
reasons; 

ii) visitors who come from nearby and regularly frequent the site for work reasons; 
iii) visitors who come from nearby and often frequent the site for sporting or hiking 

reasons. 

Presumably the first group includes foreign and non-foreign students, while the se-
cond group includes university researchers and technicians, while the third group 
includes inhabitants of the surrounding cities. The visitors of the sample declared 
that they generally frequent the forests every day (20.2%) or at least once a week 
(57.0%), while the “occasional” visitors to the UFS (i.e., at least once a month and at 
least once a year) are 22.8% of the total. In international literature, Jarský et al. (2022) 
estimated that 70.5% of the Czech people went to the forest at least once a month in 
2020 and 56.7% in 2019, while the number of people who could not visit the forest 
was 7.8% in 2020 and 12.8% in 2019. In a study conducted in Slovenia, Torkan and 
Krašovec (2019) showed that the majority of respondents visit forests weekly (appro-
ximately 28% of the total) or several times a week (approximately 26% of the total), 
while about 24% of respondents rarely visit forests. In addition, the results revealed 
that males showed a higher preference for sites with high deadwood amount. This 
result is confirmed by other studies, such as that of Tyrväinen et al. (2003), who found 
that males tend to approve the presence of dead trees and deadwood on the ground 
more easily than females, and that of Paletto et al. (2022), who identified a greater 
preference for deadwood by males due to a higher knowledge of the issue. Therefore, 
the sample of this study is comparable with what is reported by other studies in the 
literature. Regarding the reasons for visiting the UFS, the third group of visitors is the 
one most in line with the European literature which highlights hiking and relaxing in 
the nature as main reasons (Paletto et al., 2017; Langmaier et al., 2023). However, it is 
important to emphasize that the reasons for visits are strictly connected to the type 
of forest, proximity to urban areas, and the internal characteristics of a site.

4.2 Importance of forests’ ecosystem services

Secondly, the sample of respondents emphasized the importance of supporting and 
regulating ecosystem services (i.e., flora and fauna conservation and climate change 
mitigation) provided by UFS compared to the other categories of ecosystem services. 
This result confirms what has been reported by other studies conducted in other 
European forests. In particular, numerous studies focus on the systematic collection 
of data in large protected areas (Lupp et al., 2016), where the value of forest ecosys-
tem services is usually recognized by visitors. For example, in Sweden, Nikodinos-
ka et al. (2015) found that the supporting services (habitat and species diversity, net 
primary production, and soil formation) are the most important ecosystem services 
provided by Abisko National Park in accordance with the visitors’ opinions. Pastorella 
et al. (2016a) highlighted that in accordance with people’s opinions the most import-
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ant ecosystem services provided by Calabrian forests in southern Italy are biodiver-
sity conservation, followed by landscape conservation and air quality improvement. 
However, in the literature there are few studies that investigate the perception of 
users of forest ecosystem services provided by unprotected areas, as has been done 
in this study. For example, in Italy, De Meo et al. (2011) and Paletto et al. (2014) highl-
ighted the importance of regulating services (i.e. natural hazards protection) and 
cultural services (i.e. recreation and landscape aesthetic) provided by forests in accor-
dance with the stakeholders’ opinions. In a study conducted in Slovakia, Dobšinská 
and Sarvašová (2016) underlined that for the general public the two most import-
ant ecosystem services provided by Slovakian forests are recreation (approximately 
80% of respondents) and non-wood forest products (12.2%). In Ireland, Howley et al. 
(2011) found that the role of forests to ensure a broad variety of plants and animals 
is the most important for society, while the role of forests in climate change miti-
gation through carbon dioxide (CO2) sequestration has been found to be the most 
important ecosystem service in Germany (Lupp et al., 2016) and Austria (Ranacher et 
al., 2017). For an exhaustive and up-to-date meta-analysis of the social perception of 
ecosystem services provided by forests in Europe see Ranacher et al. (2020).

4.3 Perception of deadwood

Thirdly, the results of the present study highlighted that the visitors of the UFS have 
a positive perception of deadwood in forests, both from an aesthetic-visual point of 
view and the functionality in the ecosystem. In fact, 43.6% consider the photo of the 
site with a high amount of deadwood as very pleasant and 21.4% pleasant, while 
29.9% and 40.2% consider the photo with a medium amount of deadwood very plea-
sant or pleasant respectively. Conversely, the photo of the UFS without deadwood is 
considered the least aesthetically pleasing. In addition, the respondents emphasized 
the positive roles (e.g., for fauna and flora conservation and soil fertilization) of dead-
wood in forests more than the negative ones (e.g., for the risk of forest fires, the risk of 
harmful insects, the aesthetic appreciation). In international literature, some studies 
have investigated people’s preferences and perception towards deadwood in forests. 
In a study conducted in Italy, Paletto et al. (2022) revealed that for the majority of 
respondents standing dead trees and lying deadwood have neither a positive or a 
negative effect on forest landscape (52.2% and 34.1% respectively), while a minority 
was recorded who believe that standing dead trees and lying deadwood have a posi-
tive effect on forest landscape (7.5% and 23.0% respectively). Findings from southern 
Sweden, suggested that deadwood played a pivotal role in shaping a negative atti-
tude towards forests as reported by Golivets (2011). However, it is worth noting that 
in the opinions of respondents the presence of lying deadwood did not significantly 
diminish the overall aesthetic value of forest stands in this context. Further explo-
ring Swedish citizens' perspectives, Bakhtiari et al. (2014) demonstrated that leaving 
deadwood in forests was generally accepted as a means of preserving ecosystem 
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naturalness. A study in Japan by Kovács et al. (2020) used a photograph evaluation 
approach to assess visitors’ perceptions of naturally occurring deadwood compared 
to cut wood. Interestingly, Japanese visitors associated photos of naturally occurring 
deadwood with aesthetic and spiritual values, highlighting the influence of cultural 
and social contexts on perceptions. Conversely, deadwood stemming from silvicultu-
ral interventions was often negatively perceived by Japanese citizens. Additionally, 
the perception of deadwood is intertwined with its decomposition rate (Nielsen et al., 
2012; Rathmann et al., 2020). In particular, Rathmann et al. (2020) observed a gradient 
in perception from negatively evaluated fresh and beginning decomposition stages 
to positively valued advanced and high decomposition stages. In a comparative case 
study between Italy and Bosnia & Herzegovina, Pastorella et al. (2016b) observed that 
Bosnian respondents have a more positive perception of dead wood in forests than 
Italian respondents. Finally, Sacher et al. (2022) summarized the results concerning 
people’s preferences towards deadwood in forests by 35 studies conducted from the 
mid-1980s to 2021. Those authors also showed different results depending on the 
context (stand characteristics and location) and target group.

In summary, we can assert that the UFS is a forest area with very peculiar characteris-
tics that make the results of this study not exportable to other contexts. Firstly, the vi-
sitor target is made up of a high number of students, academics and researchers who 
visit the site for work and educational reasons. This target group has a higher level of 
knowledge on forest ecology and management than the common visitors. Presuma-
bly this is one of the reasons for the high aesthetic and functional value assigned to 
the presence of deadwood and SHSs in the UFS. Furthermore, the ecosystem services 
provided by the UFS are of high importance in the eyes of visitors due to its location 
within agricultural land for crop production. In this highly anthropized context, the 
UFS has a key role in providing microhabitats for wildlife and improving air and water 
quality as was also recognized by the sample of visitors.

5 Conclusions

The conservation of biodiversity in production forests is a key theme in the coming 
years that the scientific community is starting to investigate from several perspecti-
ves (e.g., ecological, economic, social). The present study provided preliminary data 
on the social perception for biodiversity conservation in a broadleaved mixed forest 
located in a matrix of production forest. In this context, biodiversity conservation 
through the creation of a network of SHSs and interventions aimed at the creation of 
tree microhabitats and deadwood is of key importance. To date, international litera-
ture has marginally investigated the social acceptance of biodiversity conservation in 
production forests, focusing mainly on protected areas. The main advantage of this 
study was to investigate a site different from the typical areas involved in socio-eco-
nomic studies on biodiversity (i.e., national and regional parks, Natura 2000 sites, and 
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other protected areas). Therefore, the main findings obtained – although prelimina-
ry – are a starting point for a future debate on the analysis of social acceptance and 
the involvement of visitors in biodiversity conservation in production forests. In fact, 
the study allowed to test the methodology for the forests located near large cities 
where timber production is the primary goal of management. On the other hand, the 
main weakness of the study is the particularity of the visitors’ sample, which cannot 
be considered representative of German forest visitors for the presence of a relevant 
group of specialized users: young people with greater knowledge and awareness on 
environmental issues but low income. This weakness is due to the greater difficulty 
in intercepting individual visitors and obtaining their willingness to be involved in 
the survey. Future studies will be undertaken on forests with different site and stand 
characteristics and to target visitors in order to highlight which variables most affect 
social preferences and individual willingness to pay for biodiversity conservation in 
production forests.
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Annex 2
Table 1A: Importance of ecosystem services (mean±SD) provided by the University Forest Sailershausen 
(UFS) in accordance with the visitors’ opinions (5-point Likert scale – from 1 not important to 5 very 
important). (Bold values indicate the highest value per column).

Tabelle 1A: Bedeutung der vom Universitätswald Sailershausen erbrachten Ökosystemleistungen 
(Mittelwert±Standardabweichung) gemäß der Besuchermeinungen (5-stufige-Likert-Skala – von 1 
nicht wichtig bis 5 sehr wichtig). (Fettgedruckte Werte zeigen den höchsten Wert pro Spalte an).
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Table 2A: Visitors’ preferences (mean±SD) towards three photos characterized by an increasing gradient of 
deadwood (5-point Likert scale – from 1 very ugly aesthetic landscape to 5 very nice aesthetic landscape). 
(Bold values indicate the highest value per column).

Tabelle 2A: Vorlieben der Besucher (Mittelwert±Standardabweichung) für drei Fotos, die sich durch 
einen zunehmenden Grad an Totholz auszeichnen (5-stufige Likert-Skala – von 1 sehr unästhetische 
Landschaft bis 5 sehr schöne ästhetische Landschaft). (Fettgedruckte Werte zeigen den höchsten 
Wert pro Spalte an).
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Abstract

Forest bathing, or shinrin-yoku, is a practice that involves immersion in forest environ-
ments to improve health and well-being, associated with stress reduction, immune sys-
tem strengthening and mood enhancement. The aim of the present analysis is to quantify 
and evaluate scientific output, map collaboration among researchers, as well as iden-
tify prolific and prominent researchers, identify prolific journals, and analyze thematic 
trends. The set of 285 documents was extracted from the Web of Science, processed with 
Microsoft Excel and VOSviewer programs, and the analysis was performed following the 
traditional rules of bibliometrics. The number of publications show exponential growth, 
demonstrating the interest of the scientific community. The core of prolific journals is 
composed of only two journals, and the most prominent author is M. Yoshifumi from 
Chiba University (47 articles and 2208 citations). Japan and South Korea stand out as the 
most prolific countries. The researchers focus on the positive effects of forest bathing on 
mental health, especially in mitigating symptoms of depression, anxiety and stress.
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Zusammenfassung

Waldbaden oder Shinrin-yoku ist eine Praxis, die das Eintauchen in Waldumgebungen 
zur Verbesserung der Gesundheit und des Wohlbefindens beinhaltet und mit Stress-
abbau, Stärkung des Immunsystems und Verbesserung der Stimmung in Verbindung 
gebracht wird. Ziel der vorliegenden Analyse ist es, die verfügbare wissenschaftlichen 
Literatur zu erfassen und zu bewerten, die Zusammenarbeit zwischen Forschern dar-
zustellen sowie zentrale Forschende zu identifizieren, wichtige Zeitschriften zu iden-
tifizieren und thematische Trends zu analysieren. Die 285 Dokumente wurden aus 
Web of Science extrahiert, mit Microsoft Excel und VOSviewer bearbeitet und die 
Analyse wurde nach den traditionellen Gesetzen der Bibliometrie durchgeführt. Die 
Anzahl der Dokumente weist ein exponentielles Wachstum auf, was das Interesse der 
wissenschaftlichen Gemeinschaft an diesem Thema deutlich macht. Im Zentrum der 
Publikation stehen nur zwei Journale und der prominenteste Autor ist M. Yoshifumi 
von der Universität Chiba (47 Artikel und 2208 Zitate). Japan und Südkorea sind die 
Länder mit der höchsten wissenschaftlichen Output. Die Forscher konzentrieren sich 
auf die positiven Auswirkungen des Waldbadens auf die psychische Gesundheit, ins-
besondere auf die Linderung der Symptome von Depression, Angst und Stress.

1 Introduction

Today, due to climate change, population growth and uncontrolled development of 
cities, decreasing biodiversity and forest degradation, which has been steadily de-
pleting over the last decades, are real problems for our planet (Sandifer et al., 2015). 
This situation is motivating many collectives and individuals, world organisations, go-
vernments, public administrations and associations, to increase their concern and ap-
preciation for natural environments, forests and ecosystems, given the benefits that 
nature and biodiversity can offer to quality of life and the health of the population, 
and the potential negative consequences resulting from their degradation (Bermejo-
Martins et al., 2022; Honeyman, 1992; Kotera et al., 2022; Sandifer et al., 2015; Ulrich, 
1984; Ulrich et al., 1991). For decades, researchers have studied how the beneficial 
relationship with nature has influenced human evolution and people's state of health 
(Q. Li, 2022; Millward & Appleton, 1988; Orians & Heerwagen, 1992; Wilson, 1984).

In 1982, the Japanese Ministry of Agriculture, Forestry and Fisheries introduced the 
term "Shinrin-yoku", which means "forest bathing" in Japanese (B. J. Park et al., 2008). 
Forest bathing is a natural therapeutic technique that involves spending time in a 
forest or natural environment. This therapy is believed to have numerous positive 
effects on people's mental and physical health, as evidenced by several studies that 
investigated the relationship between forest bathing and its potential health bene-
fits, such as: reducing stress (Miyazaki et al., 2014a; Stier-Jarmer et al., 2021; Zhu et 
al., 2021), improving cardiovascular function (J. Lee et al., 2009; Ochiai et al., 2015; 
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Stier-Jarmer et al., 2021; Tsunetsugu et al., 2007), strengthening the immune system 
(Q. Li et al., 2007, 2008, 2010; Stier-Jarmer et al., 2021) and alleviating symptoms of 
chronic diseases such as anxiety, depression and insomnia (Baek et al., 2022; Kang et 
al., 2022; H. Kim et al., 2020; López-Pousa et al., 2015; Qiu et al., 2022; Stier-Jarmer et 
al., 2021; Timko Olson et al., 2020). We can establish some differences between forest 
bathing and forest therapy, both being nature-based practices aimed at promoting 
wellness, but differing in their approach and structure. Forest bathing, originating in 
Japan, involves immersing oneself in natural environments, mostly forests, to relax 
and connect with nature through sensory engagement and mindfulness. It emphasi-
zes informal activities such as walking and meditation. Forest therapy, meanwhile, is 
a more structured approach, led by trained facilitators or therapists, that incorporates 
specific therapeutic techniques in the forest setting to address the physical, emotio-
nal and mental health needs of individuals. While both practices recognize the be-
nefits of nature for personal wellness, forest therapy offers a more intentional and 
therapeutic framework for healing and support (Baek et al., 2022; Kang et al., 2022; 
H. Kim et al., 2020; López-Pousa et al., 2015; Qiu et al., 2022; Stier-Jarmer et al., 2021; 
Timko Olson et al., 2020)..

Some authors suggest that by going into forests and surrounding oneself with trees 
and vegetation, the body and mind relax, benefiting from the healing effects of na-
ture. This activity, such as forest bathing, could be done alone or in groups, including 
activities such as walking, meditation, yoga or just sitting and enjoying the environ-
ment (Yu et al., 2021). Even in pure virtual reality forests can serve as relaxation en-
vironment (Hejtmánek et al., 2022).In this regard, one of the main benefits of forest 
bathing is its ability to improve people's mental health, notably its ability to reduce 
stress (Miyazaki et al., 2014b; Stier-Jarmer et al., 2021; Zhu et al., 2021), as well as being 
an effective treatment for depression and anxiety (H. Li et al., 2022; Q. Li et al., 2016; 
Muro et al., 2021). Chronic stress is one of the leading causes of illness worldwide 
(Torrades, 2007) and spending time in nature has been shown to help lower cortisol 
levels (J. Lee et al., 2011; B. J. Park et al., 2008; Tsunetsugu et al., 2007, 2010), a stress-
related hormone, in the body (Torrades, 2007). In addition, being surrounded by trees 
and vegetation also increases serotonin levels, a brain chemical related to well-being 
and happiness (B. J. Park et al., 2020; S. Park et al., 2021), thus improving people's 
mood and having positive effects on anxiety and depression (Muro et al., 2021).

Forest bathing also has benefits for cardiovascular health (J. Lee et al., 2009; Ochiai et 
al., 2015; Stier-Jarmer et al., 2021; Tsunetsugu et al., 2007). Spending time in nature 
has been linked to a reduction in blood pressure (J. Lee et al., 2009; B. J. Park et al., 
2007, 2010) and improved cardiovascular system function (Jimenez et al., 2021). In 
addition, walking in natural environments has positive effects on heart rate and re-
spiration, which helps to strengthen the cardiovascular system (J. Lee et al., 2009; B. 
J. Park et al., 2008, 2010; Tsunetsugu et al., 2007). Another important benefit of forest 
bathing is its ability to strengthen the immune system (Q. Li et al., 2007, 2008, 2010), 
spending time in natural spaces has been found to be associated with an increase in 
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the number of immune cells in the body, which helps prevent disease and accelerates 
recovery from existing illnesses (Q. Li et al., 2007, 2008, 2010).

On the other hand, it has also been shown that forest bathing can have benefits 
in improving insomnia (H. Kim et al., 2020; López-Pousa et al., 2015). Studies have 
found that spending time in nature has the potential to enhance the quality of sleep, 
shorten the time required to initiate sleep, and extend the overall duration of sleep 
(H. Kim et al., 2020; López-Pousa et al., 2015). In addition, walking in natural environ-
ments can help regulate circadian rhythms, which may be beneficial for people with 
sleep disorders (H. Kim et al., 2020; López-Pousa et al., 2015).

Moreover, forest bathing not only has a prominent role in improving people's health, 
but the practice can also be understood as an opportunity for the improvement of 
socio-economic development in rural areas (Ohe et al., 2017). The evolution of socie-
ty, new tourism trends or the consequences of the COVID-19 pandemic have boosted 
the practice of recreational activities carried out in nature (Peng et al., 2023; Vada et 
al., 2019; Wen et al., 2020). Thus, the importance of tourism modalities related to the 
health and well-being of tourists (Dillette et al., 2020; Heung & Kucukusta, 2013; Peng 
et al., 2023), with forest immersion being an emerging tourism practice worldwide 
(Farkic et al., 2021; Kil et al., 2021; Ohe et al., 2017), should now be highlighted. 

Thus, in previous literature there are some studies that have highlighted the effects 
that this immersion in nature can have from the point of view of different dimensions, 
thus adopting a multidisciplinary character (Farkic et al., 2021; Ohe et al., 2017). This 
study's main objective was to analyse the scientific production published in the Web 
of Science (WoS) on forest baths, checking the trend followed by annual publications, 
identifying the prolific and prominent researchers, journals with the highest produc-
tion and lines of research on forest baths.

2 Material and Methods

2.1 Design and data sources

This scientific mapping was a descriptive bibliometric study based on data extracted 
from the Web of Science (WoS) core collection, in the editions: Science Citation Index 
Expanded (SCI-Expanded) and Social Sciences Citation Index (SSCI). Web of Science 
is a popular database for bibliometric analysis due to its broad multidisciplinary co-
verage, high quality content, citation tracking capabilities and advanced functiona-
lities that allow efficient and reliable searching, filtering and generation of impact 
metrics; these being tools that other databases lack. (Ding & Li, 2020; Lu et al., 2019; 
Mulet-Forteza et al., 2019; Y. Wang et al., 2022). The data strategy followed included 
the search vector: "forest bathing" (Topic) or "shinrin yoku" (Topic) or "Shirin-yoku" 
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(Topic) or "forest therapy" (Topic) and Articles or Review articles (Documents types); 
without time or language restrictions.

2.2 Data analysis

The phase of scientific development of the object of study was studied, applying 
Price's Law of Exponential Growth of Science (Dobrov et al., 1979; Price, 1976). The 
author data was cleaned, eliminating duplicate identities. The most relevant journals 
in the subject were identified, applying Bradford's Law of concentration of scienti-
fic production, calculating the Bradford zones and the adjustment of the dataset to 
this law (Desai et al., 2018; Morse & Leimkuhler, 1979; Venable et al., 2016). This law 
states that the scientific literature can be divided into a core and fringe, where a small 
number of journals contain most of the important articles (Desai et al., 2018; Mor-
se & Leimkuhler, 1979; Venable et al., 2016). Each of these zones should accumulate 
approximately 33% of the total papers. Lotka's Law was used to identify the prolific 
co-authors (Coile, 1977; Vega-Muñoz et al., 2022). Hirsch index (h-index) was used to 
identify the most cited articles, considering as these, the h articles with h or more 
citations (Hirsch, 2005). Matching prolific co-authors to co-authors of the most cited 
papers, prolific co-authors who submitted one or more articles among the most ci-
ted papers were considered prominent co-authors (Mendoza-Muñoz et al., 2022). A 
descriptive analysis was carried out with the countries involved in the topic. The key-
words most used by the authors were located, applying Zipf's Law (Bulick & Bulick, 
1978; Valderrama-Zurián et al., 2021). Data processing and visualisation was carried 
out with Microsoft Excel v.2204 and VOSviewer software. The network plots genera-
ted for co-authors and keywords represented a strength of association analysis. This 
is a measure that indicates the strength of the relationship between two terms or ele-
ments in a bibliographic dataset. This measure is based on the frequency with which 
two terms appear together in the documents analyzed.

3 Results

We found 285 articles (234 articles and 51 article reviews) indexed in WoS and published 
between 1998 and 2022, assigned to 63 WoS categories. The categories with the highest 
number of articles were: Environmental Sciences (121), Public Environmental Occupa-
tional Health (119), Forestry (65), Environmental Studies (49) and Urban Studies (32). 

The topic of study was found to be in a phase of exponential growth between 2006 
and 2021 (the years prior to 2006 were excluded as there was no continuity in the 
annual publications, as well as the year 2022, as there was not yet complete data on 
the publications for that year), with an adjustment of 94.3% (R2) (Figure 1).
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Figure 1: Exponential increase in yearly publications related to forest bathing.

Abbildung 1: Exponentieller Anstieg der Anzahl der Publikation zu Waldbaden.

The Bradford zones formed by the journals, according to the number of articles pu-
blished, were adjusted, with a margin of error of 2%, to the estimates obtained by 
applying Bradford's law of dispersion of the scientific literature. The core group of 
journals with the most publications on the subject consisted of two journals that 
accounted for 43% of the articles: International Journal of Environmental Research 
and Public Health (94 articles) and Urban Forestry & Urban Greening (29 articles). 
Bradford's zone 1 was made up of 13 journals, accumulating 68% of the publications 
between the core journals and zone 1 (Table 1). In terms of the number of citations, 
the core was made up of three journals, which accounted for 37.9% of the citations: 
International Journal of Environmental Research and Public Health (2029 citations, 94 
articles), Urban Forestry & Urban Greening (651 citations, 29 articles) and Ecosystem 
Services (486 citations, 1 article).
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Table 1: Core and Zone 1 (Bradford's zone) of journals, according to number of articles published on forest 
bathing. JCR (Journal Citation Reports: Quartiles 1 to 4); Art. (Articles); % Art. (Percentage of total articles); 
% Acc. (Accumulated percentage of total number of articles); % O. A. (Percentage of articles of the journal 
in Open Access).

Tabelle 1: Kern und Zone 1 (Bradford’s Zone) der Zeitschriften, hinsichtlich der Anzahl der Artikel 
publiziert zum Thema Waldbaden. JCR (Journal Citation Reports: Quartiles 1 bis 4); Art. (Artikel); % 
Art. (Anteil an Artikelgesamtanzahl); % Acc. (Kummulierter Anteil an Artikelgesamtanzahl); % O. A. 
(Anteil Artikel in Open Access Journalen).

 

A total of 971 researchers were found with at least one article on the subject. With 
only one published article, 763 co-authors were found, with 122 researchers co-aut-
horing only two articles, with the number of co-authors dropping to one researcher 
with 47 co-authored publications (Figure 2).

 
 
Figure 2: Histogram of publications per authors on forest bathing.

Abbildung 2: Histogramm der Anzahl Publikationen pro Autor zum Thema Waldbaden.



Seite 152	Denche-Zamorano, Rodríguez-Redondo, Rojo-Ramos, Miguel-Barrado, Sánchez-Leal, Pérez-Calderon

Applying Lotka's Law to the authors, it was estimated that the prolific authors should 
be the 31 authors with the highest number of publications. We found 54 co-authors 
with at least 4 articles, and 29 co-authors with 5 or more articles, so the latter were 
considered the prolific authors (Supplementary Material 1). A graph of the interrela-
tionships of the 29 prolific co-authors was produced (Method: Fractionalization. At-
traction: 6. Repulsion: -6). In this graph the colors represent groups of collaborating 
authors, the nodes are authors (their size indicates productivity/importance), and the 
lines indicate collaborations between them. Eight collaborative clusters were found. 
The main cluster was led by Yoshifumi Miyazaki, together with 14 other researchers 
(Figure 3).
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Figure 3: Interrelations of co-authors publishing on forest bathing. Each node (29 in total) represents a prolific 
author, and its size represents its productivity/influence. The lines between them represent their relationships, 
the thickness of the line the frequency of these relationships. Eight groups of contributors are represented by 
each color. These are: (1) Red: Y. Miyazaki, H. Ikei, C. Song, T. Kagawa, Q. Li, M. Imai, M. Kobayashi, S. Kumeda, 
T. Miura, H. Kobayashi and M. Igarashi. (2) Green: B.J. Park, J. Lee, T. Ohira, Y. Tsunetsugu and W. Shin. (3) 
Yellow: N. Takayama, E. Bielinis, T. Morikawa. (4) Blue: J.M. Woo, G. Kim and S. Park. (5) Light blue: G. Wang 
and Z. Chen. (6) Purple: M. Jiang and Q. Chen. (7) Orange: H. Wei. (8) Brown: C.P. Yu.

Abbildung 3: Beziehungen zwischen Koautoren mit Publikationen zum Thema Waldbaden. Jeder Knoten 
(29 insgesamt) zeigt einen Autor und die Größte des Knotens dessen Produktivität / Einfluss. Die Linien 
zeigen die Beziehungen zwischen den Autoren und die Linienstärke die Häufigkeit der Beziehungen. 
Die acht Gruppen warden mit Farben dargestellt.: (1) Rot: Y. Miyazaki, H. Ikei, C. Song, T. Kagawa, Q. Li, M. 
Imai, M. Kobayashi, S. Kumeda, T. Miura, H. Kobayashi and M. Igarashi. (2) Grün: B.J. Park, J. Lee, T. Ohira, Y. 
Tsunetsugu and W. Shin. (3) Gelb: N. Takayama, E. Bielinis, T. Morikawa. (4) Blau: J.M. Woo, G. Kim and S. Park. 
(5) Hellblau: G. Wang and Z. Chen. (6) Purpur: M. Jiang and Q. Chen. (7) Orange: H. Wei. (8) Braun: C.P. Yu.

To identify the prominent co-authors the most cited articles (documents with 47 or 
more cites), according to the h-index, and prolific co-authors (5 or more documents) 
were combined, identifying 22 authors with at least one paper among the most cited 
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papers on forest bathing. Yoshifumi Miyazaki emerged as the prominent co-author 
(47 articles and 2208 citations, 18 most cited papers). Table 2 shows the prominent 
co-authors in the field of study.

Table 2: Prominent co-authors on forest bathing. Numbers in in brackets (asterisk) indicate number of 
documents included in the set of most cited documents (table S1).

Tabelle 2: Wichtige Koautoren zum Thema Waldbaden. Zahlen in Klammern (Stern) zeigen die Anzahl 
Publikationen, die auch unter den meist zitierten Publikationen sind (Tabelle S1).

The set of papers consisted of 280 articles written in English, 4 in French and 1 in 
German. Japan (78 articles, 4011 citations), South Korea (69 articles, 1665 citations), 
China (49 articles, 788 citations) and United States of America (34 articles, 1876 ci-
tations) were the countries with the highest number of publications, among the 35 
countries found, publishing on the subject. Figure 4 shows the interrelationships bet-
ween countries, the size of the node is a function of the number of articles cited from 
each country, while the colour is a function of the average date of publication, where 
it can be seen how there are countries that have been adding to the subject in recent 
years (Method: Fractionalization. Attraction: 10. Repulsion: -6). The lines between the 
nodes (countries) would indicate scientific collaborations between researchers from 
different countries in the publication of scientific articles.
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Figure 4: Interrelations of countries/regions and citations on forest bathing. Each node (35 in total) 
represents a region/country, and its size represents the number of citations that each one accumulates. 
The lines between them represent the collaborations between them, the thickness of the line the frequency 
of these. The color of each node represents the average year of publication.

Abbildung 4: Beziehungen zwischen Ländern/Regionen und Zitate zu Waldbaden. Jeder Knoten 
(insgesamt 35) zeigt ein Land/Region und die Größte zeigt die Anzahl der Zitate, die dieser gesammelt 
hat. Die Linien dazwischen zeigen die Kollaborationen an und die Linienstärke deren Häufigkeit. Die 
Farbe der Knoten zeigen das Jahresmittel der Publikationszeitpunkte.

Forty-seven articles were found with at least 47 citations, these being the most pro-
minent articles on the object of study. The most cited article was a review entitled 
“Exploring connections among nature, biodiversity, ecosystem services, and human 
health and well-being: Opportunities to enhance health and biodiversity conserva-
tion” with 486 citations (Sandifer et al., 2015), followed by “The influence of urban 
green environments on stress relief measures: A field experiment” (432 citations) (Tyr-
väinen et al., 2014) y “The effect of contact with natural environments on positive and 
negative affect: A meta-analysis” (265 citations) (McMahan & Estes, 2015). Table S1 
(Supplementary materials) shows the 47 most cited articles.
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Applying Zipf's Law to the keywords used most by the authors, 26 words stood out, 
used in at least 8 articles, being: forest therapy (74 occurrences), forest bathing (64), 
shinrin.yoku (37), heart rate variability (28) and blood pressure (21). Figure 5 shows 
the interrelationship graph of the 26 keywords most frequently used by the authors.

 
 

 
Figure 5: Interrelationships of the most used keywords on forest bathing. Each node (26 in total) represents 
an author keyword, and its size represents the number of occurrences it has. The lines between them 
represent the number of times they appear together; the thickness of the line represents their frequency. 
The color represents the groupings formed according to the occurrences. These are: (1) Red: Forest 
therapy, shinrin-yoku, heart rate variability, semantic differential method, profile of mood states, forest 
environment, relaxation, walking, preventive medicine, physiological relaxation and near-infrared 
spectroscopy. (2) Green: Well-being, nature, mental health, anxiety, stress, green exercise and meta-
analysis. (3) Blue: Forest, blood presure, profile of mood state and pulse rate. (4) Yellow: Forest bathing, 
hypertension and covid-19.

Abbildung 5: Beziehungen zwischen den am häufigsten verwendeten Schlagwörter in Publikationen 
zum Thema Waldbaden. Jeder Knoten (26 insgesamt) zeigt ein Schlagwort und die Größe die 
Häufigkeit der Verwendung. Die Linien zeigen gleichzeitige Verwendung zweier Schlagwörter und 
die Linenstärke die Häufigkeit. Die Farben zeigen identifizierte Gruppen. (1) Rot: Forest therapy, 
shinrin-yoku, heart rate variability, semantic differential method, profile of mood states, forest 
environment, relaxation, walking, preventive medicine, physiological relaxation and near-infrared 
spectroscopy. (2) Grün: Well-being, nature, mental health, anxiety, stress, green exercise and meta-
analysis. (3) Blau: Forest, blood presure, profile of mood state and pulse rate. (4) Gelb: Forest bathing, 
hypertension and covid-19.
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4 Discussion

This is the first bibliometric analysis based on published research on forest baths on 
the WoS database (285 documents), verifying the trend followed by annual publi-
cations on the subject, identifying the most productive and cited co-authors and 
journals, the countries most involved in this object of study, the most referenced do-
cuments and the mostly used keywords by co-authors. However, we found similar 
bibliometrics based on the Scopus database (Paletto et al., 2024), two mappings of 
research in the field of natural therapies (Rodríguez-Redondo et al., 2023; X. Wang et 
al., 2022), and a review using a different methodology than our study, which does not 
use the traditional laws of bibliometrics (Hansen et al., 2017), in addition to literature 
reviews, scoping reviews and systematic reviews (Antonelli et al., 2019; Corazon et al., 
2019; Hansen & Jones, 2020; Ideno et al., 2017; Jones et al., 2021; Langemeyer et al., 
2021; I. Lee et al., 2017; Oh et al., 2017; Rojas-Rueda et al., 2019; Vibholm et al., 2020; 
Wolf et al., 2020).

We found that annual publications on forest baths followed a trend of exponential 
growth, with a very high volume of publications in the last three years, far exceeding 
the number of publications accumulated in the previous 20 years. These findings 
show the high interest of researchers, journals and publishers in this topic, giving 
support to a study like this one. Although they did not demonstrate exponential 
growth in annual publications on forest therapies, X. Wang et al. (2022). found a mas-
sive increase in annual publications on the topic. We also find growing interest out-
side the scientific field, in Germany organizations have promoted projects such as 
Kur- und Heilwald, which focus on the promotion of health and well-being through 
contact with nature. Projects of this type favor the discovery of this type of therapies 
making them more visible to the population.

Two journals that made up Bradford's core, International Journal of Environmental 
Research and Public Health (MDPI) and Urban forestry & Urban Greening (Elsevier), 
standing out as the most productive journals in the subject, coincided with the most 
productive journals found in the bibliometrics of Wang et al (X. Wang et al., 2022). 
In this study, journals such as Forests (MDPI), Sustainability (MDPI) and Frontiers in 
Psychology (Frontiers Media) also appeared in the top 10 journals with the highest 
number of publications.

The term Shinrin-yoku (forest bathing) has its origins in Japan (B. J. Park et al., 2010), 
from where it became established in the rest of Eastern Asia countries, and later ex-
panded to the rest of the world. Thus, Japan is the country with the highest number of 
publications, followed by South Korea and China, something that has been reflected 
in the most productive authors: Miyazaki, Song, Ikei, Kagawa, Takayama, Li, among 
others, all of them Japanese; Park, Shin or Kim, co-authors from South Korea; and 
Wei, Chen, or Jiang, co-authors from China. All of them are among the prolific co-aut-
hors, coinciding with the most productive countries in forest therapies (X. Wang et al., 
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2022). Similarly, many of the most cited papers were published by authors from those 
countries (J. Lee et al., 2009, 2011, 2014; Q. Li et al., 2008; Morita et al., 2007; B. J. Park et 
al., 2011). Among the prominent co-authors, a single co-author from a Western coun-
try is present, Bielinis (Poland), co-authored 10 papers, with "The effect of winter fo-
rest bathing on psychological relaxation of young Polish adults" (Bielinis et al., 2018) 
being his most cited paper. However, the three most cited papers were published by 
co-authors from the USA (McMahan & Estes, 2015; Sandifer et al., 2015) and Finland 
(Tyrväinen et al., 2014). The most cited paper assessed the state of knowledge on 
the relationships between human health and nature and biodiversity, as well as the 
positive health effects found (Sandifer et al., 2015), concluding that more initiatives 
and research by administrations and researchers are needed. Tyrväinen et al. (2014) 
investigated the psychological and physiological effects of short-term visits to urban 
natural environments, suggesting that short-term visits to natural areas have positive 
effects on the relief of perceived stress compared to the built environment, similar to 
the third most cited paper by McMahan and Estes (McMahan & Estes, 2015).

The effects of forest baths on mental health, such as anxiety and depression states, 
psychological discomfort or stress have been highly concerned among researchers 
and so numerous articles and reviews have been found that have evaluated this, fin-
ding positive health effects (Bielinis et al., 2019; Chen et al., 2018; J. G. Kim et al., 2020; 
Kotera et al., 2022; Q. Li, 2019; Song et al., 2018), although results have been found 
in which they have reported that these effects are not clear (Vibholm et al., 2020). 
Therefore for the above pathologies, forest baths have been presented as alternative 
non-pharmacological treatments (Rosa et al., 2021), as well as means of prevention 
of mental pathologies, or of other pathologies such as hypertension (Bielinis et al., 
2021; Ochiai et al., 2015; Wajchman-Świtalska et al., 2021; Yeon et al., 2021; Zhang et 
al., 2020), finding positive effects on blood pressure. Relaxation exercises, physical 
activity and exercise in natural spaces, such as green exercise, or walking in green 
spaces, have been some of the topics of interest for researchers in which positive 
effects on the physical and mental health and well-being of participants have been 
evaluated (Kondo et al., 2018; H. Li et al., 2021; Rogerson & Barton, 2015; Shin et al., 
2012; Yamaguchi et al., 2006) even in virtual reality forest (Hejtmánek et al., 2022).

When comparing what we found with what was found by Paletto et al. (2024) we ob-
served that 285 documents were found in WoS, compared to the 224 found by them. 
In both cases, the oldest document is the one written by Ohtsuka et al. (1998), entit-
led “Shinrin-yoku (forest-air bathing and walking) effectively decreases blood glucose 
levels in diabetic patients”, although they also found another document in the same 
year by the same author. The annual growth curves are similar in both databases, fin-
ding a gap between 1999 and 2005, both included. The most cited keywords coincide 
and when analyzing the connections between them we find a similar distribution, in 
the case of the review carried out in Scopus they did not apply Zipf's law to check the 
most relevant set of words, so they selected the words with four or more appearan-
ces, this being what is observed in their network graph. When we compare countries 
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between both databases we observe that Japan and the United States present a simi-
lar number of documents, but that South Korea and China present a difference of 41 
documents in the first case and 24 documents in the second, the number of publica-
tions located in Scopus being lower. Finally, when comparing the most powerful or-
ganizations resulting from the Scopus analysis with the most relevant authors in the 
WoS analysis, we find a certain discrepancy. The analysis carried out by Paletto et al. 
(2024) indicates that “Forestry and Forest Products Research Institute” (Japan) is the 
most powerful organization and “Chiba University” (Japan) the second, in the present 
analysis the opposite is found, the authors of “Chiba University” (Japan) accumulate a 
greater number of documents than those of “Forestry and Forest Products Research 
Institute” (Japan), this may be due to the difference in the number of documents that 
exists between both databases. We could say with this comparison that when loca-
ting documents related to forest toilets it would be more appropriate to use the Web 
of Science, since it provides a greater number of documents.

More research is needed to explore the effects of forest bathing in different popula-
tions, with different cultural characteristics, on the mental and physical health and 
quality of life of its practitioners. Recently in other countries research is emerging, 
with new researchers joining in and collaborations established between research 
groups are filling the gaps in this field of knowledge. 

4.1 Limitations and Practical applications

This study was based on the publications of journals indexed in the WoS main collec-
tion, despite being the most widely used database in bibliometric studies and one of 
the most prestigious in the scientific field, this study presents a selection bias, as it does 
not include documents that could be published in journals indexed in other databases, 
this being an important limitation. Future research could carry out bibliometric studies 
that take into account other databases. This research provides important information on 
who are the most important researchers in the field of forest baths, which journals are 
most involved, most cited papers and most important research trends. This could faci-
litate both collaboration between researchers and the identification of research trends.

5 Conclusions

Forest bathing is a growing interest in the scientific field, with annual publications 
following an exponential growth trend. Countries such as Japan, South Korea and 
China are the leading producers in this field, with Yoshifumi Miyazaki, the prominent 
co-author, and International Journal of Environmental Research and Public Health, 
the journal with the highest number of publications.
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The effects of forest bathing on mental health, such as depression, anxiety or stress, 
are the topics of greatest interest among researchers, and positive effects of forest 
bathing have been found on the symptomatology of all of them.

Forest baths have been proposed as a preventive treatment to improve mental health 
and reduce blood pressure. Among the activities to be carried out during forest bat-
hing, relaxation exercises, physical exercise in nature or green exercise, or walking in 
the natural environment, are some of the activities that have been found in published 
research.

In short, given the growing interest in this practice from a scientific point of view and 
taking it to a more practical dimension, we believe that it is necessary to promote this 
type of therapeutic tourism based on natural resources, whose benefits could be de-
fined in two ways: on the one hand, by promoting the socio-economic development 
of rural populations, while having a minimal impact on the environment. And, on 
the other hand, in terms of health, with all the benefits that this immersion in nature 
means for the health of the people who practise it. To this end, it would be necessary 
to increase the number of projects such as Kur- und Heilwald in Germany, which pro-
mote the use of natural resources.
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Supplementary Material
Table S1: Most cited articles on forest bathing.

Tabelle S1: Meist zitierte Artikel zum Thema Waldbaden.
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