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to identify the effects of UV-B radiation on some ger-
mination and seedling characteristics of Anatolian 
black pine seeds. Within the scope of the study, seeds 
were exposed to UV-B radiation for 5, 10, 20, 30, 40, 
50, and 60 min for germination experiments; and the 
germination speed (GS) was calculated as the ratio of 
the germinated seeds to the solid seeds at the end of 
the 7th day, whereas the germination percentage (GP) 
was calculated as the ratio of the germinated seeds to 
the solid seeds at the end of the 35th day. The seeds 
reserved for the seedling experiment were exposed 
to UV-B radiation for 1, 3, 5, and 7 h. With the 
measurements made at the end of the day, the seed-
ling length (SL), the terminal bud length (TBL), the 
branch number (BN), the root collar diameter (RCD), 
the stem fresh weight (SFW), the root fresh weight 
(RFW), the stem dry weight (SDW) and the root dry 
weight (RDW), and the rooting percentage (RP) were 
determined. Variance analysis and Duncan test were 
applied to the obtained data with the help of SPSS 
package program. The study results revealed that the 
exposure time to increased UV-B radiation signifi-
cantly affected all characters; the least affected char-
acter was RP, and that the most affected characters 
were RDW, SDW, and RCD. As a result of the study, 
it was found that even the applications with the lowest 
intensity took effect in most of the characters, that the 
seedling development decreased by more than 80% in 
terms of some characters at the end of 7-h applica-
tion, and that even the decrease in the RP character, 

Abstract  Exhaustion of stratospheric ozone found 
at a height of 10–30 km around the world causes 
the solar UV-B (280–320 nm) radiation to penetrate 
through the atmosphere more, and thus to reach the 
Earth’s surface quicker. The protective ozone layer 
gets damaged by human activities constantly, and the 
increasing levels of UV radiation present threats to 
all life forms, plants, animals, and even microorgan-
isms. However, the studies conducted on the effects 
of UV radiation on plants, and especially forest 
trees, are rather limited. In this study, it was aimed 
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which was the least affected by the 7-h UV-B applica-
tion, was above 50%.

Keywords  Germination speed · Growth · 
Morphological characters · Pinus nigra Arnold · 
Radiation · UV-B application · Rooting percentage

Introduction

Today, the worldwide population growth is regarded 
as the cause of many important problems around the 
world. While the world population was only around 
717 million in the 1750s, it exceeded 7.7 billion in 
2020 (Batir, 2019; Worldometers, 2020). In addition 
to the human population growth in the world, the end-
less wishes and desires of humans have caused an 
excessive use of the limited resources of the planet. 
This process created great pressure on the ecosystem 
and caused the delicate balances to begin to deterio-
rate. Basically, some of the most important problems 
caused by human beings are environmental pollu-
tion, increased CO2 concentration in the atmosphere, 
decreased living spaces of many living things, and 
thus the loss of species, and global climate change.

One of the impacts occurring on a global basis 
during this process is the exhaustion of the strato-
spheric ozone layer. This situation is closely related to 
global climate changes, and is one of the main threats 
to life in the world. Exhaustion of stratospheric ozone 
layer at a height of 10 to 30 km around the world 
causes the solar UV-B (280–320 nm) radiation to 
penetrate through the atmosphere more, and to reach 
the Earth’s surface quicker. The protective ozone 
layer is constantly damaged by human activities, in 
other words, the substances that thin the ozone layer, 
including chlorofluorocarbons and other industrial 
products containing halogen. The increasing levels of 
UV radiation may be harmful to all life forms, plants, 
animals, and even microorganisms (Shaukat et  al., 
2013). For this reason, identification of the current 
and possible effects of UV radiation on living things 
is crucial both for understanding the importance of 
the subject and for taking the necessary precautions 
by determining the possible future effects.

The studies conducted reveal that advanced UV-B 
radiation can have important effects on plants’ 
growth, development, biomass accumulation, yield, 
and metabolism. Some of these effects can be listed 

as inhibition of root growth, increased leaf thickness 
changes in the cuticle and decreased biomass, and 
leaf area (Kobzar et  al., 1998; Gwynn-Jones, 2001; 
Ravindran et  al., 2008). In spite of various studies 
carried out on the physiological responses of plants 
to UV-B radiation, the studies on this subject are still 
quite limited, and the studies on forest trees are a lot 
fewer. This study aims to identify the effects of UV-B 
radiation on some seedling characters of Anatolian 
black pine seeds.

Black pine (Pinus nigra Arnold.) is the most 
important species which can be spread to the steppe 
regions in Turkey. Away from its native areas, Black 
pine is planted for its ornamental value and timber 
production purposes (Yigit et  al., 2016; Fagarazzi 
et  al., 2020). It is extensively used in schoolyards, 
university campus areas, urban afforestation areas, 
and amelioration works of abandoned mining sites 
and is recommended in such projects (Topacoglu 
et al., 2016; Dassot & Collet, 2020). UV-B radiation 
is stressful, and plants illustrate the effect of slow-
ing growth (Benca et al., 2018; Santos et al., 2021). 
More importantly, a small increase in UV-B radiation 
can have significant biological effects because of the 
UV-B radiation. It is readily absorbed by a number of 
important macromolecules such as nucleic acids, pro-
teins, lipids, and phytohormones (Kataria et al., 2015) 
negatively affecting plant morphology, physiology, 
and development in addition to photo-oxidative dam-
age (Passaglia et  al., 2009). UV-B radiation reduces 
the photosynthetic activity (Bondarenko & Savchuk, 
2018). It is also stated that the climate change alters 
the exposure of living things to UV-B radiation. Cli-
mate change is seen as the most important threat on 
forests existence and structure (Bornman et al., 2019; 
Varol et al., 2021). Therefore, determining the threats 
that UV-B stress will pose on plants, especially dur-
ing the global climate change process, is extremely 
important in terms of determining the measures to be 
taken.

Materials and method

Material

The study was conducted on the seeds with Anatolian 
black pine (Pinus nigra Arnold.) provenances col-
lected from the Araç district of Kastamonu province. 
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The stand, where the cones were collected, was 
located in the northwest stand and was at the eleva-
tion of 630 m. The cones were collected in Novem-
ber 2019, and the seeds were obtained by drying the 
cones brought to the laboratory. Afterwards, the seeds 
were checked and the healthy ones were separated, 
and the study was carried out on those seeds.

Methodology

The seeds were first sterilized with 0.5% sodium 
hypochlorite for 2 min and then rinsed. Afterwards, 
they were kept in distilled water for 2 h, and then, 20 
seeds were placed in a 9-cm diameter sterile glass 
petri dish. While the seeds were placed in glass 
petri dishes, one group was reserved for germination 
experiments, and the other group was reserved for 
seedling experiments. Later, the seeds were exposed 
to UV-B radiation in the radiation chamber. The radi-
ation chamber used in the study is a room equipped 
with an UV-B fluorescent tube (40W/12 TL, Philips, 
Eindhoven, the Netherlands) that installs from 280 
nm to a maximum of 312 nm (real UV-B range 280 
to 320nm).

Germination experiment

The seeds reserved for germination experiment 
were exposed to UV-B radiation for 5, 10, 20, 30, 
40, 50, and 60 min inside the glass petri dish. In 
order to be able to compare the study results, UV-B 
radiation was not applied to the control group seeds. 
Each application was performed in five repetitions 
(a total of 100 seeds including 20 seeds in petri 
dishes in each repetition, and for 8 treatments, a 
total of 800 seeds were used), according to the pro-
cedures of ISTA (2005). The seeds exposed to radi-
ation were placed in petri dishes with Whatman no. 
1 filter paper, in a way that they did not touch each 
other, and were moistened. The experimental design 
of germination for the seeds was exposed to UV-B 
radiation for 5, 10, 20,30,40,50, and 60 min and the 
control (8 treatments). The petri dishes were taken 
into germination cabinets, and germination experi-
ments were made. The germination cabinets were 
set at an average temperature of 29.3 °C, 61.4% 
humidity, and 1000 lux light. With the counts made 
each day, the seeds, which gave rootlets at least as 

long as the seed size, were considered germinated, 
taken from petri dishes and recorded. At the end of 
35 days, the study was terminated, and the seeds, 
which were not germinated, were cut with a scal-
pel and checked whether they were filled or not. The 
germination speed (GS) was calculated as the ratio 
of the germinated seeds to the solid seeds at the end 
of the 7th day, whereas the germination percent-
age (GP) was calculated as the ratio of the germi-
nated seeds to the solid seeds at the end of the 35th 
day. At the beginning of the study, the seeds were 
checked visually and healthy seeds were selected. 
At the end of the germination trials, it was decided 
that non-germinating seeds were cut with the help 
of nester and the non-full seeds were not included 
in the calculations. However, in the evaluation, it 
was determined that all the seeds were full.

Seedling experiments

The seeds reserved for seedling experiment were 
exposed to UV-B radiation for 1, 3, 5, and 7 h. In 
order to be able to compare the study results, UV-B 
radiation was not applied to the control group seeds. 
Each application was performed in a total of 450 
seeds, which were used for 5 treatments and 3 rep-
lications and each replication being thirty seeds. 
The study was conducted using a randomized plot 
trial design. The seeds were then placed in 2 × 2 
× 12-cm polyethylene tubes filled with germina-
tion peat and were moistened by covering them with 
1–2 mm thick peat. The tubes were placed in ger-
mination cabinets set at 29.3 °C temperature, 61.4% 
humidity, and 1000 lux light, and the seedlings 
were observed for 45 days. At the end of 45 days, 
the seedlings were carefully removed, and the seed-
ling length (SL), the terminal bud length (TBL), the 
branch number (BN), and the root collar diameter 
(RCD) were determined, and then, the seedlings 
were cut from the root collar. The stem fresh weight 
(SFW) and the root fresh weight (RFW) were meas-
ured in the cut seedlings. Afterwards, the seedlings 
were dried at 105 ± 2 °C for 24 h, and the stem dry 
weight (SDW) and the root dry weight (RDW) were 
measured. The rooting percentage (RP) was calcu-
lated as the ratio of the number of healthy capillary 
roots to the number of all roots as a result of the 
counts made at the end of the 7th day. (During the 
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seedling experiments stage, there were no seeds that 
did not germinate, all seeds were germinated.)

Statistical analyses

The data obtained as a result of the study were evalu-
ated with the help of the SPSS package program, the 
variance analysis was applied to the data, and in the 
case of a significant difference at p < 0.05 level, the 
homogeneous groups were formed by applying Dun-
can test, and the results were interpreted. The mean 
values of the variable were compared with the Dun-
can test for the germination experiment and the Tukey 
test for the seedling experiment. As the recorded data 
are in percentage, it is important to transform them 
accordingly before performing the variance analy-
sis. The GS was calculated as the ratio of the germi-
nated seeds to the solid seeds at the end of the 7th 
day, whereas the GP was calculated as the ratio of the 
germinated seeds to the solid seeds at the end of the 
35th day.

Results

As a result of the germination experiments performed 
within the scope of the study, the effects of the 
applications on the GS and GP values were statisti-
cally evaluated, and the results obtained are given in 
Table 1.

As can be seen from the results in Table  1, the 
effect of UV-B applications on GS and GP values 
is statistically significant (p < 0.001). It is seen that 
GS and GP values decrease as the application time 
increases. While the effect of UV-B applications on 
GS values stands out even after 5 min of application, 
the effect on GP value starts to stand out after 20 min 
of application. The proportional calculations made by 
accepting the values obtained in the control group as 
100% in order to ease the interpretation of the data 
are given in Table 2.

When Table  2 is examined, the effects of UV-B 
applications on GS values are seen to be more severe 
than the effects on GP values. After 10 min of appli-
cation, GP values decreased down to 93.63% of the 
control application, while this value decreased down 
to 72.38% in GS. As a result of the 60-min applica-
tion, which was the most severe application, the GP 
value decreased down to 48.51% of the control group, 
while GS value decreased down to 28.98% of the 
control application. The graph created to evaluate the 
proportional change of GS and GP values relative to 
the control is given in Fig. 1.

The changes of seedling characters considered 
within the scope of the study on the basis of applica-
tions were evaluated statistically, and the results are 
given in Table 3.

Table 1   Changes of germination values on the basis of appli-
cations

***significant at 0.001 level. The letters a, b, c, etc. means 
according to Duncan test results; show that the group is 
located. It is statistically different fromthe values contained in 
different groups, starting with the letter a, the numerical value 
grows. Means within each column followed by the same letter 
are notsignificantly different (p<0.05)

Application time (%) GS (%) GP

Control 39.10a 97.30a
5 min 31.60b 94.80a
10 min 28.30c 91.10ab
20 min 25.80c 86.53bc
30 min 22.17d 79.47cd
40 min 18.93e 74.77d
50 min 16.33e 66.23e
60 min 11.33f 47.20f
St. deviation 7,62 5,53
F value 81.617*** 44.024***

Table 2   Proportional changes of germination values to the 
control

***significant at 0.001 level. The letters a, b, c, etc. means 
according to Duncan test results; show that the group is 
located. It is statistically different fromthe values contained in 
different groups, starting with the letter a, the numerical value 
grows. Means within each column followed by the same letter 
are notsignificantly different (p<0.05)

Application time (%) GS (%) GP

Control 100.00a 100.00a
5 min 80.86b 97.43a
10 min 72.33c 93.60ab
20 min 66.0d 88.90b
30 min 56.66e 81.63c
40 min 48.43f 76.83c
50 min 41.80g 68.03d
60 min 29.00g 48.50e
F value 533.706** 59.591***
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When Table  3 is examined, it is seen that all 
the seedling characters subjected to the study are 
affected by the applications, and that there is a 
decline in seedling development. When the Duncan 

test results are examined, it is seen that the effects 
in RP took effect after 5 h of UV-B applications, 
and SL and SFW characters took effect after 3 h 
of UV-B applications, while the values obtained as 

Fig. 1   The proportional 
change of GS and GP 
values relative to the control 
group

Table 3   Changes of 
seedling characters on the 
basis of applications

***significant at 0.001 
level. The letters a, b, c, 
etc. means according to 
Duncan test results; show 
that the group is located. 
It is statistically different 
fromthe values contained 
in different groups, starting 
with the letter a, the 
numerical value grows. 
Means within each column 
followed by the same letter 
are notsignificantly different 
(p<0.05)

Characters UV-B application time F value

Control 1 h 3 h 5 h 7 h

RP (%)
The rooting percentage

27.80a 26.54a 23.82a 18.35b 13.66c 16.011***

TBL (mm)
The terminal bud length

24.45a 19.55b 16.85bc 14.59cd 11.30d 18.183***

BN (number)
The branch number

4.63a 3.85b 2.54c 1.92cd 1.36d 44.835***

SDW (g)
The stem dry weight

6.97a 5.45b 3.73c 2.50d 1.35e 59.286***

RDW (g)
Root dry weight

3.46a 2.98b 1.86c 0.87d 0.63d 71.803***

SL (cm)
The seedling length

15.89a 13.66a 10.50b 7.41c 4.26d 41.074***

RCD (mm)
The root collar diameter

6.76a 4.94b 2.57c 2.19cd 1.43d 68.361***

RFW (g)
The root fresh weight

5.86a 4.74b 3.57c 2.80c 1.94d 34.489***

SFW (g)
The stem fresh weight

8.67a 7.51a 5.23b 4.38b 2.46c 38.986***
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a result of 1 h applications in other characters are 
in homogeneous groups that are different from the 
control group according to the Duncan test. In order 
to be able to evaluate the effects of applications on 
characters more easily, the proportional changes 
were calculated by proportioning the value changes 
as a result of the applications to the control group, 
and the results are given in Table 4.

Considering the effects of UV-B applications on the 
characters, it is seen that the least affected character is 
RP, and the most affected characters are RDW, SDW, 
and RCD. While it is seen that even 1 h of UV-B applica-
tion, which has the lowest intensity, takes effect in most 
of the characters, as a result of the 7-h application, the 
development of seedlings decreased by more than 80% 
in terms of some characters. Even the decrease in the RP 
character, which is the least affected character from the 
7-h UV-B application, is above 50%. The graphic created 
in order to evaluate the proportional change of seedling 
characters relative to control is given in Fig. 2.

Discussions

As a result of the study, it was found that both ger-
mination values (GS and GP) and seedlings charac-
ters were dramatically affected by UV-B application, 
and that as UV-B application time increased, both 

germination values and seedling characters were 
affected negatively. Similar results were obtained in 
various studies conducted on this subject. In stud-
ies aiming to identify the effects of UV-B radiation 
on plant growth and development, it was found that 
increased UV-B radiation caused loss of diameter, 
height, number of leaves, biomass (Liu et  al., 2016; 
Fu & Shen, 2017; Skórska et  al., 2019), and even 
plant phenology (Stromme et al., 2019) in plants.

It is reported that being exposed to UV-B radiation 
may damage DNA, proteins, cell membranes, chloro-
plasts, and associated pigment system (Shaukat et al., 
2013), may suppress the absorption of nutrients and 
water that affect photosynthesis and growth of above-
ground parts (Wang et al., 2013; Yu et al., 2014), and 
may affect morphological, biochemical, and cytologi-
cal parameters (Kumar & Bhardwaj, 2019).

Studies carried out on different species reveal that 
the responses of species to increased UV-B radiation 
can be at different levels (Li et  al., 2010; Newsham 
& Robinson, 2009). This situation may be related to 
plant metabolism and habitus, primarily. The stud-
ies conducted show that plant size and leaf thick-
ness affect the amount of UV-B radiation exposed 
in nature, which then causes the effect of radiation 
on the plants to differ (Liu et  al., 2011; Fu & Shen, 
2017). Studies conducted on this subject show that 
the responses of plant species to different stress levels 

Table 4   Proportional 
changes of the seedling 
characters relative to the 
control group

***significant at 0.001 
level. The letters a, b, c, 
etc. means according to 
Duncan test results; show 
that the group is located. 
It is statistically different 
fromthe values contained 
in different groups, starting 
with the letter a, the 
numerical value grows. 
Means within each column 
followed by the same letter 
are notsignificantly different 
(p<0.05)

Characters UV-B application time F value

Control 1 h 3 h 5 h 7 h

RP (%)
The rooting percentage

100a 95.5b 85.7c 66.0d 49.1e 22,695,105***

TBL (mm)
The terminal bud length

100a 80.0b 68.9c 59.7d 46.2e 12,505,465***

BN (number)
The branch number

100a 83.2b 54.9c 41.5d 29.4e 848,490***

SDW (g)
The stem dry weight

100a 78.2b 53.5c 35.9d 19.4e 1,816,600***

RDW (g)
Root dry weight

100a 86.1b 53.8c 25.1d 18.2e 558,876***

SL (cm)
The seedling length

100a 86.0b 66.1c 46.6d 26.8e 8,108,749***

RCD (mm)
The root collar diameter

100a 73.1b 38.0c 32.4d 21.2e 2,712,119***

RFW (g)
The root fresh weight

100a 80.9b 60.9c 47.8d 33.1e 1,841,627***

SFW (g)
The stem fresh weight

100a 86.6b 60.3c 50.5d 28.4e 2,760,988***
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vary to a considerable extent, and this may be related 
to plant morphological characteristics such as plant 
sizes, leaf surface, and leaf thickness (Turkyilmaz 
et al., 2018; Aricak et al., 2019; Sevik et al., 2020). 
Therefore, it is inevitable for the form and severity 
of being affected by UV-B radiation to be related to 
plant morphological characteristics and habitus. This 
is related to the stress-protective mechanisms of the 
plant as well (Kozlowska et  al., 2007; Ravindran 
et al., 2008).

Studies conducted on the subject also reveal that 
the effect of UV-B radiation on plants varies signifi-
cantly depending on environmental conditions. As 
Watermann et al. (2020) state that the effects of UV-B 
radiation vary depending on altitude, Fu and Shen 
(2017) state that UV-B radiation has different effects 
on grasslands and forests, that the effect of UV-B radi-
ation on alpine plants varies according to ecosystem 

types, and that the climatic conditions are a determin-
ing factor in the effects of UV-B radiation on alpine 
plants. In numerous studies conducted on this subject, 
it is reported that the climatic conditions are determi-
nant in terms of the response of plants to stress levels 
(Turkyilmaz et al., 2019; Ozel et al., 2020) as well as 
the plant morphological, anatomical, and physiologi-
cal characteristics (Cetin et al., 2018a, b).

As well as fulfilling a wide range of ecological, 
economic, and social functions (Yucedag et al., 2019; 
Ertugrul et al., 2019), plants are the source of life, and 
all living things in the world are directly or indirectly 
dependent on plants (Sevik et al., 2020). The fact that 
plants are the sources of food makes the studies on 
all kinds of factors affecting the health and develop-
ment of plants valuable. For this reason, the effects 
of UV-B radiation on plants should be investigated 
from many different aspects. It should not be ignored 

Fig. 2   The proportional 
change of seedling charac-
ters relative to the control 
group
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that UV-B radiation may also have positive effects on 
plants. For instance, despite the fact that UV-B radia-
tion damages plant tissues, it is determined that it can 
also promote the accumulation of antioxidant and 
UV protective molecules in some plants used as food 
(He et al., 2019). It is also stated that UV-B may have 
positive effects on total isoflavone accumulation (Jiao 
et al., 2015; Ma et al., 2019).

Studies conducted show that UV-B radiation sig-
nificantly affects plants’ morphological characteristics 
as well as the invisible micro-morphological char-
acteristics (Zhao et  al., 2019). Micro-morphological 
characteristics are an important indicator of the plants’ 
responses to stress factors (Yigit et  al., 2016; Sevik 
et  al., 2019a). However, the studies on the effect of 
UV-B radiation on plant micro-morphological char-
acteristics are limited. In order to reveal the effects 
of UV-B radiation on plants clearly, it is necessary to 
study the effects of increasing radiation level on plant 
chemical structure as well as plant micro-morphologi-
cal characteristics. In the studies conducted, it is stated 
that the PAL activity increases in response to UV-B 
stress, and the increase in PAL activity is a sign of 
plant tissue exposed to stress (heavy metals, disease, 
injury, heat shock, UV-B radiation, etc.) (Chmielowski 
et al., 2008; Fu & Shen, 2017).

It is stated that UV-B radiation also affects the ger-
mination and seedling characteristics of pine species. 
Kondrateva et al. (2019) It has been determined that UV 
radiation increases the germination rate of Picea fen-
nica seeds from 75 to 86%, thus reducing planting rates 
and subsequent planting costs. In the same study, after 
exposure to UV dosage of 2 kJ/m2, Thuja occidentalis 
seeds were found to have a 12.8% better germination 
rate, resulting in faster growth and earlier full-growing 
shoots. It is stated that seedlings exposed to UV rays in 
some species exhibit increased growth due to stimula-
tion of gibberellin synthesis as well as ethylene. It is 
stated that ethylene synthesized in seedlings exposed 
to UV-B rays regulates many development processes 
of the plant life cycle, including responses to biotic and 
abiotic stresses such as seed germination, flower devel-
opment, aging, drought, and injury (Olsen & Dineva, 
2017). However, it is stated that UV-B radiation does 
not have a positive effect on the germination of Pinus 
sylvestris seeds (Kondrateva et al., 2019).

In pine species, it is stated that UV-B radiation 
generally affects plant growth negatively. Stefi et  al. 
(2017a, 2017b) stated that Pinus halepensis seedlings 

exposed to UV-B rays had losses up to 25% in fresh 
stem weight, 40% in stem biomass, 40% in root fresh 
weight, and 50% in root biomass. Similar results were 
obtained in plants such as Vigna radiata (Sharma 
et al., 2009), Arabidopsis thaliana (Stefi et al., 2016), 
and Zea mays (Stefi et al., 2017a, b). It is also stated 
that UV-B radiation affects flower size and num-
ber (Van de Staaij et  al., 1997; Barbir et  al., 2014), 
such as direct or indirect exposure to radiation, plant 
stress, and vegetative tissue, as well as the structure 
and number of blooms and flowers. It is emphasized 
that it is effective on plant morphology (Ballare et al., 
2011; Llorens et al., 2015; Ozel et al., 2021).

UV-B radiation is an important stress-causing 
factor in plants (Yan et  al., 2016). The responses of 
plants to stress factors are mainly shaped by the inter-
action of various factors such as environmental fac-
tors, plant genetic structure, plant metabolism, and 
stress level (Sevik et  al., 2019b; Cetin et  al., 2020; 
Aricak et  al., 2020). However, the number of stud-
ies conducted on these subjects is also very limited. 
For this reason, it is recommended to diversify and 
increase the number of studies on this subject.

Conclusions

The study results reveal that the increased exposure 
time to UV-B radiation significantly and negatively 
affects the morphological characteristics of both ger-
mination and seedlings in Anatolian black pine. This 
situation can be interpreted as a great risk for forests 
especially when considered in terms of the potential 
effects of ozone layer degradation as well as global 
climate change. For this reason, the studies on the 
subject should be extended, the subjects of how pos-
sible changes can affect the levels of UV-B radiation 
and the reactions of the forests at these levels should 
be investigated, and strategies should be developed 
against risks. For instance, it can be suggested to iden-
tify the tree species to be least affected by these nega-
tivities and to use those species in afforestation studies 
and similarly to identify the most durable population 
and individuals and to use the seeds of those popula-
tions and individuals seeds in sapling production.

In the studies conducted, it is revealed that even 
though the UV-B radiation is a stress-causing factor 
in plants, it may also have positive effects. Especially 
with studies on plants consumed as food, the effects 
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of UV-B should be investigated in terms of subjects 
such as the production of genotypes that will least 
suffer from the effects from global climate change; 
the development of plants’ antioxidant, antimicrobial, 
antifungal, etc.; contents; and development of indi-
viduals resistant to other stress factors.
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