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Abstract 

Heavy metals are one of the components that threaten human health and the ecosystem the most among the 
components of air pollution, which has become a global problem. Sulfur, an important air pollutant, is not only a serious 
threat to human health at high concentrations, but also extremely dangerous for the ecosystem and constitutes a 
significant part of the pollutant load in many cities. Therefore, monitoring the change of sulfur pollution in the air is 
very important.  

In this study, the usability of Cedrus atlantica annual rings was investigated in observing the change in sulfur pollution 
in the air. Within the scope of the study, samples taken from a Cedrus atlantica tree grown in Düzce, one of Europe's 5 
most polluted cities, were analyzed, and the change of sulfur concentration from the past to the present was 
investigated. As a result of the study, the highest concentrations were obtained in the outer bark and north direction. In 
addition, it has been found that there has been a substantial increase in sulfur pollution in recent years.  
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1. Introduction

In recent years, air pollution has been one of the most critical threats to humans, other living things, and ecosystems 
worldwide [1]. Especially some air pollution factors, such as heavy metals, are hazardous to human health and the 
ecosystem, even at low concentrations [2-4]. Sulfur (S), one of these pollutants, is one of the most critical air pollution 
components. In fact, for all animal species, sulfur is an essential component of vitamins, proteins, amino acids, enzymes, 
and other biomolecules. Recently, however, the increasing prevalence of oil refining and smelting of sulfur compounds 
of metallic minerals into free metals has significantly impacted the sulfur balance in the environment. Sulfur dioxide 
(SO2), an important air pollutant, can adversely affect human and animal health by causing bronchoconstriction, 
bronchitis, and increased pulmonary resistance [5]. 

Sulfur dioxide is a colorless gas released from the combustion of diesel fuel and coal. SO2 and particulates constitute a 
significant part of the pollutant load in several cities. It may cause irritation, reduced vision, and some respiratory 
diseases. High S exposure is dangerous to life. Sulfur dioxide reacts with moisture in the nose, throat and nasal cavity, 
harming human health and thus destroying the nerves in the respiratory system. Higher concentrations affect those 
who have asthma, bronchitis, and lung and heart conditions. SO2 can be hazardous to the respiratory system and lung 
functions and cause eye irritation. It causes respiratory tract inflammation, coughing, mucus secretion, chronic 
bronchitis, and asthma aggravation, making people more prone to respiratory infections. On days when SO2 
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concentration is high, hospital admissions due to cardiac problems and mortality increase. SO2 combines with water to 
form sulfuric acid; it is the core component of acid rain and causes deforestation [6]. 

In recent years, environmental pollution, and especially the concentrations of some pollutants in the air, have increased 
significantly due to factors such as industrial activities, an increase in the number of vehicles, and mining activities [11-
14]. This increase threatens human and environmental health significantly [15-18] and is the main cause of global 
climate change due to changes in the composition of the air [19-22]. 

The direct effects of air pollution on human health are severe. It is claimed that roughly 7 million people die every year 
due to air pollution [23-24]. Therefore, monitoring and reducing air pollution, especially the concentrations of 
pollutants important for human health and the ecosystem, are among the priority research topics [25-27]. In this study, 
the usability of Cedrus atlantica in monitoring the change of sulfur concentration in the air and reducing sulfur pollution 
was investigated. 

2. Material and methods 

The study was carried out on log samples of a Cedrus atlantica tree growing in Düzce. According to the 2021 World Air 
Pollution report, Düzce is one of the 5 most polluted cities in Europe [28]. Within the scope of the study, the main trunk 
of the Cedrus atlantica tree was cut by marking the north direction at the end of the vegetation season of 2022, and a 
log sample was taken from the ground at the height of about 50 cm. The sample taken was brought to the laboratory, 
the annual rings were grouped as five years, and samples were taken from the outer bark, inner bark, and woods in each 
direction using a steel drill. S in these organs were analyzed with the help of the ICP-OES device in the samples that 
were dried in an oven at 45 °C for two weeks. This method has been used frequently in heavy metal studies in recent 
years [29-32]. The obtained data were evaluated with the help of the SPSS package program, and variance analysis and 
the Duncan test were applied to the data. 

3. Results  

The directional changes of S concentrations in the bark and wood of Cedrus atlantica and the statistical analysis results 
are given in Table 1. As seen in Table 1, the change in S concentrations in samples taken from different directions in all 
organs and the change in S concentrations in samples taken from different organs in all directions is statistically 
significant, at least at the 95% confidence level. When the values were examined, the highest S concentrations were 
generally obtained in the northern direction and the outer bark. 

Table 1 S concentrations in Cedrus atlantica organs 

ORGAN South West North East F value Mean 

Wood 74.3 Ba 107.1 Ba 83.0 Ba 21.3 Aa 4.8 **  74.1 a 

Inner Bark 79.6 Aa 86.8 Ba 227.7 Db 121.8 Cb 1619.8***  128.9 a 

Outer Bark 591.8 Bb 606.0 Cb 790.4 Dc 254.3 Ac 3416.3***  560.6 b 

F value 65.8*** 219.6*** 220.3*** 676.9***   133.7*** 

Mean 132.4  175.5   204.7 76.9 1.6 ns    

Different letters following each other represent the statistical difference at p0.05. Uppercase letters represent left to right and lowercase letters 
from top to bottom. ***  0.001. **  0.01. ns=not significant. 

The variation of S concentrations in Cedrus atlantica woods is given in Table 2. As can be seen from the table, S 
concentrations in Cedrus atlantica woods remained below the determinable limits until 1988 in the south direction, 
1998 in the west direction, 1993 in the north direction, and until 2003 in the east direction, and also in the 2003-2007 
period in the north direction. While the S concentrations were below the determinable limits in the past years, they 
have increased over the years and reached very high concentrations in recent years. The increase in S, especially after 
2013, draws attention. 
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Table 2 S concentrations in Cedrus atlantica woods by years 

Age South West North East F value 

1983-1987  UL   UL  UL  UL -  

1988-1992 3.4 a  UL  UL  UL  - 

1993-1997 2.4 a  UL 111.0 c  UL 10258.3*** 

1998-2002 5.8 Ab 69.6 Ca 8.4 Ba  UL 4251.4*** 

2003-2007 65.7 Bc 80.7 Cc  UL  9.8 Aa 3054.0*** 

2008-2012 92.8 Cd 73.4 Bb 17.8 Ab 18.8 Ab 13750.2*** 

2013-2017 113.8 Be 135.4 Dd 128.8 Cd 19.5 Ab 18179.0*** 

2018-2022 236.7 Df 176.6 Ce 148.9 Be 37.1 Ac 5692.5*** 

F value 13182.9*** 5033.3*** 7499.4*** 720.6***   

Different letters following each other represent the statistical difference at p0.05. Uppercase letters represent left to right and lowercase letters 
from top to bottom. UL=Under Limit. ***  0.001. 

4. Discussion 

The most important results of the study are that the S concentrations in Cedrus atlantica organs are generally above the 
detectable limits, the highest concentrations in the organ are obtained in the outer bark, the direction in the north, and 
there has been a significant increase in S concentrations in recent years. 

First, it was determined that S concentrations in Cedrus atlantica organs were above the detectable limits, and there 
were significant differences between adjacent wood samples in terms of direction and period. This situation shows that 
Cedrus atlantica is a suitable biomonitor for monitoring S pollution. As is known, biomonitors are generally used to 
monitor heavy metal pollution in the air [33-36]. 

Annual rings of trees are the most preferred biomonitors for observing the changes in heavy metal concentrations in 
the air during the process. To date, studies have been accomplished on the usability of annual tree rings in the 
monitoring of Al, Ca, Cu, Zn, Co, Fe, B, Cd, Mn, Cr, Na, Ba, Mg, P, As, Bi, Cd, Ni, Li elements [37-42]. However, the essential 
need for more information on this subject is the transfer of elements after they enter the tree [43]. Studies have shown 
that Cedrus annual rings are suitable biomonitors for the monitoring of Cr, Mn [44], Pb, Co, Fe [45], Cd, Ni, Zn [46], and 
Ca [47] elements. However, there are limited studies on the availability of annual rings in monitoring the variation of S 
concentration [48-50]. 

The study obtained the highest S concentrations in the outer bark and the north direction. There is a busy main road 
and residential area in the north direction. Sulfur dioxide is a colorless gas released from the combustion of diesel fuel 
and coal [6]. Therefore, it is natural for the S concentration to be high in the north direction. High concentrations of S in 
the outer bark may be associated with the concentration of particulate matter in the air. In the studies, it was determined 
that heavy metals in the air adhere to the particulate matter, that the particulate matter is contaminated with heavy 
metals, and that these particulate substances adhere to the bark of the trees and the heavy metal concentrations in the 
outer bark increase [51-53]. The high concentration of S in the outer bark indicates a high level of S pollution in the 
atmosphere. 

As a result of the study, it has been found that there has been a substantial increase in S concentrations in recent years. 
This situation is thought to be predominantly related to the number of vehicles. Many other heavy metals, such as S, are 
also emitted into the atmosphere mainly by traffic, and the growth in the number of vehicles in recent years is the main 
cause of heavy metal pollution in the air [45-46]. 

As a result of the study, it was found that Cedrus atlantica is a suitable biomonitor that can be used to observe the change 
of heavy metal pollution in the air. The entry and accumulation of heavy metals into the plant body are shaped as a 
result of a very complex mechanism, and many factors such as plant species, weather conditions, organ structure, plant 
habitus, and heavy metal type are determinative in this process [37, 52-53]. In addition, this process is closely related 
to plant metabolism [54]. Plant metabolism is also shaped by the interaction of genetic structure [55-58] and 
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environmental settings [59-70]. In addition, stress factors such as drought [71-75], UV-B [76], radiation [77], and 
fertilization [78] also significantly affect plant growth. Therefore, these factors affecting plant metabolism also 
significantly affect heavy metal absorption and accumulation in plants [79-80]. 

5. Conclusion 

Heavy metals, which have special importance among the components of air pollution, are pollutants whose 
concentration in the atmosphere has increased in recent years and are highly harmful to human and environmental 
health. Therefore, observing and reducing heavy metal pollution is of great importance. Studies show that biomonitors 
are the most suitable tools to be used for this purpose. This study evaluated the usability of Cedrus atlantica, which is 
frequently used in landscape studies in monitoring and reducing S pollution in the air. As a result of the study, it was 
determined that Cedrus atlantica is a suitable biomonitor that can be used for this purpose. In addition, the results of 
the study show that there has been a significant increase in S pollution in recent years. S is a pollutant that significantly 
affects the ecosystem as well as human health. It is recommended that urgent measures be taken to reduce S pollution. 
For this purpose, suitable species that can be used for phytoremediation applications should be determined and planted 
in areas with high pollution levels. 

Compliance with ethical standards 

Acknowledgments 

We thanks to Bartin University, Faculty of Forestry and Kastamonu University, Faculty of Architecture and Engineering. 

Disclosure of conflict of interest 

The authors declare that they no conflict of interest. The none of the authors have any competing interests in the 
manuscript. 

References 

[1] Elsunousi AAM, Sevik H, Cetin M, Ozel HB, Ucun Ozel H. (2021) Periodical and regional change of particulate 
matter and CO2 concentration in Misurata. Environmetal monitoring and assessment. 2021; 193: 707 (2021).  

[2] Aricak B, Cetin M, Erdem R, Sevik H, & Cometen H. The change of some heavy metal concentrations in Scotch pine 
(Pinus sylvestris) depending on traffic density, organelle and washing. Applied ecology and environmental 
research. 2019; 17(3): 6723-6734. 

[3] Elajail ISI, Sevik H, Ozel HB, Isik B. Examining the chemical compositions of mineral concrete agents in terms of 
their environmental effects. Feb-fresenius environmental bulletin. 2022; 31(9):9784-9790. 

[4] Ucun Ozel H, Ozel HB, Cetin M, Sevik H, Gemici BT, & Varol T. Base alteration of some heavy metal concentrations 
on local and seasonal in Bartın River. Environmental monitoring and assessment. 2019; 191(9):594. 

[5] Komarnisky LA, Christopherson RJ, Basu TK. Sulfur: its clinical and toxicologic aspects. Nutrition. 2003; 19(1):54-
61. 

[6] Khan RR, Siddiqui MJ. Review on effects of particulates: Sulfur dioxide and nitrogen dioxide on human 
health. International research journal of environmental sciences. 2014; 3(4):70-3. 

[7] Aricak B, Cetin M, Erdem R, Sevik H, Cometen H. The usability of Scotch pine (Pinus sylvestris) as a biomonitor for 
traffic-originated heavy metal concentrations in Turkey. Polish journal of environmental studies. 2020; 
29(2):1051-1057. 

[8] Elajail ISI, & Sevik H. Examining the Chemical Compositions of Mineral Concrete Agents in Terms of Their 
Environmental Effects. Icontech international journal. 2022; 6(3):83-93. 

[9] Turkyilmaz A, Sevik H, Cetin M. The use of perennial needles as bio-monitors for recently accumulated heavy 
metals. Landscape ecology engineering. 2018; 14 (1):115–120.  

[10] Ucun Ozel H, Gemici BT, Gemici E, Ozel HB, Cetin, M, Sevik H. Application of artificial neural networks to predict 
the heavy metal contamination in the Bartın River. Environ sciences and pollution research. 2020; 27:42495–
42512. 



World Journal of Advanced Research and Reviews, 2023, 18(01), 227–234 

231 

[11] Erdem R, Çetin M, Arıcak B, Sevik H. The Change of the concentrations of boron and sodium in some forest soils 
depending on plant species. Forestist. 2023 (InPress). 

[12] Ghoma W, Sevik H. Isinkaralar K. Using indoor plants as biomonitors for detection of toxic metals by tobacco 
smoke. Air quality, atmosphere and health. 2022; 15:415-424.  

[13] Isinkaralar K. Some atmospheric trace metals deposition in selected trees as a possible biomonitor. Romanian 
biotechnological letters. 2022; 27(1):3227-3236.  

[14] Ozel HB, Varol HN, Sevik H. Change of Mg concentration in several plants depending on plant species, washing 
status, and traffic density. World journal of advanced research and reviews. 2021; 12(01):447–453.  

[15] Sevik H, Cetin M, Ozel HB, Pinar B. Determining toxic metal concentration changes in landscaping plants based 
on some factors. Air quality, atmosphere & health. 2019a; 12 (8):983-991. 

[16] Cetin M, Aljama AMO, Alrabiti OBM. Adiguzel F, Sevik H, Zeren Cetin I. Using topsoil analysis to determine and 
map changes in Ni, Co pollution. Water, air and soil pollution. 2022; 233:293(2022).  

[17] Sevik H. The Variation of chrome consantration in some landscape plants due to species, organ and traffic 
density. Turkish journal of agriculture-food science and technology. 2021; 9(3):595-600. 

[18] Elajail ISI, Sevik H. Assessing the Co, Bi, and Mg contents of some mineral concrete additives in terms of 
environmental effects. Kastamonu university journal of engineering and sciences. 2022; 8(2):128-134. 

[19] Varol T, Canturk U, Cetin M, Ozel HB, Sevik H. Impacts of climate change scenarios on European ash tree (Fraxinus 
excelsior L.) in Turkey. Forest Ecology and Management. Forest ecology and management. 
2021; 491(2021):119199. 

[20] Tekin O, Cetin M, Varol T, Ozel HB, Sevik H, Zeren Cetin I. Altitudinal migration of species of fir (Abies spp.) in 
adaptation to climate change. Water, air, & soil pollution. 2022; 233:385 (2022).  

[21] Varol T, Cetin M, Ozel HB, Sevik H, Zeren Cetin I. The effects of climate change scenarios on Carpinus 
betulus and Carpinus orientalis in Europe. Water, air and soil pollution. 2022; 233:45.  

[22] Varol T, Canturk U, Cetin M, Ozel HB, Sevik H, Zeren Cetin I. Identifying the suitable habitats for Anatolian 
boxwood (Buxus sempervirens L.) for the future regarding the climate change. Theoretical and applied 
climatology. 2022; (2022). doi: 10.1007/s00704-022-04179-1 

[23] Cesur A, Zeren Cetin I, Cetin M, Sevik H, Ozel HB. The Use of Cupressus arizonica as a biomonitor of Li, Fe, and Cr 
pollution in Kastamonu. Water, air and soil pollution 2022; 233:193.  

[24] Cetin M, Aljama AMO, Alrabiti OBM, Adiguzel F, Sevik H, Zeren Cetin I. Determination and mapping of regional 
change of Pb and Cr pollution in Ankara city center. Water, air, & soil pollution. 2022; 233(5):1-10. 

[25] Isinkaralar K. Atmospheric deposition of Pb and Cd in the Cedrus atlantica for environmental 
biomonitoring. Landscape ecology engineering. 2022; https://doi.org/10.1007/s11355-022-00503-z 

[26] Turkyilmaz A, Sevik H, Cetin M, Ahmaida Saleh EA. Changes in heavy metal accumulation depending on traffic 
density in some landscape plants. Polish journal of environmental studies. 2018c; 27(5):2277–2284.  

[27] Sevik H, Cetin M, Ozturk A, Ozel HB, Pinar B. Changes in Pb, Cr and Cu concentrations in some bioindicators 
depending on traffic density on the basis of species and organs. Applied ecology and environmental research. 
2019b; 17(6):12843-12857. 

[28] IQair [Internet]. 2021 World air quality report. Region & city pm2.5 Ranking. [cited 2023 April 1]. Available from 
http://world-air-quality-report-2021-en.pdf/.  

[29] Işınkaralar K. Erdem R. The effect of atmospheric deposition on potassium accumulation in several tree species 
as a biomonitor. Environmental research and technology. 2022; 5(1); 94-100.  

[30] Karacocuk T, Sevik H, Isinkaralar K, Turkyilmaz A, Cetin M. The change of Cr and Mn concentrations in selected 
plants in Samsun city center depending on traffic density. Landscape ecology engineering. 2022; 18:75-83.  

[31] Sevik H, Cetin M, Ozel HB, Ozel S, Cetin IZ. Changes in heavy metal accumulation in some edible landscape plants 
depending on traffic density. Environmental monitoring and Assessment. 2020b; 192(2):78. 

[32] Turkyilmaz A, Cetin M, Sevik H, Isinkaralar K, Saleh EAA. Variation of heavy metal accumulation in certain 
landscaping plants due to traffic density. Environment, development and sustainability. 2020; 22(3):2385-2398. 

file:///C:/Users/Pc2018_1/Downloads/world-air-quality-report-2021-en.pdf


World Journal of Advanced Research and Reviews, 2023, 18(01), 227–234 

232 

[33] Isinkaralar K, Isinkaralar O, Sevik H. Usability of some landscape plants in biomonitoring technique: an anaysis 
with special regard to heavy metals. Kent akademisi dergisi. 2022; 15(3):1413-1421.  

[34] Sevik H, Ozel HB, Cetin M, Özel HU, Erdem T. Determination of changes in heavy metal accumulation depending 
on plant species, plant organism, and traffic density in some landscape plants. Air quality, atmosphere & health. 
2019c; 12(2):189-195. 

[35] Turkyilmaz A, Sevik H, Isinkaralar K, Cetin M. Using Acer platanoides annual rings to monitor the amount of heavy 
metals accumulated in air. Environmental Monitoring Assessment. 2018a; 190:578.  

[36] Isinkaralar K, Koc I, Erdem R, Sevik H. Atmospheric Cd, Cr, and Zn Deposition in Several Landscape Plants in 
Mersin, Türkiye, Water, air, & soil pollution. 2022; doi: https://doi.org/10.1007/s11270-022-05607-8 

[37] Cesur A, Zeren Cetin I, Abo Aisha AES, Alrabiti OBM, Aljama AMO, Jawed AA, Cetin M, Sevik H, Ozel HB. The 
usability of Cupressus arizonica annual rings in monitoring the changes in heavy metal concentration in air. 
Environmental science and pollution research. 2021; doi: 10.1007/s11356-021-13166-4;  

[38] Cetin M, Sevik, H, Cobanoglu O. Ca, Cu, and Li in washed and unwashed specimens of needles, bark, and branches 
of the blue spruce (Picea pungens) in the city of Ankara. environmental science and pollution research. 
2020; 27(17):21816-21825.  

[39] Key K, Kulaç Ş, Koç İ, Sevik H. Determining the 180-year change of Cd, Fe, and Al concentrations in the air by using 
annual rings of Corylus colurna L. Water, air, & soil pollution. 2022; 233(7):1-13. 

[40] Koç İ. Using Cedrus atlantica’s annual rings as a biomonitor in observing the changes of Ni and Co concentrations 
in the atmosphere. Environmental science and pollution research. 2021; 28(27):35880–35886. 

[41] Turkyilmaz A, Sevik H, Isinkaralar K, Cetin M. Use of tree rings as a bioindicator to observe atmospheric heavy 
metal deposition, Environmental science and pollution research. 2019; 26(5);5122-5130. 

[42] Yayla EE, Sevik H, Isinkaralar K. (2022). Detection of landscape species as a low-cost biomonitoring study: Cr, 
Mn, and Zn pollution in an urban air quality. Environmental monitoring and assessment. 2022; 194(10):1-10. 

[43] Key K, Kulaç Ş. Proof of concept to characterize historical heavy metal concentrations from annual rings of 
Corylus colurna: determining the changes of Pb, Cr, and Zn concentrations in atmosphere in 180 years in North 
Turkey. Air quality, atmosphere & health. 2022; 1-11. 

[44] Savas DS, Sevik H, Isinkaralar K. Turkyilmaz A. Cetin M. The potential of using Cedrus atlantica as a biomonitor 
in the concentrations of Cr and Mn. Environmental science pollution research. 2021; doi: 
https://doi.org/10.1007/s11356-021-14826-1 

[45] Sevik H, Cetin M, Ozel HB, Akarsu H, Cetin IZ. Analyzing of usability of tree-rings as biomonitors for monitoring 
heavy metal accumulation in the atmosphere in urban area: a case study of cedar tree (Cedrus sp.). 
Environmental monitoring and assessment. 2020; 192(1):23.  

[46] Cobanoglu H, Sevik H, Koç İ. Do annual rings really reveal Cd, Ni, and Zn pollution in the air related to traffic 
density? An example of the cedar tree. Water, air, & soil pollution. 2023; 234(2):65. 

[47] Çobanoğlu H, Şevik H, Koç İ. Availability of Annual Rings in The Detection of Ca Concentration in The Air and Its 
Relationship with Traffic Density. ICONTECH international journal. 2022; 6(3):94-106. 

[48] Savard MM, Bégin C, Parent M, Smirnoff A, Marion J. Effects of smelter sulfur dioxide emissions: a spatiotemporal 
perspective using carbon isotopes in tree rings. Journal of environmental quality. 2004; 33(1):13-26. 

[49] Sensuła BM. The impact of climate, sulfur dioxide, and industrial dust on δ 18 O and δ 13 C in glucose from pine 
tree rings growing in an industrialized area in the southern part of Poland. Water, air, & soil pollution. 2016; 
227:1-13. 

[50] Kuang Y, Zhou G, Wen D. Environmental bioindication of sulfur in tree rings of Masson pine (Pinus massoniana 
L.) in the Pearl River Delta of China. Frontiers of forestry in China. 2009; 4:1-6. 

[51] Kuzmina N, Menshchikov S, Mohnachev P, Zavyalov K, Petrova I, Ozel HB, Aricak B, Onat SM Sevik H. Change of 
aluminum concentrations in specific plants by species, organ, washing, and traffic density, Bioresources. 
2023; 18(1):792-803. 

[52] Ozel HB, Varol HN, Sevik H. The Change of Mn Concentration by Organ and Species in Several Edible Plants. 
International journal of progressive sciences and technologies. 2021; 29(2): 474-480. 



World Journal of Advanced Research and Reviews, 2023, 18(01), 227–234 

233 

[53] Ozel HB, Sen M, Sevik H. Change of Ba concentration by species and organ in several fruits grown in city centers. 
World journal of advanced research and reviews. 2021; 12(03):143–150.  

[54] Sulhan OF, Sevik H, Isinkaralar K. Assessment of Cr and Zn deposition on Picea pungens Engelm. in urban air of 
Ankara, Türkiye. Environment, development and sustainability. 2022; doi ://doi.org/10.1007/s10668-022-
02647-2 

[55] Koç İ. Examination of gas exchange parameters of Abies balsamea (L) Mill. and Abies concolor saplings, grown 
under various water regime, exposed to extreme drought stress at the end of the growing season. Turkish journal 
of forest science. 2021; 5(2):592-605. 

[56] Shults P, Nzokou P, Koc I. Nitrogen contributions of alley cropped Trifolium pratense may sustain short rotation 
woody crop yields on marginal lands. Nutrient cycling in agroecosystems. 2020; 117(2):261-272. 

[57] Hrivnák M, Paule L, Krajmerová D, Kulaç Ş, Şevik H, Turna İ, Tvauri I, Gömöry D. Genetic variation in Tertiary 
relics: The case of eastern‐Mediterranean Abies (Pinaceae). Ecology and evolution. 2017; 7(23):10018-10030. 

[58] Imren E, Kurt R, Yucedag C, Bilir N, Ozel HB, Cetin M, Sevik H. Selection of superior clones by the multi-
dimensional decision making techniques in scots pine seed orchard. Journal of forests. 2021; 8(1):13-22. 

[59] Koç İ. The effect of global climate change on some climate parameters and climate types in Bolu. Journal of Bartın 
faculty of forestry. 2021;23(2):706-719. 

[60] Cetin M, Sevik H, Koc I, Cetin IZ. The change in biocomfort zones in the area of Muğla province in near future due 
to the global climate change scenarios. Journal of thermal biology. 2023; 112:103434. 

[61] Ertugrul M, Ozel HB, Varol T, Cetin M, Sevik H. Investigation of the relationship between burned areas and climate 
factors in large forest fires in the Çanakkale region. Environmental monitoring and assessment. 2019; 191 
(12):737. 

[62] Koç İ. Examining seed germination rate and seedlings gas exchange performances of some Turkish red pine 
provenances under water stress. Düzce university journal of science & technology. 2021; 9(3):48-60. 

[63] Sevik H, Cetin M, Ozturk A, Yigit N, Karakus O. Changes in micromorphological characters of Platanus orientalis 
L. leaves in Turkey. Applied ecology and environmental research. 2019d; 17(3):5909-5921. 

[64] Koç İ. Determining the biocomfort zones in near future under global climate change scenarios in 
Antalya. Kastamonu university journal of engineering and sciences. 2022; 8(1):6-17. 

[65] Dogan S, Kilicoglu C, Akinci H, Sevik H, Cetin M. Determining the suitable settlement areas in Alanya with 
GIS-based site selection analyses. Environmental science and pollution research. 2022; 
doi:https://doi.org/10.1007/s11356-022-24246-4  

[66] Cobanoglu H, Sevik H, Ozel HB, Bozdag S. Usability of some woody plants in monitoring and reducing the Mn, Zn, 
Ba, and Sr concentrations in the air. World journal of advanced research and reviews. 2022; 16(1):794-802. 

[67] Ozel HB, Donduran B, Cakmakli E, Sevik H. Factors affecting success in natural regeneration works of cedar 
(Cedrus libani A. Rich.) in Kas region of Antalya. World journal of advanced research and reviews. 2020; 6(2):054-
059. 

[68] Koç İ. Determining the near-future biocomfort zone in Samsun province by global climate change 
scenarios. Kastamonu university journal of forestry faculty. 2022; 22(2):181-191. 

[69] Aydinhan V, Ozel HB, Imren E, Kurt R, Sevik H. Use of some multicriteria decision-making methods such as grey 
relational analysis (GRA), the complex proportional assessment (COPRAS), and weighted aggregated sum 
product assessment (WASPAS) in selection of some Anatolian pine (Pinus nigra Arnold.) origins in semi-arid 
forestation works in Denizli Region. World journal of advanced research and reviews. 2022;16(03): 539–552. 

[70] Ertugrul M, Varol T, Ozel HB, Cetin M, Sevik H. Influence of climatic factor of changes in forest fire danger and fire 
season length in Turkey. Environmental monitoring and assessment. 2021; 193(1):1-17. 

[71] Koc I, Nzokou P. Effects of water stress and cold treatments on the germination of two conifers (Pinus nigra and 
Pinus brutia) species from Turkey. Hortscience. 2018;53(9):259-259.  

[72] Sevik H, Cetin M, Ozel HB, Erbek A, Cetin IZ. The effect of climate on leaf micromorphological characteristics in 
some broad-leaved species. Environment, development and sustainability. 2021; 23(4):6395-6407. 

[73] Koç İ, Nzokou P. Do various conifers respond differently to water stress? a comparative study of white pine, 
concolor and balsam fir. Kastamonu university journal of forestry faculty. 2022; 22(1):1-16.  

https://wjarr.com/content/change-ba-concentration-species-and-organ-several-fruits-grown-city-centers


World Journal of Advanced Research and Reviews, 2023, 18(01), 227–234 

234 

[74] Zeren Cetin I, Varol T, Ozel HB. Sevik H. The effects of climate on land use/cover: a case study in Turkey by using 
remote sensing data. Environmental science pollution research. 2022; doi:https://doi.org/10.1007/s11356-
022-22566-z  

[75] Koç İ, Nzokou P. Gas exchange parameters of 8-year-old Abies fraseri (Pursh) Poir. seedlings under different 
irrigation regimes. Kastamonu university journal of engineering and sciences. 2022; 10(12):2421-2429.  

[76] Ozel HB, Abo Aisha AES, Cetin M. Sevik H, Zeren Cetin I. The effects of increased exposure time to UV-B radiation 
on germination and seedling development of Anatolian black pine seeds. Environmental, monitoring and 
assessment. 2021; 193:388.  

[77] Ozel HB, Cetin M, Sevik H, Varol T, Isik B, Yaman B. The effects of base station as an electromagnetic radiation 
source on flower and cone yield and germination percentage in Pinus brutia Ten. Biologia futura. 2021; 
doi: https://doi.org/10.1007/s42977-021-00085-1  

[78] Koç İ, Nzokou P. Combined effects of water stress and fertilization on the morphology and gas exchange 
parameters of 3-yeaar-old Abies fraseri (Pursh) Poir. Acta physiologiae plantarum. 2023; 234(3):49.  

[79] Sevik H, Cetin M, Ozel HU, Ozel HB, Mossi MMM, Cetin IZ. Determination of Pb and Mg accumulation in some of 
the landscape plants in shrub forms. Environmental science and pollution research. 2020; 27(2):2423-2431. 

[80] Tandogan M, Özel HB, Gözet FT, Sevik H. Determining the taxol contents of yew tree populations in western black 
sea and marmara regions and analyzing some forest stand characteristics. BioResources. 2023; 18(2):3496-
3508. 


