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Degerli okurlar ve yazarlar,
Dergimizin ilk sayisini yayin hayatina sunmaktan mutluluk duyuyorum...

Oncelikle sunu belirtmeliyim ki, heyecan igerisinde yayinladigimz bu say1, ekibimizin ilk
dergi tecriibesidir. Diger yandan da g¢aligma arkadasglarimizin zamanla edinmis oldugu
tecriibelerin bir ¢iktisidir. Derginin her asamasinda desteklerini esirgemeyen, Kutbilge
Akademisyenler Dernegi Yonetim Kuruluna ve diger akademisyen arkadaslarima
tesekkiirlerimi iletiyorum.

Bu derginin ¢ikis noktasini, iilke ve diinya literatiiriine faydali ¢alismalar yapmay1 hedef
almis akademisyenler arasindaki iletisimi kuvvetlendirmek ve farkli disiplinlerden
arastirmalarin yayimlanarak okurlara ulasmasini kolaylastirmak fikri olusturmustur. I1k etapta
yilda iki kez yayinlamay diisiindiigiimiiz bu dergiyi ileride ¢ok daha iyi noktalara sizlerle
beraber getirecegimizden siiphe duymamakla beraber sizlerin de elinden geldigince katki
yapacagini iimit etmekteyim.

Siz degerli bilim insanlar1 ile sonraki sayimizda goriismek temennisi ile sevgiyle kalmanizi
dilerim.

Saygilarimla...

Editor
Prof. Dr. Kiirsad OZKAN



Dear readers and authors,
I am happy to present the first issue of our journal to the broadcast life ...

I should say that it is our team's first journal experience which the issue we published in
excitement. On the other hand, it is an output of experiences that our colleagues have acquired
over time. I extend my thanks to the Board of Directors of the Kutbilge Association of
Academicians and other academicians who have supported in every step of the journal.

We published the first issue in acknowledgment of experience and devoted effort of our
colleagues. As to starting point, we have aimed both to strengthen communication among
academicians and to make it easier for readers to reach various studies through different
disciplines. I believe that we will uplift this journal which to be publish two issues a year
with you in the future and I hope that you will contribute to our journal as much as you can.

Dear scientists, I hope to see you in the next issue.

Yours sincerely...

Editor
Prof. Dr. Kiirsad OZKAN
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Abstract: Nowadays environmental damage of heavy metals is increasing and that becomes a big problem for
human and human health. Especially after the industrial revolution, increasing of production and consumption
materials, adversely affect the environment. Among all the pollutions, heavy metal is an important part. Because
they are toxic or poisonous even at low concentration. The most widely used process is activated carbon
adsorption for heavy metal adsorption from wastewater. Activated carbon can produce from carbon containing
substances. Turkey is an important rose oil producer of the world and every year over 12 000 tons of rose
processing wastes produced. In this study, activated carbon was obtained from rose crops of rose oil factories.
There are some activation methods for increasing surface area of the carbon. In this study, potassium chlorate
(KCl103) was used for increasing carbons surface area. KCIOs never used before for activation. The thermal
decomposition of KClO3 (potassium chlorate) generates KCl and O, gas. Effects of O, gas outlet on the pore size
of activated carbon were studied. The surface characterization was examined with Brunauer-Emmett-Teller
(BET) analysis and Pb*? adsorption capacity of obtaining activated carbon was determined by inductively

coupled plasma optical emission spectrometry (ICP OES) analysis.

Keywords: Activated carbon, rose waste, KCIO; activation, waste utilization, Pb*?, adsorption

1. Introduction

Environmental issues are at the beginning of the most
important hazards that threaten human and animal
health and these problems are growing every passing
day. The limit of waste elimination capacity and
durability of nature is known to be very high within
their functions, but the human-induced factors force the
limit of the capacity to withstand, even exceed. On this
purpose, human beings have used the methods of waste
treatment in order to help nature which are still
artificial. Most of the waste treatment methods and
systems used for waste elimination are very effective.
However the problems caused by the disposal of
secondary wastes occurred during the process as a
consequence are on the other side of the coin. Thus the
scientists are working to develop new environment-
friendly treatment systems. It should be provided to
contribute in both environment and economy via the
use of organic and inorganic substances, especially in
nature and the environment, or the waste products and
surplus resulting from the human activities (industry,
agriculture, domestic, etc.).

Lead has the feature of being the most first important
harmful metal to human activities and the eco-system.
Lead is the most important heavy metal which bears
environmental pollutants because it is toxic in any case
and it is propagated as a metal or a compound in the

atmosphere. Lead causes people with acute and chronic
effects on people. Especially it harms the liver and
stomach of people in a short period of time and it
harms the brain and kidneys in a long time. Some of
the heavy metals are required for humans and animals
as a nutrient. Therefore, many countries have set
standards for drinking water and they have developed
regulations in regard to the discharge of industrial
wastewater for not polluting the drinking water
resources (Karaboyaci, 2010). One of the most
effective methods for heavy metal treatment is to filter
the wastewater with activated carbon. Therefore the
production of cheaper activated carbon and
consequently the wastewater purification becomes
more important. Therefore, in recent years, many
studies have examined the preparation of activated
carbon from low-cost and readily available materials,
mainly industrial and agricultural byproducts.

The formation of porosity which is the most important
feature of activated carbon, is provided via the
activation process that is followed by carbonization
(Bandosz, 1999; Gergova and Eser, 1996). In the
activation process, the volume and the radius of the
pores that are formed in the carbonization process
increase and new pores are developed. The conditions
of carbonization and the structure of the raw material
determine the pore structure and the pore size
distribution. In order to obtain activated carbons which
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are porous and have a high surface area there are two
types of activation methods: physical activation and
chemical activation.

Agricultural wastes are lignocellulosic materials
containing three basic structural components as
hemicellulose, cellulose and lignin. Besides these they
also contain some extractive components. In general,
these three components have a relatively high
molecular mass that highly participates in the total
mass. However the extractives have a very low
contribution to the main mass because of their low
molecular structures. Lignocellulosic structures are
also referred as “photo mass” as they are formed as a
result of photosynthesis (Giraldo and Moreno-Pirajan,
2008). For this purpose, highly porous and capable
activated carbons can be produced via a wide range of
different agricultural waste products such as tree bark,
apricots, almonds, cherries and olives, beans, nuts,
peanuts, and walnuts.

The average amount of the rose flower produced in
Isparta is over 12 000 tons / year between 1986 and
1999. However in recent years, there has been a steady
reduction and this amount has decreased to the level of
6000 tons/year. Rose pulp has occurred 27 000 tons per
year between 1986 and 1999 in Isparta (wet weight).
Rose pulps that have occurred during rose processing
season lasting about 45 days, are filled in the earth pits
opened around the facility or discharged into the
stream beds. This situation also causes odor and visual
pollution besides the water pollution around the plants
built by the wayside (Tosun et al., 2003).

In this study, the conversion of rose pulp to activated
carbon, which has no area of use today and the
possibilities of improving the performance of this
product by activating via various chemicals are
investigated. KClO3; was used as chemical activation
agent.

2. Materials and Methods
2.1. Rose pulp

The rose pulp used in this study is obtained from the
rose oil plants in Isparta. Rose pulps are dried at room
temperature before being used in the study. After the
drying process, the rose pulps are minimized to the
desired particle diameter by grinding robot after the
drying process. Rose pulp has been sifted through the
sieves with 300 and 180 micron mesh respectively and
the remaining material between two sieves has been
used for homogenous particle size.

2.2. Chemicals and measurements

All the chemicals used in the study are in analytical
purity. As a stock 1000 mg/L Pb (II) solution is
prepared by using Lead(II) nitrate (Pb(NOs3)2) The Pb
(IT) solution which used in adsorption experiments was
prepared by being diluted from this stock solution. For
arranging the pH, 0.1 M NaOH and 0.1 M HCI solution
were used. For determining the activated carbons
heavy metal adsorption capacity, the filtrates were
analyzed with ICP-OES device. 3% and 5% KCIO; by
weight of rose pulp were used in chemical activation
process.

2.3. Chemical activation

3% and 5% KCI1Os by weight of rose pulp was used for
chemical activation. KClO; was solved in 10 mL of
water and 10 grams of rose pulp added to the solution.
The mixture was mixed in to provide absorption of all
KCIOs solution by rose pulp. Rose pulp was dried at
room temperature and after drying it was converted to
activated carbon by pyrolysis.

2.4. Thermal activation

Rose pulp has been converted into activated carbon by
pyrolysis at 1000 °C. Rose pulp was put in a ceramic
boat and pyrolysis in a tube oven under nitrogen gas.
Rose pulp was pyrolyzed for 60 minutes. Obtained
activated carbon samples, have been washed with
distilled water to remove from the on-site residues and
allowed to dry at room temperature.

2.5. Determining the optimum pH value

In order to determine the effect of pH value on the
adsorption capacity, adsorption tests at different pH
values have been performed. pH interval for Pb (II)
adsorption experiments are selected as 2-7. 50 mg
adsorbent (1 g/L) has been added to 100 ppm 50 mL
Pb?" solution and shaken for 1 hour in an orbital
incubator at 100 rpm and 25 °C. The mixture has been
shaken within the orbital incubator at 100 rpm and 25
°C for 1 hour. In order to observe whether there is any
precipitation in terms of metal ions during the
absorption process, the control samples with a pH
value adjusted at the requested value that don’t consist
of any activated carbon, are shaken with the other
mixtures at the same time. After the shaking process,
the activated carbon is filtered from the solution and
the metal concentration in the filtrate is determined by
ICP OES analysis. The pH value obtained by the
maximum adsorption capacity is accepted as the
optimum pH value.
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2.6. Kinetic studies

In order to determine the equilibrium time of
adsorption, 50 mL Pb?*" solution with 100 mg/L
concentration is placed in vials at optimum pH values.
The mixtures prepared by adding 50 mg (1g/L)
adsorbent in the vials was stirred in an orbital incubator
at 100 rpm and 20 °C for 1, 3, 5, 15 and 30 minutes. At
the end of the period, the adsorbent is filtered by using
a 1 pm pore sized filter paper. Metal concentrations in
the filtrates are measured by ICP OES.

2.7. Isotherm studies

In order to determine the equilibrium status of the
absorbance process of activated carbon for heavy
metals, isotherm experiments are performed. It
represents the amount of metal bound on the adsorbent
surface as a function of the material present in the
solution. For this purpose, activated carbon with 25,
50, 75, 100, 125 and 150 mg (0.5, 1, 1.5, 2, 2.5, 3 g/L)
dry weights have added to the solution containing 50
ml 100 mg/L Pb2* and the mixture is shaken in an
orbital incubator at 20, 30 and 50 °C temperature until
the equilibrium period specified by the kinetic studies.
Then, mixes were filtered and their Pb*? concentrations
were determined by ICP OES. The experimental data
obtained is analyzed according to the nonlinear
regression analysis and Freundlich and Langmuir
isotherm parameters are calculated.

3. Result and Discussion
3.1. Optimum pH values

Graldo and Piraja (David and Hon, 1995) have reported
in their study performed for Pb?* adsorption with
activated carbon obtained from lignocellulosics that the
type in the solution that is dominant up to pH 6 is
water-soluble Pb?" | approximately 6 water-soluble
forms of Pb(OH), and Pb(OH)" and Pb(OH), starts to
precipitate after pH.

Lead species found between pH 2 and 8 are Pb*,
Pb(OH)ys) and Pb(OH)", which may interact with the
solid surface due to its textural and electrostatic
characteristics, with these latter affected by the surface
chemical groups and the pH of the solution. Therefore
optimum pH studies are performed between pH 1-6
and the results given in Figure 1 are obtained. As it can
be clearly seen from figure 1, optimum pH values for
all adsorbents are about 5.5. In the previous studies it is
indicated that the adsorbent surface at low pH values
can be positively loaded with H" ions. In our study,
data is obtained that is corroborative with these results.
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Figure 1. Optimum pH values of activated carbons
3.2. Results of the kinetic studies

Kinetic studies are performed in order to determine the
capture rate of the pollutant in the solution by activated
carbon. Thus Figure 2 shows the pseudo 1st and 2nd
kinetic graphics that is drawn as a result of the
experiment performed for the activated carbon obtained
from the raw rose pulp. In this equations; ge represents
the amount of metal ion adsorbed during the
equilibrium time (mg/g), K, represents the pseudo first
order kinetic constant (min'), K, represents the
equilibrium rate constant of pseudo-second order
sorption (g.mg”' min!) and R? is the correlation
coefficient.

When 1% and 2" order pseudo kinetics graphics of the
raw rose pulp have been analyzed, it is seen that
approximately 69% of the adsorption process has been
completed in the first 5 minutes. This is an indication
of that the adsorption process occurs quickly. It is
observed that the adsorption process is completed after
15 minutes. It is seen from the chart, experimental data
are compatible with the same rate in both kinetic
models.

Figure 3 shows the 1st and 2nd order pseudo kinetics
graphics of the activated carbon obtained from rose
pulp which is treated with 3% KClO;. When the
graphic is analyzed, it is observed that approximately
75% of the adsorption process has been completed in
the first 5 minutes and the adsorption process is
completed after 15 minutes. In the experimental
studies, it is observed that adsorption process has been
completed in the first 5 minutes. It looks like
experimental data are compatible with the same rate in
both kinetic models. So the adsorption process for this
activated carbon occurs more quickly.
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Figure 2. The pseudo 1. and 2. order kinetical graphics of the adsorption process for raw activated carbon

120
-— -—
100 - * LY St st LEALIEIY §
.*” -
" -
...’. ,
80 - R
® ;e
£ 60 - -’
E /
40 -
£
20 +.
0 J T T T T T T 1
0 5 10 15 20 25 30 35
t, min.
¢ Experimental == e=|l.order eesees] order

Figure 3. The pseudo 1. and 2. order kinetical graphics of the adsorption process for activated carbon treated with 3%
KClO3

Figure 4 shows the 1% and 2" order pseudo kinetics and the process is completed at the end of 15 minutes.
graphics drawn for the activated carbon that is obtained In experimental studies, it is observed that adsorption is
from the rose pulp treated with 5% KClO3. When the completed in the first 5 minutes. So calculations are
graphic is analyzed, it is observed that 76.2% of the compatible with experimental data and process occurs
adsorption process is completed in the first 5 minutes so quickly.
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Figure 4. The pseudo 1. and 2. order kinetical graphics of the adsorption process for activated carbon treated with 5%

KCl10;

It can be seen that the R? values in Table 1 comply with
1%t order pseudo kinetic model of adsorption process
better in all three activated carbons. However the
values obtained for both models are very close to each
other. It can be assumed that the two reactions can be
present of which the first one reaches equilibrium
quickly and rapidly and the latter may last for a long
and slow period of time. These two reactions may
occur in series or parallel in the adsorption process
(Khambhaty et al., 2009). A good concordance of the

experimental data with pseudo I and II models indicate
that both physical and chemical adsorption effects
process in Pb?* adsorption acts at the same time. When
the adsorption capacities in table 1 were analyzed,
results show that the 1% order kinetic model has
approximately 102 mg/L specific adsorption capacity
for all three adsorbents and this data matches to the
experimental data and at this point we can think that
adsorption has a dominant effect on adsorption process.

Kiad Qe R/ Qe K2.ad R?
Raw 0.221 102.78 0.849 122.57 0.0018 0.822
3% KClO3 0.264 102.15 0.880 117.83 0.0025 0.855
5% KCIO; 0.273 102.38 0.902 117.76 0.0026 0.876

Table 1. Pseudo 1. and 2. order kinetic model constants and regression numbers of the activated carbons.

3.3. Results of the isotherm studies

Adsorbing process continues until a balance is formed
between the material concentration accumulated on the
adsorbent and the material concentration remained in
the solution. Mathematically this balance is explained
by the adsorption isotherms. Figure 5 shows the
Langmuir and Freundlich Isotherm graphics of Pb(Il)
adsorption of activated obtained from the raw rose
pulp. In this table Ky represents the proportional
adsorption capacity, a parameter that belongs to the
isotherm, n represents the adsorption density, qm

represents the maximum monolayer adsorption
capacity (mg/g), a* represents the isotherm fix which
states the adsorption energy (L/mg).

As in the kinetic studies, the results in the isotherm
studies are also very close each other. When we
consider the R? values, we see that this value is 0.9883
for Langmuir and 0.9655 for Freundlich.
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Figure 5. Raw activated carbon Pb(II) Adsorption’s Langmuir and Freundlich Isotherm

Because these two values are very close to each other,
we can argue that adsorbent of adsorption has an
heterogeneous surface but Pb*" forms a single layer
saturated fixed plate on this heterogeneous surface.

In Figure 6, Langmuir and Freundlich isotherm
graphics of Pb™ adsorption of activated carbon
obtained from rose pulp treated with 3% KClO; are
seen. As seen from the graphics, values are very close
to each other. When we observe the R? values, this
value is 0.9586 for Langmuir and 0.9032 for
Freundlich isotherm model. In this way, we can see
that concordance to the Langmuir isotherm has
increased when compared to the activatedcarbon
obtained from the raw rose pulp. Thus we may
conclude that treatment with 3% KCIO3 has made the
surface more uniform.,

Figure 7 shows the Langmuir and Freundlich isotherm
graphics of the Pb*? adsorption of activated carbon
obtained from the rose pulp treated with 5% KClOs. As
can be seen from the graphics, experimental data here
is closer to Langmuir isotherm. When we consider the
R? values in table 2, we can see that this value is
0.9959 for Langmuir and 0.9452 for Freundlich.
Considering this data, the increasing quantity of KCIO3
has reduced the heterogeneity of the surface. Namely,
ionic points that may interact with metal cation on the
surface can become homogeneous with by chemical
activation.

The empirical form of Freundlich equation is
applicable to monolayer adsorption (chemisorption)
and multilayer adsorption (Van der Waals adsorption)
Some authors explains that Langmuir isotherm
corresponds to a dominant ion-exchange mechanism
while the Freundlich isotherm shows adsorption-
complexation reactions taking place in the adsorption
process (Fiol et al., 2006).

Table 2. Langmuir and Freundlich Constants of
adsorbents

Freundlich Langmuir
n Kr R? aL gm R?
Raw 0.3555 | 53.6432 | 0.9655 | 0.2986 | 182.08 | 0.9883
3% 0.3042 | 58.3972 |0.9032 |0.3904 | 169.50 | 0.9586
KCIO; | ] ' ' ' '
3% 0.3082 | 60.3921 |0.9452 | 0.4298 | 172.23 | 0.9959
KCIO; | - ] ' ' ' )

Since Langmuir and Freundlich adsorption models
mathematically characterize the adsorption of diluted
solutions, adsorption data in average dilution intervals
show compliance for both isotherms. Due to the
content in active binding centers at various centers in
the heterogeneous surfaces, Freundlich model is a more
realistic approach than the Langmuir model
(Seydioglu, 2009).
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Figure 6. 3% KCIOs treated activated carbon Pb(II) Adsorption’s Langmuir and Freundlich Isotherm
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Figure 7. 5% KCIOs treated activated carbon Pb(II) Adsorption’s Langmuir and Freundlich Isotherm

In Table 3, the effect of the KClO; activation on the
surface area is shown. KClOs releases oxygen gas by
undergoing  thermal  decomposition at  high
temperatures. At this point our main expectation is that
potassium chlorate, which has been absorbed by the
rose pulp, generates O, gas by thermal decomposition
and thus the outgoing O, gas creates new recesses and
protrusions in the adsorbent and also on its surface. As
expected, it had caused an increase of 1636% on the

surface area of activated carbon that has been obtained
from the rose pulp via KCIO; treatment. The increasing
chemical quantity has no effect on the increase in the
surface area. Therefore, concentrations below %3 can
be tried for more economical and ecological activation.

2 KCIO; — 2 KCI(s) + 3 01 (g) ()
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Table 3. BET surface area of three different activated
carbons

BET Surface Area
Raw 7.9943  m%g
3%KCIOs 1294916 m¥/g
5% KCIO;  130.7575 m?/g

4. Conclusion

As a result, we can say that converting rose wastes to
activated carbon is a good way to obtain cheaper
activated carbon. Because today rose pulp is nothing
more than waste. And also it is a good way for
elimination and evaluation of rose wastes. KClO3 is a
good chemical activator that can increase the surface
area 1636%. KCIlOs activation may be tried in
commercial production of activated carbon. The
Langmuir and Freundlich adsorption models were used
to describe the equilibrium isotherm and isotherm
constant calculation. It was found that the maximum
equilibrium adsorption capacities were 182.08 mg/g,
169.50 mg/g and 172.23 mg/g for raw, 3% KClO3 and
5% KCIOs3 respectively.

Our study shows that activated carbon, which obtained
from rose pulp is a good adsorbent for poisonous Pb*?
ions. Because it has a relatively high adsorption
capacity compared to other studies in the literature. It
can adsorb ions from solution both chemical and
physical ways. Therefore, can say that the main
interactions responsible from adsorption are weak
chemical interactions such as Van der Waals
interactions.
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Abstract: Proton and carbon-13 NMR chemical shifts and vibrational frequencies (FT-IR) of trans-2-pentenoic
acid (2-pentenoic acid or (E)-pent-2-enoic acid) were studied, both experimentally and theoretically. The
optimized molecular geometric parameters of monomer and dimer forms, vibrational frequencies and NMR
chemical shifts of the mentioned compound were computed by using DFT/B3LYP/6-311+G(2d,p) level. The
computed data were compared with experimental ones. The HOMO and LUMO analyses were performed at the
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1. Introduction

Unsaturated fatty acids are very important compounds
in food, nutrition and health sciences due to their role
in biological processes especially for humans. These
acids can be classified as monounsaturated fatty acids,
polyunsaturated fatty acids and acetylenic fatty acids.
They can be found in trans or cis molecular forms,
which exhibit long nonpolar unsaturated alkyl chains
and polar carboxylic head groups (Sonnect et al.,
2015). An experimental study on a,f-unsaturated
carboxylic acid (2-methyl-2-pentenoic acid) was
performed by using in situ attenuated total reflection
infrared (ATR-IR) spectroscopic tecknique (Tan and
Williams, 2013).

Quantum chemical computation methods have been
widely used to investigate structural, spectroscopic,
electronic, magnetic, nonlinear  optical  and
thermodynamic properties of molecules. Density
functional theory (DFT) method has been used in many
studies in the literature for effective and accuracy
evaluation of molecular properties (Gokce and Bahgeli,
2013; Akyildirim et al., 2017). The aim of this study is
to investigate molecular structures for monomeric and
dimeric, vibrational wavenumebers, 'H and *C NMR
chemical shifts and HOMO-LUMO properties of 3
trans-2-pentenoic acid (2-pentenoic acid or (E)-pent-2-
enoic acid) molecule, both experimentally (FT-IR and
NMR) and theoretically (DFT/B3LYP/6-311+G(2d,p)
level).

2. Computational Details

All calculations were performed by using Gaussian 09W
program and the computed results were visualized with
GaussView5 program (Frisch et al., 2009; Dennington
et al., 2009). The optimized molecular geometric
parameters for monomeric and dimeric forms,
vibrational wavenumbers, proton and carbon-13 NMR
chemical shifts and HOMO-LUMO analyses of the title
molecule were computed by using DFT (Density
Functional Theory)/B3LYP (Becke’s three parameters
exact exchange-functional (B3) combined with
gradient-corrected correlational functional of Lee,
Yang, Parr (LYP)) method with 6-311+G(2d,p) basis
set. (Lee et al., 1988; Becke, 1993). The calculated
vibrational wavenumbers were scaled with 0.954 (in the
region of 1600-4000 cm™") and 0.989 (in the region of 0-
1600 cm™) for B3LYP/6-311+G(2d,p) level (Wang et
al., 2015). The vibrational frequency assignments were
performed by using VEDA 4 program in terms of
potential energy distribution (PED) (Jamr'oz, 2004). For
NMR chemical shift computations, the optimized
molecular structures in chloroform of monomer and
dimer forms of the title molecule were first obtained at
B3LYP/6-311+G(2d,p) level by using integral equation
formalism polarizable continuum model (IEFPCM)
method. Then, proton and carbon-13 NMR chemical
shifts were calculated with the mentioned computational
level in chloroform by using gauge invariant atomic
orbital (GIAO) method (London, 1937; Ditchfield,
1974; Wolinski et al., 1990). Additionally, HOMO and
LUMO energy values and their shapes were calculated
with B3LYP/6-311+G(2d,p) level in gas phase of the
title molecule.
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3. Results and Discussion
3.1. Molecular structure

The optimized molecular structures of monomeric and
dimeric forms of trans-2-pentenoic acid (2-pentenoic
acid or (E)-pent-2-enoic acid) molecule were given in
Fig. 1. The experimental (single-crystal X-ray study)
(Peppel et al., 2015) and calculated (with B3LYP/6-
311+G(2d,p) level) structural parameters for monomeric
and dimeric forms of the title molecule were
summarized in Table 1.

: 9 9
pTal
&
2

3 (b) Dimer

Figure 1. The optimized (a) monomeric and (b) dimeric
molecular structures of (E)-pent-2-enoic acid.

As can be seen from results in Table 1, trans-2-
pentenoic acid (2-pentenoic acid or (E)-pent-2-enoic
acid) molecule may be existed in dimeric form by via
strong inter-molecular hyrogen bonds in solid phase.
Especially, the C1=014 and C1-O13 bond lengths were
computed as 1.2088 A and 1.3606 A in monoric form,
whereas they were calculated 1.2305 A and 1.3226 A in
dimeric form, respectively. The experimental values for
these bond lengths were recorded as 1.2337(14) A and
1.3223(13) A, respectively (Peppel et al., 2015).
Similarly, inter-molecular hydrogen bond parameters
(H15--029, 013--029 and O13-H15--029) in dimeric
form of the title molecule were experimentally found as
1.69(2) A, 2.6322(13) A and 173.3(19)°, respectively
(Peppel et al., 2015). These parameters were calculated
1.6407 A, 2.6448 A and 178.82°, respectively. The O13-
H15 bond length was recorded as 0.95(2)/0.9697/1.0042
A (exp./cal. for monomer/cal. for dimer) (Peppel et al.,
2015).

Table 1. Experimental and calculated bond lengths and bond angles of (E)-pent-2-enoic acid.

Bond lengths . Calculated Bond angles a Calculated
(A) ¢ X-Ray Monomer Dimer (°) ¢ X-Ray Monomer Dimer
Cl1-C2 1.4723(16) 1.4747 14742 | C2-C1-013 113.26(10) 111.32 112.87
C1-013 1.3223(13) 1.3606 1.3226 | C2-C1-014 123.99(10) 126.75 123.65
C1=014 1.2337(14) 1.2088 1.2305 | C13-C1-0O14 122.75(11) 121.94 123.48
C2-H3 0.9500 1.0822 1.0822 | C1-C2-H3 119.0 116.66 115.98
C2=C4 1.3301(16) 1.3334 1.3334 | C1-C2-C4 122.06(10) 120.61 121.24
C4-H5 0.9500 1.0874 1.0872 | H3-C2-C4 119.0 122.74 122.78
C4-C6 1.4981(16) 1.4957 1.4960 | C2-C4-H5 117.2 116.98 117.04
C6-H7 0.9900 1.0977 1.0978 | C2-C4-C6 125.63(10) 126.83 126.79
C6-H8 0.9900 1.0977 1.0978 | H5-C4-C6 117.2 116.19 116.17
C6-C9 1.5239(16) 1.5265 1.5264 | C4-C6-H7 108.4 107.58 107.58
C9-H10 0.9800 1.0924 1.0924 | C4-C6-HS8 108.4 107.58 107.58
C9-H11 0.9800 1.0915 1.0915 | C4-C6-C9 115.33(10) 116.59 116.59
C9-H12 0.9800 1.0924 1.0924 | H7-C6-H8 107.5 104.40 104.40
0O13-H15 0.95(2) 0.9697 1.0042 | H7-C6-C9 108.4 109.98 109.98
H15-029 1.69(2) - 1.6407 | H8-C6-C9 108.4 109.98 109.98
013-029 2.6322(13) - 2.6448 | C6-C9-H10 109.5 111.48 111.50
C6-C9-H11 109.5 110.41 110.41
C6-C9-H12 109.5 111.48 111.50
H10-C9-H11 109.5 107.70 107.70
H10-C9-H12 109.5 107.91 107.88
H11-C9-H12 109.5 107.70 107.70
C1-O13-H15 108.7(12) 106.45 110.49
013-H15-029 173.3(19) - 178.82
* Taken from (Peppel et al., 2015)
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The C2=C4 bond length was found as 1.3301(16) A
(exp.) and 1.3334 A (for both monomer and dimer)
(cal.). The C1-C2, C4-C6 and C6-C9 bond lengths were
calculated as 1.4747/1.4742 A, 1.4957/1.4960 A and
1.5265/1.5264 A, while they were experimetally
recorded as 1.4723(16) A, 1.4981(16) A and 1.5239(16)
A, respectively (Peppel et al., 2015).

3.2. Vibrational frequencies
There are 15 atoms and 39 fundamental vibrational

modes of trans-2-pentenoic acid (2-pentenoic acid or
(E)-pent-2-enoic acid) molecule. The molecule belongs

to Cs point group and all vibrational modes are active
under Cs symmetry. The 39 vibrational modes were
distributed as 25A'+14A". The experimental (recorded
in liquid form) (AIST, 2017) and calculated vibrational
wavenumbers, IR intensities, vibrational assignments
and symmetry species of the title molecule were listed
in Table 2. The vibrational wavenumbers for monomeric
and dimeric forms of the title molecule were computed
at B3LYP/6-311+G(2d,p) level. The experimental
(AIST, 2017) and simulated IR spectra of the title
molecule are given in Fig. 2.

Table 2. Experimental and calculated vibrational wavenumbers and their assignments of (E)-pent-2-enoic acid.

Exp. DFT/B3LYP/6-311+G(2d,p)
. 0 freq. level
Sym. | Assignments (PED%) R (e Unscaled | Scaled -
freq. freq.

A" | 1013C1CoCs(60)+TCoCsCsCo(29) - 67 66 1.887
A" ‘CC]C2C4C6(58)+TO13C1C2C4(19)+TC9C6C4C2(1 1) - 145 143 1.051
A’ 6C6C4C2(38)+0C1CoC4(36)+0013C;Co(12)+0CoCeCa(11) - 146 144 0.498
A" | pCH;3(36)+1C1CoCsCe(28)+TtCoCsCsCr(12)+tHCCC(11) - 201 199 0.151
A" | 8CyCsC4(34)+5C1CC4(25)+3013C1Cx(12)+6CsC4Co(10) - 258 256 2.282
A" | pCH;3(66)+1CoCeCsCr(13)+1C1CrC4Cs(10) - 282 278 0.768
A’ | 8013C;C,(44)+00CO(12)+vC;Cy(12)+6C;CoCa(10) 483 457 452 12.044
A" ] 8CyCsC4(33)+6CsCaCo(20)+30:13C1Co(18) 540 534 528 0.958
A" | THOCC(84) - 580 574 63.849
A" | 80CO(53)+vCO(16) - 658 651 39.226
A" | v014C,013C1(29)+pCH»(27)+tHOCC(14)+tHCCC(14) 697 693 685 49.595
A" | y014C,013C(43)+pCH»(19) 787 788 779 6.280
A’ | vCoCe(48)+vCsCa(32) 865 887 877 19.577
A" | tHCCC(56)+7014C2015C1(15) 891 890 881 17.401
A’ | vCiCy(41)+vCO12) 933 943 933 1.775
A" | tHCCC(87) 980 1018 1007 26.720
A" | wCH2(23)+vCsC4(20)+pCH3(13)+vCoCe(10) 1025 1042 1031 29.156
A’ | vCyCe(24)+pCH3(13) 1079 1099 1087 89.035
A" | 1CoCeCsCr(24)+tCH(24)+pCH3(11) 1073 1111 1099 2.379
A’ | vCO(36)+6HOC(22) 1130 1148 1136 276.945
A’ | SHCC(40)+6HOC(32) 1268 1281 1267 19.650
A" | tCHy(62)+pCHj3(15) 1288 1292 1278 0.304
A" | BHCC(67)+vC=C(12) 1334 1333 1318 29.169
A" | BHOC(17)+6HCC(12)+wCHx(11) - 1369 1353 58.574
A’ | wCH»(31)+6,CH3(17) (sym. bend.) 1384 1391 1376 16.827
A" | 8CH3(82) (sym. bend.) 1420 1419 1403 13.017
A" | §;CHx(87) - 1463 1447 26.390
A" | 3;CH3(85) - 1501 1484 8.676
A" | 8CH3(75) 1496 1509 1492 3.467
A’ | vC=C(64)+6HCC(17) 1653 1698 1620 162.307
A" | vC=0(79) 1697 1781 1699 293.639
A" | viCH2(99) 2883 2998 2860 16.449
A" | vasCH2(98) - 3011 2872 8.444
A" | viCH3(99) - 3031 2892 19.949
A" | vasCH3(94) 2940 3091 2949 26.171
A" | vosCH3(87) 2973 3095 2953 27.223
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v, stretching; 6, in-plane bending; t, torsion; y, out-of-plane bending; Js, scissoring and symmetric bending; w,
wagging; t, twisting; p, rocking; Sym., symmetry species; Iz, IR intensity (km/mol); PED, potential energy
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Figure 2. Experimental (top) and simulated (bottom) IR spectra of or (E)-pent-2-enoic acid.

FT-IR spectrum in dimeric carboxylic acids give a very
broad band in the region of 2500-3300 cm™! due to OH
vibrational streching band (Colthup et al., 1964;
Bellamy, 1975; Lambert et al., 1987; Silverstein and

12

Webster, 1998; Stuart, 2004). The observed band in the
region of 2500-3500 cm™! in Fig. 2 can be indicated to
dimeric form of the title molecule. This band was
computed at 3586 cm’! for monomer, whereas it was
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calculated at 2990 and 2888 cm™! for dimer. The OH in-
plane bending modes can be appeared as mixed with
other vibrational modes in the region of 1200-1450 cm
! (Colthup et al., 1964; Bellamy, 1975; Lambert et al.,
1987; Silverstein and Webster, 1998; Stuart, 2004). For
monomeric form, the OH in-plane bending modes were
recorded at 1130 and 1268 cm™! (AIST, 2017) and they
were calculated at 1136, 1267 and 1353 cm’'. For
dimeric form, the OH in-plane bending modes were
computed at 1478, 1455, 1334 and 1329 cm'. Similarly,
the OH out-of-plane bending mode for monomeric form
was obtained at 697 (exp.)/685 (cal. with 17%
contribution of PED) and 580 (cal. with PED
contribution of 84%) cm™!, whereas this band for dimeric
form was calculated at 975 and 1024 cm™.

The position of this stretching band can be changed
depending on effects such as the physical state,
electronic and mass effects of neighboring substituents,
conjugations and inter- and intar-molecular hydrogen
bonding (Colthup et al., 1964; Bellamy, 1975; Lambert
et al.,, 1987; Silverstein and Webster, 1998; Stuart,
2004). The C=O0 stretching band was recorded at 1697
cm! as a strong (AIST, 2017) and it was computed at
1699 cm! (with PED contribution of 79%) for monomer
form of the title molecule. This band in dimer form was

calculated at 1657, 1607 and 1592 cm™'. Silverstein and
Webster (Silverstein and Webster, 1998) assigned CO
stretching mode in the region of 1320-1210 ¢m™ for
dimer carboxyl compounds. The CO stretching modes
for dimeric form were computed at 1226, 1234, 1334
and 1329 cm’!. However, this band for monomeric
structure was found 1130 (exp.)/1136 (cal. with 36%
contribution of PED) (AIST, 2017). The experintal and
computed wavenumber values for the C=C stretching
band were found at 1653 and 1620 cm’' (with PED
contribution of 64%).

The vibrational assignments and wavenumbers (both
experimental and calculated) for other modes were
given in Table 2.

3.3. 3C and *H NMR chemical shift analyses

The proton and carbon-13 NMR chemical shifts for
monomeric and dimeric forms of the title molecule were
calculated at B3LYP/6-311+G(2d,p) level in
chloroform. The experimental (Peppel et al., 2015;
AIST, 2017) and computed 'H and '3*C NMR chemical
shifts were summarized in Table 3.

Table 3. Experimental and calculated proton and carbon-13 NMR chemical shifts (with recpect to TMS, all values in

ppm) of (E)-pent-2-enoic acid.

Atoms Sexp. (chloroform-d)* | 8exp. (chloroform-d)® Scal,lz/i?llfsgfgrm) 5 (gllr:ri)rform)
Cl 172.66 172.69 173.324 180.516
C2 120.02 119.76 118.994 121.208
C4 153.68 153.77 165.954 166.052
C6 25.52 25.54 29.648 29.542
C9 12.05 21.10 9.479 9.511
H3 5.83 5.82 6.014 5.977
H5 7.14 7.14 7.896 7.946
H7 2.452 2.455
s 2.29 2.21-2.30 2450 3455
H10 1.014 1.028
HI1 1.09 1.08 1.120 1.116
HI12 1.014 1.028
HI5 11.99 12.35 5.815 13.570
* AIST, 2017

® Peppel et al., 2015

Due to the highly electronegative O atom, the carboxylic
acid and their derivatives occur carbon-13 NMR signal
at the interval 160-180 ppm (Pavia et al., 2009). The
carbon-13 NMR chemical shift signal recorded at
172.66/172.69 ppm can be assigned to Cl atom in
carboxyl group of the title molecule (Peppel et al., 2015;
AIST, 2017). The computed value for this carbon atom
was computed at 173.324 ppm for monomer form and
180.516 ppm for dimer one. Alkene carbons generally

appear between 100 ppm and 140 ppm in *C NMR
chemical shift spectrum (Pavia et al., 2009). However,
this chemical shift region can be changed due to other
groups (methylene, methyl, etc.) bonded to alkene
carbons. The experimental and computed NMR signals
for C2 and C4 atoms were found at 120.02 (exp.)/119.79
(exp.)/118.994 (cal. for monomer)/121.208 (cal. for
dimer) ppm and 153.68 (exp.)/153.77 (exp.)/165.954
(cal. for monomer)/166.052 (cal. for dimer) ppm,
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respectively (Pavia et al., 2009). The NMR signals for
carbons of methylene and methyl groups were given in
Table 3.

The proton NMR signal of H15 atom in carboxyl group
in the title molecule were recorded at 11.99/12.35 ppm
(Pavia et al., 2009), while the calculated value for this
proton were at 5.815/13.570 ppm (monomer/dimer).
The NMR signals obtained for H3 and HS proton atoms
are at 5.83 (exp.)/5.82 (exp.)/6.014 (cal. for
monomer)/5.977 (cal. for dimer) ppm and 7.14
(exp.)/7.14 (exp.)/7.896 (cal. for monomer)/7.949 (cal.
for dimer) ppm, respectively (Pavia et al., 2009). The
methylene protons (H7 and H8) were given rise to
resonance signals at 2.29 (exp.)/2.21-2.30 (exp.)/2.452
(cal. for monomer)/2.455 (cal. for dimer) ppm, while the
methyl protons (H10, H11 and H12) were found at 1.09
(exp.)/1.08 (exp.)/1.014-1.020 (cal. for
monomer)/1.028-1.116 (cal. for dimer) ppm (Pavia et
al., 2009).

3.4. HOMO and LUMO analyses

The highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) are called
as frontier molecule orbitals (FMOs). They are main
orbitals taking part in chemical reaction (Fukui, 1982).
The HOMO presents the outermost orbital filled by
electrons. It is directly related to the ionization potential.
Behaving as an electron donor, it can be considered as
valance band. The LUMO implies the first empty
innermost orbital unfilled by electrons. It is directly
related to the electron affinity. Behaving as an electron
acceptor, it can be thought as conductance band.

The HOMO-LUMO energy band gap is an indicatator of
molecular chemical stability and it is a very important
parameter for determination of molecular electrical
properties (Pearson, 1986). The HOMO and LUMO
energy values, their shapes and energy gap were
depicted in Fig. 3. As seen from Fig. 3, HOMO is
localized on other groups excluding methyl and OH
groups, while the LUMO is placed over whole molecule
expecting methyl group. The HOMO and LUMO energy
values were computed as -7.680 eV and -1.492 eV,
respectively. Similarly, HOMO-LUMO energy band
gap was obtained as 6.188 eV.
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Figure 3. Simulated HOMO and LUMO shapes of (E)-
pent-2-enoic acid.

4. Conclusion

The experimental spectroscopic analyses of trans-2-
pentenoic acid (2-pentenoic acid or (E)-pent-2-enoic
acid) were studied by using FT-IR and NMR methods.
Quantum chemical computations were performed with
DFT/B3LYP/6-311+G(2d,p) level. The observed broad
band in the region of 2500-3300 cm™! in FT-IR spectrum
and signal at 11.99/12.35 ppm in proton NMR chemical
shifts are indicated to dimeric form of the title molecule.
The experimental values are in a good aggrement with
computed data.
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Isparta-Siitgiiler Yoresinde Anatololacerta danfordi (Giinter, 1876)’nin
Habitat Uygunluk Haritalamasi
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Ozet: Anatololacerta danfordi (Giinter, 1876) Tiirkiye herpetofaunasinda Lacertidae familyasina ait endemik bir
kertenkele tiiriidiir. Bu tiir Toros Daglar1 ve ¢evresindeki uygun habitatlarda yayilis géstermektedir. Bu galisma
Bat1 Akdeniz de yer alan Siitciiler (Isparta) yoresinde Maksimum Entropi yontemi ile hedef tiir igin uygun
habitatlar1 belirlemek ve haritalandirmak amaci ile gergeklestirilmistir. 2014 yilinin Mayis-Ekim aylar1 arasinda
gerceklestirilen arazi ¢aligmasi sonucunda sahada tiire ait 33 6rnek alanda var verisi elde edilmistir. Bio iklim
degiskenleri, uydu verilerinden tiiretilen bitki indeksleri ve cografi bilgi sistemleri kullanilarak {iretilen veya
sayisallastirilan altlik haritalar olmak {izere toplamda birbiriyle iligki gostermeyen 21 ¢evresel degigken ile hedef
tiire ait var verileri arasindaki iligkiler MaxEnt yazilimi ile modellenmis ve haritalanmigtir. Anatololacerta
danfordi i¢in elde edilen habitat uygunluk modeline gore (egitim veri seti AUC: 0.916, test veri seti AUC: 0.898)
tiriiniin dagilimini etkileyen cevresel degiskenlerin anakaya, dere yogunlugu, egim, engebelilik, arazi yiizi sekli,
radyasyon indeksi ve arazi ortii/kullanim siniflar1 oldugu belirlenmistir.

Anahtar Kelimeler: Anatololacerta danfordi, Endemik, Kertenkele, MaxEnt, Siit¢iiler yoresi

Habitat Suitability Mapping of Anatololacerta danfordi (Giinter, 1876)
in Isparta-Siitciiler District

Abstract: Anatololacerta danfordi (Giinter, 1876) is an endemic lizard species of the Lacertidae family in Turkey
herpetofauna. This lizard species is spreading in the Taurus Mountains and in the appropriate habitats around it.
This study was carried out with the aim of determining and mapping suitable habitats for the target species with
Maximum Entropy method in Siitciiler (Isparta) region in Western Mediterranean. As a result of the field work
between May-October of 2014, 33 present data of this species were obtained. Relationships between the 21
environmental variables and present data of target species, which do not correlate with each other, such as bio
climate variables, vegetation indices derived from satellite data or digitized baseline maps, are modeled and
mapped by MaxEnt software. According to the habitat suitability model of Anatololacerta danfordi (training data
set AUC: 0.916, test data set AUC: 0.898); bedrock, stream density, slope, ruggedness, landform index, radiation
index, and land cover/use classes have been the limiting factors in the distribution of Anatololacerta danfordi.

Keywords: Anatololacerta danfordi, Endemic, Lizard, MaxEnt, Siitgiiler district

1. Giris

Tiirkiye’nin yaban hayati unsurlarinin ve biyolojik
cesitliliginin 6nemli bir kismmi da siiriingen tiirleri
olusturmaktadir. Tiirkiye herpetofaunasinda 62 farkl
kertenkele tiirii bulunmaktadir ve bu tiirlerden 7 tanesi
endemiktir (Baran vd., 2012). Bu 7 endemik tiirden biri
olan hedef tiir, gegmiste Lacerta danfordi kompleksi
altinda tir/alttiir tartigmalarima konu olmustur ve
ginimiizde Anatololacerta danfordi (Giinter, 1876)
bilimsel ismini almistir. Tiriin Tirkiye’ de Bati
Akdeniz, Dogu Akdeniz ve i¢ Anadolu’ya kadar yayilisi
bilinmektedir (Eiselt ve Schmidtler, 1987; Cevik vd.,

2006; Arnold vd., 2007; Giglii ve Olgun, 2008; Baran
vd., 2012; Bellati vd., 2015).

Yaban hayatinin ve biyolojik ¢esitliligin korunmasi i¢in
tiirlerin dagilimina etki eden faktorlerin ve habitatlarinin
bilinmesi gerekmektedir. Yani tiirleri korumaya
almadan Once, habitat isteklerini belirlemek ve uygun
habitati koruma ile ise baslamak istenilen sonucun
gerceklesmesinde onemli rol oynamaktadir. Yaban
hayvanlarinin hangi habitatlar1 neden tercih etiklerinin
aciklanabilmesi i¢in, o alandaki g¢esitliligin ve
varyasyonun hesaplanmasi gerekmektedir. Bunun igin
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de c¢esitli istatistiksel
(Ozkan, 2009).

yontemler kullanilmaktadir

Siirdiiriilebilir yaban hayati yonetimi planlamalarinda,
tirlerin  habitat tercihleri ve potansiyel yayilis
alanlarmin niteliklerini bilmek bir zorunluluk haline
gelmistir. Bu nedenle tiir dagilim haritalari, tiir koruma
calismalarinda son derece Onemli bir althk
olusturmaktadir (Clark, vd., 1993; Corsi vd., 1999).
Cografi Bilgi Sistemleri (CBS) araciligiyla olusturulan
tir dagilim modellemeleri, tiirtin biyolojisi ve arazi
ozelliklerinden yola c¢ikarak dagilim haritalarinin
olusturulmasinda kullanilmaktadir (Phillips, vd., 2004).

Tiir dagilimi modellemesinde  bircok  yontem
kullanilmaktadir, bu yontemlerden biri de Maksimum
Entropi (MaxEnt) yaklagimidir. MaxEnt, tiirlerin
yalnizca var kayitlarindan tlirlerin  dagilimlarini
modelleyen bir yazilimdir (Elith, 2011). MaxEnt
yaklagimi temel olarak, hedef tiiriin alandaki varligina
ait kayitlarin bulundugu yerlerin 6zelliklerini irdeler ve
tiirtin yayilisini etkileyen faktorlerin bu alanlarda aldig:
degerlerden yola ¢ikarak tiim alan igin bir uygunluk
diizeyi tahmin etmektedir (Baldwin, 2009). MaxEnt
yontemi diger var verisi ile ¢caligan yontemlere gore daha
az veri ile daha dogru sonuglar vermesi sebebi ile
modelleme  c¢alismalarinda  daha fazla tercih
edilmektedir (Hernandez vd., 2006; Wisz vd., 2008).

315000

MaxEnt yontemi tiirlerin habitat tercihi, tiir koruma ve
tirlere ait habitatlar1 korunmasi, endemik tiirlerin ve
tehlike altindaki tiirlerin gelecekteki potansiyel yayilis
alanlarmin ortaya koyulmasi, istilaci tiirlerin potansiyel
yayiliglarinin belirlenmesi, hastalik etmeni
mikroorganizmalarin aktiiel ve potansiyel yayiliglarinin
belirlenmesi gibi birgok konuda kullanilmaktadir
(Pearson vd., 2007; DeMatteo ve Loiselle, 2008;
Suarez-Seoane vd., 2008; Yost vd., 2008; Boubli ve
Lima, 2009; Rodder ve Weinsheimer, 2009; Thorn vd.,
2009; Hoenes ve Bendner, 2010; Siiel, 2014).

2. Materyal ve Yéntem
2.1. Cahsma alam

Calisma alani Siitgiiler Orman Isletme Miidiirliigii
sinirlart olarak belirlenmistir (Sekil 1). Calisma alani
yaklagik olarak 129000 ha biiyiikligiindedir. Caligma
sahasi 30° 47" 49'- 31° 20" 42' dogu boylamlar ile 37°
18" 10'- 37° 43" 48" kuzey enlemleri arasinda yer
almaktadir. Calisma alani igerisinde yiikselti 80 ile 2545
m arasinda degismektedir (Sentiirk, 2012). Alanda
Akdeniz iklimi ve karasal iklim hakim olup yillik
ortalama sicaklik 14,1 °C, yillik ortalama toplam yagis
miktart ise 950,1 mm’dir (Sargin, 2006; Ozkan ve
Giilsoy, 2009; DMI, 2011).
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Sekil 1. Calisma alan1 (Isparta-Siitciiler Y oresi)
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2.2. Arazi cahsmalar:

Arazi ¢alismalan ile gergeklestirilen envanter, yorenin
tamamini temsil edecek sekilde alinan 251 6rnek alanda
gerceklestirilmistir. 2014 yilinin Mayis-Ekim  aylari
arasinda gergeklestirilen arazi ¢alismasinda 100x100 m
bliylikligiindeki 6rnek alanlarda envanter yapilmistir.
Her 6rnek alanda, kertenkele tiirleri dogal pozisyonda
oldugu anda tespit edilip (Sillero ve Gongalves-Seco,
2014), bulundugu yerin koordinati Magellan Triton
arazi tipi el GPS’si ile kaydedilmistir. Teshis edilen
tiirler, tarih, saat, koordinat verileri ve 6rnek alan ile
ilgili habitat bilgileri arazi envanter karnesine
kaydedilmigstir. Arazi bitiminde tim bu bilgiler
bilgisayar ortamina aktarilarak depolanmustir.

2.3. Cevresel degiskenler icin althk haritalarin
iiretilmesi

19 farkli bioiklim wverisi http:/www.worldclim.org
adresinden indirilmistir. Diinya 6l¢eginde olan bu veri
calisma alani 6l¢eginde kesilmis ve kullanima hazir hale
getirilmistir (Hijmans vd., 2005).

Calismada oOncelikle sahaya ait 1/25000 o6lcekli
topografik haritalardaki esyiikselti egrileri
sayisallagtirlmigs ve CBS yazilimlari yardimi ile
ticgenlenmis diizensiz ag (ing: triangulated irregular
network (TIN)) yontemi kullanilarak alana ait Sayisal
Yiikseklik Modeli (SYM) olusturulmustur. Cevresel
degiskenlerden egim, baki ve yiikselti haritalar1 SYM
yardimiyla olusturulmugtur. ArcMap 10.2 yazilimi ile
oncelikle egim ve baki haritalar1 elde edilmistir. Daha
sonra, Jennes (2006) tarafindan hazirlanan ve bu
yazilimin eklentisi olan “topography tools” eklentisi
kullanilarak alana ait topografik pozisyon indeksi, arazi
yiizii sekli indeksi, engebelilik indeksi, piiriizliliik
indeksi, topografik nemlilik indeksi, golgelenme
indeksi, farkli saatlere ait topografik aydinlanma indeksi
ve solar radyasyon indeksi olusturulmustur. Farkli
denklemler kullanilarak sirasiyla; baki uygunluk indeksi
(BUI), radyasyon indeksi (RI) ve sicaklik indeksi (SI)
degerleri hesaplanmistir ve haritalari elde edilmistir. Bu
indekslere ait denklemler sirasiyla su sekildedir;

BUI = cos(Amax-A) + 1
IVRI:H [IVI_COSH (("7‘[/180" )(HQ_3OH ))]/"2"
SI = cosalfal x tanalfa2 = (cos(Amax-A)+1) x tan(egim)

Ayrica alana ait anakaya haritasi, Maden Tetkik ve
Arama Genel Midirligi'nden temin edilerek
koordinatlandirilmistir  (MTA, 2011). Bu islemin
ardindan, altlik harita olarak elde edilen sayisal anakaya
haritas1 {izerinde poligon olarak farkli anakaya tipleri
gosterilmistir.

Mescere haritalar1 yardimiyla vejetasyon altliklarinin
olusturulmasi i¢in Isparta Orman Bolge Miidiirligii’ne
bagh Siitciiler Orman Isletme Miidiirliigii sinirlarl
igerisinde bulunan ¢aligma alanina ait sayisal mescere
haritalar1 kullanilmistir. Mescere haritast igerisinde
bulunan bélmecikler ziraat, su, yerlesim, ¢alilik, orman
olmak iizere bes farkli grup olacak sekilde
siniflandirilmigtir.

MODIS VI uydu verilerinden biri olan MODI13Q1
modiiliin tirettigi Normalize edilmis bitki fark indeksi
(NDVI (Normalized Difference Vegetation Index)) ve
Gelismis bitki indeksi (EVI (Enhanced Vegetation
Index)) verileri kullanilmistir.

Dere yogunluguna ait altlik haritanin olusturulabilmesi
icin Oncelikle sayisallagtirillmis topografik harita
tizerinde bulunan akar dereler vektor halinde ¢izilmistir.
Daha sonra ArcMAP 10.2 igerisinde bulunan cizgi
yogunlugu araci (line density) kullanilarak dere ¢izgisi
ile bu ¢izgi etrafinda bulunan 2000 m’ lik mesafe baz
alinarak dere yogunlugu altligi olusturulmustur (Mert
vd., 2013).

2.4. Istatistik ve habitat uygunluk modellemesi

Bio iklim verileri ve CBS yardimi ile elde edilen
cevresel degiskenler arasinda yiiksek korelasyon
goriilebilmektedir. Aralarinda yiiksek korelasyon
gosteren degiskenlerin modele dahil edilmesi durumu
ise ortaya c¢oklu baglantt problemini ¢ikarmaktadir
(Sentiirk, 2012; Siiel, 2014) Coklu baglanti sorununu
ortadan kaldirmak amaci ile iiretilen 47 adet ¢evresel
degiskene Pearson Korelasyon Analizi (R2<0,85) ve
Faktor Analizi uygulanacaktir. Bu analizler sonucunda
temsilci  degigskenler secilecek ve modelleme
asamasinda bu degigkenler kullanilacaktir. .

Anatololacerta danfordi’ nin habitat uygunluk modelini
ve haritasini elde etmek i¢cin MaxEnt 3.3.3k yazilimi
kullanilmigtir (Philips vd., 2006; Elith vd., 2011).
“ascii” dosyast olarak olusturulan 21 adet gevresel
degisken ve “csv” dosyasi olarak olusturulan 33 6rnek
alandaki hedef tiire ait var verileri bu yazilimda analize
tabi tutulmusgtur. Egitim verisi %90, test verisi %10 ve
10 tekerriir olacak sekilde analiz yapilmistir. Model
basarisini belirlemek i¢in ROC egrisi AUC degerlerine
bakilmistir. AUC degerleri 1’ e yakinsa miikemmel,
0.7’ye yakin ise aciklayici, 0.5’¢ yakin ise bilgi
vermeyen model olarak degerlendirilmistir (Philips vd.,
2004; Elith vd., 2006).
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3. Bulgular

Cevresel degiskenlere uygulanan Pearson Korelasyon
Analizi (R?<0,85) ve Faktdr Analizi sonucunda 21
gevresel degiskenin modelleme asamasinda
kullanilabilecegi goriilmiistiir. Bu degiskenler bioiklim
degiskenlerinden yillik yagis (biol2), solar aydinlanma
degiskenlerinden ~ 8am, gunorta, toplam solar
aydinlanma, diger c¢evresel degiskenlerden baki, baki
uygunluk indeksi, topografik nemlilik indeksi, dere
yogunluk, egim, engebelilik, golgelenme indeksi,
radyasyon indeksi, sicaklik indeksi, solar radyasyon
indeksi, topografik pozisyon indeksi, yiikselti, arazi
yiizli sekli indeksi, normallestirilmis bitki fark indeksi,

gelismig bitki indeksi, anakaya, arazi Ortii/kullanim
siniflar1 olmustur.

Elde edilen habitat uygunluk modelinin egitim veri seti
AUC degeri 0.916 ve test veri seti AUC degeri 0.898
oldugu belirlenmistir (Sekil 2). Bu sonuca gdére modelin
milkemmel model bagarisina olduk¢a yakin oldugu
goriilmistir (Elith vd., 2006). Anatololacerta danfordi
tiriiniin  dagilimini etkileyen c¢evresel degiskenlerin
anakaya, dere yogunlugu, egim, engebelilik, arazi yiizii
sekli, radyasyon indeksi ve arazi ortii/kullanim siniflari
oldugu belirlenmistir.

Egitim Verisi Roc=0916 W

| 7 Test verisi ROC=0,898 [l

08rf

0.7

06}

05

Duyarhhk (l-ihmal Orani)

| Rastgele Tahmin ROC=0,50
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1- Ozgiilliik (Fraksiyonel Ongoriilen Alan)

Sekil 2. Anatololacerta danfordi habitat uygunluk model performansi

Anatololacerta danfordi i¢in uygun habitatlar: olusturan
s6z konusu 7 adet gevresel degisken elde etmek
istedigimiz habitat uygunluk haritasini sekillendirmistir
(Sekil 3). Haritada kirmizi ile gosterilen alanlar
A.danfordi’ nin var olma olasiliginin en fazla oldugu

19

mevcut ve potansiyel alanlardir. Mavi ile gosterilen
alanlar ise tiir i¢in uygun olmayan alanlar anlamina
gelmektedir.
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Sekil 3. Anatololacerta danfordi habitat uygunluk haritasi

4. Tartisma ve Sonug¢

Anatololacerta danfordi igin elde edilen habitat
uygunluk modelini olusturan anakaya ¢evresel
degiskeni incelendiginde, hedef tiirlin traverten,
volkanik tortul kayag, konglomera ve olistostorm
anakaya tiplerini tercih ettigi fakat silisli sist ve peridotit
anakaya tiplerini tercih etmedigi tespit edilmigtir. A.
danfordi’ nin saklanma ve barinma amaci ile traverten,
volkanik tortul kayag, konglomera ve olistostorm tipi
anakayalar1 tercih ettigi diisliniilmektedir. Ciinkii bu tip
anakayalar catlakli ve delikli bir yapiya sahiptir.
A.danfordi’ nin egimin ve engebeliligin en az oldugu
yerleri tercih ettigi gorilmektedir. Arazi yiizii sekli
degiskeni icin vadi ici tepeler ve U seklindeki vadiler
s6z konusu tiir i¢in uygun alanlar olusturmaktadir. Dere
yogunlugunun fazla oldugu alanlarin tiir i¢in uygun
olmasi, diger taraftan radyasyon indeksine gore
kuzeybati, kuzey, kuzeydogu bakilarin uygun alanlar
olusturmasi, A. danfordi’ nin nemli alanlar1 tercih
ettigini gostermistir. Arazi ortii/kullanim siniflart tercihi
yerlesim, ziraat ve su olan A. danfordi’ nin beslenme
biyolojisi 6zellikleri nedeni ile bu alanlari tercih ettigi
diistiniilmektedir.  Literatirde A. danfordi’ nin
gozlemlere dayali olarak habitatinin sudan uzak
olmayan taslik ve kayalik alanlar olarak belirtilmektedir
(Arnold vd., 2007; Baran vd., 2012). Calisma sonuglari
ile uyum saglamasina ragmen buna benzer habitat
tarifleri ylizeysel ve eksik kalmaktadir. Tiriin
dagilimma etki edebilecek higbir g¢evresel degiskeni
digarda  birakmadan yapilan habitat uygunluk
modellemeleri, tiirlin hangi anakaya tiplerini tercih
ettigi, hangi topografik o6zellikleri tercih ettigi, hangi
iklimsel sartlara toleransi oldugu vb. hakkinda detayl
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bilgi vererek tiir i¢in daha spesifik bir habitat tarifi 6ne
stirmektedir.

Anatololacerta danfordi’nin habitat uygunluk haritasi
incelendiginde Sipahiler ile Kuzca arasindaki alanlarin,
Miiezzinler-Siitciiler,  Siit¢iiler-Saraykdy  hattindaki
alanlarin, Pinarkdy-Cobanisa-Hacialiler-Sarimehmetler
arasindaki alanlarin, Yenikoy ile Tota Dag1 arasindaki
alanlarin, Incidere-Daribiikii-ibisler arasindaki
alanlarim, Giildallh ile Asagiyaylabel arasindaki
alanlarin, Kesmekdy ile Baysehir arasindaki alanlarin bu
tiir icin uygun habitatlar oldugu goriilmektedir. Kizill
ile Serik arasinda kalan alanlar, Miezzinler ile Egirdir
arasinda kalan alanlar ve Belence’nin kuzeyi arazi
calismalarinda tiire ait var verisi elde edilememesine
ragmen A. danfordi i¢in potansiyel habitatlar olarak
belirlenmistir.

Anatololacerta danfordi gibi endemik tiirlerin, diger
yandan nadir ve nesli tehlike altindaki tiirlerin ekolojik
isteklerinin belirlenmesi, mevcut ve potansiyel habitat
uygunluk  haritalarinin ~ olusturulmasi,  biyolojik
cesitliligin ve tiirlerin korunmasi ile ilgili calismalarda
sonug alabilmek i¢in olduk¢a dnemlidir. Ayrica tiirlere
ait habitat uygunluk haritalarinin, yaban hayati igin
olugturulacak yonetim planlarinda dikkate alinmasi
beklenmektedir

Tesekkiir

4414-D1-15 No'lu Proje ile bu ¢alismay1 maddi olarak
destekleyen Siileyman Demirel Universitesi Bilimsel
Arastirma Projeleri Yonetim Birimi Baskanligi’na
tesekkiir ederiz. Bu ¢aligma 11-13 Mayis 2017 tarihleri
arasinda Kayseri’de diizenlenen Ecology 2017 isimli
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uluslararasi sempozyumda “Habitat Suitability Mapping
of Anatololacerta danfordi (Guinter, 1876) in Isparta-
Siitciiler District, Turkey” bashigi ile 6zet metin olarak
yayinlanmustir.
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Riizgar Enerjisinden Elektrik Uretiminin Yapay Sinir Aglari ile Tahmini
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Ozet: Bu galismada, gesitli riizgar tiirbinleri ile yapay sinir aglar1 (YSA) modeli olusturarak riizgar enerjisinden
elektrik tiretimi tahmini yapilmigtir. Olusturulan modelde kullanilacak olan riizgar hiz1 verileri test asamasinda,
farkli tip riizgar tiirbinlerine ait ¢ikis giicleri ise egitim asamasinda kullanilmigtir. Uygulama sonrasi ortaya ¢ikan
regresyon egrilerinde olusturulan modelin yaptig1 tahminlerin giivenilir ve tutarli oldugu anlagilmistir. Tahmin
sonuglarma gore secilen bolgenin riizgar potansiyelinin olduk¢a iyi oldugu ve Kkaliteli tiirbinlerle yiiksek
kapasiteli enerji iiretiminin saglanabilecegi goriilmistiir. Ayrica enerji sektoriindeki uygulamacilar ve karar
konumunda olan kisilerin elektrik enerjisi ihtiyacinin siirekli arttig1 giiniimiizde, riizgar enerjisine yonelik
caligmalarinda alternatif olarak YSA’nin kolaylikla kullanabilecegi ortaya konmustur.

Anahtar Kelimeler: Riizgar enerjisi, Riizgar santrali, Riizgar hiz1, Yapay sinir agt.

Estimating Wind Energy Potential by Artificial Neural Networks Method

Abstract: In this study, electricity generation from wind energy is estimated by creating various wind turbines
and artificial neural networks (ANN) models. The wind speed data to be used in the model was used during the
test phase, while the output powers from different types of wind turbines were used during the training phase. It
has been understood that the predictions made by the model created in the regression curves that emerged after
the application are reliable and consistent. According to the estimation results, it is seen that the selected zone
has very good wind potential and high quality energy production can be achieved with high quality turbines.
Moreover, it has been revealed that ANN can easily use alternatives in wind energy applications in the days
when the electricity energy needs of the people in the energy sector and the decision makers are constantly
increasing.

Keywords: Wind energy, Wind power plants, Wind speed, Artificial neural network.

1. Giris

Ulkelerin kalkinma diizeyini belirleyen ekonomik ve
sosyal gelismelerin en Onemli unsurlardan birisi
enerjidir. Ilerleyen teknolojiye bagl olarak iilkelerin

elektrik enerjisine olan ihtiyaglar1 siirekli artig
gostermektedir. Son yillarda enerjiyi en giivenilir
kaynaklardan, en wucuz ve Kkaliteli yOntemlerle

iretebilmek oldukga dnem kazanmistir (Yagel, 2013).
Giintimiizde iilkeler enerji ihtiyaclarmin biyilik bir
kismini fosil yakitlar olarak bilinen komiir, petrol ve
dogalgaz gibi enerji kaynaklarindan karsilamaktadir.
Kiiresel 1sinmaya sebep olan fosil yakitlar aym
zamanda havanin kirlenmesine, asit yagmurlariin
olugmasina, ozon tabakasmi delinmesine ve ormanlarin
tahribatina da sebep olmaktadir (Wai vd., 2008). Fosil
yakit kaynaklarmin zamanla tiilkenmeye baslamasi ve
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verdigi zararlarindan dolayi iilkeler yenilenebilir enerji
kaynaklarmma yonelmeye baglamiglardir. Ayrica her
gecen giin artmakta olan enerji talebi de ancak
sirdiiriilebilir ve temiz enerji kaynaklart olan
yenilenebilir enerji kaynaklar1 ile karsilanabilmesi
miimkiindiir (Azad vd., 2015).

Biiyiik bir potansiyele sahip olan yenilenebilir enerji
kaynaklar1 son yillarda hizla yayginlagsmakta, iilkelerin
enerji politikalariin en 6nemli unsuru haline gelmekte
ve her gecen giin daha cazip bir yatirnm halini
almaktadir. Teknolojisi ve kullanimi ile en hizh
gelisme gosteren ve ekonomisi de konvansiyonel enerji
kaynaklar1 ile rekabet edebilir hale gelen yenilenebilir
enerji kaynaklarinin en Onemlilerinden birisi riizgar
enerjisidir (Elibiiyiik vd., 2016). Riizgar enerjisi eski
caglardan giiniimiize degirmenlerde tahil 6glitmede, su
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pompalamada, deniz ile nehir tasimaciliginda ve gesitli
mekanik gli¢ ¢evrimlerinde kullanilmakta iken
gilinimiizde ise riizgar enerjisinden elektrik elde etmek
icin modern tiirbinler tasarlanmig ve diinyanin bir¢cok
bolgesinde yaygin olarak kullanilmaktadir (Da Rosa,
2013). Riizgar enerjisinin temiz ve tilkenmez bir enerji
kaynagi olmasi, enerjide disa bagimlilif1 azaltmasi,
santrallerin  kisa silirede kurulmasi ve bolgesel
oldugundan diinya pazarindan biiyiik 6lciide bagimsiz
olmasi en biiyiik avantajlaridir.

1990’11 yillardan itibaren riizgar enerjisi teknolojisi son
biiyiik gelisme kaydetmis ve yiiksek kapasiteli riizgar
gii¢ santralleri kurulmustur. 1990’11 yillarin basinda
diinya genelinde kurulu riizgar giicli sadece 2,160 MW
iken, 1999 yilinin sonunda diinyanin kurulu riizgar
giicii yaklasik 6 kat artarak 13,455 MW’a ulasmustir.
2000°1i yillarda bu artis devam etmis, diinyanin kurulu
riizgar giicii 2003 yili sonunda 33,400 MW, 2006
yilinin sonunda 74,000 MW ve 2016 yilina kadar bu
giic yaklagik 487,000 MW’a ulagmigtir (REN21, 2016).
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Sekil 1. 2006-2016 doneminde diinyada riizgar enerjisi kapasitesi

Ulkemizin Avrupa ve Asya arasinda bir koprii
konumunda bulunmasi ve li¢ tarafi denizlerle kaph
olmasi, ozellikle Marmara Bdlgesi, Ege Bolgesi ile
Dogu ve Giineydogu Anadolu kiyilarinda ortalama 4.5-
10 m/s riizgar hizlart ile 6nemli bir riizgar enerjisi
potansiyeline sahiptir (ilkilic ve Tiirkbay, 2010).
Tiirkiye’de sebekeye bagl riizgar enerjisiyle elektrik

yilindan itibaren riizgar enerji santrallerinin kurulu gii¢
ve enerji Uretiminde biiyik artis gOstermistir.
Tiirkiye’de riizgar enerjisi kurulu giicii Ocak 2017
tarihi itibariyla 6,106 MW seviyesine ulasmis (Sekil 2)
ve bu da Tiirkiye’deki elektrik enerjisi kurulu giiciiniin
yaklasik %6.3’sini Riizgar santrallerinden olusmaktadir
(TUREB, 2017).
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Sekil 2. Tiirkiye’deki riizgar enerjisi santralleri i¢in kiimiilatif kurulum (TUREB, 2017)
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Bu calismada, cesitli riizgar tiirbinleri ile YSA modeli
olusturarak riizgar enerjisinden elektrik tiretimi tahmini
yapilmistir. Calismada uygulanacak model YSA’nin
Matlab (R2014A Siirtimii) yazilimi ile
gerceklestirilmigtir.  Calismada  belirtilen  amacg
gergevesinde riizgar hizi verileri kullanilacak bolge
olarak Aydmn ilinin Cine ilgesinin Turguttepe mevkii
secilmis olup, 2015 yilinda riizgar hizinmn yiiksek
oldugu 90 m yiikseklikte Olgiilmiis riizgar hizi
verilerinden yararlanilmigtir. Ayrica ¢alismada YSA
ciktt verileri olarak kullanilacak riizgar tiirbinleri
Gamesa G97, Suzlon S.88, Siemens SWT2.3, Nordex
N100, Enercon E82, Vestas V117 tipi riizgar tiirbinleri
olup olup riizgar tiirbinlerinin kule yiiksekligi 90 m
olarak sec¢ilmigtir. YSA modeli ¢ikti verileri olarak
kullanilacak bu tiirbinler giiniimiizde en ¢ok kullanilan
ve verimlilik bakimindan oldukga yiiksek olan riizgar
tiirbinleridir.

2. Yapay Sinir Aglar1 (YSA)

YSA, insan beyninin o6zelliklerinden olan, 6grenme
yolu ile yeni bilgiler iretebilme, cogullama ve
kesfedebilme gibi iistiin yetenekleri, herhangi bir
yardim almadan gercgeklestirebilen bir bilgisayar
sistemidir (Oztemel, 2003). Bilgisayar teknolojisi ve
yazilim sektoriindeki gelismelere bagli olarak YSA
modellemesinin basitlesmesi ve klasik ydntemlerle
¢cOoziimii zor olan problemlere daha kolay c¢oziim
getirmesi, YSA’nin miihendislik uygulamalarinda ve
ozellikle karmasik problemlerin  modellemesinde
yaygin kullanim alani bulmasini saglamistir. YSA,
biyolojik sinir hiicresinden esinlenerek gelistirilen
yapay sinir hiicrelerinin  birlesmesiyle meydana
gelmektedir. YSA’nm; dogrusal olmayan yapilar
modelleyebilmesi, paralel dagilmis yapisi, 6grenme ve
genelleme yapabilme yetenegi, farkli problemler igin
uyarlanabilirligi ve hata toleransma sahip olmasi en
onemli 6zelliklerindendir (Hamzagebi, 2011).

Temel bir YSA hiicresi biyolojik sinir hiicresine goére
¢ok daha basit bir yapiya sahiptir. Bir YSA modeli
girdi katmani, ¢ikti katmami ve gizli katmandan
olusmaktadir. Gizli katman birden fazla katmandan
olusabilir ve her katmanda ndronlar bulunmaktadir.
Girdi katmaninda kullanilan degisken sayisi kadar,
¢iktt katmaninda ise kullanilan ¢ikti sayisi kadar néron
bulunmaktadir. Fakat gizli katmanda ne kadar néronun
yer almasi gerektigine iliskin belirli bir kural yoktur.
Her bir noron kendisinden onceki katmandaki
noronlarm  ¢iktt degerlerini girdi degeri olarak
kullanmaktadir. Ara katmanda ve ¢ikti katmanda yer
alan néronlar belirli bir aktivasyon fonksiyonuna gore
kendisine gelen sinyalleri islemekte ve varsa bir
sonraki katmana iletmektedir. Aktivasyon
fonksiyonlart YSA’nin ¢iktisin1  sekillendiren  bir
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fonksiyondur. Bir ara katmani ve ara katmaninda yeteri
kadar néron bulunan bir YSA modeli her ¢esit dogrusal
olmayan fonksiyonu modelleyebilmektedir (Fausett,
1994). YSA hangi tip problemin ¢6ziimiinde
kullanilacaksa buna uygun aktivasyon fonksiyonun
secilmesi gerekmektedir.

YSA’nin en Onemli avantajlari hizli olmasi, basit
olmas1 ve Ogrenme kapasitesinin yiiksek olmasidir.
YSA’nin diger modelleme tekniklerinden farki,
problemlerin ¢6ziimii i¢in matematiksel modeller
kullanmak yerine gozlem ve/veya deney verilerine
dayanan benzetimler kullanmasidir. Literatiirde riizgar
enerjisi tahminlerinde YSA metodunun siklikla
kullanildig1 goriilmektedir.

Doganci vd. (2016) tarafindan yapilan ¢aligmada, Orta
ve Bati Karadeniz bdliimlerinde bulunan il ve
ilgelerden Orneklemeler yapilarak riizgar enerjisi
tahmin  g¢alismast  yapilmigti.  YSA  metodu
kullanilarak, algoritma tipi, aktivasyon fonksiyonu,
egitim fonksiyonu, katman sayisi, noron sayisi gibi
parametrelerin  farkli kombinasyonlart ile Bafra,
Inebolu, Zonguldak ve Karabiik i¢in hesaplanan tahmin
degerleri ile gercek degerlerin Ortiistiigli gdriilmiistiir.

Kilig ve Arabaci (2015) tarafindan yapilan ¢alismada
ise Burdur ilinin gelecekteki riizgar hizi degerleri YSA
metodu kullanilarak tahmin edilmigtir. Tiirkiye
Meteoroloji Enstitiisiinden alinan veriler kullanilarak
yapilan hesaplamalar sonucunda, YSA metodunun
benzer caligmalar i¢in uygun bir metodoloji olabilecegi
sonucuna ulagilmistir.

Kaya vd. (2016) tarafindan yapilan calismada, cesitli
rlizgar tlirbin verileri ile iki farkli model olusturularak
Kastamonu ili riizgar giicli potansiyeli tahmin edilmeye
calisilmigtir. Giig tahmini i¢in kullanilan 2015 yilina ait
Kastamonu ili glinliilk maksimum riizgar hiz1 verileri,
Meteoroloji Genel Miidiirliigiinden almmustir. ki
modelleme i¢in sirasiyla YSA ve ¢oklu adaptif bulanik
sinir aglart (ANFIS) yontemleri kullanmilmistir. Sonug
olarak kullanilacak tiirbin tipine gore iiretilebilecek
maksimum gii¢ degerleri tahmin edilmistir. Tahmin
sonuglarma gore Kastamonu’nun riizgar potansiyelinin
yiiksek oldugu goriilmiistiir.

Sezgin vd. (2016) tarafindan yapilan ¢aligmada, GTA
yontemi kullanilarak iretilen SiC (p) esash kaplanan
geliklerinin aginma miktarlarin YSA ile tahmini
yapmis ve gergege yakin degerler elde edilmistir.

3. Uygulama

Bu c¢aligmada; YSA modeli ile riizgar enerjisinden
elektrik iretimi tahmin edilmeye caligilmigtir. YSA ile
rlizgar enerjisi potansiyeli tahmini yapilirken
Turguttepe mevkiine ait riizgar hizi verileri girdi, 6
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farkli riizgar tiirbine ait ¢ikis giicleri ise ¢ikti degeri
olarak kullanilmistir. Riizgar hiz1 6lgiimlerinde ideal

yaklagim,  kullanilan  riizgar  tlirtbininin  kule
yiiksekliginde Olglim  yapilmasidir. Bu  yiizden
calismada kullanilan  riizgar tlirbinlerinin ~ kule

yiiksekliginin 90 m olmasindan dolay1 bolgedeki 90 m
yiikseklikte Olgiilen riizgar hizi degerleri degerler

kullanilmistir. YSA modelinde kullanilacak olan riizgar
hiz1 degerleri Cizelge 1’de, riizgar tiirbinlerinin 0-25
m/s arasi riizgar hizina gore lrettigi enerji miktari ise
Cizelge 2’de gosterilmistir. Cizelge 2’de yer alan 6
farklt rlizgar tiirbininin drettigi enerji miktar1 gibi
teknik veriler {iretici firma Kkataloglarindan elde
edilmistir.

Cizelge 1. Aylara gore giinliik ortalama riizgar hiz1 degerleri (m/s)

Giinler Ocak Subat Mart Nisan Mayis Haziran
1 8 17,7 3,7 7,6 4,3 5,1
2 6,7 16,7 3,9 5,5 6 5,4
3 6,4 10,2 5,7 4,7 4.4 4,9
4 6,5 8,4 9,5 7,7 9,8 4,9
5 9,6 6,3 6,6 4,9 6,9 8,1
6 13,4 10,9 8,2 10,7 7,7 53
7 13,5 4,8 8,8 8,7 4,5 3,6
8 21,1 7,4 5,7 6,2 5,4 4
9 16,4 53 5,2 13,1 6,8 4
10 5,7 13,6 3,8 20,9 6,5 4,2
11 7,7 18,2 3 19,4 7 6,3
12 15,1 11,8 5.1 11,4 5,6 8,1
13 9 9,9 6,9 11,3 7 7,1
14 3,7 3 6,1 5,5 5,7 9,4
15 3,7 3,5 7,3 5.4 6,2 10,5
16 8,9 7,4 16,2 5,1 4,9 5,8
17 3,5 11,3 12,3 7,3 3,8 5,6
18 4,1 16,2 4,2 10,5 5 6,3
19 8 16,5 6,9 8,8 6,7 48
20 6,5 18 5,5 3 7,3 4,8
21 6,2 12,4 11,6 8,2 3,9 4,4
22 3,8 7,8 7 12,1 5,1 4,8
23 8,2 12,7 5,3 11,1 5,4 4,6
24 12,2 6,6 35 4,6 7.6 7.9
25 9,6 8,9 5,3 5,4 7,9 9,3
26 6.8 7,7 6,2 4 5,7 7,1
27 75 8,4 10,6 33 4.6 5,7
28 5,7 8 8,9 10,4 3,2 9,9
29 8,9 - 6,8 6,9 4,8 5,5
30 12,1 - 6,7 5 8.4 472
31 20,7 - 8,4 - 4,6 -
Cizelge 1. Aylara gore giinliik ortalama riizgar hiz1 degerleri (m/s) (Devam)
Giinler Temmuz Agustos Eyliil Ekim Kasim Arahk
1 5,2 4,3 3,6 6,7 5,9 7.4
2 10 4,5 4,6 3,9 7,9 7,8
3 13,1 4.4 3,6 2,6 4,9 14,8
4 8,3 4,9 5,6 4,5 2,9 12,8
5 53 3,7 4,7 3 2,5 5
6 8,1 6,3 75 48 2,7 7,1
7 5.9 3,7 5,1 7 3,5 6,6
8 4,4 2,8 4,8 34 8 3,8
9 4,3 3 7,2 4,5 14,6 3,7
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10 4,4 3,2 2,9 5,3 7.4 2,8

11 10,5 32 4,6 8,2 9,4 3

12 10,1 4,7 6,4 10,1 72 6,4

13 10 5,2 9,1 4,8 5,8 11,6

14 5,2 3,6 4,7 4,8 3,9 7,2

15 10,4 5,4 4,8 33 2,9 3,5

16 9,9 3 5,9 34 8,5 3,8

17 10,3 4 7,8 2,7 11,6 6,5

18 8,7 53 4,7 6,1 6,5 2,2

19 5,8 5 4,6 4,6 6,5 3,6

20 5,2 4,2 5 6,5 6,7 4,6

21 7,1 6,1 6,3 7 11,9 6,6

22 6,7 5,5 5,6 8,1 13 7

23 5,1 9 8,7 10 6,1 11,7

24 43 10 7 9,5 2,1 7,9

25 3,4 10,3 2,5 6,8 10 3,1

26 4,5 7,7 33 8,8 13,6 10,5

27 6,2 5,5 3,8 11,2 10,9 2,8

28 4,3 8,8 2,9 12,2 15,3 2,4

29 4,6 12 4,7 4,9 3,5 5

30 53 13 9,8 3,1 9,4 16,9

31 5,2 7,5 - 5,5 - 20,8

Cizelge 2. Riizgar tiirbinlerinin riizgar hizina gore iirettigi enerji miktar1 (kW)
Riizgar hizi (m/s) Gamesa G97 SuzlonsS.88 SiemensSWT2.3 Nordex N100 EnerconE82  VestasV117

0 0 0 0 0 0 0
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 14 15 66 24 25 24
4 94 35 171 84 82 139
5 236 130 352 212 174 312
6 438 310 623 391 321 570
7 714 525 1002 599 525 936
8 1084 820 1497 912 800 1419
9 1508 1160 2005 1299 1135 2027
10 1836 1540 2246 1744 1510 2705
11 1973 1880 2296 2149 1880 3168
12 1992 2100 2300 2389 2200 3292
13 1998 2100 2300 2492 2500 3300
14 2000 2100 2300 2500 2770 3300
15 2000 2100 2300 2500 2910 3300
16 2000 2100 2300 2500 3000 3300
17 2000 2100 2300 2500 3000 3300
18 2000 2100 2300 2500 3000 3300
19 2000 2100 2300 2500 3000 3300
20 2000 2100 2300 2500 3000 3300
21 2000 2100 2300 2500 3000 3300
22 2000 2100 2300 2500 3000 3300
23 2000 2100 2300 2500 3000 3300
24 2000 2100 2300 2500 3000 3300
25 2000 2100 2300 2500 3000 3300

YSA modeli tasarimi ve egitimi i¢in Matlab nntool ¢ikiglarma belirli 6n islem adimlar1 uygulayarak

arayiizii kullanilarak analizler yapilmaya calisildi. Giris
ve ¢ikis verileri Microsoft Excel paket programina
kaydedilip normalizasyon islemine tabi tutulduktan
sonra Matlab paket programma aktarilarak burada
islenmistir. Normalizasyon, YSA modelinin ag giris ve
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YSA’ya sunulan verilerin egitimi daha verimli hale
getirilmesidir. Bu ¢alismada Min — Max normalizasyon
yontemi kullanilmis ve tiim veriler [0,1] arasinda
Esitlik 1 yardimiyla 6lgeklendirilmistir.
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Xn — (Xo—Xmin) (1)

Xmax—Xmin

X, ve X, normallestirilmis ve orijinal veriyi, X,;i, Ve
Xmax Minimum ve maksimum veriyi fade etmektedir.

Cizelge 3’te normalize yoOntemi uygulanan riizgar
hizlarindan bir kesit goriilmektedir.

Cizelge 3. Riizgar hiz1 normalizasyon degerleri

Giinler Ocak Subat Mart Nisan Mayis Haziran

0 0,310526 0,821053 0,084211 0,289474 0,115789 0,157895

1 0,242105 0,768421 0,094737 0,178947 0,205263 0,173684

2 0,226316 0,426316 0,189474 0,136842 0,121053 0,147368

3 0,231579 0,331579 0,389474 0,294737 0,405263 0,147368

4 0,394737 0,221053 0,236842 0,147368 0,252632 0,315789

5 0,594737 0,463158 0,321053 0,452632 0,294737 0,168421

6 0,6 0,142105 0,352632 0,347368 0,126316 0,078947

7 1 0,278947 0,189474 0,215789 0,173684 0,1

8 0,752632 0,168421 0,163158 0,578947 0,247368 0,1

9 0,189474 0,605263 0,089474 0,989474 0,231579 0,110526

10 0,310526 0,821053 0,084211 0,289474 0,115789 0,157895
3.1. YSA ile modelleme giinliik riizgar hizlar giris verisi, 6 farkli riizgar tiirbine

ait ¢ikis giicleri ise ¢ikt1 verisi olarak seg¢ilmis olup

Bu bolimde, en uygun YSA  modelinin gizli katmandaki noron sayist da 8 olarak
belirlenebilmesi i¢in model parametreleri birgok kez belirlenmistir. Calismada uygulanan gizli katman
degistirilmis ve en diisik hata degeri ile tahmini sayisi, bu katmanlardaki noron sayist ve kullanilan
gergeklestiren ~ model  belirlenmigtir.  Kullanim aktivasyon  fonksiyonu  deneme  yanilma ile
kolayligi, yakinsama hizi ve hem dogrusal hem de bulunmustur.

dogrusal olmayan modellerdeki tahmin basarisi
sebebiyle ileri beslemeli geri yayilim (feed-forward
backrop) algoritmas: kullanilmigtir. Olusturulan veri
setlerinin  egitilmesi amaciyla traingdx (Variable
Learning Rate Backpropagation) egitim algoritmasi,
learngdm  6grenme  fonksiyonu ve aktivasyon
fonksiyonu olarak tanjant sigmoid fonksiyonu (tansig)
kullanilarak YSA modeli tasarlanmistir. Performans
fonksiyonu olarak da ortalama karesel hata (mean
square error-MSE) kullanilmistir. Olugturulan modelde

Pl Pl e e

Hiccen Loy

Olusturulan YSA modeli egitiminde durma kriteri
olarak “1000” iterasyon, “0” hata le-5 gradient degeri
ve “1000” dogrulama (validation) hata sayisi
kullanilmistir. Egitimi 1 s siirede 1000 iterasyona
ulagarak durmustur. Dividerand fonksiyonu ise egitim
verilerini randomize gekilde %70, %15 ve %15 olarak
kendi icinde egitim, dogrulama ve test olarak
ayirmustir. Kullanilan Matlab YSA arayiizii ve egitim
verileri toplu olarak Sekil 3’te gosterilmistir.

s tpars Loy e
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Sekil 3. Kullanilan Matlab YSA arayiizii ve egitim parametreleri
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3.2. Modelin egitimi ve testi

Riizgar enerjisinden iretilebilecek elektrik iiretim
tahmini yapmak i¢in YSA modelini olusturduktan
sonra egitim ve test siirecine gegilmistir. Buradaki
amag olusturdugumuz YSA modelinde en kiigiik hata
diizeyine ulagmaya caligilmaktir. Bu asamada egitim
seti aga sunulmakta ve YSA modelinin egitimi igin
o6grenim orant 0.01, momentum degeri 0.9 olarak
almmustir. En iyi performansi veren agirlik degerlerinin
seciminde, egitim sonunda elde edilen dogrulama

10°°F

setinin hata degerleri kullanilmigtir. Test agsamasinda
ise ilk Once egitim asamasinda verilen degerlerin
tamamui tekrar aga sunulur, boylelikle sinaptik agirliklar
matrisi ve girdi degerleri aga sunularak programin en
az hata payr ile tahmin yapilmasi saglanir. Test
asamasinda algoritmanin ger¢ek sonuclara yaklasip
yaklasmadigi denetlenir.  Olusturulan YSA modeli
1000 iterasyon yapilarak program tarafindan egitilmis
ve YSA modelinin iterasyona bagli hata degisim
grafigi incelendiginde en diisiik hata degerinin 158’inci
iterasyonda oldugu gozlemlenmistir (Sekil 4).

Best Validation Performance is 1.2884e-05 at epoch 158

Train
Valdaton

—_—

Best

Mean Squared Error (mse)

0 100

200 300 400 SO0 600

700 800 900 1000

1000 Epochs

Sekil 4. Egitim, dogrulama ve test verilerine ait egitim asamasindaki performans fonksiyonunun degisimleri

Modelleme performansinin gosterilmesi i¢in gergekte
olmast gereken ¢ikis ile YSA’nin ¢ikisinin
kargilagtirmasi ise egitim, dogrulama ve test verilerinin
sonuglarma ait regresyon egrileri ise Sekil 5’te

Training: R=0.99955

[ Data
Fit
I s §
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0.4

0.2

Output ==1*Target + 0.00048

o o2 0.4 06 0.8
Target

Test: R=0L.99989
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Output == 1*Target +0.0027

-

o o2 0.4 06 o8
Target

QOutput ~= 1*Target + -0.001

QOutput == 1'Target+ -0.00033

verilmistir. Bu sonuglara gore tiim veriler igin
regresyon degerleri 1°e yakin ¢ikmis yani YSA model
cikis degerlerinin gercek verilere ¢ok yakin degerler
aldig gorilmiistiir.

Walidation: R=0.99994
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All: R=0.99966

[ Data
Fit
e W T

o8

0.6

0.4

o2

o o2 0.4 06 o8 1
Target

Sekil 5. Egitim, dogrulama ve test verilerinin sonuglarina ait regresyon egrileri
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3.3. Tasarlanan YSA modeli ile riizgar enerjisi
elektrik iiretim tahmini sonuc¢lari

Uygulamanin bu kisminda tasarlanan YSA modelinin
egitim ve test asamasindan sonra Aydin ilinin Cine
ilgesine bagli Turguttepe mevkiine ait 2015 yili glinliik
rlizgar hiz1 verileri baz alimarak Gamesa G97, Suzlon
S.88, Siemens SWT2.3, Nordex N100, Enercon E82 ve
Vestas V117 tipi riizgar tiirbinleri kullanildiginda
uretilebilecek  enerji  iretim  miktarlar1  tahmin
edilmistir.  Cizelge 4’te olusturdugumuz YSA
modelinde tahmin edilen riizgar enerjisi gli¢ miktarinin

aylara gore ortalama tahmini degerleri, Sekil 6’da ise
elde edilen degerler grafik halinde gOsterilmistir.
Tahmin  sonuglarina  gbére  bolgenin  riizgar
potansiyelinin oldukga iyi oldugu ve kaliteli tiirbinlerle
yiiksek kapasiteli enerji lretiminin saglanabilecegi
goriilmistiir. ' YSA ile modeli tahmin edilen ve
gerceklesen liretim degerlerinin birbirine ¢ok yakin
degerler oldugu goriilmektedir. Buna tahmini giic
degerleri incelendiginde tiirbin tipi en verimi en iyi
olan Vestas V117 oldugu bu tiirbini sirasiyla Siemens
SWT2.3, Nordex N100, Enercon E82, Gamesa G97,
Suzlon S88 tiirbinlerinin takip ettigi goriilmektedir.

Cizelge 4. Aylara tahmini gii¢ degerleri

Avlar Gamesa G97-  Suzlon S88-2,1 S\/S\;:el'r;:nz 3 Nordex N100-  Enercon E82-3 Vestas V117-
y 2MW MW MW ! 2,5 MW MW 3,3 MW
0 1019,54 916,61 1268,87 1078,30 1112,43 1529,20
1 1316,48 1247,78 1594,76 1465,87 1538,45 2038,38
2 641,50 536,68 829,96 640,43 602,76 934,06
3 921,22 849,84 1136,72 1004,10 989,28 1417,39
4 353,05 249,66 497,22 310,51 263,50 476,11
5 448,92 348,51 606,15 418,39 361,75 636,83
6 434,44 337,27 586,60 404,89 350,08 616,29
7 445,58 382,51 579,48 458,43 434 .47 665,03
8 308,00 225,11 433,01 274,58 236,33 42295
9 525,79 44231 678,31 522,48 469,74 771,31
10 865,95 785,78 1069,72 925,60 924,17 1313,41
11 646,32 596,50 799,54 711,82 733,36 990,03
12 1019,54 916,61 1268,87 1078,30 1112,43 1529,20
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Sekil 6. Riizgar tiirbinlerinin aylara gore ortalama elektrik iiretim tahmin degerleri

4. Sonug¢ ve Oneriler

Bu ¢alismada, YSA kullanilarak en kiiciik hata ile
riizgar enerjisinden elektrik {iretimi tahmini yapilmstir.
Elde edilen test sonuglarina goére, modelin yaptig1
tahminlerin gilivenilir ve tutarli oldugu gorilmiistiir.
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Gergekte olmasi gereken ¢ikis giicleri ile YSA
modelinin tahmin ettigi cikis giiglerinin
kargilagtirilmasina ait egitim, dogrulama ve test
verilerinin sonuglarina ait regresyon degerleri 1’e yakin
¢ikmis yani bu degerlerin 1’e yaklasmasi agin basarili
oldugunu gostermektedir. Bu modelin cevabina gore
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Turguttepe mevkiinin riizgar potansiyelinin riizgar
enerjisi Uretimine elverigli oldugu goriilmektedir.
REPA’ dan alman bilgiye gore de bu verimliligin
uygun degerlerde oldugu anlagilmaktadir. Bu ¢aligma
ile riizgar enerjisi sektoriindeki uygulamacilar ve karar
verme konumunda olan ydneticilerin, gelecege yonelik

planlama ¢aligmalarinda geleneksel tahmin
yontemlerine alternatif olarak YSA’y1 kolaylikla
kullanabilecekleri  goriilmiistiir. Ayrica ¢alismada

kullanilan alt1 adet tiirbinin her birinin avantaj ve
dezavantajlart vardir. Bu c¢alismadan yola ¢ikarak
kullanilan alt1 adet riizgar tiirbininin maliyet analizleri
ve fizibilite caligmalar1 da yapilabilir.
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Abstract: The Asian longhorned beetle (ALB), Anoplophora glabripennis (Motschulsky), is a polyphagous
sapwood borer cerambycid beetle found in many hardwood species and capable of killing healthy trees. ALB is a
native Asian pest but as a result of international trade, it is introduced to new places. According to the observations,
it mainly occurs in China, Japan, Korea; while occurring less commonly in Malaysia, Myanmar, Taiwan, Vietnam,
Indonesia and Philippines, and they occur as invasive species in North America, Canada, Denmark, Holland,
France, Italy and Romania. The main purpose of eradication is detection, identification and improving the success
of control efforts. The studies about ALB that have been conducted so far aimed at identifying the countries in
which ALB was detected, its epidemic mechanism, regions where ALB was detected, control methods, how it
transfers and, which tree species are affected, and international efforts to prevent new introductions. These studies
have been reviewed to highlight the control strategies against ALB that spreads between countries by solid wood

packaging, decorating plants and trade of seedlings.

Key Words: Invasive species, review, insect infestation, control methods.

1. Introduction

The Asian longhorned beetle is both primary and
secondary pest and, native to the far eastern regions of
Asia. Researchers believe that this beetle was introduced
into the U.S. in early 1990's through solid wood
packaging or crating materials on cargo ship from
China. By 2012, this beetle had also infested Canada
(Ontario) and Europe (Austria, Czech Republic, France,
Germany, Italy, Netherlands and United Kingdom). All
models demonstrate that it is found in many locations
worldwide. At present, control methods are applied
against A. glabripennis in areas where it has been
introduced, as a result of which reduction in its
population is observed. After an infestation is
discovered, extensive surveys are conducted and, if
breeding populations are detected, at the very least the
infested trees are removed and destroyed. Quarantines
and eradication programs were launched to protect high-
risk tree genera such as Platanus, Acer, Aesculus,
Populus, Corylus, Salix, Citrus and Ulmus. Close
attention is paid to imported solid wood packaging
materials and living plants to prevent new introductions.
Unlike many cerambycid species, A. glabripennis can
attack healthy trees as well as trees under stress. Several
generations can develop within an individual tree,
leading eventually to its death (Anonymous, 2015b). We

reviewed the taxonomy, diagnostics, distribution,
damage, basic biology, host plants, epidemic
mechanism, current control methods, bionomics,

invasion history and management of Anoplophora
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glabripennis, including the information available in the
extensive worldwide literature.

2. Morphology and Biology of Alb

Typically cerambycid in shape, adults are 25 mm (male)
to 35 mm (female) long. Antenna is 2.5 times longer
than body length in males; 1.3 times longer than body
length in females. The beetle is shiny black with about
20 irregular, white spots on the elytra. The antenna has
11 segments and segments are approximately 5
millimetres, each with a whitish blue base. Egg
deposition begins a week after copulation. The eggs,
about 32 per female (Wong and Mong, 1986), are laid
one by one under the bark, in oviposition slits chewed
out by the female. Slits are generally cut on the eastern
side of the trunk or of branches greater than 5 cm in
diameter (Li and Wu, 1993). Eggs hatch after about two
weeks. ALB eggs are off-white and about 5.7 mm long,
the tip of the eggs is slightly concave (Peng and Liu,
1992). Just before hatching, eggs turn yellowish-brown.
The larva is a legless grub up to 50 mm long when fully
grown. It is creamy white in colour, with a chitinized
brown mark on the prothorax. The larva feeds in the
cambial layer of bark in the branches and trunk and later
enters the woody tissues. Optimal temperature for pupas
ranges from 10°C to 12°C. Pupas are off-white.
Pupation takes place in chambers in the heartwood,
accompanied by presence of characteristic wood
“shavings” that are packed into the chamber. Adults
emerge from large circular holes (1cm dia), which are a
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visible sign of infestation, above the sites where the eggs
were laid. Larva digs the pupation chambers inside the
tree, which can be filled with frass (Anonymous, 2015a).
In males; elytra covers abdomen, elytra is narrow,
antenna is twice as long as the body, and they are
generally smaller than females. In females; abdomen
partially covers elytra, elytra is rounded, antenna is
slightly longer than body (Fig.1). Adults emerge over an
extended period from spring to fall, but especially from
late June to early July. Adults remain on or near their
emergence tree and engage in maturation by feeding on
leaves, petioles, and tender bark (Anonymous, 2015).
Larva is pale-yellow, worm-like, elongated, and
cylindrical with a varied texture on the underside; the
eighth segment of the abdomen has a protruding
structure. The pupa is 25-30 mm long and 8 mm wide
and begins to resemble the adult beetles. Asian
longhorned beetle can be distinguished from the related
species such as citrus longhorned beetle Anoplophora
chinensis (CLB) by the markings on the wing covers and
the pattern of the antenna (UVM, 2008).

.

Figure 1. Dorsal view of the Asian longhorned beetle

Classification: The current systematic position of ALB
is shown below. The current systematic categories are
used in this particular study.

Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta (Hexapoda)
Order: Coleoptera
Family: Cerambycidae
Subfamily: Lamiinae
Tribe: Monochamini
Genus: Anoplophora
Species: glabripennis
Scientific ~ Name:
(Motschulsky, 1853)
Common Name: Asian longhorned beetle
(Anonymous, 2016).

Anoplophora  glabripennis

3. Catching Methods

To identify Anoplophora glabripennis damage and
infestation; a binocular will be very helpful while

checking possible signs of ALB. We should slowly
circle the tree and search for the emergence holes on the
trunk and the branches. Furthermore, oviposition sites,
sap and frass can be recognized. Except conifers and
oaks; all trees including all young trees and shrubs
should be checked. It is also possible to use acoustic
evaluation techniques to detect the damage and signs of
ALB exit holes, which is a cost effective option. It’s
almost impossible to detect ALB because its larvae feed
inside the tree. The use of acoustic methods reduces
costs and hazards of the inspection. Larval sounds are
studied to identify their difference in the spectral and
temporal features to distinguish infested trees from
others (Mankin, et al., 2008). Identification of certain
pheromones is useful to detect male ALBs which are
chemically identified in recent studies. Male
pheromones, which are two dialkyl ether volatiles, are
secreted in a ratio of 1:1. Female pheromones, which are
not chemically identified in the studies yet, are only for
mating. Nevertheless, the studies conducted in China
show that contact pheromones produced by females are
involved in sex recognition (Jiafu et al., 2009). Adults
are generally active between May and October and live
for about a month. Since the Asian Longhorned Beetle
has the ability to fly, their rapid growth and expansion
in the short term could not be controlled. It is reported
that ALBs have the potential to fly 2000 m in a season.
Although it is reported that adults can fly 30-225 m
weekly in a single flight on a clear day (Wang, pers.
comm., 1996), flight of short-distance is typical of many
cerambycids. The most active period for adult activity is
late June to early July (Li and Wu, 1993). It takes 1-2
years for Asian Longhorned Beetle to develop from egg
to adult in China depending upon the climate and
feeding conditions. It mainly overwinters as larva but it
has been recorded in some cases that it also overwinters
as an egg or pupa (Li and Wu, 1993; Poland et al., 2006).
Lifespan for adult males is approximately 3-50 days and
for females it is 14-66 days, according to the studies
conducted in China. Moreover, the studies performed in
the USA show that the lifespan is 80-100 days for both
genders at 25°C environmental conditions.

4. Control Methods

Different organisms in nature have certain kinds of
relationships. The most common relationship is about
nutrition. These organisms are considered as harmful or
beneficial always depending on their relationships with
mankind. The factors influencing the decision about
control methods against diseases and pests are variable.
These methods can be applied according to the
following factors: Type and biology of the pest, type and
phenology of the plant, predators, climate factors,
economical damage threshold and cost-potential benefit
ratio. Control methods for pests and epidemic can be
listed as cultural, mechanical, physical, legal,
biotechnical, biological, chemical, and integrated
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control methods. Right after the identification stage, first
we should define eradication. Some of the pests and
disease factors can spend a part of their lives on a plant,
which has served as a host before their most preferred
host plants. Eradication refers to the termination of these
housing plants and other housing weeds with the
cultivated plants when necessary. From the
abovementioned control methods; physical, chemical,
biological and integrated methods are developed for
ALB.

4.1. Physical control methods

Only certified tree care specialists can remove the
infested trees, according to the ALB quarantines. This
guarantees that the strict guidelines for destroying the
trees are followed (UVM, 2008). This is currently the
only proven method of control. In addition to catching
adults, blocking frass holes, killing eggs and young larva
are some other physical control methods. These methods
are not cost effective and not convenient.

4.2. Chemical control methods

Direct injection of insecticides or delivery by soil has
minimal non-target impacts, while low mammalian
toxicity is preferred in eradication programs (Poland et
al., 2006). Recent studies regarding the chemical
methods (ARS BIIR scientists) show that encapsulated
pyrethroid lambda-cyhalothrin (Demand CS - Scimitar
CS) insecticide is 100% successful on the adults in the
USA. But this successful result of chemical treatment is
not enough to solve the infestation. It should be applied
as part of the eradication program. Some examples are
as follows: spraying the insecticide in the canopies of
host trees to kill adults; insertion of sticks containing
insecticide into the larval frass holes to kill larva.
Nevertheless, chemical control methods are avoided for
their harmful effects on the environment. There are also

efforts to develop environmentally safe and biological
control methods.

4.3. Biological control methods

In conjunction with the eradication programs biological
control studies were initiated in order to find, identify,
and evaluate parasitoids and other bio-control agents
that might successfully control ALB. Entomopathogenic
fungi, nematodes, insect parasitoids and predators are on
the focus for the biological control of Asian Longhorned
Beetle because of their potential to create epidemics
(Zhang et al., 1999a; Dubois et al., 2008). Biological
control methods require further research development
and investment. Fungal bands can spread to the other
parts of the environment by the adult beetles; after which
all adults exposed to contaminated environments were
killed by fungal infection. Adult beetles become
contaminated with spores when walking over the fibre
bands (Shanley and Hajek, 2008). The nematodes are
used in modern biological control to fight a wide variety
of pests like cerambycids. Strains of nematodes were
found to be the most effective ones against ALB in tests
with insects on filter paper, in artificial diet, and in actual
galleries. Concentration of 5000 nematodes of
Steinernema carpocapsae (Agriotas and Beijing strains)
per beetle was affective in killing larva and pupa of
Asian Longhorned Beetle (Wang et al., 1996). In a field
study, where similar protocols were applied, 7500
nematodes per beetle were necessary to reduce the A.
glabripennis population by approximately 85% (Liu et
al., 1998) (Fig. 2-3). In laboratory bioassays, Dastarcus
helophoroides Fairmaire (Coleoptera: Bothrideridae) is
recognized as a major natural enemy that attacks Asian
Longhorned Beetle pupa and larva (Wang et al., 1999).
According to some studies conducted in China, when
entamopathogenic nematodes were introduced through
the exiting holes, the number of new Asian Longhorned
Beetle emergence holes dropped significantly.

Figure 2. Steinernema carpocapsae nematode

(Photo Courtesy of the Society for Invertebrate Pathology)
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Figure 3. ALB larva killed by nematodes
(Photo by L. Solter, University of Illinois
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Studies focus on two nematodes (H. marelatus and S.
carpocapsae), which had the highest mortality, survival
and reproduction rates. The usage of fungal
entamopathogens is the second major approach to bio-
control of Asian Longhorned Beetle in the USA.
Entomopathogenic fungi are grown on non-woven
fabric and cut into bands which are wrapped around the
branches or trunk of trees. During the development
period when they are reluctant to fly, adult beetles walk
across the band (Shanley and Hajek, 2008). Fungal
spores stick to their bodies, which then kills them.
Coleopteran and hymenopteran parasitoids and
predatory woodpeckers have been investigated as bio-
control agents. (Jiafu et al., 2009). Woodpeckers
(Dendrocopos major and Picus canus) are the major
predators of ALB larva in China, as shown by the studies
conducted on the methods to encourage nesting. No
detailed report on insect predators of ALB or CLB
(Robert et al., 2010) was found.

4.4. Integrated control methods (biological-chemical-
physical-mechanical)

Another example for controlling long-horned beetles
used in Rome can be the other lodestar method for ALB
control. A new non-destructive method for detecting the
Asian Longhorned Beetle was developed in 2009 the
Bundesforschungszentrum fiir Wald (BFW)
(Department of Forest Protection of the Federal
Research and Training Centre for Forests, Natural
Hazards and Landscape) (BFW, 2009) in Vienna. These
ALB/CLB detection dogs are able to find all stages of
development in standing or imported plants and wood
packaging materials in different environments (Fig. 4-
5). Currently, these four Austrian detection dogs - the
first of its kind worldwide — are used all over Europe.
Additional infested trees, which were not recognized by
monitoring before, are now detected by the dogs.

Figure 4. Jolly investigated imported plants in a nursery
standing separately in a hall area

Figure 5. Inspection of the opened crates from the
surface by Andor

ALB or CLB can be detected by the specially trained
dogs in imported plants, wood packaging material, and
standing trees in infestation areas. Natural or urban
environment, ports, airports, packing centres, stone
importers, nurseries or other companies at destination
can be monitoring fields (Hoyer—Tomiczek and
Sauseng, 2013). In an historical area of Rome, as
invasive longhorned beetle infestation was detected,
control methods were used immediately (Fig. 6-7-8-9),
and the condition reported as: “The outbreak of
Anoplophora chinensis - citrus longhorned beetle — in
Rome municipality regards an area of considerable
historical and archaeological value. Thus, the peculiar
features of this area led to take into account
phytosanitary measures. These measures, alternative to
mechanical removal or destruction of infested trees and
stumps, were found in order to ensure both effective
phytosanitary actions on infested plants and preserve the
archaeological heritage of this area”(Roselli et al.,
2013).

Figure 6. Excavation for undergrounding the wire mesh
used to cover the root system of Platanus spp.
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Figure 8-9. Wire mesh covering trunks and soil (using
mosquito polyethylene net)

The figures above show that some of the infested stumps
are neutralized by using wire mesh. Because they are not
mechanically removable due to their location on a
sloping ground, the inspectors of the Plant Protection
Service carry out weekly inspections on these plants
throughout the entire insect flight period to monitor the
efficiency and efficacy of these alternative measures. In
several cases, adult insects trapped under the metal mesh
used to neutralize the infested stumps were detected.
These alternative measures for mechanical removal are
equally effective (Roselli et al., 2013).
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5. Discussion and Conclusion

In international trade, A. glabripennis is most likely to
move as eggs, larva or pupa in packing materials or
dunnage made of the wood of host species (Malumphy,
pers. comm., 1999). A. glabripennis is usually
introduced into more urban areas and not in native
forests, which makes eradication more feasible;
furthermore, since A. glabripennis often do not fly very
far, this increases the possibility of eradication, although
there are challenges in detecting these beetles and this is
definitely a concern in eradication efforts. (Jiafu et al.,
2009). Today, infested trees are recognized and
destroyed immediately and trading materials are
carefully monitored. There is also an important hidden
issue, which is the fact that ALB weakens the trees
structurally and this is dangerous for pedestrians and
vehicles as the limbs of the trees may fall (Smith et al.,
2002). Public awareness should be raised in the
countries of the region; otherwise it will be easier for
ALB to spread in these countries because the invasive
insects can also travel on luggage, shoes, and clothing.
All regions that have an Asian Longhorned Beetle
infestation should have “’emergency call line’’ to report
suspected infestations, and prevent the dispersion. The
awareness of people is important to look for and prevent
further infestations, and the removal process can begin
sooner. It is hard to detect the species on the plants or
small trees that are imported in winter because it
overwinters rarely at pupal stage instead of larval stage.
But it can also be detected due to the intense damage it
causes on the plants. It is also easy to detect the damage
by recognition of the adults on the plant and emergence
holes. But at that phase, the infestation of the other
plants in the area already starts. The use of Solid Wood
Packing Materials (SWPM) for maritime shipping is
regulated for adequate treatment methods at certain
ports in some countries (Anonymous, 2016). To
minimize the harmful effects of ALB and to prevent its
dispersion, forest composition should be formed by
repellent and/or resistant trees. But if there are preferred
trees, a mixed plantation that combines repellents should
be used. It is possible to restrict the spread of ALB and
reduce damage by combining appropriate species
including resistant and trap trees. The recommended
ratio between resistant trees, non-host trees and trap
trees for a mixed forest is 50-45% to 50-45% to 0-10%
(usually 5 to 10%) (Yang, 2005). The following trees are
suitable for planting to replace the removed ALB
infested trees: Serviceberry or Shadbush, Ironwood,
Southern catalpa, Hackberry, Turkish filbert, Ginkgo,
Honey locust, Kentucky coffee tree, Tulip tree, Dawn
redwood, White oak, Swamp white oak, Bur oak,
English oak, Japanese lilac, Bald cypress, Basswood,
Little leaf linden (UVM, 2008).

In the light of the abovementioned studies, Discussion
and Conclusions can be presented as follows;
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Municipalities, ministries and research facilities should
be informed following the detection of the infested
areas.

You should consult your local cooperative extension
service, diagnostic labs, or state department of
agriculture if you have detected a suspicious sample.
Quarantine procedures should be applied following the
detection of the ALB damage to prevent epidemic.
Holes should be blocked.

Infested trees should be destroyed. (Cut, chip and burn)
Quarantine zone should be fumigated systematically
with insecticides beside physical control methods in line
with relevant workplace safety procedures and
instructions.

Countries should work on the legal regulations
regarding the solid wood packaging in terms of trade.
Inspections should be carried out by the people
employed by Ministry of Forestry and Water Affairs.
All necessary prevention methods, inspections and strict
packaging and shipping regulations should be applied
for national and international trade of all kinds of
wooden raw material, ornamental plants, and citrus
plants.
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Diinya Cam Ormanlarim Tehdit Eden Yabane istilaci Tiir; Fusarium circinatum

R. Ceyda BERAM™, Funda OSKAY?, A. Giilden ADAY KAYA?®, Asko LEHTIJARVI*,
H. Tugba DOGMUS LEHTIJARVI!

'Siileyman Demirel Universitesi, Orman Fakiiltesi, 32260, Isparta, Tiirkiye
2Cankir1 Karatekin Universitesi, Orman Fakiiltesi, 18200, Cankar, Tiirkiye
3Siileyman Demirel Universitesi, Yenisarbademli Meslek Yiiksekokulu, 32850, Isparta, Ttrkiye
“Bursa Teknik Universitesi, Orman Fakiiltesi, 16310, Bursa, Tiirkiye

* Corresponding author (iletisim yazar1): *ceydaberam@gmail.com

Ozet: Yabanci istilaci tiirler, dogal yayihis alanlarimin disinda bulunan ekosistemleri isgal ederek biyolojik
cesitliligi tehdit eden tiirlerdir. Ekosistemlerin fonksiyonlarini ve dogal bilesenlerini degistiren bu tiirlerden,
Ozellikle tohum ve bitki materyali ile tasimanlar oldukc¢a dikkat ¢cekmektedir. Tohum ile tasinan patojenler,
hastaliklarin iilke bazinda ve iilkeler aras1 yayilisinda 6nemli bir role sahiptir. Bu tehlikeli patojenler arasinda ¢cok
sayida Fusarium tiri bulunmaktadir.

Fusarium circinatum fidanliklarda ¢okertene, ormanlarda ise ¢am ¢irali kanseri hastaligina neden olan, ¢am
tiirlerinin en tehlikeli patojenlerinden birisidir. Bu fungus ¢am tohumlarini enfekte ederek, tohum ticareti yoluyla
kolaylikla uzun mesafelere taginabilmektedir. Dogal ve plantasyon ¢am ormanlari i¢in dnemli bir tehdit olusturan
bu tiiriin, bugiine kadar 5 farkli kitada yayilis gosterdigi bilinmektedir. Pseudotsuga menziesii ile birlikte en az 57
Pinus cinsine ait tiiriin gam ¢irali kanserine karsi gesitli derecelerde duyarli oldugu bildirilmistir. F. circinatum,
diinya genelinde ¢ok sayida iilkede karantina organizmasi olarak listelenmistir. Avrupa'da, karantina patojeni
olarak &nerilen zararlilarin bulundugu Avrupa ve Akdeniz Bitki Sagligin1 Koruma Orgiitii (EPPO) A2 listesinde
yer almaktadir. Bunun yani sira Tirkiye Bitki Karantina Yonetmeligi Ek-2A’ya gore, Tiirkiye’de varligi
bilinmeyen karantinaya tabi zararli bir organizmadir.

Diinyanin cesitli bolgelerinde bulunan ¢am ormanlarinda neden oldugu biiyiik 6l¢ekli kayiplardan dolay1 bu
mikroorganizmanin 6nemi giin gectikge artmaktadir. Bunedenle, F. circinatum ve diger tiim yabanci istilaci tiirlere
kars1 kontrol 6nlemleri ge¢ kalmmadan alinmali ve tiim diinyada uygulanmalidir. Patojenin epidemiyolojisini ve
ekolojisini ayrintili bir sekilde anlamak patojenle miicadelede 6nemli bir dnkosuldur. Tiim bu nedenlerden dolay1,
bu ¢alismada F. circinatum ile ilgili genis kapsamli bir literatiir taramasi gergeklestirilmistir.

Anahtar Kelimeler: Fungus, Fusarium circinatum, cam ¢irali kanseri, yabanci istilac tiir

The Invasive Alien Species Threating The World Pine Forests; Fusarium circinatum

Abstract: Invasive alien species are species threatening biological diversity by occupying ecosystems outside of
natural spreading areas. Among these invasive alien species that change the functions and natural components of
ecosystems, especially the ones that are carried by seed and other plant material draw great attention. In pathogens,
carried by seeds, have a crucial role in spreading the diseases both domestically and across country borders. Among
the important pathogens carried by seeds are a large number of Fusarium species.

Fusarium circinatum is one of the most dangerous pathogen of Pinus species, causing damping-off in nurseries
and pitch canker in forests. This aggressive fungus may infect pine seeds and, therefore, can easily be spread long
distances by the seed trade. It is a very significant threat to natural and planted pine forests, and to date it has
invaded countries across five continents. At least 57 species of Pinus along with Pseudotsuga menziesii are
susceptible to pitch canker to varying degrees. F. circinatum has recently been listed as a quarantine organism in
numerous countries throughout the World. In Europe, it is currently included in the European and Mediterranean
Plant Protection Organization (EPPO) A2 list of pests recommended for regulation as quarantine pests. In addition,
to Regulation on Plant Quarantine Annex-2A, it is a forest pathogen included in the quarantine list although it is
not present in the country.

39


mailto:*ceydaberam@gmail.com

Bilge International Journal of Science and Technology Research 2017, 1(1): 39-45

The importance of this microorganism is increasing day by day due to the large-scale losses to pine forestry in
various parts of the World. For this reason, control measures against F. circinatum and all other invasive species
should be taken and carried out without delay in the world. A thorough understanding of the epidemiology and
ecology of the causal agent is an important prerequisite for managing this pathogen. In this study, an extensive
search of literature dealing with F. circinatum was performed.

Keywords: Fungi, Fusarium circinatum, pitch canker, invasive alien species

1. Giris

Dogal yayilis alanlarinin disinda bulunan ekosistemleri
isgal ederek, gevreye, ekonomiye ve insan sagligina
zarar verebilecegi diisliniilen tiirler, yabanci istilact
tiirler (Y1T) olarak adlandirilmaktadir. Bu tiirler, kazara
veya kasith olarak giris yaptiklar1 ekosistemlerde
poptilasyonlarmi kontrol eden dogal predatdr ve
rakiplerinin bulunmamasi nedeniyle biyolojik ¢esitliligi
etkilemekte ve bu bolgelerde ciddi hasarlara neden
olmaktadir (Vitousek vd., 1997; Mooney ve Hobbs,
2000; Pimentel, 2002; Pimentel vd., 2005; Westphal vd.,
2008; Pejchar ve Mooney, 2009; Fisher vd., 2012).

Ulkeler aras1 yapilan ulagim, ticaret, turizm gibi ivme
kazanan faaliyetler, iklim degisikligi ve biiyiik oranda
insan miidahaleleri sonucunda ortaya c¢ikan yeni
kosullar organizmalarin kendi dogal yasam alanlari
disindaki alanlara taginmasinda Onemli bir yer
tutmaktadir. Bu tip tasinmalar, tiirlerin yayiligini
sinirlayan en Onemli faktorler arasinda yer alan
biyocografik engellerin daha hizli ve kolay asilmasina
olanak saglamaktadir (Liebhold vd., 1995; Filip ve
Morrell, 1996; Everett, 2000; Hulme, 2009). Yapilan
calismalar, miidahale altinda  bulunan  dogal
ekosistemlerin bu tiir istilalara daha egilimli oldugunu
gostermektedir (Mooney ve Hobbs, 2000).

Diinya c¢apinda kayitlara gecen istilact patojenlerin
sayisinin ve bu patojenlerin neden oldugu salginlarin
son yillarda benzeri goriilmemis bir hizla arttigi
bilinmektedir (Santini vd., 2013; Eschen vd., 2014).
Avrupa’da tespit edilen orman patojeni sayisinin 1800-
2008 yillar1 arasinda 123’e ulastigi (Santini vd., 2013)
ve ithalat hacminin genisligi nedeniyle istilaci
patojenlerin en fazla italya, Fransa, Isvicre, Avusturya
ve Macaristan'da bulundugu bildirilmistir (Desprez-
Loustau, 2009). Bununla birlikte Kuzey Amerika
ormanlarinda 20’den fazla istilact patojen bulundugu
(Pimentel vd., 2000) ve en az yedi farkli agag tiiriiniin
bu istilact tiirler sebebi ile yok olma tehdidi ile karsi
karsiya kaldig1 rapor edilmistir (Liebhold vd., 1995;
Orwig, 2002). Avrupa ve Akdeniz Bitki Sagligini
Koruma Orgiitii (EPPO) A1 karantina listesinde yer alan
bitki patojenlerinin yarisindan fazlast (%52) orman
patojenidir. Bunun yani sira Tiirkiye Bitki Karantina
Yonetmeligi Ek 1-A ve 2-A’ya gore, Tiirkiye’de varligi
bilinmeyen karantinaya tabi 32 fungusun 19’u orman
patojenidir.
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Istilac patojenler arasindan tohumlarla taginanlar, sebep
olduklar1 énemli hastaliklar ve zararlar nedeniyle son
derece dikkat g¢ekmektedir. Cok sayida orman agaci
hastalig1, bulasik tohumlar araciligi ile hem fidanliklara,
hem de buradaki fidanlar araciligi ile yeni alanlara
tasinmaktadir (Cilliers vd., 1993; Storer vd., 1998).
Patojenin bulastig1 fidan ve agaglar yakin g¢evresinin
inokulum kaynagmi olusturmaktadir (Burgess ve
Wingfield, 2002). Uzun idare siirelerinin s6z konusu
oldugu ormanlarda tohumla taginan patojenlerin etkileri,
ekonomik oldugu kadar ekosistem 6l¢eginde de uzun
vadeli ve geri donlisi olmayan kayiplarla
sonuglanabilmektedir (Kamra, 1989; Singh ve Mathur,
1993).

Ekosistemlerin  fonksiyon ve
degistiren bu istilaci tiirlere ¢ok sayida Ornek
bulunmaktadir. Tohumlar ile tasman en Onemli
patojenler arasinda Diplodia sapinea (Fr.) Dyko & B.
Sutton, Sirococcus conigenus (DC.) P.F. Cannon &
Minter,  Caloscypha  fulgens  (Pers.) Boud.,,
Lasiodiplodia theobromae (Pat.) Griffon ve Maublile ile
birlikte ¢ok sayida Fusarium tirii yer almaktadir
(Sutherland vd., 2002).

dogal bilesenlerini

2. Fusarium circinatum

Fusarium circinatum Nirenberg ve O’Donnell
(telemorf:  Gibberella circinata  Nirenberg ve
O’Donnell) diinyanin birgok bolgesinde 6zellikle cam
tirlerinin en tehlikeli patojeni olarak bilinmektedir.
Etmen fidanliklarda c¢okertene, ormanlarda ise cam
cirali  kanserine neden olmaktadir. Pseudotsuga
menziesii (Mirb.) Franco ile birlikte en az 57 Pinus
tiiriniin ¢am c¢irali kanserine karsi farkli derecelerde
duyarli oldugu bilinmektedir (Pinestrength,2017). Bu
tiirler arasinda Pinus radiata D. Don, Pinus taeda L.,
Pinus virginiana Mill., Pinus halepensis Mill., Pinus
pinaster Aiton, Pinus sylvestris L., Pinus strobus L.,
Pinus densiflora Siebold & Zucc. gibi tiirler
bulunmaktadir (Hepting ve Roth 1953; McCain vd.,
1987; Viljoen vd., 1994; Wingfield vd., 2002; Landeras
vd., 2005; Carlucci vd., 2007; Coutinho vd., 2007).

2.1. Hastalik etmeninin neden oldugu belirtiler ve
tespiti

Diinya lizerinde ¢cam fidanlarinin 6nemli patojeni olarak
diigiiniilen F. circinatum’un enfekte ettigi fidanlar tipik
cokerten belirtilerini gostermektedir. Enfeksiyonun
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erken safthalarinda, kok uclart tahrip olmakta ve kokler
su alamaz hale gelmektedir. Fidanlarda goriilen primer
belirti, zamanla ya da aniden gergeklesen
solgunluklardir. Sararan ibreler giin gectikge kizil kahve
bir renk almakta, siirgiinlerde geriye dogru oliimler
meydana gelmektedir. Hastalik ilerledikge geriye dogru
Oliimler artmakta, ta¢ gelisimi zayiflamakta ve fidan
6lmektedir. Toprak {istii belirtiler patojen kdk bogazim
ve govdeyi kusatana kadar genellikle ¢ok belirgin
gozlenmemektedir. Hem etmenin bulasmis oldugu
tohumlar hem de toprak kaynakli inokulumlar fidanlart
enfekte edebilme yetenegine sahiptir. Her iki durumda
da olugan belirtiler, diger ¢okerten patojenlerinin neden
oldugu belirtilerden ayirt edilememektedir (Wingfield
vd., 2008, Mitchell vd., 2011).

Yetiskin agaclarda, ¢am c¢irali kanserinin en yaygin
belirtisi; ana govdede, tepe tacinda veya dallarda
regineli kanser olusumudur. Enfeksiyon genellikle
kanser ve kiiciik dallarda geriye dogru oliimler ile
baslamaktadir. Kabuk, kok ve govdede catlamalar
meydana gelmekte ve olusan recine salgisi sonucu
agacta kanserli dokular gozlenmektedir. Baslangicta
sararan ibreler sonrasinda kizil kahve bir renk
almaktadir. Bu belirtiler tekrarlandig1 ve hastalik agac
govdesini tamamen kusattigi durumlarda ise etmen
genis c¢apta Oliimlere sebep olmaktadir. Cam tiirlerinin
dal ve govdeleri bu fungus tarafindan her yasta enfekte
edilebilmektedir (Wingfield vd., 2008; Pinestrength,
2017).

Bu zararli organizmanin tespit ve teshisi lizerinde ¢ok
sayida bilimsel arastirma bulunmaktadir Teshis, kabuk
altinda regineli 1slak goriiniim, kanserli dokular ve renk
degisimi gibi karakteristik belirtilerin varlig1 sayesinde
yapilabilmektedir. Fungusun kiiltiire alinmasi da teshisi
kolaylagtirmaktadir. Son yillarda, patojenin enfekteli
bitki dokularindan izolasyonuna ve morfolojik tanisina
dayanan klasik yontemlerin yerini DNA esash
molekiiler yontemlerin aldig1 gériilmektedir (Geiser vd.,
2004; Schweigkofler vd., 2004; Garbelotto vd., 2008;
Ramsfield vd., 2008; Ioos vd., 2009; Dreaden vd., 2012;
Fourie vd., 2014).

2.2. Hastalik etmeninin biyolojisi ve morfolojisi

Patojenin neden oldugu cogu enfeksiyon riizgar veya
bocekler tarafindan tasman makrokonidi veya
mikrokonidiler —aracihigi  ile  gergeklesmektedir.
Makrokonidiler tipik olarak hafif kavisli duvarlara sahip
ve 3 septalidir. Bu 6zellik Fusarium cinsindeki sayisiz
anamorf ile benzerlik gostermektedir. Mikrokonidiler
ise tipik olarak tek hiicreli ve ovale yakindir.
Miselyumlar beyaz, menckse rengindedir. Koloniler
cogunlukla boliimlere ayrilmis sekilde
gozlemlenmektedir. Peritesyumlar dogada
goriilmediginden askosporlarin  konuk¢uyu enfekte
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etmekte biliylik bir onemi olmadigi diisliniilmektedir
(Storer vd., 1997).

Cam ile beslenen bocekler, hastaligin
epidemiyolojisinde patojenin konukg¢uya erigimini
saglayan yaralanma etkeni veya patojeni enfekteli
agaclardan saglikli agaclara ileten vektor olarak anahtar
rol oynamaktadir. Kabuk bocekleri (Pityophthorus, Ips,
Conophthorus gibi) genellikle patojenin neden oldugu
hasarli dallarda ¢ogalmaktadir. Bu dallarda erginlige
erisen kabuk bdcekleri, patojenin taginmasinda ve
yayilmasinda 6nem arz etmektedir. Agaglarda meydana
gelen, enfeksiyona uygun yaralar yine bu bocekler
tarafindan meydana getirilmektedir (Storer vd., 1997).
Kaliforniyada gerceklestirilen arastirmalar, kabuk
boceklerinin yani sira kozalak ve tohum boceklerinin de
fungusun enfeksiyon siirecinde Onemli bir rol
oynadigini gostermektedir (Fox vd., 1991; Hoover vd.,
1996).

Patojen, gam tohumlari istila ederek veya bu tohumlarin
ylzeyinde kontaminant olarak bulunarak yayilis
gosterebilmektedir. Bdylece tohumlarda bulunan
inokulum kaynag1 fidani1 enfekte ederek 6ldiirmektedir
(Storer vd., 1998). Patojenin bulastig1 tohum, fidan ve
agaclar da yakin ¢evresinin inokulum kaynagmi
olusturmaktadir (Burgess ve Wingfield, 2002). Etmenin
toprak yolu ile bulasma riski bulunmaktadir. Enfeksiyon
sirecinde nem olduk¢a biiyiik Onem tagimaktadir.
Yapilan  g¢alismalar  patojenin  neden  oldugu
enfeksiyonun atmosferik nemin ve sicakligin yiiksek
oldugu bolge ve mevsimler ile yiiksek oranda iligkili
oldugunu gostermektedir (Dwinell vd., 1985).

2.3. Hastalik etmeninin diinya iizerindeki yayilisi

ilk kez 1945 yilinda Giiney Amerika’da
tanimlandiginda endemik oldugu disiiniilen bu
patojenin daha sonra gergeklestirilen ¢aligmalarda
Meksika kokenli olabilecegi ileri  siriilmiistiir
(Wingfield vd., 2008). Tespit edildigi zamandan
giintimiize kadar hizli bir sekilde yayilis gdsteren bu
patojen, Orta Amerika (Haiti ve Honduras), Giliney
Afrika, Giiney Amerika (Sili, Kolombiya ve Uruguay),
Asya (Giiney Kore Cumhuriyeti ve Japonya) ve Giiney
Avrupa gibi farkli kitalara ulasarak dogal ve plantasyon
cam ormanlarinda 6nemli zararlara neden olmugtur
(Dwinell, 1998; Wingfield vd., 2002; Carlucci vd.,
2007; Wingfield vd., 2008; Pfenning vd., 2014).

Giiney Afrika’da bulunan fidanlklarda ilk kez 1990
yilinda tespit edilen patojen (Viljoen vd., 1994), 2005
yilindan itibaren gen¢ plantasyonlarda meydana
getirdigi  salginlarin  beraberinde rapor edilmeye
baslanmistir (Coutinho vd., 2007). Avrupa’da ilk olarak
21. yiizyihn baglarinda ispanya’da bulunan P. radiata
plantasyonlarinda goriilen hastalik (Landeras vd., 2005),
daha sonra Fransa (EPPO, 2006), Italya (Carlucci vd.,
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2007) ve Portekiz (Braganca vd., 2009)’de tespit
edilmistir. Patojen, hizli yayilma potansiyeli ile s6z
konusu kitalarda bulunan diger iilkeleri de tehdit
etmektedir. Yapilan ¢aligmalarda Yeni Zelanda, Cin ve
Avustralya gibi hastaligin heniiz kaydedilmedigi birgok
tilkenin fungusun gelisimi i¢in uygun iklim kosullarina
sahip oldugu bildirilmistir. Etmenin neden oldugu
zararin siddeti, bulundugu konukgu veya bdlgeye bagh
olarak farklilik gostermektedir (Ganley vd., 2009).

2.4. Olasi tehditler ve kontrol 6nlemleri

Tiirkiye Istatistik Kurumu, dis ticaret istatistikleri 2005-
2014 yillarma ait orman agaci tohumlar: ithalatina ait
veriler incelendiginde, en fazla tohum ithalatinin bu
hastalik etmeninin orijini olan ABD’den yapildigi
goriilmektedir (TUIK, 2015). Bu durumda, ithal orman
agac1 tohumlari ile lilkemize bilinen ya da bilinmeyen
¢ok sayida zararli organizmanin giris yapmis ya da
yapabilecek olmasi muhtemeldir. Avrupa Gida
Giivenligi Kurumu (EFSA), mevcut konuk¢u dagilimi
ve iklim kosullari altinda, bu patojenin Avrupa’da
bulunan (Bat1 Rusya ormanlar1 hari¢) 50 milyon hektar
cam ormanmnin yaklasik %20’sini tehlikeye attigim
bildirmistir. Patojen ¢ok kisa bir siirede neredeyse tiim
Avrupa’yr etkisi altina alacak potansiyele sahiptir.
Normalin iizerinde seyreden iklim degisiklikleri
(kuraklik, sel, yiiksek sicaklik farki ve firtina) bu
patojenin varligimi siirdiirebilmesi i¢in daha elverisli
ortam kosullar1 yaratmaktadir (Pinestrength, 2017).

Watt vd. (2011) ve Mdykkynen vd. (2015) tarafindan
yapilan c¢alismalarda, iilkemizde o&zellikle Marmara
bolgesinin bu hastalik etmeninin yerlesme ve yayilmasi
icin  uygun iklim kosullarma sahip oldugu
belirtilmektedir. P. radiata da dahil olmak iizere, bir ¢ok
egzotik cam tiirline ait plantasyon sahalar1 bu bolgede
bulunmaktadir. Diger taraftan yerli ve egzotik ¢cam
tiirlerine ait tohum bahgeleri ve tohum mescereleri yer
almaktadir. Tim bunlar g0z oniinde
bulunduruldugunda, hastalik etmeninin tilkemize giris
yapmast durumunda ¢am ormanlarimiza yerlesip
yayilabilme potansiyeli yiiksektir.

Diinya capinda siki karantina diizenlemelerine olan
gereksinime dikkat ¢eken bu patojen (Burgess ve
Wingfield, 2002) iilkemiz ¢am ormanlari i¢in de biiyiik
bir tehdit olusturmaktadir. Bu zararli organizma 2007
yilindan bu yana Avrupa Birligi bitki sagligi
onlemlerine konu olmus, iilkemize girisi ve yayilmasi,
17.06.2014 tarihinde yayilanan, “Ani Mese Oliimii ve
Cam Cirali Kanser Hastaligi {le Turunggil Uzun Antenli
Bocegi Ve Kestane Gal Arist Miicadelesi Hakkinda
Yonetmelik™ hiikiimlerince yasaklanmistir. Bunun yani
sira Tirkiye Bitki Karantina Yoénetmeligi Ek-2A’ya
gore, Tiirkiye’de varligi bilinmeyen karantinaya tabi
zararli bir organizmadir.
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F. circinatum, Avrupa’da karantina patojeni olarak
Onerilen zararlilarin bulundugu Avrupa ve Akdeniz
Bitki Sagligini Koruma Orgiitii (EPPO) A2 listesinde
yer almaktadir. Avrupa genelinde bu patojenin dnemi
acisindan  farkindaligi  arttirmak ve  tespitinden
miicadelesine kullanilan yontemleri en iyi hale getirmek
amac1 ile Avrupa Birligi tarafindan, bugiine kadar 35
ilkenin katilimmin saglandigi bir COST aksiyonu
programi  (COST Action FP1406: Pinestrength)
baslatilmistir. Arastirmacilar, ormancilar, ilgili endiistri
kollar1 ve politikacilarin ortak caligmalarinin ve bilgi
paylasiminin  desteklendigi bu isbirligi sayesinde,
aksiyona dahil olmayan ancak bu patojen ve diger bitki
hastaliklar1 konusunda oldukga tecriibeli olan; Sili, Yeni
Zelanda, Kore Cumhuriyeti, Giiney Afrika ve ABD gibi
iilkeler, Avrupa iilkelerinin bilgi ve becerilerine katkida
bulunmay1 amaglamaktadir (Pinestrength, 2017).

3. Sonug

Ulkemiz, sahip oldugu jeolojik konum, biyolojik cesitlik
ve nispeten yetersiz kalan karantina Onlemleri gibi
faktorlerin meydana getirdigi kosullar nedeniyle,
yabanci istilact patojenler acisindan son derece biiyiik
bir tehdit altinda bulunmaktadir. Bu tiirlerin neden
oldugu hastaliklar i¢in uygulanan bilingsiz miicadele
yontemleri, dogal dengenin bozulmasina yol agarak;
canli-cansiz tiim g¢evreyi ciddi boyutta etkilemektedir.
Bu nedenle ¢gam agaclarinin en tehlikeli patojeni olma
Ozelligini tasiyan ve hizli yayilig potansiyeli ile dikkat
¢eken F. circinatum ve diger tiim istilact tiirlere yonelik
gerekli oOnlemler ge¢ kalinmadan alinmali ve
uygulanmalidir.

Istilact tiirlerin yonetiminde dogru stratejik kararlarin
alinabilmesi i¢in hastalik etmeni yakindan taninmali ve
neden  olabilecegi  hasarlar  6nceden  tahmin
edilebilmelidir. Bu baglamda, istilac1 tiirlerin bir iilkeye
girmeden ya da heniiz genis alanlara yayilmadan 6nce
gliclii gorsel araglar olarak kullanilan zararli risk
haritalarinin  olusturulmasi, bu tiirlerin yonetiminde
o6nemli bir asamadir. S6z konusu tiirler, iilkemize bir kez
giris yaptiginda bunlarin yok edilmesi ya da
yayllmasinin engellenmesi hemen hemen imkansizdir.
Odun hammaddesi, odun ambalaj materyali ve canli
bitki ithalatiyla ilkemize g¢ok fazla sayida yabanci
istilact  tlirin  giris  yapabilecegi g6z Oniinde
bulunduruldugunda, siki karantina  Onlemlerinin
gerekliligi bir kez daha ortaya ¢ikmaktadir.

Yerli cam tiirlerimizin ve orjinlerimizin bu etmene olan
hassasiyeti heniiz bilinmemekle beraber, yakin bir
zamanda Tiirkiye’ye de bulasacagi kuvvetle muhtemel
bu tehlikeli patojene karsi iilke olarak hazirlikli olmamiz
gerekmektedir. Yabanci istilact tiirlerin bir ortama
girdikten sonra neden oldugu ekonomik kaybin bedeli,
bu tiirlerin iilkeye girisini engelleyici faaliyetlere gore
¢ok daha biiyiik bedellere mal olmaktadir.
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Tesekkiir

Yazarlar olarak, bu hastalik etmenini tanimamiza ve
6nemi agisindan farkindaligimizi arttirarak iilke ¢apinda
hazirlikli olmamiza olanak saglayan COST-FP1406
aksiyonuna tesekkiir ederiz.
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