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Abstract: Central Anatolia is one of the semi-arid regions of Turkey that does not offer very suitable conditions for
the growth of trees. Tree growth is a process controlled by genetic, environmental and climatic factors. Trees record
these signals, which provide valuable scientific data for dendrochronological research. We used raw annual tree-ring
width (taken from trees under the age of 100 years) as one of the dendrochronological parameters to compare Junipe-
rus foetidissima and J. excelsa in terms of affecting factors. We compared the annual tree-ring width of both species
considering species, locations and research sites of the altitude range of 677—1 400 m a.s.l.. Environmental signals
(longitude and latitude, altitude, slope, exposure, human impact and nearest settlement distance), as well as climatic
factors (precipitation, temperature, moisture) affecting growth were examined. Results indicate that there is an obvious
difference in raw annual tree-ring widths depending on species. /. foetidissima differs from J. excelsa in wider annual
tree-ring widths and preferences to a low slope and altitude. While the annual tree-ring width of J. excelsa did not
respond to the environmental signals, the annual tree-ring width of J. foetidissima was notably correlated with lon-
gitude, latitude, altitude and slope. The most remarkable variables affecting the growth of both species were summer
temperatures and moisture.
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Growth is a natural process of trees that is affect-
ed by environmental factors (climatic signals, solar

tributed considering geographical conditions and
elevations (Chambers et al. 1999). Moreover, various

cycles, location slope, altitude, latitude, exposure)
(Mékinen et al. 2002; Vacek et al. 2019; Simiinek et al.
2021). However, biological characteristics and ge-
netic factors (species, age, lifespan, competition
and sensitivity) also control growth (Martin-Beni-
to et al. 2008; Remes et al. 2015; Vacek et al. 2021).
On the other hand, human activity (silviculture, air
pollution load) and game damage (browsing, bark
stripping) are also effective factors affecting tree
growth (Vacek et al. 2017; Stefancik et al. 2018; Cu-
kor et al. 2019). Although these factors constrain
the existence of species within a region, some spe-
cies, such as Juniperus spp., can be more widely dis-

species living in the same region may show diverse
growth characteristics (Bond 2000) as distinct plant
groups can apply different resource use strategies,
showing divergent growth characteristics with age
(Lyon, Sagers 1998).

A relationship is seen between radial growth,
tree size and lifespan. Slow-growing trees gener-
ally reach a longer lifespan (Bigler 2016), and such
trees consequently provide more data for dendro-
chronological research. This reality encouraged us
to work on juniper species. Another motivation
was the drought resistance of juniper species: dry,
sub-humid conditions occur in 60% of the total

477



Original Paper

Journal of Forest Science, 67, 2021 (10): 477-488

land area of Turkey (Caligkan, Boydak 2017) and
about 35% of the land surface is classified as semi-
arid and arid (Turkes 1990). In such conditions,
drought-resistant species are of great importance.
As the main drought-resistant tree species of Tur-
key, junipers play an important role in expanding
forest cover. The species also enable scientific re-
search on growth as well as past and future climate
estimations (Kahveci et al. 2018).

Juniperus excelsa M. Bieb (Juex) has a wide distri-
bution in Turkey (Carus 2004) and is one of the four
main tree species in Central Anatolia like Junipe-
rus foetidissima Willd (Jufo). Both species grow
under extreme environmental conditions (Farjon
1992). Juex is found in rare and fragmented wood-
lands in Turkey and has been severely fragmented
in Central Anatolia (Quézel, Médail 2003). Jufo oc-
cupies largely the same habitats as Juex. Both spe-
cies have a high ecological value, being frequently
the only tree species that are able to grow in semi-
arid environments and therefore playing an im-
portant role in soil protection and climate change
(Douaihy et al. 2011).

The parameters used in crossdating vary de-
pending on geographic, climatological and behav-
ioural variables and their effects on tree growth,
as well as the research questions are of interest.
The climate-growth relationship has been stud-
ied since the early part of the 20" century and re-
mained stable for many tree species. Touchan et al.
(2007), as one of the few scientists who worked
on juniper, developed a May—June precipita-
tion reconstruction (AD 1097-2000) and a Juex
chronology for southwestern Anatolia in Turkey,
which has shown the juniper response to climatic
signals. Consequently, new studies are address-
ing the growth response to ecological signals. Es-
per et al. (2007) researched uniform growth trends
among low- and high-elevation juniper tree sites
in Central Asia. Soulé and Knapp (2019) worked
on Juniperus occidentalis Hook. and found out that
atmospheric CO, increases water-use efficiency
for semiarid species, which is negatively associ-
ated with radial growth. By obtaining information
on parameters such as tree age and growth rates,
the relationships between tree growth and vari-
able environmental factors can be determined via
comparing annual variations in tree-ring width
with annual variations in the climate parameters
of interest (Sarangzai, Ahmed 2011). This study
aims to compare radial growth (raw annual tree-
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ring width taken from trees under the age of 100
years) of both Juex and Jufo in terms of affecting
environmental and climatic factors. The specific
objectives were to determine (i) the characteris-
tics of the tree-ring chronologies of both species
on the basis of locations, (if) the growth response
of both species to the environmental signals (longi-
tude and latitude, altitude, slope, exposure, human
impact and nearest settlement distance) on the ba-
sis of plots and (iii) the effect of climatic variables
(annual precipitation, summer precipitation, mean
annual moisture, mean annual temperature, mean
summer temperature, mean spring temperature)
on the radial growth of both tree species on the ba-
sis of research sites.

MATERIAL AND METHODS

Research site. The present study was conducted
in two research sites including eight locations; sur-
roundings of Eskisehir Province (Mihalig¢ik, Alpu,
Seyitgazi, Cifteler, Nallihan) and surroundings
of Kirikkale Province (Bahsili, Yahsihan, Elmadag)
(Figure 1, Table 1). Limestone and crystallized lime-
stone are the most common lithological units of re-
search sites (Balkan et al. 2017). According to the soil
classification system of the World Reference Base for
Soil Resources, Leptosols, Calcisols and Cambisols
are the dominant soil types (Ding et al. 1997).

The forest resources of research sites of the alti-
tude range of 677-1 400 m a.s.l. have frequently
been exploited due to a high population density
since ancient times and natural resources have been
used by various cultures for thousands of years
(Mikaeili 2015). As a result, ‘forest relicts’ were left
behind in Central Anatolia. Despite a gradual de-
cline in those effects, grazing and fodder practices
continue today. The permanent human influence
resulted in a significant decrease of woody spe-
cies. We found the following woody plant species:
J. foetidissima, ]. excelsa, J. oxycedrus L., Pinus nig-
ra J.F. Arnold subsp. pallasiana (Lamb.) Holmboe,
Quercus cerris L., Q. pubescens Willd., Amygda-
lus communis L., Berberis crataegina DC., Cratae-
gus orientalis Pall. ex M. Bieb., C. monogyna Lacq.,
Cotoneaster nummularius Fisch. & C.A. Mey., Co-
lutea cilicica Boiss. & Balansa, Cistus laurifolius L.,
Jasminum fruticans L., Lonicera sp., Paliurus spi-
na-christi Mill., Cornus sanguinea L. subsp. Aus-
tralis, (C.A. Mey.) Jav., Origanum minutiflorum O.
Schwarz & P.H. Davis., Pistacia palaestina Boiss.,
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Figure 1. Research sites in Province Eskisehir and Kirikkale located in Central Anatolia

1 — Mihaliggik; 2 — Alpu; 3 — Seyitgazi; 4 — Cifteler; 5 — Nallihan; 6 — Elmadag; 7 — Bahsily; 8 — Yahsihan

Pyrus elaeagnifolia Pall. subsp. elaeagnifolia,
Prunus domestica L., Rhamnus rhodopea Velen.,
Rosa canina L., R. pulverulenta M. Bieb., R. thymi-
folia Bornm., Spiraea crenata L., Ulmus minor Mill.

Meteorological data. Central Anatolia belongs
to climate region B (cold zone, Bsk semiarid cli-
mate) and climate region D (continental climate,
Dsa, Dsb with either hot or cold dry seasons) ac-
cording to the Koppen-Geiger climate classifica-
tion (Koppen, Geiger 1954; Oztiirk et al. 2017).
Meteorological data of research sites (monthly
precipitation, temperature and humidity) were
obtained from the General Directorate of Meteo-
rology (GDM) for the period 1965 to 2015 (GDM
2016). Climate data was taken from two main sta-
tions that represent the locations of research sites
(Figure 2). The average annual total precipitation
in these 50 years was 382.05 mm in Kirikkale and
372.83 mm in Eskisehir. Precipitation was con-
centrated in the winter months. The average an-
nual temperature from 1965 to 2015 was 12.45 °C
in Kirikkale and 10.95 °C in Eskisehir (Figure 2),
while the average annual humidity was 61.75%
in Kirikkale and 65.15% in Eskisehir, with lower
levels in July and August. Since our plots were lo-
cated higher than the above-mentioned stations,
we used interpolated precipitation and tempera-

ture values in our analysis. Temperatures were re-
duced by 0.5 °C for every 100 m, and precipitation
values were increased by 54 mm per 100 m (Cepel
1988; Ozyuvaci 1999). The growing season lasts for
160 days both in Eskisehir and Kirikkale (Atalay,
Gokee Giindtuzoglu 2015).

Sampling methods and processing. The study
was executed in Central Anatolia (Turkey),
where Juex and Jufo are mainly grown in the re-
mainder of long-degraded forest stands (relicts)
in the mountains. Therefore, it was not possible
to follow a certain sampling method. Firstly, Juniper
relicts were selected with help of the Forest Man-
agement Plan. Then, the sampling was conducted
in suitable areas where we focused on the occur-
rence of junipers in groups with relatively old juni-
per trees. A sampling plot was defined as a juniper
stand of approximately 25 x 20 m in both research
sites. For each sample plot, we took wood cores
of all juniper trees in the case of diameter at breast
height (DBH) > 5 cm and we recorded longitude
and latitude (UTM), altitude (m), exposure (°),
slope (%) and human impact (HI) using the follow-
ing rating system: 0 = no impact; 1 = ancient and
early medieval impact; 2 = cutting tree; 3 = com-
mercial use, fire, beekeeping; 4 = destruction
of the forest; 5 = complete destruction of the for-
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Table 1. Main characteristics of the research sites Eskisehir (1) and Kirikkale (2)

Location Coordinates Altitude(m) Slope(%) ]ump e Denslt}il Plots number Number
species (trees-ha!) of wood core
39°51'18."N
. 1 ’ _ _ _ A
Mihaligeik 31°30'34.2" E 1077-1128 2-30 Jufo 160-200 3;4;6 4
39°54'50.2"N, Juex 200-260 7;10
Alpu! o o 1235-1286 2-16 19
P 31°09'23.9"E Jufo 200-540 7 -10; 27
39°22'35.7"N Juex 200-560 14-16; 26
Seyitgazil . e 1 047-1 202 5-35 7
Y8 31°02'20.1"E Jufo 350500 14-16
Cifteler! igai;g;f;:; 1 359-1 400 30-55 Jufo 140-420 18; 19; 23; 24 8
39°45'39.5"N
1 ’ _ _ _ .
Nallihan 30°57'58.3"F 677-946 40-55 Juex 120-260 58; 59 4
39°47'29 8N Juex 100-240  46-48; 51-55; 57
\42 ’ _ _
Elmadag 33°15'49.6"E 1010-1021 850 Jufo 100-120 46-56 30
39°43'42.1"N
2 4 _ — — . —
Bahsili 33°2121.2"F 978-1 099 10-70 Juex 100-220 28; 30-36 21
39°47'37.8"N
2 ’ _ _ _ _
Yahsthan 33°21'05.1"E 980-1 195 10-50 Juex 100-220 37-45 30
Total - - - - - 47 123

Juex — Juniperus excelsa; Jufo — Juniperus foetidissima

est (Samojlik et al. 2013), nearest settlement dis-
tance (NSD), woody plants, and other observations
(growth dynamics of trees, their diameter, height,
insect and fungal damage, possible factors affecting
the growth of tree communities).

Increment cores were taken from damage-free
trees using a 14 Increment Borer, 3-Thread, 0.200
(5.15 mm) (JIM-GEM, USA). Above 250 plots
were sampled, but we used 123 wood cores tak-
en from trees under the age of 100 years from 47
sampling plots for this study, without consider-
ing exposure (Table 1). Because of internal decay,
20% of the wood cores were not taken at DBH. For
the same reason, 40% of the cores were not taken
from the two sides. Data were collected from sam-
pling plots in October—November 2014 and 2015.

Data analysis. All collected wood cores were
dried and sanded. Annual tree-ring width was
measured to the nearest 0.01 mm using a LINTAB
measuring table connected to the TSAP Win soft-
ware (Rinntech, Germany). All tree-ring series were
checked for missing rings, and false or double-
ring series were edited in TSAP by adding missing
rings and merging false or double rings. The qual-
ity of crossdating was checked using the COFECHA
program (Holmes 1983). During data analysis, it
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was essential to consider the wood anatomical fea-
tures of Juniper. For instance, juniper wood does not
show an increment on one side, while the other side
may create a distinctly larger annual ring. Moreover,
Juniper trees older than 100 years may have miss-
ing and locally absent rings or false or double rings
that make crossdating difficult (Kahveci et al. 2018).
Therefore, we worked with the raw dendrochrono-
logical data in order to get more effective results like
in other researches (Konter et al. 2016; Li et al. 2017;
Jiao et al. 2017). For the reasons mentioned above
and the availability of full climate data, we used
the last 50 years of raw annual tree-ring width taken
from trees under the age of 100. Data of the cores
taken from the two sides were averaged. Statistical
analyses of annual tree-ring widths were carried out
separately according to species.

The relationships between raw annual tree-ring
width for each plot averaged (MTW) of both spe-
cies and environmental variables were tested using
canonical correspondence analysis (CCA) in PC-
ORD and results were presented with biplot CCA
chart. In CCA analysis, the relationship between
environmental variables and axes was determined
by Pearson and Kendall correlation analyses (Mc-
Cune, Mefford 2006). Those analyses were carried
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Figure 2. Climate diagram of the research sites; orange line represents monthly temperatures; blue line represents monthly
precipitation for 1965-2015; distances of the locations to the meteorological stations are as follows: Bahsili 18.85 km,
Yahsthan 17.12 km, and Elmadag 22.23 km to Kirikkale station; and Seyitgazi 27.69 km, Cifteler 67.95 km, Alpu 59.66 km,
Mihaliggik 82.36 km, Nallithan 85.90 km to Eskisehir station

out separately according to species (Juex and Jufo).
Longitude and latitude (UTM), altitude (m), slope
(%), exposure (°), HI and NSD were used as envi-
ronmental variables in the analysis. The exposure
was recorded as (°) and converted to the radiation
index (RI) using formula (1) (Moisen, Frescino
2002; Aertsen et al. 2010).

1 - cos(i x (0 - 30))
R 180

1 and 5 mm (Figure 3). If we do not consider Juex’s
peak point made by Seyitgazi, the annual ring
widths of Juex are concentrated between 0.5 and
3.5 mm (Figure 4). The chronologies of both spe-
cies from each research site showed similar results
(Figure 5). While the mean annual tree-ring widths
of Jufo were 2.25 mm in Eskisehir and 2.03 mm
in Kirikkale, the mean annual tree-ring widths
of Juex were 1.76 mm in Eskisehir and 1.52 mm
in Kirikkale. Another difference between spe-

2 cies in terms of annual tree-ring widths is the stan-
(1) dard deviation. While the standard deviation
where: . Lo
o values of Juex decreased with age, no significant
RI — radiation index; .
314 age-related changes were determined for Jufo.
T v Relationship between tree-ring width of both
Q — azimuth angle of the sample plot to the north.

The single raw annual tree-ring series of both
species were averaged into the site chronologies.
Averaged raw annual tree-ring width and interpo-
lated climatic variables (annual precipitation mm;
summer precipitation mm; mean annual moisture
%; mean annual temperature °C; mean summer
temperature °C; mean spring temperature °C) were
calculated by the Pearson correlation analysis using
the SPSS program (Ozdamar 2009).

species and environmental signals. According
to the result of the CCA analysis applied to MTW
of Jufo and environmental variables, the eigen-
values of Axes 1 and Axes 2 were less than 1 and
the total variance explanation percentage was
35.4. The Pearson and Kendall correlation analy-
sis between axes and environmental variables re-
vealed relationships between Axis 1 and slope
(r = 0.639), Axis 2 and altitude (r = -0.785), longi-
tude (r = 0.710) and latitude (r = 0.602) (Table 2).
According to the result of the CCA analysis as ap-

RESULTS plied to the annual tree-ring width of Juex and en-
vironmental variables, the eigenvalues of Axes 1
Characteristics of tree-ring chronologies and Axes 2 were less than 1 and the total variance

of both species. The raw tree-ring width chro-
nologies of both species were created to compare
the variation of annual tree-ring width between
locations and research sites. In location chronolo-
gies, the annual ring widths of Jufo varied between

explanation percentage was 18.5. No specific rela-
tionship was found between environmental factors
and axes (Table 2).

A positive correlation was found between the al-
titude and annual tree-ring width of Jufo in Cifteler
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Figure 3. Comparison of mean tree-ring chronologies of J. foetidissima of locations for the period 1965-2014
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Figure 4. Comparison of mean tree-ring chronologies of J. excelsa of locations for the period 1965-2014

(sample plots 18, 19 and 24). Inverse relationships
were revealed between longitude and latitude val-
ues and the annual ring widths of the same plots.
The annual tree-ring widths of Jufo in Mihalicgik
and Alpu located in the north of Eskisehir showed
a positive relationship with longitude and latitude.
6M, 27A, 16S and 14S showed positive correlations
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with the slope (Figure 6). In these plots, the slope
percentage is lower than in the other plots.
Comparisons between dendrochronological
data and climatic patterns. Results of the Pear-
son correlation analysis between averaged (for
each region) raw annual tree-ring widths of both
species and climate variables showed that a sig-
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Figure 5. Comparison of mean annual tree-ring chronologies of . excelsa and J. foetidissima from research sites Eskisehir

and Kirikkale for the period 1965-2015

Table 2. Pearson and Kendall correlation values between
environmental variables and axes

Jufo Juex

Variables

Axis 1 Axis 2 Axis 1 Axis 2
Longitude -0.655* 0.422 0.048 -0.314
Latitude  -0.526* 0.101 -0.099 -0.059
Altitude 0.039 -0.358 -0.275 0.171
RI -0.854*  -0.119 0.275 -0.014
Slope 0.553* 0.340 0.143 0.301
HI —-0.533* 0.107 -0.205 -0.221
NSD —-0.342 0.438 0.052 -0.301

*correlation signiicant at 0.05 level; RI — radiation index; HI
— human impact; NSD — nearest settlement distance; Juex —
Juniperus excelsa; Jufo — Juniperus foetidissima

nificant correlation was found between the mean
tree-ring width of both species in each re-
search site and mean summer temperature (P <
0.000, P < 0.001 in Kirikkale and P < 0.000, P <
0.007 in Eskisehir) and moisture (P < 0.000, P <
0.000 in Eskisehir). Annual precipitation was sig-
nificant (P < 0.008) only in Jufo in Eskisehiri. No
significant correlation emerged between averaged
raw annual tree-ring widths of both species and
mean annual temperature (P < 0.109, P < 0.298

in Kirikkale and P < 0.114, P < 0.737 in Eskisehir),
summer precipitation (P < 0.179, P < 0.974
in Kirikkale and P < 0.410, P < 0.791 in Eskisehir)
and mean spring temperature (P < 0.316, P < 0.337
in Kirikkale and P < 0.114, P < 0.737 in Eskisehir)
in each research site (Table 3).

DISCUSSION

Two dominant types of junipers, Juex and Jufo,
were identified in research sites of Anatolia. Al-
though Juex or Jufo dominates in plots and locations
alone, they are also seen together in a few locations.
The results of this research and field observations
lead us to infer that Juex and Jufo prefer different lo-
cations. Barga et al. (2018) claimed that spatial and
temporal distribution of species varied with suitable
climate and niche breadth. Corcuera et al. (2004)
pointed out that the tree-ring width of a tree depends
on the microclimatic condititons in the current year.
Although it was not possible to prove a microcli-
matic effect on the occurrence of Juniper species,
we accepted the idea of suitable microclimate niches,
because Central Anatolia is known for the richness
of microclimate niches (Oztiirk, Savran 2020). Ac-
cording to the results of this study, slope and altitude
may play an important role in this regard. While Juex
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Figure 6. CCA chart showing the relationship between annual tree-ring widths of /. excelsa and J. foetidissima and en-

vironmental variables

M - Mihaliggik; C — Cifteler; S — Seyitgazi; A — Alpu; N — Nallihan; E — Elmadag; B — Bahsil;; Y — Yahsihan

Table 3. Results of the Pearson correlation analysis between the annual ring widths of the research sites and climate factors

Research sites Species Correlation Pa Tm M Ps Ts Tsp
PCC 0.124 -0.229 0.041 0.193 -0.551* -0.145
Juex
P 0.391 0.109 0.777 0.179 0.000 0.316
Kirikkale
. PCC 0.087 -0.150 -0.185 0.005 —-0.441* -0.139
Jufo
P 0.547 0.298 0.199 0.974 0.001 0.337
PCC 0.204 -0.226 0.598* -0.119 -0.527* -0.226
Juex
P 0.155 0.114 0.000 0.410 0.000 0.114
Eskisehir
¢ PCC 0.372% -0.049 0.516* 0.038 -0.375*% -0.049
Jufo
P 0.008 0.737 0.000 0.791 0.007 0.737

*P < 0.01; PCC — Pearson correlation coefficient; P — significance level; Pa — annual precipitation (mm); Ps — summer pre-

cipitation (mm); M — mean annual moisture; 7/ — mean annual temperature; 75 — mean summer temperature; 7sp — mean

spring temperature; Juex — Juniperus excelsa M. Bieb; Jufo — Juniperus foetidissima Willd

grows on dry, rocky slopes, with shallow, gravelly
soils, Jufo seems to be slightly more tolerant to dry-
ness and heat (Farjon 1992). In fact, morphological
studies also show that the two species have different
origins (Marcysiak et al. 2007). The molecular char-
acterisation and DNA analysis of juniper trees also
revealed that Juex and Jufo are distinct species (Kasa-
ian et al. 2011; Giivendiren 2015).

The results of this study demonstrated that the most
important differences were seen between raw annual
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tree-ring widths of Juex and Jufo. Even if they grew
in the same region, the annual tree-ring width of Jufo
was wider than that of Juex (Figure 3, Figure 4), be-
cause tree radial growth is determined by genetic
factors (Looney et al. 2016). This situation is clearly
seen in the chronologies of Seyitgazi (Figure 3 and 4).
Although Juex had a peak between the years 1970—
1980 because of typical wood anomalies in one wood
core, Jufo (2.6 mm) had wider annual tree-ring widths
on average than Juex (2.1 mm).
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It was expected that annual tree-ring widths dif-
fered between regions, as they may differ even
between separate locations in the same region be-
cause the most important factor in the development
of annual tree rings is climate, which regardless var-
ies between regions (St. George 2014). Rossi et al.
(2008) claimed that the cambial activity of trees may
change with age, species and region. Variations were
revealed between averaged raw annual tree-ring
widths of both species from different research sites,
but it is difficult to say that these differences were
due to regional diversity. Instead, the variance seems
to be related to species (Figure 5). Here, it is possible
to say that there are few differences in annual tree-
ring widths between research sites, but the main dif-
ference is related to species.

To reveal the relationship between MTW and
environmental variables, CCA was applied for
Juex and Jufo (Figure 6). While the annual tree-
ring width of Juex did not show a crucial response
to environmental variables, MTW of Jufo was cor-
related with longitude, latitude, altitude and slope
(Table 2). Longitude and latitude were the pa-
rameters most frequently correlated with MTW
of Jufo. This leads us to infer that Jufo shows better
growth at certain latitudes and longitudes. How-
ever, altitude has also a high relationship to MTW
of Jufo. According to the result of our field survey,
we know that Jufo prefers to grow at low altitudes.
Esper (2000) found similar tree-ring width varia-
tions along elevational gradients in high mountain
systems in Karakorum. He attributed this similar-
ity to the change in climatic conditions with alti-
tude because this region has steep precipitation
gradients (Winiger et al. 2005). As an environ-
mental variable, the slope was a factor affecting
the tree-ring width of Jufo. Based on the results
of this research, it is to infer that Jufo prefers low
slopes and altitudes.

The environmental variables were also tested and
no relationships were found between RI, HI, NSD
and MTW of both species. In general, increasing
growth is highly related to rising resources such
as nutrients, water and radiation (Coley et al. 1985).
The research area is a region that receives fairly
good sunlight. It has consistently been proven that
human activity has a destructive impact on forests
(Stapania et al. 1997). The problem may be ground-
ed on the method we used to measure human im-
pact, or human influence does not affect the annual
tree-ring width of the juniper.

Dendrochronological studies on different species
have been conducted on annual tree-ring widths
averaged in each research site and found that tree-
ring width has a positive correlation with average
monthly temperature and precipitation. Since juni-
per is not preferred in dendrochronological stud-
ies, few studies have been conducted on juniper
species providing similar results (Touchan et al.
2007; Kahveci et al. 2018; Esper et al. 2007). Based
on the results of the Pearson correlation analysis
applied to the relationship between the climate
variables of the research site and the mean an-
nual tree-ring widths of both species, the most
significant variables were summer temperature
(P < 0.000 — P < 0.007, negatively) and moisture
(P < 0.000, positively). Increasing evaporation dur-
ing temperature increases had a negative effect
on growth (Klos et al. 2009). Therefore, an inverse
relationship between temperature and annual ring
widths was an expected result. Pandey et al. (2020)
also found that spring and summer moisture
is critical for the radial growth of juniper in Nepal
Himalayas. A relationship was also seen between
annual precipitation and annual tree-ring widths
of Jufo in Eskisehir, where precipitation was rela-
tively low. No significant relationship was found
between summer precipitation, mean spring tem-
perature and annual tree-ring widths (Table 3). It
is known that especially for this type of steppe re-
gion, the precipitation in summer evaporates im-
mediately due to high temperatures, which is then
unusable for plants (Schwinning et al. 2005).

CONCLUSION

Juniper is an excellent species that may have
a higher representation in semi-arid regions
of Anatolia. Based on the results of this study,
though Juex and Jufo grow under very similar cli-
matic conditions, however, they are different spe-
cies and respond differently to environmental
signals. While the annual tree-ring width of Juex
did not respond to the environmental signals, re-
markable correlations were found between the an-
nual tree-ring width of Jufo and longitude, latitude,
altitude and slope. Summer temperatures and
moisture were the most crucial variables affecting
the growth of both species in research sites. In ad-
dition, the results of field studies showed that Jufo
differs from Juex in a wider annual tree-ring width
and preference to low slopes and altitudes. It was
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not possible to prove the human impact on annual
tree-ring width in this study. However, more re-
search is needed to change the measurement meth-
ods and expand the area of interest to reach a clear
conclusion. The results of these studies may help for
protecting existing degraded juniper stands related
to re-greening the mountains in Turkey, control-
ling erosion, improving the local climate, resulting
in a higher diversity of woody species, restarting
juniper rehabilitations that have been neglected for
years and redesigning forest management plans.
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