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Evaluation of Electric Field Pollution from 132 kVA Power
Transmission Lines to Proximity of Infrastructures in Ibadan,
Nigeria

R. A. Badru'*, K. P. Olorunyomi?, A. O. Salau®, O. I. Akinwale?, J. Alwadood?, and
A. O. Atijosan?

Abstract: Electrical Power Transmission Lines (PTL) generate electromagnetic field while carrying
electrical energy from power generating stations to the electrical power distribution systems. Due to increase
in population, infrastructures are being built close to or under the power lines; thus, violating the range of the
tower setback. This exposes nearby residence to electric field pollution. In this paper, we present an
evaluation of the electric field pollution from the 330/132kVVA power transmission lines in Ibadan (Ido local
government), Oyo state Nigeria. we measured the electric field of the power transmission line of the closest
proximity to the nearest infrastructure using electromagnetic tester (model 3120-EN-00). Evaluation of
spatial distance between the nearest infrastructure and the transmission lines was done by obtaining the
spatial position of the transmission tower and the infrastructure using Global Positioning System (GPS)
receiver (model GPSMAP 78 Series) satellite system. The sets of data obtained were processed in ARCGIS
environment and the distance from the transmission tower to the nearest infrastructure was obtained. Also,
the range between the tower with reference to a particular tower was obtained using analytical techniques.
The ICNIRP standards were used to evaluate the result. The results showed that the electric field strength is
below the standard limit. Regulatory bodies like the Power Holding Company of Nigeria (PHCN),
Occupational Health and Safety Code (OHSC) and Lagos State Urban and Regional Planning (LSURP)
regulations legislated a minimum setback of every infrastructures proximity to power lines. These regulations
were used to evaluate infrastructures violating the rules. 12.5% of the infrastructures assecible complied with
the PHCN regulation, 56.85% complied with the LSURP regulation and 78.12% compiled with the OHSC
regulation.

Keywords: Electric Power Transmission, ARCGIS, ICNIRP, GPS, Safety Distance, Electric field Pollution,
Occupational and General Public Exposure

1. Introdiction upon magnetic substances or magnet poles (Semat

and Katz, 1958). Electric fields converge and
Electric power transmission and distribution is key diverge at electric charges and can be induced by
to the successful transportation of electrical power time-varying magnetic fields. It exists whenever
from its generation site to the user locations. positive or negative electrical charges are present,
Electric power transmission lines generate eletric they exert forces on other charges within the field.
and magnetic field around the power lines used to The higher the voltage the stronger the electric
transmit electric power. An electric field is the field at any distance from the wire and strength of
force that fills the space around any electric charge electric field is typically measured in volts per
or group of charges which are caused by electrical meter (V/m) or in kilovolt per meter (kV/m)
forces (James, 2017). Electric fields are analogous (Glover et al., 2012). Increase in population and
to magnetic fields resulting from forces acting development within the cities have made people to
10bafemi Awolowo University, Cooperative Information Network Citation (Atif): Badru, R.A., Olorunyomi, K.P., Salau, A.O., Akinwale,
(COPINE), National Space Research and Development Agency, lle- O.1., Alwadood, J., Atijosan, A.O. (2017). Evaluation of Electric Field
Ife, Nigeria. Pollution from 132 kVA Power Transmission Lines to Proximity of
2Obafemi Awolowo University, African Regional Centre for Space Infrastructures in Ibadan, Nigeria. Bilge International Journal of Science
Science Education in English, lle-Ife, Nigeria. and Technology Research, 1(2): 46-58.

3Department of Electronic and Electrical Engineering, Obafemi
Awolowo University, Faculty of Technology, lle-Ife, Nigeria.
*Corresponding author (iletisim yazari): olasunkonmi@yahoo.com
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build houses, workshops, religious centre, schools
and farms, close to/under power transmission lines.
The development of rural areas to urban
communities has social and environmental impact;
the growth of urban populations and associated
industrialization has resulted in a range of
detrimental and often de-humanizing outcomes
(Baker, 1974; Olamiju and Oyinloye, 2015). The
electric field generated around a wire by the flow
of current has adverse biological effects on human
neurological ~ system, causes cardiovascular
disorders, low sperm counts and many other
effects on workers who regularly service the lines
(Aliyu and Ali, 2011; Aliyu et al., 2012). Also,
these adverse effects affect people who stay for
long periods without shielding near/under power
transmission lines. There are simple ways to
reduce human exposure. The effects of Electric
fields decrease rapidly as human beings move
away from the source. This means that increasing
the distance between human beings and a source of
extremely low frequencies (ELFs) which can be
generated from power lines or electrical appliances
will easily reduce the level of exposure to ELFs.
One of the best ways to reduce exposure is to
spend less time close to large sources of ELFs such
as places near or under high-voltage transmission
lines (hydro corridors) and transformers
(Anderson, 1993).

2. Related Work

Several studies have been carried out on the
effects/dangers of electric field pollution generated
from power transmission lines on lives and
property. This section gives an overview of related
works in this area. Petkovic et al. (2006) worked
on the effect of the electric component of an
electromagnetic field of 50 Hz, originating from
over ground 110 kV power ling, on humans in its
immediate vicinity. In their paper, the electric field
which penetrates the human body was calculated
with the help of a human model. This model,
contained blocks which represent different human
organs or body parts (e.g. brain, lungs, digestive
organs, etc.). Their response to electromagnetic
features such as conductivity, electric and
magnetic permittivity was obtained. In this case,
the distribution of the electric field surrounding
humans is given, as well as the values of the field
which penetrates humans. In evaluating their
results, a comparison was made between
calculated values and the values obtained through
the usage of adequate software solutions. Aliyu et
al. (2012) worked on the Analysis of
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Electromagnetic Pollution due to High Voltage
Transmission Lines. The research work examined
the field pollution from 132kV and 330kV lines in
Bauchi/Gombo areas in Nigeria as the case study.
The evaluation was based on the safety limits
recommendations of ICNIRP. When the
measurements were being carried out, Tri-field
meter was used to measure the fields in the vicinity
of the lines with horizontal distance ranging from 0
— 450 m and vertical distance of 1.5m. In the
assessment, general public and occupational
exposure levels from the power lines were
sampled. For the general public, the highest
magnetic flux density and electric field strength
measured is 45 mG and 130 V/m which is 4.5 %
and 2.6 % of the CNIRP, 1998 exposure limit. The
highest magnetic flux density and electric field
strength measured is 100 mG and 130 V/m
respectively which correspond to 2 % and 1.3 % of
the ICNIRP (1998) exposure limit for the
occupational worker. The result showed that the
measured fields are within the required safety
limits.

Table 1: ICNIRP (1998, 2010) and Council for
European Union (2004) exposure guideline

Exposure Magnetic Electric Field
limits Field (uT) (V/m)
Public 100 5000

Occupational 500 10000

A. Electrical power transmission lines

Electrical Power Transmission Lines are wired
conductors that carry electric power from
generating plants to the substations that deliver
power to customers.

B. Interaction of human body with electric and
magnetic fields of power lines

Electric and magnetic fields generated by electric
power transmission lines are harmeful to the
human body. Expose to these field cause damages
to the body tissues. For the electric field generated,
Ohm’s Law relates the current density (J) and
electric field (E) (ICNIRP, 1998) as shown in
equation (1).
] =0E (1)

Rachedi et al. (2014) studied the behavior of the of
electric field exposure on human beings. They
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observed that at certain distances human are
mostly likely to experience these health treats: the
ground (0 m), exposure of the heart (1, 5m) and
brain exposure (1.8m).

3. Material and Method

In this section we present the materials and
methods used to carry out this work.

A. Satellite imagery for the study area

Satellite imagery of high resolution were processed
in ARCGIS environment to map out Oyo State
from the map of Nigeria. Thereafter, Ibadan which
is the study area was mapped out. Fig. 1a shows
the map of the study area and the satellite imagery
of power transmission lines in Ido local
government area is shown in Fig. 1b.

B. Data acquisition and ground trothing

Primary and secondary data were collected for this
work. Data that were retrieved from the field work
include values of the electric field and GPS points
where readings of the electric field were taken
down at the power lines as shown in the study
area, Fig. 1b.

MAP OF STUDY AREA

C. Instrumentation systems for the research

The GPS coordinates (Longitude, Latitude and
Height) of the spatial locations were obtained
using satellite Global Positioning System (GPS)
receiver with following characteristics; model
GPSMAP 78 Series and error margin of 3 metres.
GPS values of strategic ARCGIS environment
were used to map Ibadan metropolis which is the
study area of this work. The power lines along the
residential areas were mapped out in a straight line
and a buffering of 500 m was created along the
power lines as shown in Fig. 3.

The electric field strength was obtained using a
Field Test Meter with the following specifications:
model 3120-EN-00 as shown in Fig. 2b and
measuring capacity from 0.01 V/m to 1999.99
V/m. The electric field strength of strategic points
were taken, such as at the infrastructure closest to
the left and right side of the power line tower and
GPS point under the power line tower itself. The
secondary data were used to extract road network
information and also to identify infrastructures that
were located around the power lines in the study
area. The number of infrastructures under power
lines were obtained. The GPS device used is
shown in Fig. 2a.

T4BAN

@)

(4] 305
——

610 1,220

48



Bilge International Journal of Science and Technology Research 2017, 1(2): 46-58

- o —
£~
LJ 'fq'

o

o

Ly &'L o

- Sample Point
330 kVA

o
132 KVA %

Buffer Line

Figure 1: (@) Map of study area; (b) Satellite imagery of study area showing 330/220 kV Power

Transmission Lines along Ibadan Metropolis.

(@)

Points were collected for infrastructure closest to
the left and right side of the power line tower and
under the power line tower itself. All
measurements were taken at 1.04m from the
ground surface. The measurements taken were
recorded into a spread sheet on Microsoft Office
Excel. The comparative analysis of the results of
electric field strength at nearest infrastructure to
right, left and under the tower were recorded into
a spread sheet on Microsoft Office Excel. The
waveforms for all the results were generated
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(b)
Figure 2: Measurement devices; (a) GPS Receiver (model GPSMAP 78 Series) and (b) Electromagnetic
tester (Model 3120-EN-00)

using Microsoft Office Excel tools. After the
distances have been recorded, a waveform of the
spatial location’s distance in metres to nearest
Infrastructure from the 330 kVA transmission
lines was plotted and another waveform showing
the spatial location’s distance (m) of nearest
infrastructure from the 132 kVA transmission
lines was plotted. A graph showing the frequency
and percentage of different Infrastructure located
close to power lines were plotted.
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Figure 3: Buffering at 500 m along Ibadan Metropolis

D. Measurement of electric field from
transmission line to infrastructure

The measurement of electric field strength under
the transmission lines were taken with the
electromagnetic tester, while that of the left and
right side of the transmission line were taken with
the use of gauss meter, and the corresponding
GPS points of the tower were recorded. All
measurements were taken at 1.04m from the
ground surface.

The measurements taken were recorded into a
spread sheet on Microsoft Office Excel. The
comparative analysis of the results of electric
field strength at nearest infrastructure to right, left
and under the tower were recorded into a spread
sheet on Microsoft Office Excel. The waveforms
for all the results were generated using Microsoft
Office Excel tools. After the distances have been
recorded, a waveform of the spatial location’s
distance in metres to nearest Infrastructure from
the 330 kVA transmission lines was plotted and
another waveform showing the spatial location’s
distance (m) of nearest infrastructure from the
132 kVA transmission lines was plotted. A graph
showing the frequency and percentage of different
Infrastructure located close to power lines
were plotted. The range of each point was
calculated making the first GPS value where the
reading started as the reference point (0 Ref. pt).

The range R was obtained using the equation (2):

R* = (x4 — xp)* + (¥a—¥p)* + (24 — 23)* (2)
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The ranges of each point were calculated with
equation 3.1 using the first GPS value, where the
reading started as the reference point. Therefore,
from table 4.1,x, =591775,y, = 822236,
zp = 242.

where A and B represent two points in the
rectangular coordinate system and x, y and
z represent the latitude, longitude and altitude
(height) of the points. The measurements were
recorded into a spread sheet on Microsoft Office
Excel. Afterwards, waveforms were generated
from the results on the table using Microsoft
Office Excel tools.

E. Comparative analysis of the electric field
based on standard and regulations

There are different regulatory standards on limits
of human exposure to electric field resulting to
the guidelines which state the minimum distance
which an infrastructure can be located close to a
power lines. The results of the electric field
experienced were obtained and a comparative
analysis of all the measurement of electric field
strength recorded around the power line based on
the guidelines of the Power Holding Company of
Nigeria (PHCN), Lagos State Urban and Regional
Planning (LSURP), Occupational Health and
Safety Code (OHSC) and International
Commission  on  Non-lonizing  Radiation
Protection guidelines (ICNIRP) was made.
Furthermore, the waveforms to show the
comparison were plotted.
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Table 2: Percentage of compliance to regulations and standards

Power Regulation
Organisation Transmission and Compliance
SIN Rating Standards
1. PHCN 330kVa 50 m pathway proximity 12.5%
2. LSURP 330kVA 22.5m pathway proximity 56.85%
3. OHSC 230kVA, 500kVA | 5—7 m pathway proximity 78.12%
Table 3: Infrastructures under power lines
Under Left to Right to
SIN Infrastructure Lines Lines Lines Frequency | Percentage
1 Workshop/Shop 4 4 5 13 27.1
2 Church/Mosque 1 2 3 6 12.5
3 Crop Farm 1 0 0 1 2.1
4 House 0 12 11 23 47.9
5 Block Industry 2 0 1 3 6.2
6 School 0 0 2 2 4.2
48 100%
Table 4: Results of electric field under transmission tower
Point on o Values of GPS @Towers
Ground Electric field @ Range (m)
surface Infrastructure Ht (V/m) Xut (N) YUT(E) ZuT(m) Rut(m)
Latitude Longitude Height
1 1680 591775 822236 242 O(Ref. Pt)
2 707 591517 822221 225 258.99
3 2000 591009 822217 206 767.08
4 2000 590562 822114 216 1219.4
5 2000 590159 822086 202 1623.44
6 2000 593186 821522 218 1581.55
7 2000 593292 821047 220 1927.44
8 2000 593368 820732 223 2190.9
9 2000 593470 820286 204 2583.71
10 2000 592986 822370 207 1218.89
11 2000 594308 823779 210 2958.56
12 2000 594061 823510 200 2617.37
13 2000 593667 823099 207 2079.82
14 2000 593494 822910 225 1846.49
15 2000 593221 822604 216 1492.32
16 934 595341 819790 206 4324.42
17 679 595520 819955 208 4385.1
18 48 595817 820208 193 4522.49
19 2000 596019 820390 204 4628.25
20 1070 596215 820563 207 4744.87
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The electric field generated closestis measured. In LT means left of the tower, RT means right of the
Tables 4, 5 6 and 7, XUT, YUT and ZUT tower and X, Y, Z represent the latitude,
repesent the values obtained with the GPS device longitude and height respectively.

under the tower. Where UT means under tower,
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Figure 4: Waveform of the electric field strength under the transmission tower

Table 5: Results of electric field at nearest infrastructure to left side of tower

Pointon  Electric field GPS Values left side@ Towers Range (m)

Ground Hir(Vim) Xt (N) Y.1(E) Zit(m) RLT(m)

surface Latitude Longitude Height
1 379 591754 822285 241 0
2 2000 591524 822251 225 233.04
3 2000 591046 822210 210 712.64
4 175 590548 822169 214 1211.87
5 2000 590165 822113 204 1598.71
6 2000 593194 821559 221 1612.79
7 2000 593315 821063 218 1982.56
8 1609 593380 820740 229 2242.99
9 2000 593496 820292 203 2647.27
10 2000 593016 822333 205 1263.43
11 2000 594324 823762 210 2964.35
12 2000 594088 823497 197 2630.29
13 2000 593684 823076 212 2086.00
14 2000 593502 822877 223 1845.61
15 2000 593216 822578 215 1491.29
16 0 595336 819804 204 4357.46
17 - - - - -
18 0 595817 820214 192 4560.64
19 25 596015 820394 205 4661.90
20 0 596212 820570 208 4776.62
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Figure 5: Waveform of the electric field strength the left side of transmission tower

Table 6: Results electric field strength at nearest infrastructure to right side of tower

Point on Electric Field GPS Values at right side @ Towers Range (m)

Ground XrT(N)  YrT(E) ZrT(M) R

Surface Her (V/m) Latitude  Longitude Height rr(m)
1 2000 591756 822215 246 O(Ref. Pt)
2 0 591515 822185 223 243.95
3 2000 591041 822143 203 719.90
4 946 590553 822086 215 1219.74
5 2000 590234 822059 205 1539.23
6 2000 593156 821490 216 1576.87
7 2000 593270 821042 217 1773.35
8 2000 593341 820714 224 2183.05
9 2000 593458 820291 206 2569.08
10 2000 592979 822391 211 1236.10
11 2000 594289 823791 208 2983.50
12 2000 594044 823529 200 2638.87
13 2000 593646 823121 208 2096.30
14 2000 593474 822933 225 1862.11
15 2000 593212 822633 216 1515.11
16 0 595500 819964 208 4368.75
17 0 595500 819900 203 4402.11
18 0 595820 820202 192 4535.54
19 0 596037 820386 208 4655.50
20 0 596222 820559 211 4763.26
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Figure 6: Waveform of the electric field strength @ the right side of transmission tower

Table 7: Comparative results of electric field strength at nearest infrastructure to right, left and under the

tower

Point on Electric Field Range(m)

Ground

Surface Hr (VIm) Hir (V/im) Hrt (V/Im) Rut(m) RLt(m) RrT(M)
1 1680 379 2000 O(Ref. Pt) O(Ref. Pt) O(Ref. Pt)
2 707 2000 0 258.99 233.04 243.95
3 2000 2000 2000 767.08 712.64 719.90
4 2000 175 946 1219.4 1211.87 1219.74
5 2000 2000 2000 1623.44 1598.71 1539.23
6 2000 2000 2000 1581.55 1612.79 1576.87
7 2000 2000 2000 1927.44 1982.56 1773.35
8 2000 1609 2000 2190.90 2242.99 2183.05
9 2000 2000 2000 2583.71 2647.27 2569.08
10 2000 2000 2000 1218.89 1263.43 1236.10
11 1344 2000 2000 2958.56 2964.35 2983.50
12 2000 2000 2000 2617.37 2630.29 2638.87
13 2000 2000 2000 2079.82 2086.00 2096.30
14 2000 2000 2000 1846.49 1845.61 1862.11
15 2000 2000 2000 1492.32 1491.29 1515.11
16 934 0 0 4324.42 4357.46 4368.75
17 679 0 0 4385.10 - 4402.11
18 48 0 0 4522.49 4560.64 4535.54
19 2000 25 0 4628.25 4661.90 4655.50
20 1070 0 0 4744.87 4776.62 4763.26
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4. Results and Discussion

The results obtained from the experiment is shown
in Tables (1-7), from the waveform plotted for the
electric field strength values recorded under the
tower at the left and right side of the tower, it was
observed that the electric field strength is
approximately 0 V/m at 132 kVA and higher at
330 kVA. Meanwhile, more infrastructure
particularly residential houses, are located directly
under the 132 kVA transmission power lines. Also,
in comparison to the guidelines set by International
Commission for Non - lonizing Radiation
Protection (ICNIRP) on the exposure limit of
human being to electric field, the results clearly
showed that the values are still very low and in the
safe limits of exposure. Lastly, it was observed that
many infrastructures violate the minimum distance
given for buildings to be situated near the electric
power line. The results obtained within the study
area indicate that 12.5% infrastructure complied
with the PHCN regulations, 56.85% compiled with
Lagos State Urban and Regional Planning
regulations and 78.12%  compiled  with
Occupational Health and Safety Code (OHSC)
regulation. The summary of the data collected is
shown in Tables 4, 5, 6 and 7 respectively. The
percentage of compliance of our obtained results to
the regulations and standards of the PHCN,
LSURP and OHSC are shown in Table 2, the data
obtained for the electric field under the
transmission tower is shown in Table 4 and its
waveform is shown in Fig. 4, while that of the
electric field of the nearest infrastructure to left
side of tower is shown in Table 5 and its waveform
is shown in Fig. 5. The electric field strength of the
nearest infrastructure to right side of tower is
shown in Table 6 and the waveform is shown in
Fig. 6. Comparison of the results of electric field
strength at nearest infrastructure to right, Left and
Under the Tower is given in Table 7and the
waveform is shown in Fig. 7. The Spatial
Location’s Distance (m) of Nearest Infrastructure
from the 330 kVA Transmission Lines and from
132kVA are shown in Fig. 8 and Fig. 9
respectively. The number of infrastructures under
power lines is shown in Table 3. The plot of the
percentage of the frequency of different
Infrastructure located close to power lines is
shown in Fig. 10 obtained from the result of Table
3. Comparative analysis of all the measurement of
electric field recorded around the Power line based
on Power Standard and Regulations such as
PHCN, LSURP and OHSC is represented in Fig.
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12 while the plot of the comparison based on the
ICNIRP standard is shown in Fig. 11.

5. Conclusions

In this paper, the magnitude of electrical field
pollution in the vicinity of 132 kV and 330 kV
have been analyzed for the general public and also
the occupational exposure using ICNIRP, 1998
standard and the regulations of the PHCN, LSURP
and OHSC. The analysis showed that 12.5% of the
infrastructure  complied with the PHCN
regulations, 56.85% compiled with Lagos State
Urban and Regional Planning (LSURP) regulation
and 78.12% compiled with Occupational Health
and Safety Code (OHSC) regulation. These results
are compared with the ICNIRP standard.
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The Effect of Elevated Temperature on the Lightweight
Concrete Produced by Expanded Clay Aggregate and Calcium
Aluminate Cement
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Abstract: In this study, the influence of elevated temperature on the physical and mechanical properties of
concrete produced by expanded clay aggregate and calcium aluminate cement (CAC) was investigated. For
this purpose three different mixture were prepared. First mixture was produced by using ordinary Portland
Cement (OPC) and natural aggregate. Second mixture was prepared by OPC and expanded clay aggregate.
Third mixture was produced by using CAC and expanded clay aggregate. The water-cement (w/c) ratio used
in the mixtures was set at 0.50. The concrete specimens were heated in an electric furnace up to 200, 400,
600, 800 and 1000 °C and kept at these temperatures for one hour. Two cooling regimes (slow and fast) were
used. The residual compressive strength, weight loss, water absorption and porosity ratio and ultrasonic wave
velocity values of the specimens were measured. The test results show that exposing to elevated temperatures
adversely affected the mechanical and physical properties of the specimens containing OPC and natural
aggregate. However, the lightweight concretes produced by expanded clay aggregate demonstrated better
performance. Fast cooling (FC) method caused significant strength losses than slow cooling (SC) method.
Keywords: Elevated temperature, expanded clay aggregate, calcium aluminate cement, lightweight concrete,
compressive strength

1. Introduction type of aggregate, properties of cement paste, the
adhesion of aggregate and cement paste and
One of the most important physical deterioration thermal incompatibility between components of
processes that influence the strength and durability the composite influence the strength of concrete at
of concrete structures is high temperature (Aydin, high  temperatures. On the other hand,
2008; Huang et al., 2017). High temperature may environmental factors including heating rate,
cause permanent damage in the structures; duration of exposure to maximum temperature,
consequently, the building which is exposed to cooling rate, loading conditions and moisture
high temperature may be out of service (Khoury regime, which are also important for the behavior
and Majorana, 2003). Concrete is a fire resistant of concrete composites at high temperatures
material because of its properties such as being a (Khoury, 1992; Ahmed et al., 1992; Sarshar and
non-flammable material, is not important damaged Khoury, 1993; Chan et al.,, 2000; Cilfik and
for a certain period and doesn’t remove toxic Ozturan, 2002; Tanyildiz1 and Coskun, 2008).
fumes in high temperature (Li and Ding, 2003).
However, this durability is valid for a limited The physical and chemical properties of concrete
period and certain temperatures (Kizilkanat and change after exposed to high temperatures. High
Yiizer, 2008). High temperature causes a decrease temperatures, in general, cause deterioration in
in compressive strength of concrete significantly. properties of concrete such as compressive
This effect changes depending on various factors. strength, flexural strength, modulus of elasticity
The factors that influence the strength of concrete and bond with reinforcement (Lau and Anson,
upon heating are mainly grouped as material and 2006). When concrete is exposed to high
environmental factors. Material factors such as temperatures, the free water in the pores and some
1Nigde Omer Halisdemir University, Faculty of Engineering, 51240, Citation (Atif): Ak¢adzoglu, K., Ak¢adzoglu, S. (2017). The Effect of
Nigde, Turkey ) Elevated Temperature on the Lightweight Concrete Produced by
*Corresponding author (Iletisim yazari): ozoglu@ohu.edu.tr Expanded Clay Aggregate and Calcium Aluminate Cement. Bilge
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chemically bonded water in the hydrated cement
paste are released and large amount of energy is
consumed (Othuman and Wang, 2011; Jang et al.,
2016; Mohammadhosseini and Yatim, 2017). Free
water evaporates at around 100 °C and is
completely removed at 120 °C. Above
approximately 150 °C, the water chemically bound
in hydrated calcium silicate begins to move away
with a peak rate of loss at 270 °C (Hertz, 2005;
Othuman and Wang, 2011; Al-Sibahy and
Edwards, 2012). Because of the difference
between the coefficients of thermal expansion of
the cement paste and aggregate, thermal stresses
are induced between the expanding aggregate and
shrinking cement paste. The induced stress causes
fractures on the interfacial bond between the
aggregate and the surrounding cement paste this
situation results in strength loss of concrete
specimens (Ciilfik and Ozturan, 2010). The
propagation of micro-cracks begins after 300 °C
and mechanical strength and thermal conductivity
decrease at this stage, with some associated
expansion taking place (Hertz, 2005; Demirel and
Kelestemur, 2010). Between 400 °C and 600 °C,
complete desiccation occurs and crystals of
calcium hydroxide decompose into their original
components (calcium oxide and water). At this
stage concrete becomes quite weak (Go et al.,
2010). Above 600 °C, further decomposition of
hydrated calcium silicate takes place and spalling
is observed. The cement paste turns into a glassy
phase above 1150 °C (Al-Sibahy and Edwards,
2012).

One of the most effective approaches to increase
the duration of fire resistance is using lightweight
concrete for producing structural elements. Since
the lightweight aggregate is a product of high
temperate sintering which results in more internal
holes inside the aggregate, lightweight concrete
has a better thermal stability, lower thermal
conductivity and lower thermal expansion
coefficient than normal weight concrete (Topgu,
1997; Go et al., 2010). Because of their high
density and lower permeability normal weight
concrete has a greater tendency toward explosive
spalling than lightweight concrete at high
temperatures (Al-Sibahy and Edwards, 2012).

The most common way to produce lightweight
concrete is using lightweight aggregate. One of the
lightweight aggregate which has high strength is
expanded clay aggregate (Kdksal et al., 2012; Ahn
et al., 2016; Ahmmad et al., 2017). Expanded clays
are spherically shaped beads with variable
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granulometry, showing a vitrified morphology.
The beads are fragile and hard with closed internal
micro cavities that influence the thermal insulating
properties.

Calcium aluminate cement (CAC) is versatile
special cement advantageously used in numerous
specific applications, such as manufacturing of
monolithic refractories, foundries, furnaces and
fireplaces, rapid repair mortars, ceramic adhesives
and sealing materials (Scrivener et al., 1999;
Oztiirk, 2008; Neven, 2010). The main special
properties of CAC are rapid strength development,
good resistance to sulfates, enhanced resistance to
abrasion and ability to withstand repeated heating
up to high temperatures (Scrivener, 2003; Juenger
et al., 2011). It develops about 80% of its ultimate
strength after only 24 h of beginning of the
hydration (Ewais et al., 2009). Due to the rapid
hydration property, CAC is useful for low
temperature applications (Fernandez-Carrasco et
al., 2005). The most important feature of CAC is
capability to withstand high temperatures up to
1600-2000 °C depending on the type and content
of impurities in it (Girgis et al., 2000; Scrivener,
2003; Fernandez-Carrasco et al., 2005).

2. Materials

Ordinary Portland cement CEM | 425 R (OPC)
conforming to TS EN 197/1 (2012) and Calcium
aluminate cement (CAC) conforming to TS EN
14647 (2010) specifications were used as binder in
the mixtures. The 28-day compressive strength of
OPC according to TS EN 196-1 (2009) was 49.7
MPa. And the 24-hours compressive strength of
CAC was 78 MPa. Physical properties and
chemical oxide compositions of OPC and CAC are
presented in Table 1 and Table 2, respectively.

Table 1. Physical properties of OPC and CAC

Specific Specific Setting_ times
Cement - surface (min)
type We'gh; area o .
(g/cm?) (cm?/g) Initial Final
OPC 3.10 3670 143 200
CAC 3.25 3100 235 255
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Table 2. Chemical properties of OPC and CAC

Oxide (%) OPC CAC
Si0; 19.48 3.77
Al,03 5.06 40.27
Fe:0s 2.47 16.68
ca0 62.46 36.40
MgO 2.94 0.62
SOs 3.60 0.02
K20 0.72 -

Na,O 0.54 0.07
LOI 3.66 0.30

Natural aggregate and expanded clay aggregate

size of 4 mm and crushed basaltic coarse aggregate
with maximum size of 8 mm in accordance with
TS 706 EN 12620+A1 (2009) were used as natural
aggregate. The specific weights of fine and coarse
aggregates at saturated surface dry condition were
2.48 g/cm? and 2.56 g/cm?®, respectively. The water
absorption values of fine and coarse aggregates
were 4.1% and 1.7%, respectively. In addition, 780
It 1/8 mm and 0/2 mm expanded clay aggregate
which was supplied from Liapor was used to
prepare one cubic meter of concrete mixture. The
dry specific weight and water absorption values of
expanded clay aggregate were 0.43 g/cm® and
20.1% respectively. The grading of aggregates is

were used in the mixture for experimental studies. presented in Table 3 with the standard
Uncrushed, quartzitic natural sand with maximum specification.
Table 3. Aggregate grading with standard limits
] ) Passed (%)
S"f‘r;e nf)'ze TS 706 EN 12620 + Al Aggregate used
Lower limit Medium limit Upper limit Natural Expanded clay
16 100 100 100 100 100
11.2 98 99 100 100 100
8 85 92 99 97 98
4 62 75 88 65.5 73.3
2 40 56 72 48.5 42.5
1 23 39 55 30.8 25.5
0.5 13 26 38 16.1 16.7
0.25 7 15 22 9.0 12.9
0.125 3 8 12 5.5 6.5
0.63 1 3 5 2.1 3.2

Polycarboxylic ether based super plasticizer (SP)
according to TS EN 934-2 (2011) was used to
improve workability of the mixtures. The specific
weight of super plasticizer was 1.142 g/cm?.

3. Mixture Properties and Testing Methods

Three mixtures were prepared for experimental
studies. OPC and natural aggregate were used
together in M1 mixture, OPC and expanded clay
aggregate were used in M2 mixture and CAC and
expanded clay aggregate were used in M3 mixture.
M1 mixture which was considered as reference
mixture was designed with according to absolute
volume method given by TS 802 (2009). In M2
and M3 mixtures, expanded clay aggregates were
pre-wetted, and then used in the mixtures. The
water-cement (w/c) ratio used in mixtures was
chosen as 0.50. Cement content was kept constant
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for per cubic meter as 400 kg/m3. For each
concrete mixture of a cubic meter, approximate
concrete composition is presented in Table 4.
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Table 4. Approximate concrete composition for a cubic meter (kg/m?)

Cement Natural aggregate Expanded Clay
Mixture Coarse Fine HD 1/8 Water SP
OPC  CAC Aggregate Aggregate HD 0/2 (5N)
M1 400 - 562 1066 - - 200 1,84
M2 400 - - - 355 600 200 4,88
M3 - 400 - - 355 600 200 4,88

Cubic specimens with a 71 mm side were cast and
fresh unit weights of the specimens were
measured. They were de-molded after 24 hours
and then cured in lime saturated water at 20£2 °C
until the time of the compressive strength tests. In
addition, the specimens which would be exposed
to the elevated temperatures were cured in lime
saturated water at 22+2 °C for two months.
Afterwards they were cured in laboratory at 2242
°C and 45+5 % relative humidity conditions for
two months.

The six specimens were prepared for each mixture
to perform compressive strength and ultrasonic
wave velocity tests after elevated temperature. The
specimens which were cured in laboratory for two
months were placed in an electric furnace in which
temperature was increased to 200, 400, 600, 800
and 1000 °C at a rate of 8 °C/min, and they were
kept at desired temperatures for one hour. At the
end of one hour the specimens were cooled in two
regimes. Three specimens were left in the
laboratory conditions for slow cooling (SC) in air
and the other three specimens were left in the
water for fast cooling (FC). After the cooling
period, the compressive strength and ultrasonic
wave velocity tests were carried out on the
specimens. In addition, three unheated control
specimens were used for comparison purpose.

The six specimens were used for the weight loss
and water absorption and porosity ratio
measurements. The curing conditions and the
temperature values were similar to compressive
strength tests. However, these specimens were
dried at 105 °C before exposure to high
temperatures due to lose of the moisture in the
specimens completely.

The compressive strength of concrete specimens
was measured according to TS EN 12390-3
(2010). Experiments were carried out at uniaxial
compression instrument with a capacity of 3000
KN and loading rate was 0.5 MPa/s. The
compressive strength tests were carried out on two
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groups of specimens. The first group specimens
were tested at 3, 7, 28, 90, 180 and 360 days. The
second group specimens were tested after exposed
to elevated temperatures. Three specimens were
used at compressive strength measurement for
each mixture and age. And the average of three
measurements of specimens was presented and
discussed in the study.

The ultrasonic non-destructive digital tester with a
precision of 0.1 pus was used in order to measure
ultrasonic wave velocity values of specimens
which were exposed to the elevated temperatures.
A transducer was used with a vibration frequency
of 55 kHz. Sound transit times (t, ps) of concrete
specimens  were measured with  through
transmission technique according to ASTM C 597-
09 (2009). Average of two readings was measured
for each specimen and ultrasonic wave velocity
values (Vs, km/s) were calculated.

The water absorption and porosity ratios of the
specimens which were subjected to the high
temperatures were measured according to TS 3624
(1981). In addition, the weights of the specimens
before and after exposed to high temperatures were
measured to determine the weight losses of the
specimens. The test results were interpreted by
comparing to each other.

4. Results and Discussion
4.1. Unit weight

The unit weights of fresh M1, M2 and M3
mixtures were 2320, 1510 and 1520 kg/m?,
respectively. The air dry unit weights of all
specimens decreased due to the evaporation of free
water. The 90-day air dry unit weight values of the
mixtures were 1920, 1150 and 1170 kg/m® for M1,
M2 and M3 mixtures, respectively. The average
specific gravities at saturated surface dry condition
of the M1, M2 and M3 mixtures were 2.0 g/cm?,
1.32 g/cm?® and 1.35 g/cm?®, respectively. The dry
unit weights of the M2 and M3 mixtures were
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lower than 1850 kg/m?; in other words, they were
within the limits of unit weight values specified at
ACI 213R-14 (2014) for structural lightweight
concrete.

4.2. Compressive strength

The compressive strength values of specimens are
presented in Figure 1. The compressive strengths
of all specimens increased depending on time. The
28-day compressive strength of M1 mixture
produced by natural aggregate was 58.5 MPa. The
compressive strength values of M2 and M3
mixtures produced by expanded clay aggregates
were 31.1 and 28.8 MPa, respectively. Expanded
clay aggregate caused the decrease of compressive
strength values of the specimens. However, M2
and M3 mixtures were considered as structural
lightweight  concrete, since their  28-day
compressive strength values were higher than 17
MPa (ACI 213R-14, 2014).
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Figure 1. Compressive strengths of specimens
(MPa)

It can be seen from Fig. 1 that the compressive
strengths of M1 and M2 mixtures (containing
OPC) increased rapidly up to 28 days. However,
after 28 days the speed of compressive strength
developments of these mixtures slowed down.

M3 mixture (containing CAC binder) exhibited
more rapid initial strength development than the
others. M3 mixture reached approximately 91% of
its 28-day compressive strength at 3 days. One of
the most important characteristics of CAC is rapid
strength development. It develops about 80% of its
ultimate strength after only 24 h of beginning of
the hydration (Scrivener, 2003; Ewais et al., 2009)

However, the compressive strength values of M3
mixture showed a slight decrease after 28 days. It
was stated in the literature that due to the
temperature and humidity, deterioration is
observed at CAC concretes depending on time.
The hydrated products are reacted at about 25 °C
and humidity conditions and decomposed. As a
result of these reactions water releases and pores
occurs in concrete. This situation may cause a
reduction (about 40%) in strength (Postacioglu,
1986).

4.3. Residual compressive strength

The concrete specimens were exposed to the
temperatures at 200, 400, 600, 800 and 1000 °C to
determine the effect of elevated temperature on the
compressive strength of the specimens. The
residual compressive strengths of SC and FC
concrete specimens are presented in Table 5 and
Table 6, respectively. The relative reduction values
at residual compressive strengths of mixtures
compared to the original strengths before heating
are given in parentheses.

Table 5. The residual compressive strengths of slow cooled (SC) mixtures (MPa)

Compressive strengths of SC (MPa)

Mixture
22 °C 200 °C 400 °C 600 °C 800 °C 1000°C
M1 79.1 66.5 (84%) 62.4 (79%) 48.1 (61%) 27.6 (35%) *
M2 39.9 35.2 (88%) 32.2 (81%) 26.9 (67%) 18.5 (46%) 10.6 (27%)
M3 25.0 17.6 (70%) 14.1 (56%) 12.6 (50%) 10.6 (42%) 9.4 (38%)

“disintegrated
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Table 6. The residual compressive strengths of fast cooled (FC) mixtures (MPa)

Compressive strengths of FC (MPa)

Mixture
22 °C 200 °C 400 °C 600 °C 800 °C 1000°C
M1 79.1 60.9 (77%) 515 (65%) 43.3 (55%) 22.7 (29%) *
M2 39.9 33.6 (84%) 29.6 (74%) 23.2 (58%) 13.9 (35%) 9.2 (23%)
M3 25.0 16.2 (65%) 13.3 (53%) 11.7 (47%) 10.2 (41%) 9.3 (37%)

*disintegrated

The compressive strength values of M1, M2 and
M3 mixtures were 79.1, 39.9 and 25.0 MPa,
respectively at 22 °C. These values decreased
depending on increasing temperature. At 600 °C,
the residual strengths of slow cooled M1 and M2
mixtures were over 60% of the strengths measured
at room temperature. M3 mixture showed
approximately half of the strength of the mixture at
22 °C. When the temperature rised up to 800 and
1000 °C, the strength losses occurred in the
mixtures increased significantly. The reason of this
situation can be explain by decomposition of C-S-
H gel (Lin et al., 1996; Xu et al.,, 2001). M1
mixture completely disintegrated at 1000 °C. It
was stated in the literature that the residual
strength of lightweight concrete after fire decreases
from 100% to 40% as a result of increasing the
temperature from 500 to 800 °C (Kong et al.,
1983). In this investigation, the residual strengths
of M2 and M3 mixtures (considered as lightweight
concretes) at 800 °C were approximately 40% of
initial strengths.

Cooling regimes significantly influences residual
properties of concrete, such as compressive
strength, splitting tensile strength, and fracture
energy (Peng et al.,, 2008). The experimental
results indicated that FC specimens exhibited
similar behavior to SC specimens. However, the
decreasing tendency at compressive strength was
observed more significant at FC specimens than
SC specimens for M1 and M2 mixtures. This result
may be explained as follows. Free calcium
hydroxide is turned into CaO (quick lime) by
losing water over 400-500 °C. When CaO contacts
with water, it rehydrates to form Ca(OH), and this
results in volume extension. (Sarshar and Khoury,
1993; Aydin, 2008). FC in water causes a denser
pore structure in concrete than SC. This may be
attributed to the re-hydration of the constituents
resulting from decomposing of concrete at high
temperatures (Khoury, 1992). In addition, due to
the formation of crack which is occurred as a result
of instantaneous temperatures changes at the FC
method, residual compressive strength of FC
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specimens is lower than SC specimens (Bilim,
2011).

The difference between the strength values of FC
and SC specimens was not significant at M3
mixture. Because the hydration reaction of OPC
results mainly in formation of C-S-H and Ca(OH)..
Unlike OPC, there is no Ca(OH), in hydration
products of CAC (Kirca, 2006; Oztiirk, 2008).
Therefore, M3 mixture was less effected from FC
methods than M1 and M2 mixtures.

4.4. Weight loss

The weight loss values of the specimens are
presented in Table 7. In this investigation, the
weights of the specimens decreased depending on
increasing temperatures as similar to compressive
strength values. The evaporation of free, hydrate
and capillary water in the structure of the
specimens exposed to the elevated temperatures
causes to decrease in the unit weight of specimens
(Topgu and Demir, 2007). In addition, the
structural integrity of the specimens deteriorates as
confirmed by the increase in weight reduction by
increasing temperature (Demirel and Kelestemur,
2010; Andi¢ Cakir and Hizal, 2012).
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Table 7. Weight loss of the specimens after exposure to elevated temperatures (%)

Mixture 200 °C 400 °C 600 °C 800 °C 1000°C
SC FC SC FC SC FC SC FC SC FC
M1 0.15 0.59 147 0.71 2.56 1.06 3.98 2.25 *
M2 0.13 0.40 1.74 0.55 3.45 0.96 411 1.30 6.60 4.69
M3 0.15 0.39 211 0.76 3.63 1.19 465 1.67 7.28 3.01

*disintegrated

The weight losses of FC specimens were higher
than SC specimens at 200 °C. However, opposite
situation was observed at 400-1000 °C. This result
could be attributed that a small amount of water was
remained in the pores of the specimens while the
process of FC in water.

4.5. Water absorption and porosity ratios

Pore structure influences the strength of cement
paste significantly, which is critical to the
performance of the concrete as a whole. A
coarsening of the pore size at elevated temperatures
could result in a strength reduction (Khoury, 1992;
Chan et al., 2000).

The water absorption and porosity ratios of the
mixtures at elevated temperatures are presented in
Table 8 and Table 9, respectively. In general, the
water absorption ratios of M2 and M3 mixtures
were higher than M1 mixture. It is stated in the
literature that lightweight concrete absorbs more
water than normal concrete and the water
absorption ratio of lightweight concrete is between
12-22% (Akgadzoglu et al., 2013). In this
investigation the water absorption ratios of the M1,
M2 and M3 mixtures at room temperature were
5.51%, 13.6% and 13.4%, respectively. The water
absorption values of M2 and M3 mixtures were
found to be within the water absorption limits of
lightweight concrete.

Table 8. Water absorption ratios of the specimens after exposure to elevated temperatures (%)

. 200 °C 400 °C 600 °C 800 °C 1000°C
Mixture 22 °C
SC FC SC FC SC FC SC FC SC FC
M1 5.51 6.1 6.2 6.2 6.6 88 7.0 10.1 8.1 *
M2 13.6 13.6 13.9 14.7 15.1 18.8 16.0 20.8 17.6 19.9 19.8
M3 134 13.5 134 14.8 14.9 19.9 16.0 209 17.1 21.0 16.9
*disintegrated
Table 9. Porosity ratios of the specimens after exposure to elevated temperatures (%)
. 200 °C 400 °C 600 °C 800 °C 1000°C
Mixture 22 °C
SC FC SC FC SC FC SC FC SC FC
M1 11.0 12.1 12.8 13.2 13.9 19.3 16.4 22.6 18.9 *
M2 17.8 18.9 19.1 20.0 19.8 27.0 244 32.4 28.2 39.9 385
M3 26.8  27.6 27.8 30.4 28.3 33.8 30.0 36.0 33.9 39.3 35.3

“disintegrated

The water absorption ratios of the mixtures
increased depending on increasing temperature.
The increasing tendency of M1 mixture was more
significant than M2 and M3 mixtures. This
situation was parallel to porosity ratios of the
mixtures. Porosity ratios of the mixtures increased
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with an increase in temperature because of the
processes of the decomposition of hydration
products. It is stated in the literature that cement
gel begins to dehydrate at approximately 180 °C
and Ca(OH)2 in cement paste decomposes at
approximately 500 °C, and so on (Chan et al.,
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2000). In general water absorption ratios of SC and
FC mixtures were close to each other and similar
situation was observed at porosity values of the
specimens.

4.6. Ultrasonic pulse velocity (UPV)

UPV propagation speed in a material depends on
the porosity of that material; therefore, it depends
on the density and elastic properties (Topgu,
2006). While the compactness and density of
concrete decreases, the UPV and strength of
concrete decreases together.

The effect of elevated temperature on the porosity
of specimens was evaluated by ultrasound
measurements carried out in the research. The

effects of elevated temperatures over the range of
22 °C-1000 °C on the UPV of the mixtures are
presented in Table 10. The UPV values of
expanded clay aggregate specimens (M2 and M3)
were lower than M1 at 22 °C. This situation was
parallel to unit weight values of the mixtures.
Using expanded clay aggregate in the specimens
caused to reduction at unit weights due to the more
porous structure, therefore UPV of these
specimens decreased. This situation was observed
as similar at 200 °C, 400 °C and 600 °C. However,
UPV values of M2 and M3 mixtures were higher
than M1 mixture at 800 °C. Because M1 mixture
produced with natural aggregate was more affected
from high temperature than M2 and M3 mixtures.

Table 10. UPV of the specimens after exposure to elevated temperatures (km/s)

. 200 °C 400 °C 600 °C 800 °C 1000°C
Mixture 22 °C
SC FC SC FC SC FC SC FC SC FC
M1 4.56 444 464 3.66 4.06 2.34 3.77 1.27 2.39 *
M2 3.59 3.42 3.57 3.13 3.36 2.31 3.34 1.97 2.73 1.67 1.81
M3 3.42 3.04 3.13 2.56 2.69 2.19 2.53 1.94 2.31 1.91 2.15

“disintegrated

Neville and Brooks (1987) reported that the UPV
of a good quality concrete should be between 4.1-
4.7 km/s for traditional concretes. The UPV value
measured at room temperature of M1 mixture was
between these values (4.56 km/s). Since M2 and
M3 mixtures were considered as lightweight
concrete, their UPV values were lower than these
values, however their values were appropriate
grades (3.59 and 3.42 km/s, respectively).

Exposing elevated temperatures adversely affected
the mixtures. The UPV values of the specimens
decreased depending on increase in temperature.
Increasing temperature caused increasing pore
structures of the specimens and evaporating the
water in their structure caused weight loss and
additional porous structures. This situation caused
to decrease ultrasonic wave velocity values of the
mixtures (Topgu and Demir, 2007; Demirel and
Kelestemur, 2010). The UPV values of the FC
specimens were higher than SC specimens at all
temperatures. It is thought that a small amount of
water was remained in the pores of the specimens
while the process of FC in water.
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In this investigation, a linear relationship was
observed between UPV and porosity ratios of
specimens at all temperatures (Fig 2-3). The
correlation coefficients of relationships for SC and
FC specimens were over 0.89 and 0.82,
respectively. While the porosity ratios of
specimens increased, the UPV of specimens
decreased.
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Figure 2. The relationship between the UPV and
porosity ratios of SC specimens
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Figure 3. The relationship between the UPV and
porosity ratios of FC specimens

5. Conclusions

This paper presents an experimental study on the
effect of elevated temperatures on the lightweight
concrete produced by expanded clay aggregate and
calcium aluminate cement. The following
conclusions can be drawn from the results of the
current study:

e The concrete specimens produced with
expanded clay aggregate in this investigation
were considered as structural lightweight
concrete in terms of unit weight and strength
properties.

e The residual compressive strength values of the
mixtures decreased depending on increasing
temperature. Nevertheless, the residual strength
properties of mixtures produced by expanded
clay aggregate were higher than the concrete
produced by natural aggregates. The mixture
containing natural aggregate completely
disintegrated at 1000 °C. However, mixtures
with expanded clay aggregate were more
resistant at 1000 °C.

e Fast cooling method resulted in more strength
loss when compared to slow cooling method.
CAC mixtures were not affected by cooling
regime as much as OPC mixtures.

e The weights and the UPV values of specimens
decreased depending on increasing
temperatures.

e When the mixtures exposed the elevated
temperatures their water absorption and
porosity ratios increased, because of the
processes of the decomposition of hydration
products.

¢ In this investigation, a linear relationship was
observed between ultrasonic wave velocity
values and porosity ratios of the specimens.
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e Conclusively, the mixtures produced by
expanded clay aggregate and CAC were found
to be able to retain their properties better at
elevated temperatures.
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Optimization of Composite Couplings in Helicopter Rotor Blade
Spar Using Hybrid Particle Swarm-Gradient Algorithm

H. Anol Taymaz'*

Abstract: Modern helicopter rotor blades are made of advanced composite material due to higher
stiffness/mass ratio, superior fatigue characteristic along with capability of aeroelastic tailoring. In composite
materials, circumferentially uniform stiffness (CUS) and circumferentially asymmetric stiffness (CAS) layup
configurations, which offer convenience in terms of production methods, are widely used in the design of
fiber angles. However, the purpose of this study is to test the possibility of achieving better results with an
active modification without CUS and CAS distributions. When the gradian based classical methods are
tested, the results are the same as the CUS and CAS distributions. It is a fact that gradient-based optimization
algorithms were quite popular in the years when computers had not been so powerful yet. Furthermore, the
hybrid particle swarm-gradient algorithm by means of C#, VABS, Abaqus, MATLAB proposes better results
on the composite couplings of blade spar such as extension torsion, lead-lag torsion and flap torsion.
Keywords: Composite couplings; VABS cross-sectional analysis; Hybrid particle swarm-gradient algorithm

1. Introduction distribution, frequency, epoxy matrices and fibers,
panel buckling, strength, displacement and ply
Around the 400 BC, the first vertical flight was angles distribution and laminate design (Bert,
seen in Chinese children's bamboo flying toys. In 1977; Starnes and Haftka, 1979). However,
1480s, Leonardo Da Vinci presented some computers performance did not satisfy sufficient
invention such as aerial screw-helicopter, conditions to optimize mentioned parameters
ornithopter that gives inspiration today flight realistically. In early research period, mathematical
systems. Tremendous changes have been recorded programming algorithms began to appear in
by ambitious researchers since those days. Aerial aerospace engineering field and laminated
screw could only make vertical movements composite application rules were improved with
whereas today’s helicopters have multidirectional new approaches for discrete and continuous type
capability owing to rotor blades aeroelastic, of design variables, constraints and objectives
aerodynamic and material properties’ cumulated (Schmit and Fleury, 1980; Nshanian and Pappas,
knowledge. 1983).
According to researchers’ studies for maximizing Along with 1990’s a huge development took place
helicopters performance, it is seen that the major in computer science. With this improvement,
role is rotor blades talents. Ganguli (2013) objectives and constraints was expanded and
described the research papers starting with the first classical optimization techniques such as Taylor
paper on optimal design of composites by Khot et series, polynomial and interpolation approximation
al. (1973) as “pioneering research”, the 1980s as gained importance in aerospace calculations
“early research”, the 1990s as “moving towards (Venter et al., 1998). Also, heuristic studies such
design”, the 2000s as “the new century” and from as genetic algorithm also was becoming prominent
2010 to present as “current research”. In in aerospace field. Nagendra et al. (1996) and
pioneering research duration, objectives and Kodiyalam et al. (1996) started to utilize heuristic
constraints were related with weight, strain energy algorithms to reach discrete variables and global
1Afyon Kocatepe University, Sinanpasa Vocational School, 03850, Citation (Atif): Anol Taymaz, H. (2017). Optimization of Composite
Afyonkarahisar, Turkey. Couplings in Helicopter Rotor Blade Spar Using Hybrid Particle
*Corresponding author (Iletisim yazar1): hacerariol@aku.edu.tr Swarm-Gradient Algorithm. Bilge International Journal of Science and

Technology Research, 1 (2): 71-78.
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optimum values. Meanwhile, multiple objectives,
and constraints were being combined and the
combined functions were more successful in
comparison to previous researches. In the new
century period, computer performances have
reached great capability to calculate more complex
optimization models with stochastic algorithms in
less time. The algorithms, which has been inspired
from nature, such as genetic algorithm and particle
swarm optimization techniques are useful in
avoiding local minima. Also, Apalak et al. (2014)
applied the artificial bee colony(ABC) algorithm, a
new approach for optimizing numerical problems,
in layer optimization. In the current research
period, different failure criteria have been
observed such as Tsai-Wu, maximum stress and
failure mechanism based (FMB) in the field
(Satheesh et al., 2009; Banos et al., 2011).

Sarangapani and Ganguli (2013) have explained
that robust design, one of the most important issue
of composites, is related to unwanted uncertainty
in the ply angles and thicknesses. According to the
study, the reason of unwanted uncertainty is
undesirable couplings in laminates designed
without  regarding  couplings. Mentioned
uncertainties must be taken into account
throughout the design process.

This study benefitted from a hybrid particle
swarm-gradient algorithm in MATLAB in order to
optimize the composite couplings. Particle swarm,
stochastic  population-based  algorithm, has
advantages of wide scanning solution space
whereas the gradient based algorithms can reach
accurate results in the vicinity of a starting point.
Gradients based methods can find one of the local
minimums and stop the optimization process and
thus prevent reaching global minimum. The
particle swarm algorithm uses a learning algorithm
which calculates particles new points in the search
space with particles’ best and population-global
best values. In the hybrid algorithm, particle
swarm velocity vector is calculated as a gradient
descent instead of the learning algorithm. Thus, the
hybrid algorithm has the advantages of both
methods to reach global best solution.

2. Composite Rotor Blades Structural Analysis

The helicopter rotor system, shown in Figure 1,
gives the helicopter lift and land ability. According
to principle of helicopter operation, the main load
carrying component is the rotor blades. To reach
structural analysis result of rotor blades, VABS

and Abaqus are used. VABS uses material
properties and mesh coordinates of blade cross-
sections, see Figure 2 to calculate stiffness matrix
which then can be used to estimate material
behaviors like extension torsion, lead-lag torsion
and flap torsion couplings. VABS generates
Timoshenko stiffness matrix with the asymptotic
energy.

= Rotor Hub

Coupled
Fluplihg-T?rshl
d amics
e -
Pich Lk ¥

U

Figure 1. Helicopter rotor system (Glaz et al.,
2006).

Spar  MFC Foam Skin

Lead MFC

Figure 2. Blade cross-section (Kovalovs et al.,
2007).

In order to optimize the helicopter rotor blade
performance, cross-sections of the box beam,
which is composed of laminated composite plies,
must be examined. The layered structure of
laminated composite plies is given in Figure 3.

Figure 3. Laminated composite plies (Williams,
2017).
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Researchers benefitted from circumferentially
uniform stiffness (CUS) and circumferentially
asymmetric stiffness (CAS) composite layup
configurations for a  thin-walled  beam
(Berdichevsky et al., 1992; Chun et al., 2006;
Warminski et al., 2014; Beshay et al., 2015; Fu et
al., 2015), given Figure 4, first presented by
Rehfield and Atilgan (1989).

Figure 4. Laminate configurations frequently
encountered in structural composite design
(Warminski et al., 2014).

CUS configuration is convenient for minimizing
extension torsion coupling in flanges and webs of
the box beam and CAS configuration is preferred
for lead-lag and flap torsions to decrease bending
coupling effect. For the sake of simplicity in lead-
lag torsion flanges ply angles and in flap torsion
web ply angles are assumed as zero. In this study,
all mentioned coupling types are tested without
any restriction as opposed to frequently used ply
angle distributions.

3. Methods of Computation/Operations
Research

In optimization loop, in each iteration/evaluation;
new mesh coordinates of new geometries must be
calculated for VABS input file to reach stiffness
matrix. Therefore, in each iteration/evaluation;
VABS and Abaqus must be run. A mesh update is
needed because the geometry parameters change in
each generation/iteration during the optimization
process. This is achieved by developing a script
code for Abaqus that exports new mesh
coordinates, using Python language. Because
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Abaqus runs on script code without the graphical
user interfaces, optimization loop can avoid
consuming computer resources by the graphical
processes. Hence, a code implementation is written
with C#, which is a strong and generic
programming language, to integrate Abaqus,
VABS and optimization loop to calculate objective
function with new stiffness matrix for each
iteration.

In each iteration/evaluation MATLAB calls this
code implementation, which is shown in
optimization loop and given in Figure 5.
MATLAB m-file includes optimization algorithms
options such as algorithm type, upper bounds,
lower bounds, plotting options.

MATLAB optimization toolbox provides hybrid
solution with particle swarm and gradient-supplied
techniques for user to benefit from the advantages
of both stochastic and deterministic classical
methods. To elaborate on the definitions,
MATLAB-fmincon is a gradient-based method
which is useful for objective and constraints
functions only when the functions are both
continuous and also first derivatives are not
discrete. Because the gradient-based methods need
continuous  objective and constraints, local
optimum is the inevitable result. The second
solution; particle swarm is a stochastic algorithm
that optimizes objective function trying to
iteratively reach better candidate solutions with
regard to a given measure of quality for objective
and constraints and can be used for both the
discrete and continuous functions. Particles move
to new position with a velocity which is influenced
by the particles’ local best and global best values
known. In the aforementioned hybrid solution,
velocity is calculated as a gradient descent vector.
Although, stochastic algorithms can scan a very
large area of solution space, they do not guarantee
an optimal solution.
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(MATLAR hybrid optimization algorithm Particle

Start Optimization
Swarm-finincon)

Tteration Loap l

-

No_

. Yes k

(f1)
| F2 |

/| MATLAB generates L
Jupdates variables < S =
‘ and call C# ~ catsfied? -
implementation S
‘ Finish ‘
| C# implamentation
v
Generate Python Calculate objective |
seript for ABAQUS fimction value
Call ABAQUS for RmVABSto |
caleulating mesh calculate stiffness
coordinates matTix
ik
[ | Adapt ABAQUS output
> to VABS mput
Figure 5: Flowchart of optimization loop.
The 4x4 classical stiffness matrix includes

extension, twist and bending deformations whereas
6x6 Timoshenko stiffness matrix, illustrated in Eq.
1, is more accurate because of containing shear
deformations as well. (Yu, 2013).

M
;)

[511 S12 S13 Sia Sis 516] (Y

[S12 S22 Saz Saa Sas Sae||2V12]|
Fs{ _|S13 S23 S33 Sza S3s Ssel|)27as 1))
M, S1a Saa Sza Saa Sas Sae|| Ki

Sis Sas S35 Sas Sss Sse|| Kz )

S16 S26 S36 Sas Sse  Ses K

Each type of couplings is handled separately as
extension torsion, lead-lag torsion, flap torsion by
objective functions pia, Bas, Pas respectively. To
minimize couplings, in other words maximizing
objective functions, 6x6 Timoshenko stiffness
matrix is quite necessary. Also, the optimization
algorithms tend to minimize as it is usually the
norm, so the objective function is multiplied by
minus one for maximization.

74

In optimization model benefitted from XV-15 rotor
blade spar geometry and material properties, given
in Table 1.

Table 1. Material properties of AS4/3501-6
graphite epoxy (Jung et al., 2002).

Property Dimension
p (kg/m®) 1603

E1 (N/m?) 1.42 x 101
E2 (N/m?) 9.8 x 10°
E3 (N/m?) 9.8 x 10°
G12 (N/m?) 6 x 10°
Giz (N/m?) 6 x 10°
Gas (N/m2) 4.83x10°
V12 0.42

Vi3 0.42

Vo3 0.5

Optimization variables are box beams width(xy),
height(xz), and thickness (xs, X4) and 16 ply angles.
From the inside out xs, Xs, X7, Xs are top wall ply
angles, X, X10, X11, X12 are left wall ply angles, Xi3,
X14, X15, X16 are bottom wall ply angles and Xi7, Xis,
X19, X20 are right wall ply angles.

Obijective function for extension torsion

Bia = Sia/ (S11* S4a)

Obijective function for Lead-Lag Torsion

@)

Bias = Sae/\ (Saa * Se6) 3)
Obijective function for flap torsion
Bas = Sas//(Saa * Sss) )

Constraints for all torsion types
0.20>x1 > 0.12 (meter)

0.10> x> 0.06 (meter)

0.20 > x3, X4=> 0.12 (meter)
90=>Xs, ..., X20=>-90 ()

4. Result and Discussion

Upon analyzing the results, CUS-CAS layup
approach and fmincon give almost identical
outcomes and hybrid solver produces a much
better objective function value than them. This
study presents that symmetrical-balanced layup
approach calculated with gradient-based algorithm
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results in a grind to a halt in local optima. After all,
stochastic and hybrid algorithms are preferable
alternatives to reach global optimum solution. The
comparison of gradient based algorithm with
stochastic method results are given in Figure 6,
Figure 7 and Figure 8.

In extension torsion coupling optimization, no
significant improvement has been observed, given
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results Figure 6a, Figure 6b. Even gradient based
fmincon has given almost the same result as CUS,
see Figure 6a. Hybrid algorithm gives a
remarkably better result in lead-lag torsion
optimization, nearly double the improvement on
coupling minimization. In the case of lead-lag
torsion CAS layup and fmincon gives similar
results as in extension torsion. The benchmark
results are shown in Figure 7a, Figure 7b.
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Figure 7. Lead-Lag torsion results. a) fmincon, b) Hybrid algorithm.
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In the flap torsion coupling, fmincon and CAS
layup produce identical results like other coupling
types. Hybrid solver, combined stochastic and

improvement in flap torsion coupling, the
outcomes are given in Figure 8a and Figure 8b.

deterministic algorithms, yields 20%
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Figure 8: Flap Torsion Results. (a) fmincon, (b) Hybrid Algorithm

As a consequence of this study, hybrid algorithm
produces global solution despite the fact that
gradient based fmincon gives local optimum.

is shown in Table 2. Also, hybrid optimization
algorithm, free layup angle distribution and
developing composite manufacturing techniques

Hence, hybrid of deterministic and stochastic provides better solution for maximizing

techniques is an efficient alternative solution for performance of helicopter rotor.

both of them, the summary of optimization results

Table 2. The comparison of algorithms results
Extension Torsion Lead-Lag Torsion Flap Torsion

Variables fmincon Hybrid fmincon Hybrid fmincon Hybrid
x1* 0.2 0.2 0.12 0.12 0.2 0.2
x2™ 0.1 0.06 0.1 0.1 0.06 0.06
x3¥ 0.002 0.002 0.0026 0.003 0.0021 0.002
X438 0.002 0.002 0.002 0.002 0.003 0.003
X51 24.5 29.6 0.0 -50.3 18.4 27.5
X6 24.2 90.0 0.0 -47.8 19.0 90.0
X7T 23.5 29.0 0.0 57.4 19.7 27.0
X8 23.5 28.7 0.0 -45.4 19.4 26.9
X9t 24.1 -85.6 14.5 87.3 0.0 -46.5
x10M 23.6 314 15.6 22.3 0.0 -45.9
X211 23.3 90.0 15.2 22.4 0.0 58.6
x121 23.2 31.2 15.5 22.3 0.0 -45.3
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x13¢ 24.5 90.0 0.0
x14+ 24.2 29.3 0.0
x15¢ 235 28.8 0.0
X16¢ 235 28.3 0.0
X175 24.1 -82.0 -14.5
x18% 23.6 29.0 -15.6
Xx19% 233 28.5 -15.2
X205 23.2 28.1 -15.5
F(x)& -0.746 -0.758 -0.338

-52.0 -18.4 -26.7
-89.9 -19.0 -27.0
-48.0 -19.7 -27.3
544 -19.4 -90.0
-24.0 0.0 47.7
87.9 0.0 -51.9
-24.2 0.0 -52.1
-24.3 0.0 55.7
-0.616 -0.596 -0.728

(‘width, ™ height, ¥ flange thickness, % web thickness, Ttop wall ply angles, 7 left wall ply angles, * bottom
wall ply angles, * right wall ply angles, % objective function value)

5. Conclusion

The summary of this paper, stochastic methods'
wide scanning ability and gradient-based methods'
less time and accuracy advantages are combined to
attain global solution of helicopter rotor blade
performance. Also, free layup angles approach
gives better solution than CUS and CAS laminate
distribution, given in Figure 6. The effect of both
the optimization technique and the free angle
distribution is great in achieving much better
compared to the initial design. The optimized
results of a carbon fiber reinforced polymer(CFRP)
box-beam show that the couplings of lead-lag
torsion and flap-torsion increase almost 100% and
20% respectively, by the hybrid algorithm.

In order to reach realistic solution in design
process, the optimization model of the helicopter
rotor blade performance should be expanded with
aeroelastic  and  aerodynamic  parameters,
constraints and objective functions and the hybrid
of stochastic and gradient based algorithms should
be used in the blended model.
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A Novel Approach for Improving Wrinkle Resistance and
Flame Retardancy Properties of Linen Fabrics

S.S. Ugur'*, M. Bilgic!

Abstract: Flax is an important fibre for textile industry not least because of its excellent properties.
However, in its untreated form, linen fabrics possess poor wrinkle resistance and burn easily with a high
flame velocity. Linen fabrics functional finishing researchs have been mainly focused on reducing these
problems to achieve the desired fabric property for using its as wearing apparel, household textile and
composite material. This study was undertaken to investigate the novel durable wrinkle resistant and flame
retardant finishing of the linen by using 1,2,3,4-Butanetetracarboxylic acid, Nano polyurethane for cross-
linking and AI?03 nanoparticles for catalyst in padding process. Attenuated Total Reflectance Fourier
Transform Infrared Spectroscopy and Scanning Electron Microscopy with Energy Dispersive X-ray analysis
were used to characterization. Colour difference, whiteness and yellowness analysis was performed on the
linen fabrics before and after the chemical treatment. Tensile strength tests of the warp and weft yarns were
performed to evaluate the effect of finishing treatment. With the chemical treatment, linen fabrics wrinkle
resistant and flame retardant properties enhanced. The durability of the functional properties were also tested
after 5 washing cycle.

Keywords: Flax fiber, wrinkle-resistance, flame retardancy, BTCA, Nano PU, Al>Os nanoparticles.

1. Introdiction In the present time, wrinkling has an increasing

effect on the overall quality of the linen fabrics
In the recent decades, demands for natural fibers used as apparel and household textiles. Wrinkles
than its synthetic counterparts increased day by are defined as fabric deformation based on its
day because of their eco-friendly character. viscoelastic properties. Linen fabrics have a very
Among these natural fibers, flax is widely used for poor resistance to creasing due to the high
wearing apparel, household textiles and industrial orientation of cellulose content in the fibre.
composite materials. Flax fibers main chemical Wrinkle free finishing is also known by consumers
components are alpha and hemi celluloses. When as ‘Easy Care’ and ‘Wrinkle-resistant’. Nowadays,
flax fibers used in a textile material prosess, it is chemical agents which can be used for wrinkle-
named as linen. The reasons of preference for linen resistant of cotton fabrics, can‘t be used for linen
textiles, they shows excellent tensile properties, fabrics efficiently because of the flax fiber
comfort, high tenacity and  appearance. tendency to crease easily. The main problem with
Nevertheless, linen fabrics have high stiffness, low these chemical agents in use, while wrinkle
resilience, low wrinkle recovery angle recovery angle increases, the breaking strength of
disadvantages (Mccall et al.,, 2001; Kim and the fabric decreases. So, a new chemical finishing
Csiszar 2005; Lam et al.,, 2010; Vasile et al., process which improves Easy Care properties,
2012). Chemical modification of linen fabrics for without damaging tensile properties, is still an
improving the undesired properties has been unsolved problem. Flame retardancy properties of
studied for attaining a higher quality and technical the linen fabrics is an important property when will
performance rather than by using a high cost fibre be used as industrial composite material. But the
(Choi et al., 1994; Tzanov and Cavaco-Paulo same tensile properties damaging problem occurs
2006; Holme. 2007). with the flame retardant chemical agents, too
1Siileyman Demirel University, Textile Engineering, 32260,Isparta, Citation (Atif): Ugur, S.S., Bilgi¢, M. (2017). A Novel Approach for
Turkey. Improving Wrinkle Resistance and Flame Retardancy Properties of
2Siileyman Demirel University, Gratuated School of Natural And Linen Fabrics. Bilge International Journal of Science and Technology
Applied Sciences, Textile Engineering, 32260, Isparta, Turkey. Research, 1 (2): 79-86.
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(Mccall et al., 2001; Kim et al., 2005; Vasile et al.,
2012).

The improvement of a finishing process which
improves easy care properties, without influencing
strength characteristics, has been a long-term aim
for researchers, is still remains to be satisfactorily
solved. (Vasile et al., 2012). The ester crosslinking
of cotton by 1,2,3,4-Butanetetracarboxylic acid
(BTCA), catalyzed with sodium hypophosphite
(SHP), has been found to be superior for wrinkle-
resistant property of cotton fabric with increase in
strength properties (Choi et al., 1994; Tzanov et
al., 2006; Holme. 2007; Lam et al., 2010).

Using a co-catalyst like titanium dioxide (TiOy)
has been found feasible to enhance the crease
recovery performance with minimum side effects
(Wang and Chen, 2005; Chen and Wang, 2006;
Liu et al., 2008).

Durable functional finishing systems that does not
lose too much of its mechanical strength for linen
fabrics are needed. The objective of this work is to
investigate the novel multifunctional chemical
finishing of linen fabric by using Nano
Polyurethane (Nano PU), BTCA for cross-linking
in padding process. Al,O3 nanoparticles used as
co-reactants in the chemical formulation to
enhance the performance of chemical finishing and
minimize the side effects. Fourier Transform
Infrared Spectroscopy with Attenuated Total
Reflection mode (FTIR-ATR) and Scanning
Electron Microscopy with Energy Dispersive X-
ray analysis (SEM-EDX) were wused for
characterization. Flax fabrics wrinkle-recovery and
the finishing treatments on the some physical
properties (tensile strength, colour change,
whiteness and yellowness values) of the linen
fabric has also been studied.

2. Material and Method
2.1. Materials

1,2,3,4-Butanetetracarboxylic ~ acid ~ (BTCA),
Sodium hypophosphite (SHP) and Aluminum
oxide nanoparticles (Al,Os; nanoparticles, particle
size <50 nm, specific surface area 40 m?/g) were
purchased from Aldrich. Nano polyurethane
(Baypret Nano PU, particle size <100 nm) anionic
dispersion was purchased from Tanatex
Chemicals. 1,2% Al,O; nanoparticle suspensions
were prepared at 40 Watt for 1 hour by Sonics
Vibra-Cell Ultrasonic Homogenizer.
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The bleached linen woven fabric was used as
substrate. The fabric properties: plain weaved,
250.2 g/m?, 17 threads/cm warp and 12 threads/cm
weft. The fabric was cut into approximately 35 cm
X 70 cm pieces before padding.

2.2. Impregnation process

For finishing process, a laboratory type padding
machine was used and 7 recipes were applied with
75% pick-up value to the linen fabric as shown in
Table 1. A and B receipts were used as control
receipts for obtaining the chemical's effect solely
to the functional properties. For the other receipts
pH values were evaluated. After the impregnating
processes, all the samples were dried at 100 °C and
cured at 150 °C for 5 min.

Table 1. Applied receipts to linen fabrics

Samples Receipt pH values

A 5% BTCA ]
10% SHP

B 20% Nano PU -

5% BTCA
C 10% SHP
1% Al;,0s

3.5-4

5% BTCA
D 10% SHP
2% AlO3

3.5-4

5% BTCA
E 10% SHP 5
20% Nano PU

5% BTCA
F 10% SHP 5
40% Nano PU

5% BTCA

10% SHP

1% Al,O3
20% Nano PU

2.3. Evaluation Methods

Fourier transform infrared attenuated total
reflectance (FTIR-ATR) measurements

Perkin Elmer Spectrum BX spectrometer was used
to obtain the infrared spectra of surfaces using an
ATR sampler. The spectra were taken over a wave
number range of 4000400 cm—1 with a resolution
of 2 cm—1 at room conditions.
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Scanning electron microscopy (SEM-EDX)

FEI QUANTA 250 FEG high resolution scanning
electron microscope (SEM) equipped with energy
dispersive spectroscopy (EDX-Oxford Aztec)
Microanalysis system was used to examine the
surfaces of woven cotton samples at an
acceleration voltage of 10 kv. The cotton fabric
samples were coated with 10 nm Au/Pd prior to
SEM observation.

Whiteness, yellowness and colour difference
value measurement

Minolta 3600d spectrophotometer was used to
obtain the colour difference, whiteness and
yellowness (Stensby index) values of the untreated
and functional finishing applied linen fabrics,
which is using D 65 light source to examine the
chemical effect on the yellowing properties of the
fabrics.

Tensile strength measurement

The mechanical tests were performed on a Lloyd
LR5K Plus electronic tensile strength machine
according to EN 1SO 13934-1 Standard- Textiles-
Tensile properties of fabrics- Part 1: Determination
of maximum force and elongation at maximum
force using the strip method. The breaking strength
of the untreated and functional finished fabrics was
tested at fracture. Linen fabrics were kept for 24 h
at standard conditions (20°C and 65% Relative
Humidity) before the mechanical tests. All the
sample tensile strength analysis was repeated after
5 washing cycles.

Flame retardancy measurement

Flame retardant properties of the fabrics were
measured according to DIN 543352 Standard (45 °
law by burning the ignition testing textile fabric
side of the combustion characteristics) by
Govmark 45 ° combustion tester.

Wrinkle-Resistance

The crease recovery angle test was carried out
according to the TSE TS 390 EN 22313-1996
(Textile Fabrics-Determination Of The Recovery
From Creasing Of A Horizontally Folded
Specimen By Measuring The Angle Of Recovery)
Standard in a crease recovery angle tester. Fabric
samples were cut in 40mm x 15mm dimensions in
both weft and warp directions. Then samples were
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horizontally folded and kept under 10N forces for
60 min. When the time ran out, the load was
removed and the angle between folded parts was
measured by using a crease recovery angle tester
after 0.5, 30 and 60 min.

Washing procedure

Functional properties of functional finished linen
fabrics such as flame retardant and wrinkle
resistance functions were analyzed after the
padding process. For determining the durability of
these functional properties, linen fabric samples
were washed 5 times at 40 °C for 30 min. with
laboratory type washing machine Gyrowash.

3. Results

The wrinkling which is the major disadvantage of
linen fabric may handle the situation by crease-
resistant finishing processes. Figure 1 and 2 shows
the results of the untreated, treated and washed
linen fabrics, weft and warp directions wrinkle
resistance test results. The test results proved that
the applied finishing processes, especially with
Nano PU content are very effective in improving
the wrinkling properties. For the treated fabrics on
weft directions receipt F and G shows the best
improvement for wrinkle angle after 60 minutes.
On the warp direction test results, it can be clearly
seen receipt G gives the best results.

After 5 washing cycles, significant increase in
wrinkle resistance still remains. According to the
weft and warp direction wrinkle resistance test
results before and after the washing cycles, it can
be said that Receipt F is the optimum chemical
composition.

A strong adsorption band with a maximum of 1030
cm is a result of the overlapping bands attributed
to the functional groups of linen fibres cellulose
groups, namely the C-C, C-O and C-O-C
stretches vibrations. After finishing processes, this
band shows increase in intensity when the C-O
groups occupied with Al,Os; nanoparticles for
samples C, D and G. The FTIR-KBr spectra of
Al,O3 nanoparticles is shown in Figure 3.
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Figure 1. Weft direction wrinkle resistance test
results of the linen fabrics after 0.5, 30 and 60
minutes.
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L[
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Figure 2. Warp direction wrinkle resistance test
results of the linen fabrics after 0.5, 30 and 60
minutes.

Al,O; nanoparticles indicate a strong metal-
oxygen (M-0) adsorption band between 830 and
550 cm™® wavenumbers (Ugur et al. 2011). An
absorption peak around 550 cm™ on the C, D and
G fabrics FTIR-ATR spectra can be attributed to
Al>,O; nanoparticle according to the FTIR-KBr
spectra of Al,Os nanoparticles. E, F and G sample
spectra shows a vibration band between 3200-3400
cm* wavenumbers according to the N-H groups of
the Nano PU content. The same intensity increases
can be seen on the bands 2800-3000 cm™ (CH-CH)
and 1500 cm™* (H-N-C=0) due to the amide groups
of the Nano PU. For all the treated samples, a
strong band near 1700 cm is assigned to carboxyl
acid groups (-COOH) introduced by the BTCA
content.
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Figure 3. FTIR-ATR spectra for untreated and
treated flax fabrics.

Colour, whiteness and yellowness values of all the
samples are presented in Table 2. It can be
observed that the performed treatment in the
present of Nano PU totally resulted in worst
whiteness and yellowing values. This means that
with the increasing concentration of the Nano PU
causes significant deterioration on the fabric
appearance. All the test results bearing in the mind
that it can be seen finishing treatment except F
shows close colour, whiteness and yellowness
values.

Table 2. Colour (L, a, b and C), whiteness and
yellowness values of untreated and treated flax
fabrics

Colour Values Whiteness  Yellowness
Samples
a b C Values Values
85.37 -1.68
93.72 1.4
123 0.67
Whiteness  Yellowness
AE Values Values
Difference  Difference
A 0.87 -5.78 3.09
B 1.94 -7.11 5.18
C 0.83 -4.23 3.15
D 0.1 -2.11 1.81
E 1.55 -5.9 4.47
F 3.57 -11.35 6.51
G 1.52 -6.69 4.37
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The flame retardancy values of the untreated, the flame retardancy property. On top of that,
treated samples before and after 5 laundering increasing Nano PU and AlOz nanoparticle
cycles is calculated and reported in Table 3 to concentrations have greatly affected the resulted
evaluate the laundering stability of the finishing. values. The best results were taken from the
Flame retardant properties of the samples samples treated with F and G receipts.
enhanced with the applied receipts approximately Furthermore, it can reach a conclusion that the
80% and bigger. It can be realized that the flame retardancy property of treated linen fabrics
concentration of both Nano PU and Al;O3 can withstand against laundering for at least 5
nanoparticle are important determining factor in washing cycles.

Table 3. Flame retardancy test results of untreated and treated flax fabrics after treatment and washing cycles

Flame retardancy

P retardancy (s) Difference after washing Difference
cycle (s)

U 29.025 - - -

A 47.7 64.34 35.1 20.93

B 41.725 43.76 31.4 8.18

C 52.175 79.76 50.2 72.95

D 52.825 81.99 50.6 74.33

E 52.325 80.28 48.9 68.47

F 55.075 89.75 51.4 77.09

G 54.875 89.06 51.2 76.40
Table 4 shows the warp and weft breaking addition in the receipts this negative direction
strength test results of the untreated and treated changed to the positive side. Especially for the G
flax fabrics and the difference (%) of the treated sample in the warp samples breaking strength
fabrics values according to the untreated sample. values increased approximately 8%. It is
With the A and B control samples, it can be concluded that the resulted treated samples
clearly seen BTCA and Nano PU contents quite a breaking strength properties did not affect in a
little affected breaking strength of the fabrics in negative way.

the negative direction. With Al,O3; nanoparticle

Table 4. Breaking strength of the untreated and treated flax fabrics

Breaking strength Difference Breaking strength

Samples (warp, N) %) (weft, N) Difference (%)
U 606.648 - 513.742

A 599.856 -1.12 503.21 -2.05

B 611.698 0.83 512.232 -0.29

C 629.486 3.76 514.238 0.09

D 635.08 4.69 515.646 0.37

E 614.256 1.25 509.864 -0.76

F 619.982 2.19 511.223 -0.49

G 655.854 8.11 515.439 0.33

83



Bilge International Journal of Science and Technology Research 2017, 1(2):79-86

Scanning electron microscopic analysis examined
the surface topology of untreated and treated flax
fabrics shows in Figure 4. The SEM photographs
expose that the effect of crosslinking is visible as
the definition of fine structural detail in the

surface regions of flax fibers. With Al;O3
nanoparticle addition in the receipts, some
agglomerations on the fibers surfaces were seen.
The surface topography of the fibers is entirely
modified after the treatments.

Figure 4. SEM spectra of untreated and treated flax fabrics.
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Figure 5. EDS spectra of untreated and treated flax fabrics

SEM-EDS analysis was also performed to verify
the elemental composition of the treated flax fabric
surfaces. Figure 5 shows EDS survey spectra of
untreated and treated flax fabrics. The aluminium
amount is determined as 1.05% for C, 2,07% for D
and 13.02% for G samples. In the use of Nano PU
and BTCA as crosslinking agent in the G receipt
the aluminium peak shows an increase. These
results promoted by the SEM photographs.

4, Discussion and Conclusions

In conclusion, it is demonstrated and characterized
the possible durable multifunctional finishing
process of linen fabrics. ATR-FTIR and SEM
verified the presence of the AlI203 nanoparticles
and Nano PU deposited on the flax fibres. The flax
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fabrics applied with the Al,O3; nanoparticles
exhibited attractive wrinkle resistant and flame
retardant properties. With the receipt G can be
seen as the optimum values of the contents
according to functional and physical properties.
Al,O; nanoparticles used as co-reactant into the
chemical formulation enhanced the performance of
chemical finishing and minimize side effects.
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Abstract: The objective of this article is to investigate the adsorption of dye from aqueous solution using
Cordia myxa as the target adsorbent. In the adsorption experiments active carbon (Cordia myxa) were used in
raw form, treated with ZnCl2 and sonic wave. Experimental studies have shown that C.I. Disperse Blue 56
(C.1.D.B 56) dye adsorption of active carbon obtained from (Cordia myxa) is maximum at pH 7. The
adsorption process was completed in 60 minutes and about 80% were completed in the first 30 minutes. The
best adsorption took place at 25°C. All adsorption events are fit in with pseudo 2nd order reaction kinetics
and adsorption equilibrium is fit in with Freundlich Isotherm. The using of sonic wave in activated carbon
(Cordia myxa) preparation increased the surface area 2,5 times. Sonic wave activation created bubbles and
new pores when viewed from SEM photographs. In particular, it has been determined that sonic wave is an
effective method for preparing activated carbon. When thermodynamic parameters are taken into account, it
is determined that no external energy is required for the adsorption to occur and the physical events are more
dominant in the adsorption.

Keywords: Adsorption, Cordia myxa, Dye, Aqueous solution, Kinetics, Isotherm, Thermodynamics

1. Introduction entered to the water which interferes on the growth
of bacteria to levels cannot biologically degrade
Recently waste products to the environment impurities in the water. pigment in effluents can
represent one of the important problem in the effect as follows:
world that has been highlighted by many research 1. Pigment may have acute and/or chronic effects
deals with environmentalist field. There are many on exposed organisms dependence on the exposure
kinds of waste produced from industries such as time and dye concentration.
colored organic wastes, textiles, rubber, paper, 2. Pigments are inherently highly visible, meaning
plastic, cosmetics, etc. Discharging of dyes into that concentration as low as 0.005 ppm capture the
water resources which can affect the hydrous life attention of both the people and the resrechs.
and food web. Dyes can also cause different kinds 3. Pigments absorb and reflect sunlight entering
of skin diseases. Some of them have been reported water and so can interfere with the growth of
to be carcinogenic and mutagenic for aquatic bacteria and hinder photosyn article in aquatic
organisms. The possesses of treatment for painter plants (Skolar and Marechal, 1998).
in industrial wastewater have many difficulties
since painters are generally difficult degenerate to The annual production of pigments in the world is
biologically. Many different techniques have been about 7x105 t, 5-10% of textile industries. The
used for the removal of colored dyes from important of treatment of these pigments are of
wastewater such as oxidation, nano filtration, characteristics origin and toxic in nature with
ozonation and coagulation (Yesilada et al., 2002; suspected carcinogenic and genotoxic effects
Ugurlu and Gurses, 2007). (Sudipta et al., 2005). It is clear that 10-25% of
textile pigments are lost during the dyeing process,
The greatest environmental concern problem deals and 2-20% of such dyes are directly released as
with dyes absorption and reflection of sunlight that aqueous effluents in different environmental
1Siileyman Demirel University, Faculty of Engineering, Department of Citation (Atif): Kilig, M., Janabi, A.S.K. (2017). Investigation of Dyes
Environmental Engineering, Isparta, Turkey Adsorption with Activated Carbon Obtained from Cordia myxa. Bilge
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constituents (Baban et al., 2010). Leading to clear
water pollution, a great problem in modern era.
The World Bank has estimated that almost 20% of
dyeing (Kalaiarasi et al., 2012). In general, dyes
are low degradable materials or are not effect by
environmental conditions (Crini, 2006). The main
methods which are used to remove or treat colored
effluents are oxidation, coagulation and
flocculation, biological treatment, membrane
filtration, etc. furthermore, these methods are not
enough to remove certain forms of color,
particularly those arising from reactive dyes as a
result of their high solubility and low
biodegradability (Tsai et al., 2001). Adsorption
treatment method is an effective alternative
method used to remove of paint from waste water.
The adsorption treatment has many advantages,
such as less sensitivity to daily change, less
susceptibility to toxic chemicals, greater flexibility
in design and operation, and superiority in the
removal of organic pollutants, with less space (half
or quaternary as needed in a biological system)
(Vijayaraghavan et al., 2009).

The main factors effect on adsorption process are:
1. The main properties of the active carbon (i.e.,
surface area, pore size, chemical composition, etc.)
2. The main properties of the dyes (molecular size,
molecular polarity, chemical composition, etc.).

3. The concentration of the adsorbate in the

solution.
4. The characteristics of solution (pH,
temperature).

5. The contact time of the system (Amin, 2008).

The adsorption of the activated carbon is highly
effective elemant which is used to removing dyes
and pigments (Bhatia, 2001), such as clay minerals
(Meshko et al., 2001), bottom and fly ash (Forgacs
et al., 2004; Kadirvelu et al., 2000), fungi (Wang et
al., 2004), waste materials from agriculture
representing an essential target for these countries
(Wang et al., 2010; Jason et al., 2003).

In addition, a series of recent studies have focused
on the adsorption of some dyes (acid, basic,
reactive and metal compound) with chips of
different woods. In general, there are two
processes for preparing activated carbon physical
activation and chemical activation process. As
compared of physical activation, the chemical
activation has two important advantages. The first
is that the temperature at which the process is
performed is low. The other is that there is not
much need for carbonization during chemical
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global industrial water pollution comes from the
treatment process and different kinds of textiles

activation. Numerous water absorbers or field
desiccants include chemical agents commonly
used in the preparation of zinc chloride active
carbon (Rao et al., 2006). Development of nano
porous structure in by chemical activation carbons
with Zinc Chloride will lead to high adsorption of
carbon for dyes and pigments (Ahmadpour and
Do, 1997; Mohanty et al., 2005; Kannan and
Rengasamy, 2005; Ugurlu et al., 2007).
Furthermore, different variables during the
activation process are very important in increasing
the porosity of carbon sought.

The ultrasonic wave causes the phenomenon
known as cavitation in the environment where
microscopic bubbles grow in the liquid medium
and result in explosion. This Sudden explosive
collapse of these bubbles, " hot spots " can enhance
various chemical and physical processes. (Mason
and Peters, 1999; Suslick et al., 1986). In other
words, localized high temperature, high pressure,
shock waves and strong cutting force can break
chemical bonds. (Kamel et al., 2003; El-Shishtawy
et al., 2003). The acoustic flow caused by the sonic
wave is the action of liquid, which can be thought
of as a kinetic energy conversion of sound. This
event increases the mass transfer rate near the
surface (Chakma and Moholkar, 2011; Kuppa and
Moholkar, 2010). Ultrasonic processing is
practically used in wastewater treatment due to the
high productivity of chemically hazardous
pollutants, biologically degradable biological
objects, saprophytes and pathogenic
microorganisms, water purification from viruses,
microscopic environments. Ultrasonic purification
is an effective and ecological method for removing
water from organic and microbiological
components (Dos Santos Fernandes et al., 2011).
The aim of this work is to convert the Cordia myxa
fruits to active carbon by thermal, chemical and
ultrasonic methods to show the potential of
adsorbing the C.I. Disperse Blue 56 Disperse dye
of the obtained activated carbon.

2. Materials and methods

2.1. Dye solution preparation

C.l. Disperse Blue 56 (C.l.D.B56) is a Disperse
dye., (Cl= 63,285  chemical formula

C14H9BrN204, CAS 31810-89-6, MW=349,1391
g.mol-1, and Amax=556 nm .dye solutions (1000
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mgl-1) were prepared by dissolving 0.005 g of dye
1 L of double distilled water. The dye was filtered
3 time by using a paper filter. Chemical structure
of the dye is shown in Figure 1.

oH O MHz
EI. G‘
MHx © oH

Figure 1. Molecular structure of C.I. Disperse
Blue 56.

2.2. Preparation and characterization of
activated carbon

2.2.1. Preparation of activated charcoal (raw
400 °C)

C. myxa was collected from local trees in Baghdad
(Irag). The collected material was washed with
double distilled water to remove water-soluble
impurities and surface-adhered particles. Then, the
adsorbent was oven dried at 105 °C to remove the
moisture and other volatile impurities.

Two various methods for the prepare the activated
carbon: physical activation and chemical activation
methods (Ho et al., 2005). Chemical activation
provides advantages which the dye removal was
applied in batch mode. Adsorption experiments
were obtained by suspending charcoal in the
effluent and analyzing the supernatant by
spectroscopic method. The resulting impregnated
solids were placed in the capsule, Nitrogen flow at
a rate of 150 cm3 min-1 at the capsule for 3
minutes. And after the capsule was placed in a
stainless-steel tubular reactor and heated to a
temperature of 400 °C for 2h This process occurs
under the nitrogen gas environment. The products
were soaked in concentrated 0.5 M HCI in a
enough amount to overlay the material completely
for 24 hour. The products were washed
sequentially with low temperature distilled water
to expel residual organic and mineral materials and
continuous washing to become. The pH of the
wash water is about (6 - 6.5) and then dried at
105°C for 24 h. (Do and Ahmadpour, 1997). The
heating rate and nitrogen flow were kept constant
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in all experiments. Dried Cordia myxa grinded
with mortar then passed through sieve of 425-
micron size. The preparate method of the activated
charcoal has been obtained in the following
flowchart (Chart 1):

C. myxa

I

Washed with cold
deionized water

Il

Dried at105 oC for 24 h

I

placed in a stainless steel tubular reactor
and heated to a temperature of 400 oC
for 2h.

I

The products placed in concentrated 0,5 M
HCL for 24h

I

Washed with cold deionized water and
continuous washing to become the pH of
the wash water is about (6 -6.5)

I

Dried at 105 oC for 24 h

I

Grinded with mortar for
425 micron size

I

Activated Carbon

Chart 1. For the preparation of activatedcharcoal
from C. myxa

2.2.2. Preparation of activated charcoal by use
zinc chloride and the sonic wave assisted
(400 °C + ZnCl2+ sonic wave)

In this preparation procedure, sonic wave
application and chemical activation with ZnCl;
was applied to the activated carbon that was
produced by physical activation procedure. The
procedure was carried out by diluting 0.5 g
activated carbon in 100 mL of ZnCl; solution and
mixing the resulting solution for 12 h on a
magnetic stirrer. After mixing completed, the
solution filtered and oven dried for 24 h at 105 °C.
Then, dried materials were diluted in 100 mL
distilled water in a beaker. The solution subjected
to sonic wave application by using sonic frequency
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of 20 kHz with powers (750 W) for 20 min.
Furthermore, after this procedure, the final product
was filtered by using a paper filter and dried in
oven at 105 °C at 24 h to remove the moisture and
other volatile impurities. The procedure of the
activated charcoal preparation by using zinc
chloride and sonic wave has been presented in the
following flowchart:

0,5 g active carbon by use zinc
chloride

placed The products in 100 ml distilled
water

|

using sonic frequency 20 kHz with
Powers (750 W) for 20 min

Filtration by using a paper filter

|

Dried at 105 oC for 24 h

|

activated charcoal by use zinc chloride
and the ultrasonic assisted

Chart 2. The preparation of activated charcoal by
use zinc chloride and the sonic waveassisted from
C. myxa

2.3. Batch equilibrium studies

The process of dye removal was applied in batch
mode for all experiments. These experiments were
performed by diluting charcoal in dye solutions.
Equilibrium  experiments for the adsorption
process onto the selected activated carbons were
carried out by using 0.1 g of adsorbent per 25 ml
of dye solution. The pH value of the solution in
each flask was adjusted between 1-9 with HCI and
NaOH solutions. The mixtures were agitated on a
shaker incubator at a constant speed of 150 rpm for
a constant time of 240 min. When the time is over,
the solution in each bottle centrifuged at 10.000
rpm for 10 minutes. The influence of pH was also
studied by adjusting the reaction mixture to
different initial pH values and analyzing the
residual color at the equilibrium contact time.
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2.4. Analysis

The concentration of C.I. D.B. 56 was determined
and it has constant value in the supernatant after
and before adsorption with a 1.0 cm light path
quartz cells using UV-Visible spectrophotometer
(Hach DR 5000). at A max of 549 nm, Prior to the
measurement a calibration curve was calculated by
using the standard C.I. D.B. 56 solution with
known concentrations.

Then the ratio of dye removal was obtained by
using the following relation:
%Ad =(Co—Cs) / Co)*100 Q)
The amount of dye adsorbed onto the activated
carbons, ge (Mgg?), was obtained according to:

@

Where Cp and C. are the initial and the final dye
concentrations (mg I?), respectively, and W is the
amount of adsorbent (g), V is the volume of the
solution (L) (Ran Zhao et al. 2010).

qe:(CWCe)V/W

3. Results and Discussions
3.1. Character of character of C. myxa

The BET surface area was obtained from N;
adsorption isotherms by using the Brunauer—
Emmett-Teller (BET) equation (Gregg and Sing,
1982). Physical characterizations of C.myxa were
given in Table 1. The microstructure of C.myxa
plays an important role on the adsorption capacity.
It is well know from the existing literature that
surface area of an activated carbon produced from
several agricultural by-products becomes greater
than that of its raw form after it is subjected to
physical or chemical treatments. In this study, the
reason of why surface area of the activated carbons
examined did not increase so much can be referred
to the low lignin content of the adsorbent material,
of which fruits were used as adsorbent.

Table 1. Physical characterization of C.myxa

Parameters Value aw 400

°C)

Value (400 °C +

ZnCl2+ sonic wave)

BET surface area 1.38 5.95
(m%g™)

pore volume (cmg~") 0.0023 0.0095
PORTION SIZE (nm) 6.84 6.42
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Fig.2 show the Scanning Electron Microscopy
(SEM) analysis of activated carbon (C. myxa ) as
raw material (C.myxa) and the active carbon from
(raw C.myxa). SEMs of the (raw C.myxa) explain
the development of porosity of the prepared
activated  carbons  after  activation and
carbonization at the optimum operating conditions

with x334-1000 magnification. From Figure 2, it
appears that the outer surface is filled with voids.
Furthermore, SEM showed different preparation
conditions with different porosity. In addition,
porosity also depends on the starting material (El-
Sheikh et al. 2004).

Figure 2. SEM of Produced activated carbon at 400°C raw SEM images of the sample at x334-1000

magnification

Figure 3 shows SEM image of the activated carbon
obtained by (physical activation + chemical
activation + sonic wave) applications. It is clearly
seen that the pores formed in different shapes and
sizes. This result imply that this examined
activated carbon had more pore openings. It was

thought that cracks, which are formed as a result of
treatment with ZnCl,, were broken up by the effect
of the sonic cavitation, and new pores are formed.
In the same way, an increase in the specific
amount is observed but the surface area is
increased to a small extent.

Figure 3. SEM of Produced activated carbon At 400°C+ZnCly+ sonic wave SEM images of the sample at

x500-2000 magnification
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3.2. Effect of pH

The results of the experiments carried out to
determine the effect of pH change on the
adsorption are presented in Figure 4. (a) raw 400
°C. As shown in Figure 4. (a) raw 400 °C, the
highest specific capture value was anticipated at
pH 1. With higher pH, the specific trapping
amount of sorbent dye was reduced to 2,02 mg /g
at pH 3. After pH 3, the capture increased to 3.4
mg/g at pH 5. After this value, the pH do not stay
constant for capturing, while at pH 7,8 and 9 the
trend did not show any appreciable increase and
decrease. pH is an important parameter in
adsorption since it affects the surface character of
the adsorbent, as it affects the behavior of the
adsorbate in solution. Therefore, it is absolutely
necessary to determine the optimum pH value in
each adsorption run. As the pH increased, the
negatively charged sites on the sorbent surface
increase whereas the positively charged sites
decrease. C.I. D.B 56 dye. This means that the
positively charged region will allow the
electrostatic quartz to enter the circuit. Negatively
charged surface areas on the adsorbent do not
favor adsorption of dye anions due to electrical
repulsion. If the pH value of the solution is high
during the adsorption of anionic dyes, the OH-
ions enter the dye anions and the adsorbent surface

does not prefer to adsorb dye anions (Ozcan and
Ozcan, 2004). For this reason, the raw Cordia
myxa plant was exposed to 400 °C pyrolysis to
obtain activated carbon. By decreasing the pH
value, activated carbon surface is protonated and
anionic color is retained. The change in adsorption
efficiency with pH value is shown in Figure 4.(a)
raw 400 °C. Thus, Optimum pH value was taken
as 5 despite this value not the maximum. when the
pH value taken 1 meaning there is an excess acid
in the solution.

The change of adsorption phenomenon by pH
value is presented in Figure 4. (b) 400 °C+ZnCl; +
sonic wave. As shown in Figure 4. (b) 400
°C+ZnCly+ sonic wave, the maximum specific
capture value was increased up to 3.22 mgg™ at
pH1, while the pH increased, sorbent specific
capture amount decreased to this pH was 2.78 mg
gt at pH 3. After pH 3, the capture was increased
to 3.11 mg g* at pH 4. After this value, the pH do
not stay constant for capturing. This increase
continued until pH 7. The capture amount at pH 7
was approximately 3.47 mgg?. Therefore, the
optimum pH value was taken as pH 7. Subsequent
sorption experiments were carried out at pH 7 have
indicated that dye solubility pH values play an
important role in adsorption capacity and
adsorption (Bousher et al., 1997).

=&=2) raw 400 °C

b) 400 °C +
ZnCl2+ sonic
wave

Figure 4. Effect of pH on the removal of dyes (a) raw 400 °C at 25 °C(b) 400°C+ZnCl+ sonic wave at 25°C
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3.3. Effect of adsorbent dosage

Equilibrium data, known as adsorption isotherms,
are one of the important parameters that must be
known for the design of adsorption systems.
Equilibrium data must be obtained experimentally
before designing adsorption systems. In this study,
it was researched whether the Langmuir and
Freundlich isotherms, which have a lot of use in
adsorption studies and environmental engineering,
fit the experimental data. The coefficients of these
isotherms were calculated for a given pH, initial
concentration, temperature, and mixing rate. By
using these coefficients, it is tried to have
knowledge about active carbon dye adsorption.
The experimental data obtained during the
adsorption of the activated carbon are shown in
Figure 5.(a) 400 ° C raw. Figure 5.(a) 400 °C raw
shows that capacity decreases as the amount of
adsorbent increases. When the amount of
adsorbent increases, Qe decreases. Adsorbent
adsorbed with increasing dose per gram of
adsorbent can be explained by the amount of the

dye adsorption ge reduction unit. As the adsorption
dose increases, the amount of adsorbed is actually
increased, but when the adsorbent is calculated per
unit, the ge value, ie, the unit adsorption is less. In
the adsorption with activated carbon, qmax appeared
to be 6.80 mgg™ at a dosage of 0.1 g.

The experimental data obtained during the
adsorption of C.I.D.B 56 with activated carbon
obtained by exposure of the chemically activated
carbon to the sonic wave are presented in Figure
5.(b) 400 °C+ZnCl+ sonic wave. Figure 5.(b) 400
°C+ZnClz+ sonic wave shows that as the amount
of adsorbent increases, ge decreases. ge reduction
of the amount of adsorbed per gram of adsorbent
with increased adsorbent desorption can be
explained by unit adsorption. As the adsorption
dose increases, the amount of adsorbed is actually
increased, but when the adsorbent is calculated per
unit, the ge value, ie, the unit adsorption, is less. In
the adsorption with activated carbon, Qmax Was
found to be 6.93 mg g at a dosage of 0.1 g (Karim
et al., 2006).

8 8

7 -7

6 - 6
o3 3 b) 400 °C +
5’4 i ZnCl2+ sonic
pr wave
T3 - 3 —#=3)raw 400 °C

2 -2

1 -1

0 0

0 100 200 300 400 500
adsorbent dosage, g

Figure 5. Effect of adsorbent dosage on the removal of dyes (a) raw 400°C (pH 5at 25 °C) (b)

400°C+ZnClz+ sonic wave (pH 7 at 25 °C)
3.4. Effect of contact time

In order for the adsorption effect to occur, the
adsorbent and the adsorbed material must contact
for a certain period of time. The determination of
the rate of adsorption to reach the equilibrium is
important for the application of sorbent. The data
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obtained during the determination of the contact
time also gives information about the speed of the
process. In this way kinetic constants are obtained
and reactor design data is obtained during
application. In order to accurately determine the
kinetic data of the adsorption kinetic the dye in the
solution it is necessary to carry out test studies
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(McKay et al., 1999). The data obtained as a result
of kinetic studies are presented in Figure 6. (a) 400
°C. As shown in Figure 6. (a) 400 °C, the effect on
the carbon adsorption capacity of the contact time
is constantly increasing within the first 30 minutes
and at this point approximately 80% of the
adsorption phenomenon is patchy. After 240
minutes, the specific capture rate of the sorbent
dye is 3.4 mg g After 30 minutes the sorption
reaction is completed in approximately 240
minutes, with no significant increase in 60 and 120
minutes. The completion of the majority of the
adsorption reactions in the first 30 minutes is an
indication that the physical reactions predominate
in the adsorption mechanism. By mixing, the water
boundary layer around the sorbent particles is
broken down. Thus, the layer from which the
solubilizing dye molecules will resist the sorbent
diffusion is rising. When this layer is raised from
the center, the dye molecules can be retained on
the surface and pores of the sorbent. The low result
may be explained by a discrepancy between the
sorbent porous diameter and the size of the dye
molecules. The dye molecules are bigger than the
pores on the sorbent surface, so the adsorption is
not as high as expected. It can be said that
chemical reactions are more intense in the trapping
process after 30 minutes. The reason for this is that
the adsorption phenomenon is slow. performed dye
adsorption with activated carbon from sawdust and
emphasized that the size of the carbon pore and the
size of the dye molecules are important in
adsorption at the end of contact time studies. On
the other hand, the work carried out was similar to
that of this study and most of the adsorption was
completed in the first 15 minutes. After 15 minutes
the capture slowed down and suggested the idea
that the dye was held as a single layer on the
sorbent. at the first 15 minutes, the surface of the
sorbent with time going inward through the cracks
have been found, the voids are filled with the dye
molecules in the solution. This is happening slowly
(Malik, 2004).

Experiments for the exchange of adsorption
phenomenon with contact time are the results
obtained. Presented at 6. (b) 400 °C+ZnCl,+ sonic
wave. As shown in Figure 6. (b) 400 °C+ZnCly+
sonic wave, the effect of the contact time on the
carbon adsorption capacity is continuously
increasing within the first 30 minutes and at this
point more than about 90% of the adsorption
process is completed. After 240 minutes, the
specific capture rate of the sorbent dye is 3.42 mg
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gl After 30 minutes, the sorption reactions is
completed in approximately 240 minutes, with no
significant increase in 60 and 120 minutes. Data
obtained as a result of kinetic studies Presented at
Figure 6. (b) 400 °C+ZnCly+ sonic wave. As
shown in Figure 6. (b) 400 °C+ZnCl,+ sonic wave
the effect of the contact time on the carbon
adsorption capacity is continuously increasing
within the first 30 minutes and at this point
approximately 92% of the adsorption process is
completed. After 240 minutes, the specific capture
rate of the sorbent dye is 3.49 mg g*. After 30
minutes, the sorption reactions is completed in
approximately 240 minutes, with no significant
increase in 60 and 120 minutes. The completion of
the majority of the adsorption reactions in the first
30 minutes, as in the other adsorption runs, is an
indication that the physical reactions predominate
in the adsorption mechanism. After 30 minutes, the
chemical reactions in the capture process may be
more intense. The reason for this is that the
adsorption phenomenon is slow.
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Figure 6. Effect of contact time on the removal of dyes (a) raw400°C (Carbon content 0.1 g, dye
concentration 100 mg I, pH 5 at 25°C) (b) 400 °C+ZnCl+ sonic wave (Carbon content 0.1 g, dye

concentration 100 mg I'%, pH 7 at 25°C).

3.5. Adsorption kinetic study
3.5.1. Pseudo-first-order model

Depending on the absorption capacity of the
adsorbent, Lagergren's (McKay et al., 1999) first
order velocity expression is shown as follows:
dqt/dt=ki(qe—qt) 3)
Where gt is the amount of contaminant adsorbed
on the adsorbent at time t, and k1 is the Lagrangian
first order adsorption rate constant. After
combining and boundary conditions fromt=0tot
=tand gt = 0 to gt = qgt, the union of equation 4
becomes:

log(qe—qt) = logqe—(k1/2.303) *t 4
Where ge and qt are the adsorbed amount (mgg™)
at equilibrium and at any time t, and k1 is the
velocity constant (min'). The plot against log (ge-
qgt) gives a straight line for the adsorption kinetics
at first order. The value of the velocity constant
from the first order is obtained from the slope of
the straight line ki.

3.5.2. Pseudo second order kinetics

The second order equation is based on the
absorption capacity of the solid phase. (Martell AE
and Smith RM, 1977). Unlike the other model, the
concentration predicts behavior over the entire
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range. This can be called second order Kinetic
velocity equation and can be written as follow:
dqt/dt=kz(qe—qt)? (5)
Where K; is the second order rate constant (min g
mg™?), geand g represent the amount of dye (mg g
1) adsorbed at equilibrium and at any time. The
separation of the variables in Eq.6 :
dqt/(qe—qt)*=kat (6)
Where k; is the rate constant of the second order
adsorption. The combined and linear form of
equation 7 for boundary conditionst=0,t=tand
gt =0, gt = qt is as follows:
tiqt=1/(k2*qe)?+(1/qe)*t ©)
By using the data between the contact time and the
adsorption to determine the adsorption kinetics.
The data obtained for this purpose were applied to
pseudo 1st and 2nd degree kinetic values. The
graph drawn for the pseudo first degree kinetic
data is shown in Figure 6. (a) 400raw, and the
graph drawn for the pseudo second degree kinetic
data is shown in Figure 7.(a) raw 400. The
constants of the kinetic formulas are given in Table
2. As seen in Table 2, it appears that the kinetics of
the adsorption correspond the pseudo second order
kinetic equation. Looking at the R? values of the

plotted graphs, the R? value of the pseudo first
order kinetic equation is obtained as 0.379, while
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the R? value of the pseudo second order kinetic
equation is obtained as 0.99. When determining
the Kkinetic equations, the first thing to note is that
the regression coefficient is high. It is believed that
the quinine, which is high in R? explains the
reactions. Accordingly, the kinetics of the
adsorption between the activated carbon obtained
by burning at 400 °C and the C.I.LD.B 56 dye is
explained by the pseudo second order Kinetics,
because the regression coefficient for the pseudo
first order kinetics is 0.379 while the regression
coefficient for the second order pseudo is greater
than 0.99. On the other hand, when the ge values
obtained from the equilibrium are compared, the
pseudo second order Kinetic equation predicts
closer results than the pseudo first order kinetic
equation. The ge value estimated by the
experimentally obtained g.=3.40 mg g?, pseudo
first order kinetic equation was ge=2.51 mg g*
while the ge value calculated using the pseudo
second order kinetic equation was ge=3.41 mg g™.
Many kinetic models are used to determine the
reaction rates of adsorption systems. The
commonly used kinetic model is a pseudo-first
order reaction equation (Ho and Wang, 2006]. The
pseudo first order kinetic equation is a first order
equation that evaluates the adsorption ratio
according to adsorption capacity (Ho, 2006). The
pseudo first-order kinetic equation fits not the
whole contact time but the first 20-30 minutes. The
ki value of the pseudo first order Kinetics equation
varies depending on the initial adsorbate
concentration. Usually, the value of ki decreases

pseudo second-order velocity equation developed
by Ho in 1995 showed that the velocity is
independent of the adsorbate concentration, the
adsorption capacity in the solid phase and the time
dependence. ky value often varies depending on
operating parameters such as initial concentration
of adsorbate, pH, temperature and agitation
intensity. Generally, where the k, value interprets
as a time-scaling factor, the k, value decreases as
the concentration of adsorbate in the liquid phase
increases. The pseudo second degree equality is
also interpreted as a special kind of Langmuir
kinetics. This interpretation assumes that the
adsorbate concentration remains constant over
time and depends on the adsorbed concentration of
adsorbate (Gupta and Bhattacharyya, 2011).

By using the data between the contact time and the
adsorption to determine the adsorption kinetics.
The data obtained for this purpose are pseudo. And
second-order  Kkinetic values. Figure 6.(b)
400°C+ZnClo+ sonic wave for pseudo first-order
kinetic data, and Figure 7. (b) 400°C+ZnCl,+ sonic
wave for pseudo second-order Kinetic data. The
constants of the kinetic formulas are given in Table
2. By using the data between the contact time and
the adsorption, to determine the adsorption
kinetics. The data obtained for this purpose are
pseudo. First-order kinetic and second-order
kinetic values. Figure 6.(b) 400°C+ZnClx+ sonic
wave for pseudo first-order Kkinetic data, and
Figure 7.(b) 400°C+ZnCl,+ sonic wave for pseudo
second-order Kinetic data. The constants of the

with increasing adsorbate concentration. The kinetic formulas are given in Table 2.
Table 2. Kinetic parameters for the removal of C.1.D.B 56 by C.myxa

Pseudo-first-order Oe(exp)(mg g'l) Ki Q€(cal) (mg g'l) RZ(Iiner)
constants

raw 400 °C 3,40 -0,0029 2,51 0,37
400°C + ZnCl,+ sonic wave 3,46 -0,0016 2,31 0,33
Pseudo-second-order Qe(exp)(mg g ) K Q€(cal) (mg g ) R2(liner)
Constants

raw 400 °C 3,40 0,047 3,41 0,99

400 °C + ZnCl,+ sonic wave 3,46 0,051 3,49 0,93
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Figure 7. Kinetics of dye removal according to the pseudo-firstorder model (a) raw400°C (Carbon content
0.1 g, dye concentration 100 mg I, pH 5 at 25°C) (b) +ZnCl,+ sonic wave (Carbon content 0.1 g, dye

concentration 100 mg I',pH 7 at 25 °C)

4 2a)raw 400 °C

b) 400 °C +
ZnCIl2+ sonic wave
(a) raw 400°C

I R (b) 400°C+ZnCI12+
sonic wave

Figure 8. Kinetics of dye removal according to pseudo-second order model (a) raw400°C (Carbon content
0.1 g, dye concentration 100 mg I, pH 5 at 25°C) (b) 400°C+ZnCl,+ sonic wave(Carbon content 0.1 g, dye

concentration 100 mg 1'%, pH 7 at 25°C)
3.6. Adsorption isotherm

The adsorption isotherm mentions how the
adsorption molecules arrange between the liquid
phase and the solid phase when the adsorption
process at equilibrium state. The fitting of the
isotherm analysis data as different isotherm models
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is an important step to obtained the suitable model
that can be used for design purposes
(EI-Guendi, 1991).

The adsorption isotherm is a functional expression
for the change of adsorbate against with
concentration of substance at temperature with
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constant value (Weber, 1972). Upward convection
isotherm is suitable because a relatively high solid
load can be obtained at low concentration in the
liquid. An upwardly concave isotherm is called
ineffective because it produces a relatively low
solid load and causes a relatively long mass
transfer zone in the bed. The linear isotherm passes
through and the adsorbed amount is proportional to
the concentration in the liquid. From these curves,
adsorption will be recorded as a specific property
depending on the nature of the adsorbate-adsorbent
system (McCabe et al., 1993).

3.6.1. Langmuir isotherm

Langmuir isotherm assumes monolayer adsorption
onto a surface containing a finite number of
adsorption sites of uniform strategies of adsorption
with no transmigration of adsorbate in the plane of
surface (T.W. Weber and R.K. Chakravorti.,
1974). The Langmuir equation is given in Equation
8 (Langmuir, 1918).

ge=(gmax*K*Ce)/(1+K *Ce) (8)
When the equation is rearranged
Ce/ge=(1/0max*KL)+(Ce/Umax) 9

Where ge is the amount of dye adsorbed (mgg?),
gmax IS ge for a complete monolayer (mgg™?) , K. is
the sorption equilibrium constant (Img?) , Ce is the
equilibrium concentration (mgg-1) A plot of Ce/qe
versus Ce should indicate a straight line of slope (1
/ gmax) and an intercept of (1/ Qmax *KL), (Weber
and Chakkravorti, 1974).

The fundamental characteristics of the Langmuir
equation can be explained in expression of a
dimensionless factor .The basic properties of the
Langmuir equation can be expressed in terms of a
dimensionless factor R given below (Freundlich,
1906), Ry as in the following :
R=1/(1+K_*Cy) (10)

The Ry value mentions the kind of the isotherm to
be either favorable (0<R <1), unfavorable (R >1),

linear (R.=1) or irreversible (R .=0).
3.6.2. Freundlich isotherm

The Freundlich relation is an experimental relation
applied to describe heterogeneous systems
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characterized by the heterogeneity factor 1 / n.
Then it can be written as follows: (Freundlich,
1906).

ge=K*Cel/n (11)
When the equation is rearranged
logge=logKs+(1/n)*logCe (12)

Where ge is the equilibrium dye concentration on
adsorbent (mgg?), Ce, is the equilibrium dye
concentration in solution (mgl™), Kg is Freundlich
constant mg g-1and 1/n is the heterogeneity factor,
respectively. A value of 1/ n ranging fromOto 1 is
a measure of the adsorption density or surface
heterogeneity and becomes more heterogeneous
when the value approaches zero. While the value
of 1/ n lower than one value indicates a normal
Langmuir isotherm, however, 1/n more than one is
indicative of the cooperative adsorption indicator
(Tan et al., 2007).

Experimental data in which the effects of
adsorbent dose and contact time on the adsorption
capacities of carbon samples were determined
were analyzed by linear regression analysis and
applied to Langmuir and Freundlich isotherm
models and isotherm constants were determined.
In the equilibrium studies, the initial concentration
was selected to be 100 mg I* by taking advantage
of the previous studies. This is to be able to avoid
the error due to the lack of ions in the intended
environment. In order to determine the maximum
adsorption capacity, the concentration of metal in
the solution should not be lacking (Lagergren,
1898). The adsorption isotherm allows us to have
an idea of the distribution of adsorbed molecules
between liquid and solid phase when the
adsorption process reaches equilibrium (Veglio
and Beolchini, 1997). On the other hand, how
much sorbent is important in terms of giving an
idea about how much sorbent will be caught. As
can be seen from Table 3, that the adsorption of
Freundlich isotherm of R? is also compatible with
Freundlich isotherm. Freundlich provides the
condition of 0 <1/ n <1 at 25 °C as seen in Table 3.
As the 1/n value approaches zero the surface area
of the sorbent becomes more heterogeneous.
Therefore, the activated carbon have prepared has
a very heterogeneous surface and can be achieved
as a result. The adsorption of Freundlich
isothermic adsorption suggests that the surface can
also have heterogeneous properties and adsorption
can physically occur (EI-Guendi, 1991).



Bilge International Journal of Science and Technology Research 2017, 1(2):87-104

Appropriate isotherm determination studies have
been carried out to demonstrate the equilibrium
state of the adsorption phenomenon, and the
isotherm constants obtained from the linear
analysis of the Freundlich and Langmuir Isotherm
Models and the graphs which determine the
compatibility of the sorption phenomenon with
these models are presented in Figure 8.
(b)400°C+ZnClp+ sonic wave and Figure
9.(b)400°C+ZnClo+ sonic wave. The isotherm
constants and R? values obtained from the graph
and the calculation result are given in Table 3. As
seen from Table 3, R? is the correct reverse slope
obtained by isotherm graph, although it does not
seem to be higher in the Langmuir isotherm.
Therefore, the results obtained with the Langmuir
isotherm were not considered. For the Freundlich
isotherm, the R? value of the plotted line is 0.88.
The adsorption equilibrium state can therefore be
explained by the Freundlich isotherm. Appropriate

isotherm determination studies have been carried
out to demonstrate the equilibrium state of the
adsorption  phenomenon, and the isotherm
constants obtained from the linear analysis of the
Freundlich and Langmuir Isotherm Models and the
graphs which determine the compatibility of the
sorption phenomenon with these models are
presented in Figure 8. (b) 400°C+ZnClx+ sonic
wave and Figure 9. (b) 400°C+ZnCl2+ sonic wave.
The isotherm constants and R? values obtained
from the graph and the calculation result are given
in Table 3. As seen from Table 3, R? is the correct
reverse slope obtained by isotherm graph, although
it does not seem to be higher in the Langmuir
isotherm. Therefore, the results obtained with the
Langmuir isotherm were not considered. For the
Freundlich isotherm, the R? value of the plotted
line is 0.88. The adsorption equilibrium state can
therefore be explained by the Freundlich isotherm.

Table 3. Isotherm parameters for the removal of C.1.D.B 56 by C.myxa

Langmuir constants Ce(exp)(mg g_l) Qmax KL RL R?
raw 400°C 6,80 -0,227 0,019 0,038 0,94
400°C + ZnCl,+ sonic wave 6,93 -0,26 0,022 0,038 0,941
Freundlich constants Oe(exp)(mg g ) Kimggh | 1/n R?
raw 400 °C 6,80 3,4E-16 0,064 0,884
400°C + ZnCl+ sonic wave 6,93 2,2E-14 0,072 0,886
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Figure 9. Langmuir isotherm plot for adsorption of dye (a) raw 400°C (Carbon content 0.1 g, dye
concentration 100 mg I?, pH 5 at 25 °C) (b) 400°C+ZnCl,+ sonic wave (Carbon content 0.1 g, dye

concentration 100 mg I'%, pH 7 at 25 °C)
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Figure 10. Freundlich isotherm plot for adsorption of dye (a) raw400°C (Carbon content 0.1 g, dye
concentration 100 mg I, pH 5 at 25 °C) (b) 400°C+ZnCl+ sonic wave (Carbon content 0.1 g, dye

concentration 100 mg 1'%, pH 7 at 25 °C)
3.8. Study of thermodynamic

The thermodynamic parameters were obtained to
confirm the adsorption nature of the present
search. Gibbs free energy change (AG °), enthalpy
change (AH °) and entropy change (AS °) can be
calculated to obtained the thermodynamic
feasibility and the spontaneous nature of the
process. The change in enthalpy (AH °) and
entropy (AS °) was calculated using van't Hoff
equation (Murray and Dillard, 1979; Zuhra et al.
2008):

AG° = -RT Inkc (13)

In ke = AS° /R-AH° IRT (14)

where kc = Fe/(1 - Fe), and Fe = (C, - Ce)/ Co; i
the fraction adsorbed at equilibrium, while T is the
temperature in degree K and R is the gas constant
[8.314 J/mol K). By plotting a graph of Inkc versus
1/T the values AH® and AS® Can be estimated from
the slope and intercept (AG®) was calculated using
the following equation:
AG® = AH°— TAS° (15)

Where AG° = free energy change (kJ mol?), AH®
= Enthalpy exchange (kJ mol?) ,AS° = Entropy
change (kJ / mol K) ,T = Absolute temperature
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(Kelvin) , R = Gas ,constant (8,314 J/ mol K) , K
= Equilibrium constant.

The Gibbs free energy exchange in the sorption
system is the driving force and the basic criterion
for the spontaneous realization of the sorption. If
AG°® is negative, the event spontaneously occurs
(Horsfall and Spiff, 2005). The results obtained
from thermodynamic calculations are presented in
Table 4. The thermodynamic parameters of the
adsorption of the dye on the carbon are calculated
according to Equations 13, 14 and 15, and the
graph of the plot is given in Figure 10. These
results are obtained from the slope of the line
obtained by 1/T versus Ln kd and the vertical axis.

Looking at Table 4, it is observed that AH® has a
positive value. The positive value of AH® is a sign
of endothermic adsorption of dye and carbon.
Positive values of AG® indicate us that the process
is not self-evident and that a driving force is
needed to make adsorption possible. The negative
values of AS® are evidence of irregularity during
adsorption at the solid-solution interface. From
Table 4, AG® values were obtained positively at all
temperatures. Therefore, the adsorption process
does not seem possible without a spontaneous
process. However, the AG® values are quite small.
stated that in their study it is difficult to tell us
whether  the  sorption  process  occurred
automatically due to the small AG® values (Unlu
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and Ersoz, 2006). They stated that it would not be
right to state that adsorption did not take place
spontaneously. The AG® values are 20.9 kJ/mole,
which is the reason for this. Similar results were
obtained in this article study. Although AG°® is
positive, the values are very small. Even under
normal conditions it seems that there is a need for
an externally driven gust to achieve the adsorption
phenomenon due to the positive AG® values, so we
can say that the adsorption reactions occurs
spontaneously due to the small values. Especially,
the explanation of isotherm results with Freundlich
isotherm also supports this article. The negative
value of AS° indicates that the solution-solution
(i.e., adsorbed phase) shows a decrease in the
interface adsorbent concentration, while at the
same time the adsorbed concentration on the solid
phase increases (Goswami and Ghosh, 2005).

A positive AH ° value is indicative of an
endothermic reaction. This is an indication that the
sorption reacation is receiving energy from the
outside. We cannot confirm this expression
because the value of AH® obtained in the study is
small. have achieved the same results in their
studies and have concluded that the sorption
phenomenon occurs spontaneously because the
sorption thermodynamic parameters are very small
(Unlu and Ersoz, 2006). On the other hand, it is
known that when the AH ° changes are less than 84
kJ/mol, the physical reactions dominate the
chemical reactions between 84 and 420 kJ/mol
(Faust and Aly, 1987). Suggesting that the physical
phenomena predominates in the adsorption
between the activated carbon obtained from
Cordia myxa and the C.1.D.B.56 in the light of this
information.

Table 4. Thermodynamic parameters for the removal of C.1.D.B 56 by C.myxa

Temperature(K) Kd AG° (kJ/mol) AS° (kJ/mol) AH° (kJ/mol)
283,15 0,282 2,97
298,15 0,298 2,99 -7,82 0,72
323,15 0,294 3,28
12 | | | | |
-1,21 3 : :
-1,22
=123
X
=124
-1.25 ; ; ; ; .
426 bomm b Lo
| | | | | *
-1,27 - -
UT

Figure 11. Plot of InKd versus 1/T Change of adsorption equilibrium constant with temperature

4, Conclusion

In this article study, the activated carbon obtained
from the fruit of Cordia myxa plant was
investigated for absorbable capacity of disperse
blue 56 (C.1.D.B.56) in aqueous solution. In this
context, the optimum environmental conditions for
the adsorption process, the methods of preparing
activated carbon from Cordia myxa to be used in
adsorption, the mechanism of adsorption process,
the kinetic and isotherm studies explaining the
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adsorption process have been done in laboratory
scale.

In this context, activated carbon was prepared by 2
methods from Cordia myxa fruit. It was
determined how the adsorption capacity was
changed by pH, time and dose changes for the
adsorption of activated carbon obtained. While
there is no significant change in the adsorption
capacity of the different activated carbons
generally obtained, the highest capture capacity is
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obtained with activated carbon (g = 6.93 mg I?)
prepared by the combined use of chemical
treatment and sonic wave application. The main
reason why there is no increase in specific capture
is that the dye used is disperse dye. Disperse dye
cannot penetrate into the sorbent and cannot be
caught. For this reason, the sorbent is considered to
have a high hardness.

The surface area of the obtained activated carbon
was measured and it was determined that the
highest surface area was the activated carbon
obtained by chemical treatment and sonic wave.
Given the results of the surface area, it was
determined by SEM images that the cavitation
bubbles formed by the sonic wave guide formed
small pores on the surface of the activated carbon.
The surface area of the activated carbon obtained
by burning at 400 °C and the sonic wave has been
increased from 1.38 m? g! to 5.95 m? g this
increase is approximately 2,5 times. On the other
hand, the surface area of activated carbon obtained
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Goal Programming Solution of the Examiner Assignment
Problem
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Abstract: In universities and other educational institutions, the preparation of course schedules, the making
of examination schedules, scheduling studies for assignments for examinations and lectures are carried out.
Studies are being done in many businesses for the balanced distribution of tasks among staff. In this study, it
was aimed to equip all examiners working at Kirikkale University Engineering Faculty in a balanced and fair
manner in the midterm and final week examinations and to prepare an appointment schedule in the
framework of the rules that the university wants. In the study, 741 assignments were made for 36 research
assistants working in 7 different departments, taking into consideration 5 different time zones within the
scope of 9 day examination period.For assignments, the sections to which the delegates are attached are
primarily assigned and the special requests of the delegates are also taken into consideration. The goal
programming method is used for the assignment.

Keywords: Goal Programming, Examiners Assignment, Personnel Scheduling

Sinav Gorevlisi Atama Probleminin Hedef Programlama
Yontemiyle Cozumii

Ozet: Universitelerde ve diger egitim kurumlarinda ders programlarinm hazirlanmasi, smav programlarmnin
yapilmasi, smav ve derslere gérevli atamasi igin gizelgeleme galismalar1 yapilmaktadir. Gorevlilerin dengeli
gorev dagilmm icin birgok isletmede calismalar yapilmaktadir. Bu calismada da Kirikkale Universitesi
Miihendislik Fakiiltesinde ¢alisan biitiin arastirma gorevlilerinin vize ve final haftasindaki smav
gozetmenliklerinin dengeli ve adaletli bir sekilde atamak ve tiniversitenin istedigi kurallar ¢ergevesinde bir
atama ¢izelgesini hazirlamak amaglanmustir. Calismada, 7 farkli boliimde galisan 36 arastirma gorevlisi igin,
9 giinliik sinav periyodu kapsaminda, 5 farkli saat dilimi g6z 6niine alinarak 741 smava atama yapilmustir.
Atamalar igin gorevlilerin bagli oldugu béliimler dncelikle atanmasi saglanmistir ve gérevlilerin 6zel istekleri
de dikkate alinmistir. Gorevli atamasi icin hedef programlama yontemi kullanilmistir.

Anahtar Kelimeler: Hedef Programlama, Smav Gorevlisi Atama, Personel Cizelgeleme

1. Giris sekilde cizelgelerinin hazirlanmasi son zamanlarda
biiyiik bir 6nem kazanmuistir.
Gilintimiizde kisisel veya toplumsal olarak

verimlili§in ~ artirillmast  i¢in  zamam1  etkin Cizelgeleme alaninda ge¢misten giiniimiize kadar
kullanmak gerekmektedir. Calisan personellerin yapilan calismalara bakildiginda, cizelgelemenin
memnuniyeti ve daha verimli c¢alismast igin hem popiiler hem de 6nemli bir problem haline
olusturulan haftalik, aylik ve willik c¢alisma geldigi goriilmektedir. Cizelgeleme calismalarinda
cizelgelemelerin  dogru ve isteklere uygun genellikle, farkli caligma yerleri ve prensipleri
yapilmasi gerekmektedir. Bu nedenle yapilmasi dikkate alinarak ¢izelgelemeler olusturulmaktadir.

gereken islerin ve kaynaklarin biitiinlesik bir
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Bu yiizden gegmis ¢aligmalarda farkli problemlerin
¢oziimiinde birgok farkli yontem kullanilmisgtir.

Egitim alaninda g¢izelgelemeler genellikle ders
planlarinin olusturulmasi, kaynaklarin (personel,
derslik vb.) atanmasi ve yapilan smavlarin
planlanmasi iizerinde olmustur. Gerek ders ve
sinav programlarinin hazirlanmasi olsun gerekse
kaynak atamalar1 olsun problemin yapisi geregi
calisanlarm kigisel isteklerinin dikkate alinarak
yapilmasint gerektirmektedir. Hem adaletli bir
gizelge olusturma istegi hem de kigisel isteklerin
saglama ¢abasi ¢izelgelerin yapilmasini daha da
zorlagtirmaktadir.  Matematiksel ~ yontemlerle
¢oziime kavusturulmak istenen problem NP-zor
yapida olmasi sebebiyle ¢oOziimii karmagsik ve
zordur.

Bu calismada Kirikkale Universitesi Miihendislik

Fakiiltesinin tim boéliimlerinde arasinav ve
finallerinin gbzetmen atamasi problemi ele
almmustir.  Miihendislik  Fakiiltesinde c¢alisan

aragtirma gorevlilerinin glinii, saati ve gorevli
sayist belirli olan smavlara dengeli ve kisisel
istekleri dikkate alacak sekilde atanmasi igin
matematiksel model gelistirilmistir. Caligmada,
toplamda 36 arastirma gorevlisi igin (7 farkh
bolimde calisan), 9 giinliik smav periyodu
kapsaminda, 5 farkli saat dilimi g6z 6niine alinarak
(09.00-11.00, 11.00-13.00, 13.00-15.00, 15.00-
17.00 ve 17.00-19.00) toplamda 741 smava atama
yapilmistir.

Modelde arastirma  gorevlilerinin  bulundugu
bolimler dikkate alimmis, Oncelikle kendi
boliimlerinde gorev almalari saglanmistir. Gorev
sayisinin  dengelenmesi amaciyla eksik kalan
boliimlere gorevli atamasi yapilmistir. Her bir
gbzetmenin atanan sinav sayilarinin esit ve art arda
yapilan smav atamalarinin minimum yapilmasi
icin hedef programlama yontemi kullanilmistir.

Calismanm plan1 su sekildedir: Ikinci boliimde
gorevli atama probleminden, {iglincii boliimde
hedef programlama yonteminden bahsedilmisgtir.
Dordiincii boliimde literatiir arastirmasi
anlatilmistir.  Besinci  bolimde  Universitede
yapilan uygulama c¢aligmasi sunulmustur. Son
boliim olan altinci bélimde ise uygulamada elde
edilen sonuglar verilmistir.

2. Personel Atama Problemi

Personel atama problemleri insana hizmet veren
her bir kurum ve kurulusg i¢in 6énemli bir problem
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haline gelmistir. Kurum veya kuruluslar ¢alistirdigi
personellerin ¢aligma planmm adil ve dengeli bir
sekilde yapilabilmesini amaglamaktadirlar.
Personel  atamalarnda  bilimsel  yontemler
kullanilabildigi gibi (gesitli ¢izelgeleme ve atama
problemi algoritmalar1) igyerlerindeki tecriibeli
kisiler tarafindan da herhangi bir sistematige
baglanmadan el ile yapilabilmektedir. Aym
zamanda piyasada bu isi yapabilen g¢esitli
yazilimlar da mevcuttur. Ancak bir matematiksel
modele dayanmayan atama  ¢alismalarinda
istenilen sonuglar tam olarak elde edilemeyecegi
gibi bu islem kisinin ¢ok uzun zaman harcamasina
sebep olabilmektedir.

Saglik Hizmetleri, Ulasim, Uretim,
Telekomiinikasyon, Perakendecilik ve Savunma
Sanayi gibi birgok alanda personel atama
problemleri ile alakali ¢alisma yer almaktadir. Bu
alanlardan biri olan egitim kurumlarmda da hem
personelin hem de hizmet alan olarak dgrencilerin
uygun bir sekilde dagitimi i¢in personel atamasi ve
cizelgelemesi caligmalar1 yapilmaktadir.

Egitim kurumlarinda mevcut operasyonel kurallar
ve ihtiyaclari, tiim personelin ve dgrencilerin istek
ve ihtiyaclarmm1 da ayni anda gbz Oniinde
bulundurarak  saglayabilecek  bir  cizelge
olusturulmasi, bu is ile ugrasan personel i¢in
oldukga zor ve zaman alict bir faaliyettir. Birgok
kurumda bu islem yonetim kademesine verilmistir
ve genellikle yapilmakta olan daha 6nceki yillarda
yapilmig olan g¢izelgeler iizerinde yeni gelisen
durumlara gore kiiglik degisiklikler yaparak yeni
cizelgeyi olusturmaktir. Fakat son yillarda
degisimlerin ¢ok fazla ve ¢ok hizli olmasi
nedeniyle, eski ¢izelgeler iizerinde degisiklikler
yapilarak yeni ¢izelgelerin olusturulmasi her
zaman en iyi sonucu vermemektedir. Bu nedenle
gercek hayattaki atama problemlerini ele alacak
birbirinden farkli birgok ¢alisma bulunmaktadir
(Daskalaki vd., 2004).

3. Hedef Programlama

Hedef programlama c¢ok kriterli karar verme
modellerinin bir tiirlidiir. Bu modellemede hem
sik1 kisitlar hem de gevsek kisitlar kullanilarak
model kurulur. Gevsek kisitlar istenilen bir hedef
degerine gore sapmalarin  kabul edilebildigi
durumlart modellemede kullanilir. Boylelikle
istenen birden fazla durum yaklagik veya tam
olarak saglanmaktadir.



Bilge International Journal of Science and Technology Research 2017, 1(2): 105-118

Hedef programlama, ulasilmak istenen amaglari
birer hedefe doniistirerek hedefleri 6nem
derecelerine gore siralayarak veya her birini
agirliklandirarak belirlenen hedef degerlerinden
sapmalarin1  en kiiciikklemeyi amagclayan bir
matematiksel programlama yontemidir. Dogrusal
programlamada tek bir ama¢ fonksiyonu
kullanilirken, hedef programlamada farkli olarak
birden ¢ok amag hedef haline getirilerek ayn1 anda
saglamak amaglanir.

Hedef programlama ile ilgili ilk olarak 1955'te
Charnes ve arkadaslar1 ¢aligmiglardir. Daha sonra
1961'de ve 1977°de Charnes ve Cooper bu
modellemeyi gelistirmislerdir.

Ignizio (1985), hedef programlamayr su sekilde
aciklamigtir: Her bir amacin verilen hedeflere
miimkiin oldugunca ulasmasi igin hedefteki
sapmalarin minimize edilmesidir.

Hedef programlama matematiksel gosterimi
asagidaki gibidir (Charnes ve Cooper, 1961):

Minimize Z = Y, (dff + d}) 1)
Ytiayx —df +df =b; 2
df+dy =0 ®)
x;,df,di 20 i=l.k j=l..n (4)
Notasyonlar

X; : j. Karar degiskeni

ajj :i. hedefin j. karar degiskeni katsayisi

b; : i. hedef i¢in ulagilmak istenen deger

d: i. hedefin pozitif sapma degiskeni

dj: i. hedefin negatif sapma degiskeni

4. Literatiir Taramasi

Ders programlarinin yapilmasi, smav
cizelgelerinin  hazirlanmasi, olusturulan ders

programi veya simavlara personel atamasi gibi
konular iizerinde literatirde pek ¢ok calisma
vardir. Bu c¢aligmalardaki ele alinan problemlerin
¢Ozimi icin olusturulan model yapilar1 ve kisitlar
genel olarak birbirine benzemektedir. Bu sebepten
otiirii literatiir taramasinda model yapilar1 benzer
caligmalara yer verilmistir. Calismalardan bazilari
su sekildedir:
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Schaerf (1999) calismasinda, ders ¢izelgeleme
problemini ¢Oziime kavusturmustur.
Cizelgelemede, ayn1 zaman diliminde olan derslere
aynt  Ogretmenin atanmamasi  gibi  kisitlar
kullanmustir. Zhaohui ve Lim (2000), ulusal bir
iiniversitede sinav ¢izelgeleme yapabilmek igin bir
algoritma gelistirmislerdir. Abbas ve Tsang (2001)
ise, bir {niversitedeki yazilim miihendisleri
personellerini atamak igin kisit tatmin tekniklerini
kullanarak  bir  personel atama ¢alismasi
yapmiglardir. Alfares (2001), giivenlik personeli
icin is giicii planlamasi {izerinde bir ¢alisma
gerceklestirmisti.  Tam  ve  Ting  (2003)
caligmalarinda  iniversite ~ ders  programi
cizelgeleme problemi i¢in sezgisel algoritmalardan
faydalanarak bir model gelistirmislerdir. Sigl vd.
(2003), ders ¢izelgeleme problemi igin genetik bir
algoritma gelistirmislerdir. Legierski ve Widawski
(2003), kisit optimizasyon yontemi ile ¢izelgeleme
problemi i¢in bir model Gnermislerdir. Daskalaki
vd. (2004), tam sayili programlama yardimiyla
liniversite ders programa ¢izelgeleme problemi

iizerinde bir ¢alisma  gerceklestirmislerdir.
Dimopoulou ve Miliotis (2004), tam sayili
programlama yontemini kullanarak bir

iiniversitede bilgisayar aglari olusturmuslar ve
ortak veri tabanindan ihtiya¢ duyulan c¢izelgeleme
verilerini alarak uygun dersliklere uygun dersleri
atama yapmiglardir. Parthiban vd. (2004)
calismalarinda, analitik hiyerarsi prosesi ve karar

destek yaklagimini kullanarak bir okuldaki
Ogretmenlerin,  Ogrencilerin  ve  dersliklerin
atanmast  konusundaki sorunu gidermislerdir.

Corominas vd. (2004), personeller icin gerekli
isgiiciinii dengeleme ve onlarin haftalik planim
diizenleme gibi problemler iizerinde ¢aligmiglardir
ve problemin c¢oziimii i¢in karigik tam sayill
programlamayr kullanmiglardir. Yang ve Petrovic
(2004) ise, meta sezgisel yoOntemlerden
faydalanarak smav cizelgeleme problemi iizerine

calismiglardir.  Zhang ve Lau, {iniversite
cizelgeleme problemi icin kisit programlama
modeli  gelistirmiglerdir. Asmuni vd. (2004),

bulanik uzman sistemler ile smav ¢izelgelemesi
problemi iizerine c¢aligmiglardir. Topaloglu ve
Ozkarahan  (2004) calismalarinda  planlama
esnekligi ile hedef programlama kullanarak bir
model gelistirmiglerdir. Al-Yakoob ve Sherali
(2007), ders gizelgeleme problemi iizerinde
calismislardir. Problemin ¢6ziimii i¢in karisik tam
sayll1 programlamadan yararlanmislardir. Chu
(2007) yaptig1 c¢alismada is giicii planlamasim
hedef programlama  yontemini  kullanarak
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yapmistir. Lewis (2008) calismasinda meta
sezgisel yontemlerden faydalanarak ders programi
gizelgeleme calismasi yapmistir. Qu vd. (2009),
sinav ¢izelgeleme problemi iizerine ¢aligmislardir.
Gunawan ve Ming (2011), calismalarmda tabu
arama ve benzetimli tavlama sezgisellerini
kullanarak, ders programu ¢izelgeleme problemini
¢ozmiislerdir. Al-Betar ve Khader (2012), ders
programi ¢izelgeleme problemi i¢in harmoni
arama algoritmasi kullanarak ¢oziim iiretmislerdir.
Soria-Alcaraz vd. (2014) c¢alismalarinda ders
programi ¢izelgeleme problemini gidermek igin
ogrenme etkisinin dahil oldugu bir sezgisel
onermiglerdir.

Son yillarda yapilan ¢izelgeleme ¢aligmalarina
bakildiginda, hedef programlama ydnteminin farkl
alanlardaki personel ¢izelgeleme problemlerinin
¢oziimiinde  kullanildigi  goriilmektedir.  Bu
calismalara 6rnek olarak; Unal ve Eren (2016)
hedef programlama kullanarak nébet cizelgeleme

problemini ele almislardir. Varli vd. (2016)
calismalarmda  Ankara metrosunda  ¢alisan
vatmanlarin aylik calisma planini
cizelgelemislerdir. Unliisoy ve Eren (2016),
kamusal binalarinda calisan temizlik

personellerinin ¢izelgelenmesiyle ilgili bir ¢alisma
yapmislardir. Varli vd. (2017), 6zel kisitlar1 olan
hemsire cizelgeleme problemini hedef
programlama  teknigi  yardimiyla  ¢dziime
kavusturmuslardir. Varli ve Eren (2017), yaptiklari
calismada, 24 saat hizmet veren bir hastanenin
yogun bakim, ameliyathane ve acil bdlimlerine,
her vardiyada ihtiyag¢ duyulan hemsire sayisini
karsilamak i¢in bir ¢izelge Onerilmislerdir. Bu
cizelgeyi  olustururken hedef programlama
teknigini kullanmiglardr.

5. Miihendislik Fakiiltesi
Atamasi

Smav  Gorevlisi

Bu calismada Kirikkale Universitesi Miihendislik
Fakiiltesinde calisan arastirma gorevlilerinin vize
ve final smnavlart i¢in smav gozetmenliklerinin
atanmasi problemi ele alinmistir. Ornek problemde
36 arastirma gorevlisi, 7 boliim ve 9 giinliik sinav
periyodu kapsaminda model kurulmustur ve
modelde gergeklestirilmesi istenen hedefler i¢in
hedef programlama yontemi kullaniimugtir.

Arastrma gorevlilerinin  smav haftasi boyunca
smnav  gozetmenliklerine dengeli bir sekilde
atanmasi, her aragtirma gorevlisinin olabildigince
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kendi gorevli oldugu boliimdeki sinavlara atanmasi
ve her bir arastirma gorevlisinin ardi ardina olan
siavlara olabildigince atanmamasi gibi hedefler
gergeklestirilmeye  galisilmistir.  Cizelge 1°de
aragtirma gorevlilerinin bagli oldugu bdlimler
verilmistir.

Cizelge 1. Arastirma gorevlilerinin bagli oldugu
boliimler.

Boliim Arastirma gorevlisi
in§aat Miihendisligi 20,21,22,23,24,25,26
Makine Miihendisligi 1,2,3,4,5,6,7,8

Elektrik-Elektronik Mithendisligi 13,14,15,16,17,18,19

Bilgisayar Mithendisligi 27,28,29,30,31,32
Biyomiihendislik 36

Endiistri Mithendisligi 9,10,11,12
Metaliirji ve Malzeme Miihendisligi 33,34,35

Cizelge 2’de sinav haftasinda her bir boliim ve her
bir saat dilimi igin gerekli goérevli sayilar
verilmistir.
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Cizelge 2. Her saat dilimi i¢in gerekli gorevli sayisi

Boliimler Saat Dilimi Giinler
1 2 3 4 5 6 7 8 9
09:00-11:00 7 4 2 6 2 1 5 4 -
11:00-13:00 5 4 4 5 5 5 6 4 -
insaat 13:00-15:00 7 4 1 5 7 - - 4 -
15:00-17:00 7 1 7 2 5 - 6 4 -
17:00-19:00 - - 3 3 - - 1 - -
09:00-11:00 9 - 3 8 3 8 8 - 4
11:00-13:00 - 5 5 1 5 1 5 1 4
Makine 13:00-15:00 4 - 2 2 - - - 3 2
15:00-17:00 3 - 2 1 2 - 1 4 7
17:00-19:00 6 - 7 - 8 1 4 - -
09:00-11:00 8 - 4 6 3 7 1 - 7
11:00-13:00 6 - 8 5 3 4 4 - 9
Elektrik-Elektronik 13:00-15:00 6 - 3 5 4 - - 4
15:00-17:00 3 - 1 3 9 - 7 - 4
17:00-19:00 - - - - - 5 9 - -
09:00-11:00 - - 3 - 2 2 5 6 -
11:00-13:00 8 1 2 4 4 6 - 1 2
Bilgisayar 13:00-15:00 4 4 6 2 6 - - 4 4
15:00-17:00 4 3 4 6 - - 5 - -
17:00-19:00 - - - - - - - - -
09:00-11:00 2 2 2 2 2 2 1 2 -
11:00-13:00 2 1 1 1 1 1 3 1 -
Biyomiihendislik 13:00-15:00 1 1 2 3 1 2 - 2 -
15:00-17:00 - - 1 1 2 1 1 1 -
17:00-19:00 - - 2 2 1 2 2 - -
09:00-11:00 - - 1 3 2 4 2 6 -
11:00-13:00 4 - 4 3 2 5 4 2 -
Endiistri 13:00-15:00 2 - 5 4 4 - - 4 -
15:00-17:00 4 - 4 1 3 - 3 4 -
17:00-19:00 2 - 1 - - 4 1 - -
09:00-11:00 - 5 4 3 1 2 1 - -
11:00-13:00 2 1 2 3 2 2 - - -
Vel ve 13:00-15:00 3 - 7 4 3 - 1 -
15:00-17:00 6 3 4 5 5 - 1 - -
17:00-19:00 1 1 1 1 1 1 5 - -
5.1. Parametreler d1}: i, asistanin  kendi bolimiinden farkl
boliimlere atanmama hedefinden pozitif sapma
n: Fakiiltedeki aragtirma gorevlisi sayist ~ n=36 miktar1
m: Giin sayisi m=9 ds8;;,d9;;, d10;;,d11;;,d12}; : 1. asistamin j. giin

t: Saat dilimi sayist t=5
p: Boliim sayis1 p=7
i: Aragtirma gorevlisi indeksi, i=1,2,...,n.
j: Giin indeksi, =1.2,...m.
k: Saat dilimi indeksi k=1,2,...t.
1: Bolum indeksi 1=1,2,....p.

dl;: 1. asistanin kendi bolimiinden farklh
boliimlere atanmama hedefinden negatif sapma
miktar1
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art arda siava girmesinden negatif sapma miktar1

d83},d9$,d103}-,d113}-,d12;}-: i. asistanm j. giin

art arda siava girmesinden pozitif sapma miktar1

Zji: J- gunde, k. saat diliminde, 1. bdlimii i¢in

ihtiyag duyulan arastirma gorevlisi sayisi
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5.2. Karar degiskenleri

1, i.asitan j. ginin k. saat diliminin
Xijla = l. bolimindeki sinava atanirsa
0, diger durumlarda

5.3. Kisitlar

1.Kisit: Her bir giinde, her bir saat diliminde ve her
bir boliim igin ihtiyag¢ duyulan gérevli sayisi kisiti.
21 Xiji = Zjn =1.2,..m

k=1,2...t I=1,2,...p

2.Kisit: Her bir aragtirma gorevlisinin ayni giinde
ve ayni saat diliminde belirlenen smnavlarin en
fazla bir tanesine atanmast kisit1.
ZleXijkl < 1 i=1,2,...,n

j=1,2,..m k=1,2...t

3. ve 4. Kisit: Smav haftasi boyunca her bir
aragtirma gorevlisinin toplam gorev sayisini
dengelemek i¢in, gorev sayisinin alt ve iist sinirlari
belirlenmis ve iki kisit ile sinirlandirilmastir.

Ty Dkm Doy Xijra < 21 i=1,2,..,n

Yy Ve Dy Kijra = 19 i=12..n

5.Kusit: Arastirma gorevlilerinin istekleri de goz
ontine almmistir. Buna gore; 1. arastirma
gorevlisinin, j. giin k. saat icin gorev istememesi
durumunda.

P —
Y1 Xijlu =0

5.4. Hedef kisitlar1

Hedef 1: Her bir arastirma gorevlisi olabildigince
kendi bolimiindeki smavlara atanmasi igin
belirlenen hedef kisiti. Bu hedef igin aragtirma
gorevlilerinin diger boliimlerdeki gorev sayilarmin
sifir olmasi hedeflenmistir.

Y1 =1 Xijen +d1; —d1f =0
i=1,2,...n1{20,21,22,23,24,25,26}

Y1 Lh=1 Xijkz +d1 —d1, =0
i=1,2,...,n1{1,2,3,4,5,6,7,8}

Yty Xh=1Xijrs +d1 —d15=0
i=1,2,...,n1{13,14,15,16,17,18,19}

Yty Xh=1 Xijra + d15 —d1f, =0
i=1,2,...n1{27,28,29,30,31,32}
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YR L1 Xijes +d1s —d1f =
i=1.2,...n1 {36}

Zj"il ch:lxijke +dl; —dlj =0
i=1,2,..,n1{9,10,11,12}

2ty Xh=1 Xijir +d13; —d15=0
i=1,2,...,n/{33,34,35}

Hedef 2: Her bir arastirma gorevlisi olabildigi
kadar ardi ardina olan smavlara atanmamasi ve
birbirinden uzak saat dilimindeki (1. ve 5. saat
dilimleri) smavlara atanmamasi igin belirlenmis
hedef kisitlari.

T X+ Xija) + d8;; —dsj; =1

i=1,2,...n j=1,2,...m
Y Xiju + Xijs) +d9;; —d9f; =1
i=1,2,...n j=1,2,...m
Y X + Xijz) +d105; —d10f; = 1
i=1,2,...n j=1,2,...m
YK + Xija) +d115 —d11f; =1
i=1,2,...n j=1,2,...m
YK + Xijs) +d125; —d12];, =1
i=1,2,...n j=1,2,...m
Amag Fonksiyonu:

MinZ = ¥_, Y%, 100 = (d1}) +
n Y™ (d8F + d9f; + d10f; + d11}; +d12;

Birinci hedef, ikinci hedeften daha 6nemlidir. Bu
yiizden 100 ile ¢arpilmistir. Modelin ¢oziimiinde
“Intel (R) Core (TM) i5-3210 M CPU@2.50 GH”
islemcisi, 8 GB bellegi ve Windows 10 isletim
sistemine sahip bilgisayar kullamlmistir. Tlgili
verilerin girilmesiyle model ILOG CPLEX Studio
IDE programinda yazilmig ve CPLEX ¢oziiciisii ile
¢Oziilmstir.
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Cizelge 3. Sinav haftasinda arastirma goérevlisinin atandig1 saat dilimi (el ile yapilan atama)

Simav Giinleri

Boliimler Saat Dilimi 1 2 3 4 5

09.00-11.00 gg: 20.20.28.29. 95,26, 27,28 29, 26 28,29,30,31,25,26 | 30,31
11.00-13.00 | 25,26,27,28,29 | 26,28, 29, 30 31, 25, 26, 27 26,27, 29, 30, 31 31,25, 26, 27, 28, 29

Eh 13.00-15.00 gg: 20,212,291 29,30,31,25 29 31, 25, 26, 27, 28 25,21,28,29,30,31,
1500-17.00 | 303122027 1 5 27,28, 29, 30,31, 25 29,30 31, 25,26, 27, 28
17.00-19.00 28, 29, 30 31, 25, 26 12,9
09001200 | 52345685 56,8 1,2,3,4,5,6,8,9 1,2,34,9

N 11.00-13.00 35,68 1345609 1

& 13.00-15.00 |3,4,5,6 2,8 38 56

z 15.00-17.00 |5,18 23 1
17.00-19.00 11 5 34.5.6,8,9 gy o083 1,3,4,5,6,8,9 1,2,3,4,5,6,8,9,35

% 09.00-11.00 g ;g: P 18,19, 20 17,18, 19, 20, 21, 22,23 | 17,22, 23

% 11001300 | 7 18:19:20. 2% g 91920212223, |15 19,00 21,2232 [ 17,2123

% 13001500 | 20 18:19:20.2L 20, 21, 23 17,18,20,21,22,23 | 17,18, 22,23

- 15.00-17.00 | 17,19, 21 23 21,22, 23 ;Z 1921, 222334,
09.00-11.00 34, 35, 36 38, 39

g 11001300 | 303303738 155 34,37 34, 35, 36, 37 36,37, 38, 39

g

= 13.00-15.00 | 34, 35,37, 38 34, 35, 37, 38 34,35,36,37,38,39,3 | 35,36 34, 35, 36, 37,38, 39
15.00-17.00 | 35, 36, 37, 38 34,37, 39 34, 35, 37, 39 34,35,36,37,38,39,3 | 34, 35, 36, 37,38, 39
09.00-11.00 | 45,37 31,36 27,38 45,13 29,13

% 11.00-13.00 | 45,36 25 2 8 5

g 13.00-15.00 |45 45 45,1 30, 2,39 1

g, 15.00-17.00 45 45 45,13
17.00-19.00 45,13 45,30 45
09.00-11.00 11 11,12, 15 12,15

. 11.00-13.00 | 11,12, 13,15 11,12,13, 15 11,12, 15 12,15

% 13.00-1500 |12, 15 11,12, 15,5, 18 11,12, 13, 15 11,12, 15, 13

B 15.00-17.00 |11, 12, 15, 4,22 11, 15, 19, 20 11 11,12, 15
17.00-19.00 | 12 15 11

2 09.00-11.00 40,41, 42, 35,38 40,41, 42,39 40,41, 42 a

g 11.00-13.00 | 40, 41 4 40,41 40,41, 42 40,41

2 13.00-15.00 | 40, 41, 2 40,41,42,6,9 40,41, 42 40,41, 42

‘j—f;’ 15.00-17.00 | 40, 41, 42,39, 20,3 | 40,41, 42 40,41, 42, 36,8, 26 40,41, 42, 4,27 40,41, 42, 38,39

= 17.00-19.00

42 40 42 2 2
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Cizelge 3. Sinav haftasinda aragtirma gorevlisinin atandig1 saat dilimi (el ile yapilan atama) (devami...)

Simav Giinleri

Boliimler Saat Dilimi 6 7 8 9
09.00-11.00 27 27,28, 29, 31, 18 29,30, 31, 25
11.00-13.00 | 30, 31,25, 26, 27 26, 27, 28, 29, 30, 31 26,27, 28, 29, 30
=
Z 13.00-15.00 31, 25, 27,25
15.00-17.00 25, 26,27, 8. 20, 30 28,29, 30, 31, 25
17.00-19.00 25
09.00-11.00 1,2,3,4,56,809 1,2,3,4,56,8,9 3,568
11.00-13.00 ) 1,2,4,58 9 2,4,5,9
(5]
c
x 13.00-15.00 1,4,9 2,9
s
15.00-17.00 8 3,5,6,8 1,2,3,4,6,8,9
17.00-19.00 2 1,4,6,9
1718, 19, 20,
< 09.00-11.00 17,19, 20, 22,23, 25,30 | 19 21 2,23
£ 11.00-13.00 19,20, 23, 3 17,18, 20, 21 17,18, 19, 20, 21, 22, 23, 6, 8
X
%)
[ 13.00-15.00 17,19, 20, 22
X
=
g 15.00-17.00 17,18, 21, 22, 23 17,18, 19, 20, 21, 22, 23 1710, 21, 22
w
17.00-1900 |54 5 17,18, 19, 20, 21, 22, 23, 34, 39
00.00-11.00 | 34, 35, 36, 37, 38, 39 34, 35, 36, 37, 38, 39 34, 35, 36, 37,38, 39
. 11.00-13.00 38 38,39
>
g 13.00-15.00 35,36,37,38,39 | 34, 36, 37, 38
@ 15.00-17.00 34, 35, 36, 38, 39
17.00-19.00
00.00-11.00 | 45,37 45 45,9
=~
Z 11.00-13.00 9 3,6,19 45
=
£ 13.00-15.00 | 45,2 26,5
g
s 15.00-17.00 |45 45 45
&
17.00-19.00 | 45 38 45,35
09.00-11.00 11,12, 15,13 12,20 11,12, 13, 15,1, 28
~ 11.00-13.00 11,12, 15,13, 4 11,12, 15,13 12,15
j=
2 13.00-15.00 11,12,13,15
=
=
15.00-17.00 11,12, 15 11,12, 13,15
17.00-19.00 |44 15 15 36 1
. 00.00-11.00 |41, 42 2
£
E; 11.00-13.00 40, 42
b
s 13.00-15.00 40
E) 15.00-17.00 2
s
(]
b=} 17.00-19.00 4 40, 41, 42, 37, 38
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Cizelge 4. Sinav haftasinda arastirma gorevlisinin atandigi saat dilimi (model ile yapilan atama)

Sinav Giinleri

Boliimler Saat Dilimi 1 2 3 4 5
09.00-11.00 gg: 2o 232191 22,2326 | 20,26 gg 202223 190,26
11.00-13.00 | 20,21,24,25,26 | 21,22,23,24 | 20,23, 24,26 22,23, 24, 25,26 | 20, 21, 22, 24, 25

é 13.00-15.00 ggzgézgé,za, 20,21,22,23 |21 20,23, 24, 25, 26 ggjgé,zz,zazzl,
15.00-17.00 gg: gé gé 2, 24 22%221&_;‘2226' 23, 21,25 21,22, 23, 24,25
17.00-19.00 23, 24,26 21,23, 26
09.00-11.00 16',27',3é,4éo5' 3,4,7 B2 AS8T g 4

. 11.00-13.00 2,3,4,7,8 |1,24,7,8 5 1,3,5,6,7

< 13.00-15.00 | 2,4,5,6 3,7 2,3

= 15.00-17.00 | 4,5,6 2,3 6 5,7
17.00-19.00 |3 456 7,8 % g ?751’23' > 1,3,4,5,6,7,8 51> é 3 g'

£ 09.00-11.00 13 1;: ig o 14,15, 18, 19 13 R FERTR Y

g 11001300 |13 14/1516,17, 3,13,14,15,16, |14 15 16,17, 18 | 14, 15,17

< 19 17,18, 19

2 13001500 | 7o 1101718 14,17, 19 13,14, 16, 18,19 | 16,17, 18, 19

- 15.00-17.00 | 15,17, 19 14 15,16, 17 ig 13: 25316 17,
09.00-11.00 27,29, 32 28,29

5 11.00-13.00 ;91202;1222 27 27,28 27,20,31,32 | 27,29,30,31

%’ 13.00-15.00 | 27,30, 31, 32 29,30,31, 32 % gf 2 28,29 gz 28.29.30,
15.00-17.00 | 27, 28, 30, 32 27,29, 32 27,29,31,32 gz 28,2930,

B 09.00-11.00 |31, 36 15,25 13,36 19,36 2,32

% 11.00-13.00 | 1,36 36 29 13 2

2 13.00-15.00 | 36 36 18,36 7,15,17 36

; 15.00-17.00 16 2 6,36

= 17.00-19.00 16, 36 7,28 27
09.00-11.00 10 9,10, 12 10,11

. 11.00-13.00 |9,10,11,12 9,10, 11, 12 9,10, 11 10,12

2 13.00-15.00 | 11,12 2,9,10,11,12  |9,10,11, 12 9,10, 11, 12

= 15.00-17.00 | 9,10, 11,12 9,10, 11, 12 12 9,11, 12
17.00-1900 | g 15 1

2 09.00-11.00 1,2,33,34,35 | 8,33, 34, 35 33,34,35 34

§ 11.00-13.00 | 33,34 33 33,35 33,34,35 33,35

2 13.00-15.00 | 33,34, 35 2022253334 191 33.30,35  |33,34,35

% 15.00-17.00 |1,7,8,33,34,35 | 33,34, 35 8,33, 34,35 1,4,33,34,35 | 1,8 33,34, 35

§ 17.00-19.00 | 34 34 35 34 33
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Smav Giinleri
Béliimler |  Saat Dilimi 6 7 8 9
09.00-11.00 |24 20,21,22,24,25 | 20,24, 25,26
- 11.00-13.00 | 20, 22, 24, 25, 26 21,22, 23,24,25,26 | 20,22, 23,25
é 13.00-15.00 2023, 24, 25
- 15.00-17.00 20,21, 22,24, 25, 26 | 20,22, 23,26
17.00-19.00 21
09.00-11.00 |1,2,3,4,5,6,7,8 1,2,3,4,5,6,7,8 2,3,4,8
. 11.00-13.00 |4 1,5,6,7,8 4 1,568
= 13.00-15.00 56,8 1,6
= 15.00-17.00 3 2,4,5,6 1,2,3,4,56,8
17.00-19.00 |4 3,6,7,8
o 09001100 | 310151 16 716,10
g 11.00-1300 | 13,14,15,18 13,14, 15, 16 ié?i%?i?islzs'
%’ 13.00-15.00 13,14,17,19
é 15.00-17.00 13 1;1: ig 1 13,14,18,19
3 17.00-19.00 1 13, 15,16, 18, 19 16,17,15,16
09.00-11.00 | 28,29 27,28,29,30,32 | 27,28, 29, 30,31, 32
5 11.00-13.00 | 27, 28,29, 30,31, 32 30 27,32
g 13.00-15.00 27,28, 29,30,31,32 | 27,29,30,31
@ 15.00-17.00 28, 29,30, 31, 32
17.00-19.00
y 09.00-11.00 | 21,22 36 19,36
% 11.00-1300 |5 19, 29, 36 36
£ 13.00-15.00 | 27,36 1,36
; 15.00-17.00 |36 36 36
= 17.00-19.00 | 14,23 32,36
09.00-11.00  |9,10,11,12 10,11 1,4,9,10,11,12
- 11.00-13.00 | 9,10,11,12,23 9,10,11,12 9,11
% 13.00-15.00 9,10,11,12
= 15.00-17.00 9,10,11 9,10,11,12
17.00-19.00 |9,10,11,12 9
09.00-11.00 | 34,35 35
:"i 2 11.00-13.00 |33,35
RS 13.00-15.00 34
2= | 15001700 35
17.00-19.00 |33 26,31,33,34,5
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Cizelge 5. Arastirma gorevlilerinin sinav haftast boyunca atandiklari toplam gorev sayisi

Cizelgeleme
Arastirma gorevlisi | El ile Yapilan | Onerilen Arastirma gorevlisi | Elile Yapilan | Onerilen
1 21 21 19 21 21
2 21 21 20 21 20
3 21 21 21 21 21
4 21 21 22 21 21
5 21 21 23 21 21
6 21 21 24 21 21
7 21 21 25 21 21
8 21 20 26 21 21
9 22 21 27 22 21
10 22 21 28 21 18
11 14 21 29 21 21
12 22 21 30 22 18
13 21 20 31 22 19
14 21 21 32 21 19
15 21 21 33 20 21
16 21 21 34 21 21
17 21 21 35 21 21
18 21 19 36 21 21
Elde edilen sonuglar Cizelge 4’te verilmistir ve yapilmistr ve bu sorun yeni olusturulan

Cizelge 3 ile karsilastirilmistir. Onerilen modelde
her bir aragtirma gorevlisinin olabildigi kadar ilk
once kendi bolimiinde gozetmen olarak
atanmugtir.

Cizelge 5’te iki ¢izelgedeki toplam goézetmen
sayilar1 karsilastirilmig ve yeni modelde daha adil
ve dengeli bir atama oldugu gorilmistiir.
Oncesinde el ile yapilan atamada kimi personelin
14 atamasi varken kimi personelde bu durum 22
seviyesindedir. Her personel i¢in yapilan
atamanin hemen hemen esit sayilarda olmasi,
atamanin adil yapildigmi gosterir niteliktedir. El
ile yapilan ¢izelgede ardi ardina arastirma
gorevlisinin atamalarinin olmamasi kriteri hig
dikkate alinmadan olusturulurken, yeni modelde
bu kriter hedef programlama yontemi ile
olabildigince azaltilmak istenmistir. El ile yapilan
atamalarda 32 personelin art arda sinav atamasi
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matematiksel model sayesinde giderilmistir.

Cizelge 6°da birinci hedefin diger hedefe gore
6nem degerleri degistirilerek c¢oziilen modelin
hedeften ne oranda saptigr ile ilgili bilgi
verilmistir. Buna gore dort farkli senaryo ile hedef
onemleri degistirilmistir. ilkinde her iki hedefin
ayni Oonem derecesine sahip oldugu varsayimi
iizerinden hesaplama yapilmistir. Sonrasinda ise
ilk hedefin digerinden iki kat daha 6nemli, bes kat
daha o6nemli ve on kat daha onemli olmasi
durumu incelenmistir. Buna goére sonuglarin
sadece ilk iki 6nem degeri degistiginde farklilik
ortaya koydugu gozlemlenmistir.
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Cizelge 6. Farkli onem degerlerine gore hedeften
sapma miktarlari

100-110-1

Farkl boliime atanma 86 86 | 86 | 90

Art arda atanmama 32 32 (32|24 8

6. Sonuc¢

Calisanlarin  belirlenen islere atanmasi iiretim
sektorinde uzun yillardan beri c¢aligilan bir
konudur. Hizmet sektoriinde ise son zamanlarda
artan hizmet kollari, miisteri memnuniyetlerine
verilen Onem ve g¢alisanlarm  dengeli is
beklentilerinden dolayr daha personel atamalarina
daha ¢ok 6nem verilmektedir. Bu calismada da
Kirikkale Universitesi Miihendislik Fakiiltesinde
caligan arastirma gorevlilerinin smav
gozetmenlikleri atanmalari bir hedef programlama
modeli ile yapilmigtir.

Caligmada arastirma gorevlilerinin dengeli ve adil
bir sekilde atanmasi kesin olarak saglanmistir ve
kurumun istegi {izerine ilk o6nce kendi
boliimiindeki bir smava atanmasi ve ardi ardina
sinavlara atanmanin en aza indirgenmesi olmak
tizere iki hedef dikkate alinmistir. Onerilen model
ile daha 6nce uzun siireler alan gérevli atamasi ve
kontrol islemleri ¢ok daha kisa siirede ve hatasiz
olarak yapilmaya baglanmistir.

Bundan sonraki c¢aligmalarda kurulan modeller
sadece iniversite ortaminda degil daha birgok
sektorde uygulanip kullanilabilir. Bu ¢alismadaki
sinav sayilari, gorevli sayilari, gérevli istekleri ve
bunun gibi her tiirlii unsur artirilarak daha genis
capli  ¢izelgeler  yapilabilir.  Kullanilacak
modellerin  biiylikligiine goére meta sezgisel
yontemlerden faydalanilabilir.
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Essential Oil Yield and Components of Juniper (Juniperus
excelsa Bieb.) Leaves
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Abstract: This study was carried out in order to determine essential oil yield and components in the leaves of
Crimean juniper (Juniperus excelsa Bieb.), which has a wide distribution in the western Mediterranean
region. Leaf specimens were collected from 20 different samples at this study. All samples were air-dried and
then essential oil was obtained from the leaves using water vapour distillation method. The average essential
oil yield for the 20 different samples plots was 0.87+0.12 v/w. In addition, the volatile components were
determined by GC/MS method from the leave samples of J. excelsa. A total of 41 volatile components were
identified in the leaves, and a-pinene (81.28 + 2.76%), myrcene (5.19 + 0.91%) and limonene (4.52 + 0.86%)
were found as major volatile components.

Keywords: Crimean juniper, GC/MS Metod, Water Steam Distillation, Volatile components.

Boylu Ardi¢ (Juniperus excelsa Bieb.) Tiiriiniin Yapraklarinda
Ucucu Yag Miktar: ve Bilesenleri

Ozet: Bu ¢alisma Bat1 Akdeniz bolgesinde genis bir yayilisa sahip olan boylu ardi¢ (Juniperus excelsa Bieb.)
tiriiniin yapraklarindaki ugucu yag miktart ve Ozelliklerini belirlemek amaciyla gergeklestirilmistir.
Calismada 20 farkli 6rnek alandan yaprak ornekleri toplanmistir. Toplanan bu yaprak 6rnekleri hava kurusu
haline getirildikten sonra su buhari distilasyon yontemi kullanilarak yapraklardan ugucu yag elde edilmistir.
Yapraklarda ortalama %0.87+0.12 v/w oraninda ucucu yag belirlenmistir. Ayrica ¢aligmaya konu olan her bir
alandan alinan &rneklerden GC/MS yontemi araciligi ile ugucu bilesenler tespit edilmistir. Bu islem
neticesinde yapraklarda toplam 41 farkli ugucu bilesen belirlenmis olup, bu bilesenler icerisinde a-pinen
(%81.28 £2.76), mirsen (%5.19 £0.91) ve limonen (%4.52+0.86)’in majdr ugucu bilesenler oldugu tespit
edilmistir.

Anahtar Kelimeler: Boylu Ardig, GC/MS Yo6ntemi, Su Buhari Distilasyonu, Ugucu Yag Bilegimi.

1. Giris Ulkemizde yayilis gosteren kozmopolit ve
endemik bitki tiirlerinin 6nemli bir kismi tibbi ve
Ulkemiz; Avrupa-Sibirya, Iran-Turan ve Akdeniz aromatik bitki niteligi tasimaktadir (Bagdat, 2006).
olmak iizere ¢ farkli fitocografik bolgenin Insanligin varolusundan giiniimiize kadar gecen
etkisinde kalmasi, Asya ve Avrupa kitalarinin stirecte tibbi ve aromatik bitkiler halk arasinda
kesisim noktasinda bulunmasi ve ii¢ tarafinin geleneksel olarak gesitli hastaliklari tedavi etmek,
denizlerle c¢evrili olmasindan dolayr bitki tiir yiyeceklere tat ve aroma vermek gibi birgcok
cesitliligi bakimmdan olduk¢a zengindir. Bu amagla kullanilmistir. Teknolojinin gelismesiyle
bilgiyi destekler nitelikte yapilan son arastirmalara birlikte tibbi ve aromatik bitkilerin son dénemlerde
gore llkemizde yaklasik 12.000 civarinda bitki biinyesinde  barmndirdiklart  gesitli  kimyasal
taksonu bulunmakta ve bu bitki taksonlarmin ise ozellikler (ugucu yag, fenolik, antioksidan vb.,)
yaklasik  %34’tt  endemik  bitki  ozelligi degisik yontemlerle tespit edilmis ve bu tiirlerin
gostermektedir (Uyanik vd., 2013). gida, tip ve kozmetik gibi bir¢ok alanda kullanim
1Siileyman Demirel Universitesi, Orman Fakiiltesi, 32200, Isparta, Citation (Atif): Giilsoy, S., Merdin, A. (2017). Boylu Ardi¢ (Juniperus
Tiirkiye. excelsa Bieb.) Tirliniin Yapraklarinda Ugucu Yag Miktart ve
*Corresponding author (iletisim yazar): aslanmerdin@gmail.com Bilesenleri. Bilge International Journal of Science and Technology, 1
(2): 119-128.
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alanlar1 artmigtir. Bu durum tibbi ve aromatik
ozelliklere sahip bitki tiirlerinin ticari degerini
arttirmis olup, sektorden iilke ekonomilerine katki
saglamalar1 baslamistir (Faydaloglu ve
Siirticiioglu, 2011).

Bitkilerin tibbi ve aromatik o6zelliklere sahip
olmasi, biinyelerinde barindirdiklart biyokimyasal
maddeler ile yakindan iliskilidir. Ozellikle farkh
ucucu bilesenler igeren bitkilerin tibbi ve aromatik
potansiyellerinin  yiikksek oldugu bilinmektedir.
Ciinkii bu bitkiler yaprak, govde, cicek gibi
organlarindaki salgi tiiylerinde ugucu yaglar
barindirmakta olup, bu yaglar sayesinde diger
bitkilere goére daha fazla tat, koku ve aroma
ozelligine sahiptirler (Faydaloglu ve Siiriiciioglu,
2011).

Bitkilerdeki ugucu yaglar ¢esitli yontemlerle elde
edilmekte olup, bilesenleri belirlendikten sonra
kullanim alanlar1 tespit edilebilmektedir. Genel
olarak bitkilerin biinyesindeki bu ugucu yag
miktarmin tespit edilmesi i¢in belirli kisimlarinin
yas veya kurutulmus olarak distilasyon islemine
tabi tutulmasi gerekmektedir. Bu islemin ardindan
ucucu yag bilesimlerin belirlenmesi ise GC ve GC-
MS gibi yontemler sayesinde yapilmaktadir
(Baser, 2010). Ulkemiz dogal orman sahalarmnda
pek cok bitki tiiriiniin belirtilen yontemler ile
ucucu yag miktar ve bilesenleri tespit edilmisgtir.
OGM (2015), verilerine gore yaklagik 22.3 milyon
ha orman varhigina sahip iilkemizde Lamiaceae,
Lauraceae, Rosaceae, Asteraceae, Myrtaceae,
Pinaceae ve Cupressaceae tibbi ve aromatik bitki
tiirlerini barindiran en énemli familyalardir. Bunlar
icerisinde Cupressaceae familyasinda bulunan
ardi¢ tiirleri ise iilke orman alanmin yaklagik
olarak 958.423 ha’lik bir kismin1 kaplamakta olup
ucucu yag igerikleri bakimindan 6nemli bir
potansiyele sahiptir (OGM, 2015).

Ardig ftiirlerinin llkemizde 3 farkli seksiyon
(Juniperus seksiyonu, Caryocedrus seksiyonu ve
Sabina seksiyonu) igerisinde 7 tiire bagl 11 farkli
taksonu bulunmaktadir (Fakir, 2014). Bu taksonlar
icerisinde ise iilkemizde en genis yayilig alanina
Boylu ardig (Juniperus excelsa Bieb.) tiirtiniin
sahip oldugu bilinmektedir. Boylu ardicin ekstrem
yetisme ortami kosullarina dayanikli oldugu, sik
ibrelere sahip oldugu ve yaban hayati i¢in barinma
ve beslenme ortami sagladifi ig¢in orman
ekosistemlerinde onemli bir tiirdir (Giiltekin,
2007; Mert ve Yalginkaya, 2017).
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Odununun yumusak olmasi, regine igermemesi ve
kolay islenebilmesinden dolay tel direk, baston ve
kirbag sap1 yapiminda, miizik aletleri yapimi gibi
birgok alanda kullanimi yaygindir. Kozalak ve
yapragmnda  kimyasal maddeler  bulunmasi
nedeniyle eczacilik, tip ve ¢esitli endiistriyel
uygulamalarda kullanimi olduk¢a fazladir (Aswal
ve Goel, 1989; Muhammad vd., 1992; Fujita vd.,
1995; Erenler, 1997; Baytop, 1999). Tiiriin
belirtilen kisimlarda bulunan ugucu yag, dogal

sekerler, flavon glikozitleri, regine tanen ve
organik asitler ¢ogunlukla bazi yiyecek ve
iceceklerde tat wve koku maddesi olarak

kullanildiklart bilinmektedir (Aswal ve Goel,
1989; Muhammad vd., 1992; Fujita vd., 1995;
Erenler, 1997; Baytop, 1999). Ayrica odun ve
yapraklarindan damitma yoluyla ardi¢ esansi elde
edilerek parfiimeri endiistrisinde kullanildigi da
tespit edilmistir. (Ebcioglu, 2003). Ardi¢ tohumu
cayl viicutta biriken laktik asidi gidererek kan
dolagimini diizenledigi, bas ve mide agrilarma ve
cocuklarda bobrek iltihaplarma iyi geldigi ifade
edilmektedir. Yine ardic yagmin kullanimi
kirginlik, mide krampi, sinir bozukluklarinda,
migren ve sinir merkezli kalp rahatsizliklarinda
etkili oldugu ifade edilmis olup, yapraklarinin ve
taze silirgiinlerinin kaynatilmasi ile elde edilen su
banyosu ayaklarin kan dolagimimi rahatlatarak
mantar tiri  deri rahatsizliklarini  giderdigi
aciklanmustir (Erenler, 1997; Kog, 2002; Giirkan,
2003).

Boylu ardig tiirleri, belirtilen tiim bu o6zellikleri
itibariyle diinya genelinde oldugu gibi iilkemizde
de Dbircok calismaya konu olmustur. Bu
calismalardan 6nemli bir kismi ise tiriin farkli
organlarinda ugucu yag Ozelliklerinin tespit
edilmesine yonelik olmustur Sokovi¢ vd., (2004)
tarafindan  yapilan  ¢aligmada J.  excelsa
kozalaklarinda ugucu yag ve bilesenleri tespit
edilmistir. Calisma sonucunda kozalaklardaki
ortalama ugucu yag verimi %]1.2 olarak tespit
edilmistir. Ucucu yag icerisinde toplam 19 farkh
bilesen belirlenmis olup, bunlar igerisinde Sabinen
(%72.8) bariz bir sekilde major bilesen olmustur.
Sabinen’den sonra ugucu yaglardaki en temel
bilesen ise mirsen (%5.6) oldugu ifade edilmistir.
Unlii  vd., (2008) tarafindan J. excelsa
kozalaklarinda ugucu yag bilesimlerinin tespit
edilmesine yonelik yapilan g¢alismada 44 farkh
bilesen elde edilmis olup, bunlar igerisinde a-
pinen (%55.5), a- sedrol (%7.7), sabinen (%3.5) ve
verbenon (%2.4) major bilesenler oldugu ifade
edilmistir.  Adamopoulos ve Koch (2011)
Yunanistan’da yaptiklar1 bir ¢alismada Juniperus



Bilge International Journal of Science and Technology Research 2017, 1(2): 119-128

excelsanin  6zodun ile diri odunun fenolik
bilesenleri karsilastirmis, 6zodunda daha fazla
fenolik bilesen bulundugunu tespit etmislerdir.
Khoury vd., (2014), Liibnan’da yaptig1 ¢aligmada
J. excelsa yaprak ve dallarinda ugucu yaglar ve bu
ugucu yaglarin antimikrobiyal etkilerini
arastirmiglardir. Clevenger ile elde ettikleri ugucu
yaglarda GC-MS analizi sonucu a-pinen ve o-
sedrol ana bilesenler olmustur. Ayrica tliriin ugucu
yaglarinin  in-vitro kosullarda Staphylococcus
aureus ve Trichophyton rubrum (MICs of 64- 128
png/ml)’e karst antimikrobiyal aktivite gosterdikleri
tespit edilmistir. Fakat yukarida belirtilen bilgiler
1s1gmda konu olduk¢a 6nem arz etmekte olup bu
dogrultuda yapilacak yeni c¢alismalara halen
ihtiyag ~ duyulmaktadir.  Buradan  hareketle
gerceklestirilen bu ¢alismada Goller ydresinde
yayilis gosteren boylu ardig tiiriinlin yapraklarmm
sahip oldugu ugucu yag miktar1 ve bilesenlerinin
tespit edilmesi amaglanarak, bu konudaki bilgi
birikiminin artirilmasi hedeflenmistir.

2. Materyal ve Yontem
2.1. Arastirma alam

Calisma tiiriin tilkemizde yaygin olarak dagilim
gosterdigi Isparta, Burdur ve Antalya il sinirlarini
icine alacak sekilde 38°25'-36°06' kuzey enlemleri
ile 29 °30'-32 °34' dogu boylamlar1 arasinda kalan
ve Goller yoresi olarak isimlendirilen yaklagik
36.676 km?’lik alan igerisinden secilen 20 6rnek
sahada yapilmstir (Sekil 1).
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Sekil 1. Calisma yapilan 6rnek alanlarm harita
iistiindeki konumlar1

Caligma alani, igerisinde yeryliziinde tektonik ve
volkanik olaylarla meydana gelen ¢ukurlarda
sularm  birikmesiyle olusmus ¢ok sayida gol
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bulunmakta ve yore adin1 bu géllerden almaktadir.
Alan igerisinde hakim anakaya kiregtasidir.
Bolgede oldukga sik degisime ugrayan basta iklim
ozellikleri olmak iizere, yine kisa mesafelerde
farklililk arz eden yeryiizii sekilleri ve anakaya
varyasyonuna bagli olarak toprak &zellikleri
farklilik gostermektedir. Farkli toprak tipleri
igerisinde ise yine en hakim olugumlar kirmizi
akdeniz (terra-rossa) topraklari, esmer orman
topraklari, kahverengi orman topraklar1 ve kestane
renkli topraklardir (Atalay, 1987; Giilsoy, 2011).
Yorede genel iklim o&zelliklerine bakildiginda
Akdeniz’e yakin yerler, al¢ak kesimler ve daglarin
denize bakan yamaglarinda tipik Akdeniz iklimi
(vazlar sicak ve kurak, kislar ilik ve yagisl),
denizden uzak ve daha yiiksek kesimlerde Akdeniz
iklimi ile karasal iklim arasinda gecis iklimi
goriilmektedir (Evliyaoglu, 1996).

2.2. Arazi calismalar

Calismada ilk olarak mevcut ardi¢ alanlar
icerisinde tlirlin yayilis durumu, agaglarin saglik
durumu gibi kriterler géz 6niinde bulundurularak
ornek alanlar belirlenmistir. Yine &rnek alanlar
belirlenirken insan baskisindan uzak, mantar ve
bocek zararinin olmadigi sahalarin segilmesine
dikkat edilmistir. Bu degerlendirmeler sonucunda
bu kosullar1 saglayan 20 &rnek alanda c¢alisma
yapilmistir. Her bir 6rnek alanda alani en iyi temsil
edecek saglikli 3 agac belirlenip, yaparak érnekleri
belirlenen agaclarin kuzeye bakan taraflarindaki
son yil siirgiinleri izerinden almmuistir.

2.3. Laboratuvar calismalari

Araziden toplanan yapraklar ilk olarak laboratuvar
ortaminda, agikta kurumasi amaciyla 2 ay siire ile
bekletilmistir. Daha sonra hava kurusu hale gelen
ornekler sabit agirliga gelmesi igin metal kaplar
igerisinde 35 °C'de kurutma firmimna konulmustur.
Bu islemin ardindan yapraklar elektronik mikser
vasitastyla Ogiitiilerek toz haline getirilmistir.
Ardindan 2 mm goz agikligindaki elekten gecirilen
toz halindeki yapraklar 100’er gram tartilarak
ucucu yag analizi i¢in Clevenger cihazimnin cam
haznesine konulmustur. Uzerlerine 1 litre su ilave
edildikten sonra kaynatilmaya birakilmistir. Her
bir 6rnek alan ic¢in 3 tekerriirlii olacak sekilde
distilasyon  (damitma) islemi  baglatilmistir.
Clevenger diizeneginde distile edilmis drneklerden
% ugucu yag verimleri (v/w) elde edilmistir
(Baser, 2010).



Bilge International Journal of Science and Technology Research 2017, 1(2): 119-128

Ugucu yag veriminin tespitinin ardindan yapilan
diger bir islem ise ugucu bilesenlerin tespit
edilmesi  olmustur. Bu amagla kurutulmus
yapraklar SDU Deneysel ve Gozlemsel Ogrenci
Arastirma ve Uygulama Merkezine sevk edilmisgtir.
Ornekler burada yaklasik 1’er gram ogiitiilerek
viallere konulmustur. Vialler igerisindeki drnekler
25°C’de fibersiz 5 dakika bekletilmistir. Bu sirada
viallerin iist kismina numune igerisindeki ugucu
bilesenler birikmistir. Bu iglemin ardindan numune
igerisine  fiber daldirilip 5 dakika daha
bekletilmistir. Boylelikle fiber ugucu bilesenleri
absorbe etmistir. Bu asamada son olarak
numuneden c¢ekilen fiber Shimadzu (Japan) GC
2010 PLUS GC/MS marka cihaza enjekte edilip
ucucularin sistemde desorpsiyonu
gerceklestirilmistir. GC/MS cihazinda Restek Rx-
5Sil MS 30 m *0.25 mm, 0.25 mm Kkolon
kullanilmstir. Kolon sicakli programi; 40 °C de 2

dakika bekletildikten sonra 250°C‘ye, dakikada
4°C’lik artisla ulasmakta ve 250°C’de 5 dakika
beklemektedir.

3.Arastirma Bulgular

Laboratuvarda yapraklarin ugucu yag verimini
belirlemeye yonelik yapilan ¢alismada boylu ardig
yapraklarinda ortalama %0.87+0.12 v/w oraninda
ucucu yag verimi belirlenmistir. Ugucu yag
veriminin tespit edilmesinin ardindan ugucu yag
bilesenlerini belirlemeye yonelik uygulanan SPME
analizi neticesinde ise 41 adet ugucu bilesen tespit
edilmistir. Calismada tespit edilen bilesenler ve
tiim &rnek alanlara gore ortalama degerler (% v/w)
Cizelge 1’de verilmistir.

Cizelge 1. Boylu ardi¢ yapraklarinda tespit edilen ugucu bilesenler ve ortalama oranlar1 (% v/w)

Ucucu Bilesenler (% v/w) Ucucu Bilesenler (% viw) Ucgucu Bilesenler (Yoviw)
a-pinen 81.3 B-sedren 0.1 Kadina-1(6),4-diene 10betaH 0.1
Mirsen 6.2 Sedrol 0.1 A-Kadinen 0.1
Limonen 4.5 Bornyl acetat 0.1 a-p-Dimethylstyren 0.1
A3-karen 1.4 Thujopsen cis 0.1 Undeca-1,3,5-trien 0.1
y-terpinen 1.2 Kamphor 0.6 B-Farnesen (E) 0.1
B-Pinen 1.0 B-Osimen (E) 0.1 Butyrate isopropyl-, 2-methyl 0.1
Terpinolen 0.9 Fenchon 0.1 a-Fenchol 0.1
p-simen 0.9 Sabinen 0.1 Pyrazine-2-isobutyl- 3-methyl 0.1
Kamphen 0.6 B-Karyophyllen 0.1 B-Bourbonen 0.1
a-sedren 0.5 Fenchyl asetat endo 0.1 Capronaldehyde; Hexanal 0.1
a-terpinen 0.4 a-Thujen 0.1 B-Osimen <(2)- 0.1
a-pellandren 0.3 a-Humulen 0.1 Linalool 0.1
Tricyclen 0.2 v-Kadinen 0.1 Verbenon 0.1
Germakren D 0.1 a-Kopaen 0.1

Boylu ardi¢ yapraklarindan elde edilen ugucu
bilesenlerin toplamina bakildiginda en fazla tespit
edilen bilesenin %81.2842.76 ortalama ile «o-
pinen oldugu goriilmektedir. a-pinen’den sonra
ise %6.194£0.92 ile mirsen Ve son olarak
%4.52+0.89 ile limonen oldugu tespit edilmistir.
Belirlenen diger 38 bilesenin toplam orani %8.01
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ile oldukca diisiik oldugundan boylu ardi¢
yapraklarinda o-pinen, mirsen ve limonen
bilesenlerinin sirasiyla en temel (major) ucucu
bilesenler oldugu sonucuna varilmistir. Caligmada
tespit edilen major ucucu bilesenlerin 6rnek
alanlardaki daglimi ise Cizelge 2’de verilmistir.
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Cizelge 2. Boylu ardi¢ yapraklarinda tespit edilen ugucu bilegenlerin 6rnek alanlardaki miktar (%)

OA Mevkii Ad1 a-pinen Mirsen Limonen
oal Barla (Egirdir) Mevkii 84.0 5.2 4.0
0a2 Yukar1 gokdere (Egirdir) Mevkii 79.3 6.7 5.1
0a3 Sipahiler (Siit¢iiler) Mevkii 81.8 5.5 4.1
0ad Tota (Siitciiler) Mevkii 78.0 5.8 4.3
0a5 Cobanisa (Siitgiiler) Mevkii 74.5 5.5 4.3
0a6 Beskonak (Bucak) Mevkii 80.5 5.8 5.5
oa’ Yiiregil (Bucak) Mevkii 81.1 6.5 5.3
0a8 Kestel (Bucak) Mevkii 83.7 6.4 4.1
0a9 Derekdy (Aglasun) Mevkii 79.7 8.2 4.9
0al0 Giivenli (Aglasun) Mevkii 82.8 6.2 4.5
0all Kozluca (Kegiborlu) Mevkii 82.5 5.7 4.4
0al2 Bogiirdelik (Golhisar) Mevkii 79.8 7.5 6.2
0al3 Boncuk kulesi (Altinyayla) Mevkii 78.5 4.3 4.0
0ald Ibecik (Altinyayla) Mevkii 78.2 7.3 6.5
0al5 Yaprakli (Elmalr) Mevkii 82.5 7.3 3.8
0al6 Siitlegen (Kas) Mevkii 82.6 6.6 4.6
0al7 Giizelsu (Akseki) Mevkii 86.2 5.3 3.0
0al8 Cevizli (Akseki) Mevkii 81.5 5.9 4.9
0al9 Kizilkarlik (Ibradi) Mevkii 84.8 5.5 3.3
0a20 Uziimliidere (ibradi1) Mevkii 83.5 6.6 3.7
Ortalama 81.28 6.19 4.52
Cizelge 2  incelendiginde  major  ugucu vd., 2015). Dolayisiyla tiiriin yapraklarindaki

bilesenlerden o-pinen en fazla oal7 (%86.2)‘de
iken en az oa 5 (%74.5)’te tespit edilmistir. Major
ucucu bilesenlerden mirsene bakildiginda ise en
fazla oa 8 (%8.2) de yer alirken, en az oa 13
(%4.3)‘te yer almistir. Major ugucu bilesenlerden
bir diger bilesen olan limonene bakildiginda en
fazla oa 14 (%6.5)’teyken en az oa 17(%3.0)’de
oldugu tespit edilmistir.

4. Tartisma ve Sonuglar

Bu calismada Tiirkiye ve diinyada onemli yayilisi
olan boylu ardi¢ agacinin yapraklarmnda ortalama
ucucu yag miktar1 tespit edilmis olup, bu ugucu
yaglarin sahip olduklar1 bilesenler belirlenmistir.
Yapilan bu ¢alismada boylu ardi¢ yapraklarinda
ortalama %0.87+0.12 v/w oraninda ugucu yag
tespit edilmistir. Yunanistan’da toplanan J. excelsa
yapraklarinda %0.78 ile %1.85 v/w arasinda
(Adams, 1990), iran’da yapilan bir ¢aligmada %0.8
v/w arasinda (Ehsani vd. 2012) ve Makedonya’da
gergeklestirilen bir ¢calismada ise %0.89 ile %1.39
arasinda ugucu yag verimi tespit edilmistir (Sela
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ucucu yag miktarlarinin tespit edildigi tim bu
calismalardan elde edilen sonuglarin, bu
calismanin bulgulart ile uyumlu oldugu, goriilen
ufak farkliliklarin ise yaprak toplanma zamani,
uygulanan yontem ve genetik gibi kosullardan
kaynaklanabilecegi diistiniilmektedir.

Bager (1993) tarafindan Labiatae familyasi {izerine
yapilan bir c¢aligmada, biinyesinde %2 v/w ve
iizerinde ucucu yag miktar1 bulunan bitkilerin
ugucu  yag  bakimindan  zengin  olarak
degerlendirilebilecegini belirtmistir. Bu baglamda
boylu ardiglar 6nemli ugucu yag bitkilerini iceren
Labiatae familyasi ile kiyaslandiginda tiiriin
zengin igerikli bir ugucu yag bitkisi oldugunu
soylemek pek miimkiin degildir. Fakat yine de
tiriin  yapraklarinda azimsanmayacak miktarda
ucucu  yag  icerdigini  sOylemek  yanls
olmayacaktir.

Yapraklarda belirlenen 41 farkli bilesen icerisinde
a-pinen (%81.28+2.76) bariz olarak temel (major)
ucucu bilesen olmustur. Mirsen (%5.19+0.91) ve
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limonen (%4.52+0.86) bilesenleri diger
bilesenlerden fazla olmasina ragmen, bu iki bilesen
oranmin a-pinen’e gore net bir sekilde az oldugu
tespit edilmistir. Tiirkiye’de yapilan bir ¢alismada
boylu ardi¢ yapraklarinda en temel ugucu yag
bilesenleri sirasiyla o- pinen (%29.7), sedrol
(%25.3), a-murolen (%4.4) ve 3-karen (%3.8)
olarak siralanirken (Topgu vd., 2005), Iran’da
yapilan  bir bagka c¢aligmada J. excelsa
yapraklarinda ana bilesenin a-pinen (%32.34)
oldugu tespit edilmistir (Emami vd., 2011a).
Konuya iligkin yiiriitiilen bir bagka ¢aligmada ise
a-pinen (%36), B-pinen (%30.2), limonen (%12.6),
B-fellandren  (%3.9) tiiriin yapraklarinda ana
bilesenler olarak tespit edilmistir (Nadir vd.,
2013). Goriilecegi iizere tim bu calismalarda o-
pinen major bilesen olarak tespit edilirken, hem a-
pinen hem de diger bilesen oranlarinda farkliliklar
gozlemlenmistir. Konuya iligkin onceki
caligsmalarda bitkilerden elde dilen ugucu yaglarin
miktar ve bilesimleri iizerinde kismen kullanilan
yontemlere iligkin standartlar ile ugucu yag elde
edilecek bitkinin tiirii ve toplandigi lokalite,
bitkinin hangi kisminin kullanilacagi, olgunluk
donemi ve genetik faktorler gibi pek c¢ok
degiskenin etkili olabilecegi ifade edilmektedir
(Sarer, 1988; Acar, 1989; Akgiil ve Bayrak, 1989;
Duru ve Harmandar, 1993; Tawatsin vd., 2001;
Baydar, 2005; Toroglu vd., 2006; Bagc1 ve Kogak,
2008; Giilsoy, 2011). Dolayisiyla bu caligmadan
elde edilen sonuglarin 6nceki galigmalar ile olusan
kismi farkliliklarmin 6rneklerin toplandigi lokalite,
toplanma zamani, olgunluk evresi ve genetik gibi
farkliliklardan kaynaklandigi diisiiniilmektedir.

Tiriin yapraklarindan bulunan o-pinen’in en gok
aromatik Ozelliklere sahip igne yaprakli orman
agag¢ tirlerinde mevcut oldugu ve okaliptus ve
biberiye gibi bitkilerde de tespit edildigi
belirtilmistir (Simonsen, 1957; Lazutka vd., 2001;
Bakkali vd., 2008). Tip-eczacilik, kozmetik ve
halk saglig1 tizerindeki etkilerine yonelik yapilan
caligmalarda ise bu bilesenin iyi bir bronchodilator
(brons genisletici) 6zellige sahip oldugu ve bunun
yaninda antioksidan, antienflamatuar,
antimikrobiyal, antimetastak, apoptosis, alerjik
rinit ve antibiyotik etkilerinin olabilecegi ifade
edilmistir (Martin vd., 1993; Nissen vd., 2010;
Matsuo vd., 2011; Russo, 2011; Bae vd., 2012;
Donahue vd., 2012; Nama vd., 2014; Rufino vd.,
2014). Mirsen bileseninin sahip oldugu hos
kokusundan  dolay1  parfiimeri  sanayiinde
kullanilabilirligine yonelik bilgiler mevcuttur
(Fahlbusch vd., 2002). Ayrica bu bilesenin
farmokolojik olarak analjezik (agr1 kesici),
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antiinflamatuvar ~ (Lorenzetti wvd., 1991) ve
yatistirici-sakinlestirici (Do Vale vd., 2002) gibi
cesitli etkilerinin oldugunu ifade eden cesitli
calismalar bulunmaktadir. Son olarak limonen
bileseninin kullanim alanlarma bakildiginda ise
yogun olarak portakal kabugunda (~%95)
bulundugu ve menengic meyvelerinin ugucu
yaglarinda da tespit edildigi ifade edilmistir
(Grassmann vd., 2002, Giilsoy, 2011). Yine bu
bilesenin farmokolojik 6zelliklerini belirlemeye
yonelik olarak yapilan gesitli ¢aligmalarda beyin
timoriiniin  tedavisi (da Fonseca vd., 2011),
pankreas kanseri (Nakaizumi vd., 1997), mide
kanseri (Uedo, 1999), cilt, meme, bobrek ve
akciger kanserleri gibi ¢esitli hastaliklarda
(Wagner ve Elmafda, 2003) etkili olabilecegi
belirtilmistir. Ayrica yapilan cesitli calismalarda
yine  limonen  bileseninin  hipolipidemik,
antianjiogenik,  hipertermi, negatif  apoptoz
diizenleme ve antioksidan etkilerinin oldugu da
ifade edilmistir (de Saldanha da Gama Fischer vd.,
2011; Ahmad ve Beg, 2013).

Sonug olarak bu calismadan elde edilen bilgiler
dogrultusunda tip ve eczacilik alaninda 6nemi
oldukca yiiksek olan bilesenlerin elde edildigi
boylu ardi¢ yapraklarinin {ilkemizde tibbi ve
aromatik bitki statiisiinde degerlendirilebilir bir
yerde oldugu gorilmektedir. Tiiriin yapraklarindan
gesitli  hastaliklarin  tedavisinde  kullanilan
bilesenlerin elde edilebilmesi hem tiiriin ticari
degerini arttirmakta hem de tiirtin
yayginlastiriimasi gerekliligini ortaya
koymaktadir. Diger yandan konuya iliskin daha net
bilgilere ulasilabilmesi i¢in bu ve benzeri bitki
tirlerinin  6zellikle biyokimyasal o&zellikleri ile
ilgili konularda farkli detay calismalara da ihtiyac
duyulmaktadir.
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Determination The Effect of Plant Activator Applications on
Tomato Pollen Formation

M. A. Askin?, F. A. A. Hussein'*

Abstract: In this study, it was aimed to determine the effects of plant activator applications on tomato pollen
formation. For this purpose, Daylos and Seyran tomato varieties were used. ISR-2000 and Crop-Set were
used as plant activators. The first application was made in the first flowering period and then spray
application was applied to the plants 3 times in 14 days intervals. After the applications were finished, the
flowers were analyzed for morphology of pollen, germination and also pollen viability. And at the same time,
plant activator applications examined the effect of tomato fruit quality. In research result, the applications of
plant activators were supper effected by pollen viability, pollen germination and pollen morphology. pollen
viability and germination ISR-2000 was found highest in application than the other application. The Crop-Set
application were increased. control application was the lowest. The application of ISR-2000 and Crop-Set
according to the average fruit weight, fruit size. The result were that fruit weight has increased.

Keywords: Plant activator, ISR-2000, Crop-set, Tomato pollen

Bitki Aktivatori Uygulamalarinin Domateste Polen Olusumu
Uzerine Etkilerinin Belirlenmesi

Ozet: Bu arastirmada bitki aktivatér uygulamalarinin domates polen olusumu iizerine etkilerinin belirlenmesi
amaglanmistir. Bu amag dogrultusunda yapilan galismada Daylos ve Seyran domates ¢esidi, bitki aktivatorii
olarak da ISR-2000 ve Crop-Set kullanilmustir. ilk gigeklenme donemde ilk uygulama yapilmis bundan sonra
14 giin ara ile toplam 3 defa sprey seklinde bitkilere uygulama yapilmistir. Uygulamalar bittikten sonra
domates gesitlerine ait olan gi¢ek tozu canliliklarinin, ¢imlendirme ve polen morfolojisi incelenmistir. Ayni
zamanda bitki aktivatér uygulamalarmin domates meyve Kalitesine etkisi belirlenmistir. Sonugta, bitki
aktivator uygulamalarinin polen canliligi, polen ¢imlendirmesi ve polen morfolojine etkisi olmustur. Verimde
bitki aktivatorlerine gore farklilik gostermistir. Canlilik ve ¢imlendirme ISR-2000 uygulamasinda en yiiksek
bulunmustur. Polen eni orani en yiiksek degere sahip olan uygulama ISR-2000 olarak saptanmistir. Polen
boyu orani1 en yiiksek deger sahip olan uygulama Crop-set olarak belirlenmistir. Meyve kalitesini olusturan
ortalama meyve agirligi, ortalama kontrol, ISR-2000 ve Crop-Set uygulamasi arasinda farklilik
gostermemistir.

Anahtar Kelimeler: Bitki Aktivatérii, Crop-Set, Cigek tozu, Domates, ISR-2000

1. Giris dogabilecek zararlar1 en alt seviyeye tasimak ve

bitki hastaliklariyla savasim yontemleri arasinda
Diinya niifusunun hizli artigindan dolayi insanligin kiiltiirel, biyoteknik ve karantina onlemleri ile
karsilastigt en Dbiyiikk sorunlardan biri olan mekanik, fiziksel, biyolojik ve kimyasal savas yer
beslenme problemi ortaya ¢ikmaktadir. Buna almaktadir. Hastalik engellenmesi amaciyla ve iyi
¢ozlim olarak tarimsal faaliyetlerin desteklenmesi sonu¢ alinmasi nedeniyle daha ¢ok kimyasal savag
ve artirillmasi insanmn birinci hedefi olmaktadir. kullanilmaktadir. Cesitli pestisitlerin kullanimimn
Giinimiize kadar olan tarimsal faaliyetlerden (bocek ilaglar1), tarimsal bitkiler {izerinde negatif
!Siileyman Demirel Universitesi Ziraat Fakiiltesi Bahge Bitkileri Citation (Auf): Askin, M.A., Hussein, F.A.A. (2017). Bitki Aktivatorii
Boliimi, 32260, Isparta/Tiirkiye Uygulamalarimin - Domateste  Polen Olusumu Uzerine Etkilerinin
*Corresponding author (Iletisim yazari): faatuu44@hotmail.com Belirlenmesi. Bilge International Journal of Science and Technology

Research, 1 (2): 129-134.
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etki yapmaktadir. Bahsedilen maddeler bitkilerin
fotosentez ve solunum gibi en O6nemli miihim
gorevlerinin gerceklestirildigi yapraklarda toksik
etkiye neden olmakta ve morfolojik, anatomik ve
fizyolojik yonden degisiklikler yol agmaktadir.
Polen c¢imlenmesini ve polen tiipii olusumunu
engel olmakla birlikte ortaya ¢ikacak {iriin
miktarini belirlemektedir (Tort vd., 2005).

Fungusitlerin polen ¢imlenmesi iizerindeki etkileri
tizerine bircok ¢alisma yapilmistir. In  vitro
kosullar altinda fungusitlerle uygulama edilen
polenlerde, polen ¢imlenmesinde bir azalma, polen
tiplerinde deformasyon ve c¢atlaklar oldugu
bildirilmistir. Diinyada oldugu gibi Tiirkiye'de de
yogun konsantrasyonlarda kullanilan pestisitlerin
etkileri farkli agilardan birgok arastirmaci
tarafindan incelenmistir. Son zamanlarda yapilan
bir dizi ¢alismada, fungusidlerin  polen
cimlenmesini ve boylelikle meyve olusumunu
bozarak zehirli toksik etki yarattigi bildirilmistir
(He vd., 1995; Pavlik ve Jandurava, 2000).

Ciceklenme doneminde bazi meyve agaglarmda
triazol  fungusitinin  asir1  kullanimi  polen
¢imlenmesi ve meyve olusumu {izerinde olumsuz
etkilere neden oldugu gozlenmistir (Redalen, 1980;
Marcucci ve Filiti, 1984). Benzer sekilde Captan
ve baz1 fungusitlerin, pek ¢cok elma ¢esidinde polen
canliligini azalttigi bildirilmistir (Church, 1977).
Captan uygulanmis elma agaglarinda polen
¢imlendirmesinin  kontrole goére %20 oranda
azaligi belirlemistir (Yi vd., 2003). Diger bir
calisma domates ¢igeklerinde polen ¢imlenmesi ve
polen tiip bilyiimesini azalttigi bildirilmistir. (De
Lacerda vd., 1994).

Pestisitlerin polen ¢imlenmesi ve polen tip
biiylimesi lizerindeki etkileri iizerine bir¢ok
calisma yapilmis olsa da pestisitlerin polen
morfolojisi ve anatomisi {izerindeki etkileri iizerine
¢ok az calisma bulunmaktadir. Son donemlerde
bitkilerin dogal savunma sisteminin bir diirtii
yardimiyla  uyarillarak  kendilerinin  patojen
saldirilardan korunmasina dayanir. Dogal savunma
sistemini aktif haline getiren bu diirtiiye bitki
aktivatori  denmektedir.  Bitki  aktivatorleri:
bitkilerin bagisik sistemini uyarilmasi ile besin
maddelerinden daha iyi giiglendiren, bitki patojen
saldirisina kars1 koruyan, bitki biiylimesi saglayan,
toprak yapisi diizenleyici Ozellikleri olan ve bu
ozellikleriden hep birden tasiyan maddelerdir
(Tosun ve Ergiin, 2002).
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Bu caligmada, Bitki Aktivatorii uygulamalarinin
domates bitkisinde ¢icek tozu olusumu iizerine
etkilerini arastirmak amacglanmistir.

2. Materyal ve Yoéntem

Deneme Siileyman Demirel Universitesi, Ziraat

Fakiiltesi Bahge Bitkileri Boliimii’nde
yiriitilmistiir. Calismada bitkisel materyal olarak
iki farkli domates ¢esidi daylos ve seyran

kullalanilmigtir. Serada yapilan deneme ¢alismalari
kullanilan domates fideleri, ticari bir fidelik olan
Erdogan Tarmm (Deregiimii Kdyli Merkez/Isparta)
firmast tarafinda dretilmistir.  Farkli  bitki
aktivatorii uygulamalarinin birbirini etkilememesi
amaciyla her uygulama arasinda izolasyon siralari
birakilmistir. Bitki aktivatorlerinin uygulanmasina
ilk ¢icek donemde baslayip 14 giin ara ile toplam 3
defa sprey seklinde bitkilere uygulama yapilmistir.
Arastirmada kullanilan bitki aktivatorii Crop-Set
Lactobacillus acidophilus (600 ppm) ve ISR 2000
(900 ppm) kullanmilmaktadir. Bitki aktivatorii
bitkiler uygulama yapildiktan iki giin sonra
cigekler bitkinin iizerinde iken titresimli dis firca
yardimiyla toplanarak polenler ¢ikarilmis. Cigek
tozlari, buzdolabinda (4°C) kullanilincaya kadar
saklanmustir.

S6z konusu calismada; domates cesitlerinde ki
cicek tozlarmin canlilik seviyelerini belirlemek
amaciyla TTC testi yapilmistir. 10 ml TTC
¢ozeltisi i¢in 1 ml saf su igersinde ¢oziilmiis 0.1 gr
TTC, 6 gr sakkarozun 9 ml saf suda eritilmesi
sonucu olusan iki karigim birbirlerinin {izerine
ilave edilmistir. Elde edilen TTC ¢ozeltisi film
kutusuna koyularak 1s1ga karst korunmustur.
Akabinde; calismadaki ana gesite ait ¢icek tozlari
icin iki adet lam hazirlanmis olup; ili tarafina da
bir damla TTC damlatilmistir. Damlanin st
kismina g¢igek tozlari ekilmistir. Ekimden sonra
lamel kullanilmig bdylece damlanin iizeri
ortilmistir.

TTC boyasi, ekimden ii¢ saat sonra ¢i¢ek tozlarinin
boyanmasina sebep olmustur. Daha sonra 151k
mikroskobu ile lamm iki ucunda bes bdlgede
sayim yapilmigtir. Sonuc olarak TTC boya
maddesi ile kirmizi boyanan ¢igek tozlari canli,
pembe renk olan yar1 canli, hi¢ boyanmayan ¢igek
tozlar1 cansiz, olarak belirlenmistir. Cimlendirme
ortami olarak 100 ml saf suya %1 agar + %30
sakkaroz konsantrasyonlar1 denenmistir. %1 agar +
%30 sakkaroz ortamimi hazirlamak i¢in; Ortam,
100 ml kaynayan saf suya 1 g agar ve
konsantrasyona bagli olarak, 30 g sakkaroz ilavesi
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yapilarak hazirlanmistir. Ortamlar, petri kaplaria
yaklagtk 2 mm kalinlikta dokiilerek sogumaya
birakilmiglar. Ortamlar soguduktan sonra c¢icek
tozlart sulu boya fircasi ile ¢imlendirme ortamina
ekilmigtir. Sayma islemi ortamlara ¢icek tozu
inkubator 22°C beklettin yaklasik 12 saat sonra
gergeklestirilmistir. Her petri kutusunda ise 5 ayri
alanda sayim yapilmustir.

Polen morfolojisi bitki aktivatdr uygulamalari
etkisi belirlemek amaciyla, Electron mikroskobu
SEM (QUANTO FEG 250) marka ile kullanarak
polen tipi, polen sekli ve biiyiikliigii, polen en ve
boy incelenmistir. SEM ile yapilan incelemelerde
domates ait olan polenlerin polar ve ekvatoral
goriiniisleri elde edilmis; polen saglamlik ve
abortif yapist incelenmistir. SEM c¢aligmalari
Siilleyman Demirel Universitesi Miikemmeliyet
Merkezi'nde gerceklestirilmistir. Quanta FEG 250
marka Bilgisayar Kontrollii Dijital SEM (Scanning
Electron Microscope) kullanilmustir.  Polenler
direkt olarak ¢ift tarafli yapistirici bant ile drnek
tutucu (aliiminyum stub) iizerine yerlestirilmis.
Piskiirtme (sputtering) cihazi ile altin kaplama
isleminden sonra inceleme yapilmistir.

Bitki aktivatér uygulamalarin domates meyve
kalitesi tiizerine etkisini belirlemek amaciyla,
uygulamalara rastgele bir sekilde her bir bitkiye 10
adet meyve almmugtir. Hasat yapildiktan sonra
hassas digital kumpas ve hassasiyeti elektronik
terazi kullanilarak meyve agirhigi(g) meyve boyu
(mm) ve meyve eni(mm) 6l¢iilmiistiir.

Arastirmadan elde edilen tiim veriler, MINITAB
(16.0 for Windows) istatistik paket programi

kullanilarak, varyans analizine (GLM,
Multivariate) tabi  tutulmustur.  Ortalamalar
arasindaki  farkliliklarin  karsilastirilmasinda,
TUKEY c¢oklu karsilastrma testi (p<0.05)
kullanilmustir.

3. Bulgular

Arastirmada kullanilan bitki aktivatori

uygulamalarinin domateste polen olusumu iizerine
etkilerinin belirlenmesi istatistik olarak %0.5 hata
seviyesinde ¢ok onemli bulunmustur. Elde edilen
bulgulara goére denemede kullanilan  bitki
aktivatorlerinin domates polen {iizerindeki etkileri
canlilik testi incelenmesinden anlasilacaglr gibi
TTC testinde, en yiiksek canlt ¢igek tozu oranlari
ISR-2000 ve Crop-set uygulamalarinda %77.33 ve
%69.00 olarak saptanmistir. En diigiik canli ¢igek
tozu kontrol uygulamasinda %58.50 olarak
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belirlenmistir. Yar1 canli ¢i¢ek tozu orant
bakimindan en yiiksek degerler %30.16 ve %
19.00 ile kontrol ve Crop-set tespit edilmistir.
Oranlar1 bakiminda en yiiksek deger %11.34 ile
kontroliinde, en diisiik deger ise %10.00 ile ISR-
2000 belirlenmistir. Kullanilan bitki aktivatorii
elde edilen etkiler istatistiki olarak (P<0.05)
degerlendirildiginde aralarindaki fark Gnemli
bulunmustur (Cizelge 1).

Cizelge 1. Bitki aktivator uygulanan domates
cesitleri ait olan ¢igek tozu canlilik testi.

Uygulama Canh Yari canli  Cansiz
Kontrol 58.50 b 30.16 a 11.34 ab
ISR-2000 77.33a 12.67c 10.00 b
Crop-set  69.00ab  19.00b 12.00 a
Onemli *% *% *%
seviyesi

DK% 14.01% 13.19% 23.10%

Dikey siitunlardaki farkli harfleri tasiyan ortalamalar arasindaki
fark duncan ¢oklu karsilagtirma testine gore istatistiki olarak
6nemlidir (p<0.05).

Yapilmis olan c¢imlendirme testi sonuglari
incelendiginde, ¢imlenmis polenleri %87.83 ISR-
2000, Kontrol %78, Crop-Set %70.12’tir. En ¢ok
c¢imlenme yetenegine sahip olan ISR-2000, en az
¢imlenme yeteneginde olan uygulama ise Crop-

Set’tir.  Cimlenmemis polenler bakildiginda
Kontrol %22, Crop-Set %29.88, ISR-2000
%12.17°tir. Bu veriler sonucunda en ¢ok

c¢imlenmemis polen sahip olan Crop-Set, en az
c¢imlenmemis polen sahip olan ISR-2000’dir

(Cizelge 2).

Cizelge 2. Bitki aktivator uygulanan domates
gesitleri ait olan ¢igek tozu ¢imlendirme testi.

Uygulama Cimlenmis Cimlenmemis
Kontrol 78.00 ab 22.00 b
ISR-2000 87.83 a 12.17c
Crop-set 70.12 b 29.88 a
Onemli *x *x

seviyesi

DK% 9.91% 12.88%

Dikey siitunlardaki farkli harfleri tastyan ortalamalar arasindaki
fark duncan ¢oklu karsilastirma testine gore istatistiki olarak
onemlidir (p<0.05).

Denemede yer alan uygulamalart ait polen
morfolojisi SEM ile yapmis oldugumuz ¢alismada
saglam polen ve abrotif polen {izerine bitki
aktivatorlerinin  etkileri 6nemsiz  bulunurken
(Cizelge 3), polen eni ve boyu degerleri iizerine



Bilge International Journal of Science and Technology Research 2017, 1(2): 129-134

etkisi  6nemli  bulunmustur  (Cizelge 4).
Hesaplamalara gore boyu/eni orani en yiiksek
degere sahip olan uygulama ISR-2000 olarak
saptanmigtir.

Cizelge 3. Polen saglam ve abortif ¢aligmalari

Uygulama Saglam polen Abortif
polen
Kontrol 81.33a 8.00 a
ISR-2000 66.00 c 7.33a
Crop-set 71.50 ab 7.50a
Onemli od od
seviyesi
DK% 13.85% 43.30%

Dikey siitiinlardaki farkli harfleri tasiyan ortalamalar arasindaki
fark duncan goklu karsilastirma testine gdre istatistiki olarak
6nemlidir (p<0.05). Od= istatistiki olarak 6nemli degildir.

Cizelge 4. Polen morfoloji boy ve en belirlenmesi

Uygulama Polen eni Polen boyu
Kontrol 10.89 b 9.30c
ISR-2000 27.22a 17.88b
Crop-set 11.40b 21.13a
Onemli * *x
seviyesi

DK% 20.00% 6.30%

Bitki aktivatorlerinin domates meyve agirilik
artirict rol oynadigi, bitki aktivatorii uygulanan
parsellerdeki verimin meyve agirilik kontrolden
daha yiiksek c¢ikmasiyla anlasilmaktadir. Meyve
agirilik en yiiksek sonuc Crop-set verilmistir.

Meyve eni ve meyve boyu {izerine bitki
aktivatorlerinin  etkileri Onemsiz  bulunmustur
(Cizelge 5).

Cizelge 5. Bitki aktivator uygulamalarinin meyve
boyu ve eni lizerine etkileri

Uygulama Meyve Meyve Meyve
boyu eni agirlik
(mm) (mm) (@)
Kontrol 51.28 a 59.82 a 111.40b
ISR-2000 50.21a 60.49 a 118.50 ab
Crop-set  49.37 a 59.35a 126.10a
Onemli od od *
seviyesi
DK% 4.79% 4.16% 6.16%

Dikey siitiinlardak: farkli harfleri tasiyan ortalamalar arasindaki
fark duncan g¢oklu karsilastirma testine gore istatistiki olarak
énemlidir (p<0.05). Od= istatistiki olarak énemli degildir.
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4. Tartisma ve Sonug

Kiraci ve Padem (2012) tarafindan organik tarimda
kullanilan baz1 bitki aktivatorlerinin domateste
verim ve Kkalite lizerine etkileri adli bir ¢alisma
yapilmistir. Calismada Manda 31, Messenger,
Bionur, Crop-Set ve ISR-2000 ticari preparatlarini
kullanarak Bagher F1 oturak dometes ¢esidinde
deneme yapmuslardir. Deney sonucunda elde
edilen verilere gore dometes yetistiriciliginde bitki
aktivatorlerinin basarili bir sekilde
kullanilabilecegi sonucu  elde  edilmistir.
Calismadaki dogal preparatlarla toplam verim en
yiiksek konvonsiyel uygulamasindan 7602 kg/da,
en diisiik verim ise kontrol uygulamasinda 6202
kg/da olarak elde edilmistir.

Brezilya’da River vadisinde bulunan asma
cogiirlerinde 2001-2002 yillarinda tam g¢icek ve
tam ¢igekten sonra tek basina ve/veya beraber
gibberellik asit, Crop-Set ve kabuk soyma
uygulamalarmm pazarlanabilir siirglin kalitesi ve
verim {izerine etkileri incelenmistir. 2001 yilinda
en yiiksek degerler kabuk soyma+gibberellik asit
ve kabuk soyma-+gibberellik asit+%0.1 Crop-Set
uygulamasinda bulunmustur. Kabuk soyma ve
Crop-Set uygulamalarin tek basina veya beraber
uygulandiginda herhangi bir etkisi olmamistir.
2002 yilinda ise kabuk soyma+gibberellik asit ve
kabuk soyma+gibberellik asit+%0.2 Crop-Set
uygulamas1 siirgiin uzunlugunda %32 oraninda
artig saglamistir (Souza Ledo vd., 2010).

Bitki aktivatorlerinin fungusit etkilesimleriyle daha
iyi sonu¢ verdigi yapilan caligmalarla tespit
edilmistir. Fungusitler erken hastalik kontrolii
saglarken bitki aktivatorii sonradan devam edecek
infeksiyonlara karsi uzun siireli koruma saglar.
Bitki aktivatorlerini uygulama penceresinin disinda
kullanmak zayif bir koruma saglanmasina neden
olmaktadir. Bunun yaninda, uygulama sirasinda
bitkide artan bir hastalik diizeyinin olmasi da daha
disik bir korumanm gerceklesmesine neden
olmaktadir (Novartis, 1997).

Sera ortaminda aynt anda hem patojen
inokulasyonuyla biyotik hem de NaCl stresiyle
abiyotik strese kars1 domates bitkilerine uygulanan
ISR 2000 bitki aktivatoriiniin (1 ml/lt) koruyucu
etkileri arastirilmistir. Tek bagmma ISR 2000
uygulamasi bilyiime parametrelerinde ve bitki
biyokiitlesinde belirgin azalmaya neden olmustur.
Bunun yaninda, ISR 2000 uygulamalari domates
fideleri iizerindeki tuz stresinin negatif etkilerini
tolere etmektedir. Tuz stresi altinda ISR 2000*nin
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domates  fidelerinin  vejetatif ~ biiylimesini
gelistirmesi ve antioksidan enzim seviyelerini
arttirmasi ile tuz stresi etkilerini tolere etmektedir
(Ozfidan, 2005).

Eti (1991), yaptig1 ¢aligmada elma, armut, kiraz,
visne ve erik tiirlerine ait 10 gesitte ¢igek tozu
canlilik ve ¢imlendirme testleri yapmistir. Cicek
tozlarinin canlilik seviyenin ortaya ¢ikarmak
amactyla TTC, FDA ve IKI soliisyonlarinin
kullanmustir. Sonug olarak meyve gesitleri arasinda
gicek tozu canlilik ve ¢imlendirme diizeyleri
yoniinden oldukg¢a farkli sonuglar belirlenmistir.
Oberle ve Watson (1953), seftali, armut, elma ve
lizim tiirlerine ait ¢i¢ek tozlarinin canliliklarinin
belirlenmesinde 1, 2, 3, 5- triphenyl tetrazolium
chloride (TTC), ¢imlendirilmesinde ise %10
sakkaroz- %1 agar ortammi kullanmiglardir.
Arastirmada ¢icek tolarmin canlilik oranlari,
cimlenme  oranlarma gore daha  yiiksek
bulunmustur.

Celik (1998) tarafindan 1995-1996 yillar1 arasinda
yapilan bir calismada Tekirdag cekirdeksizi, 2/B-
56 ve Trakya ilkeren cesitlerinin ¢icek tozu
canliliklar1 ve c¢imlenme giigleri incelenmistir.
Tekirdag cekirdeksizi, 2/B-56 ve Trakya ilkeren
gesitlerinden tam ¢i¢eklenme zamani alinan ¢igek
tozlarinda sirasiyla %89,28, %95,36, %97,95 ve
%098,25°’lik canlilik oran1 saptanmustir. Cigek
tozlar1 i¢in optimal ¢imlenme kosullari, ¢igek
tozlamim alindig bitki tiir ve ¢esidine gore biiyiik
degisiklik gostermektedir. Besin maddesi yaninda
¢imlendirme ortaminin nem, basing, sicaklik ve pH
durumu da ¢imlenme basarisini 6nemli Olglide
etkilemektedir (Elhers, 1951). Bu faktorlerden bir
veya birkaginin olumsuz olmasi durumunda,
canlilik diizeyleri yiiksek olsa dahi ¢igek tozlarmin
¢imlenmedikleri belirlenmistir.

Bugiine kadar birgok arastirict tarafindan, degisik
bitki tiir ve ¢esitlerine ait ¢igek tozlari, farkli besin
ortamlar1 ve ¢imlendirme yontemleri kullanilarak
¢imlendirme testleri yapilmistir (Deidda, 1968;
Calzoni vd. ,1979; Seilheimer ve Stosser, 1982;
Stityemez, 1994). Yapilan caligmalarda c¢icek
tozlarmin gerek canlilik gerekse ¢imlendirme
sonuglar1 meyve tir ve ¢esidi ile uygulama
yontemine onemli farkliliklar gdstermistir. Prasad
(1972), perlette, Sultani c¢ekirdeksiz, Himrod,
Kismishi ve Beauty seedless iiziim gesitlerinde en
yiiksek c¢icek tozu ¢imlenme oranin %20 seker +
%0,5 agar ortaminda elde etmigtir. El¢i (1982),
cicek tozlarinin suni ortamlarda
¢imlendirilmesinin, genel olarak bitkinin déllenme
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biyolojisi, ¢igek tozlarinmn canliligmi ve bunlarin
melezlemede kullanilma olanaklarini arastirict,
cicek tozlarmmin ¢imlendirilmesinde %3 ve %30
arasinda degisen seker konsantrasyonuna %1.5-2.0
agar veya %1.0-2.0 jelatin ilave edilmesiyle
hazirlanan ortamlarin kullanilabileceginin
bildirmektedir. Khajuria ve Bakhashi (1985),
perlette liziim c¢esidi ¢icek tozlarmin ¢imlenme
oranlar1 {izerine ¢igeklenme oncesi uygulanan

giberellik  asidin  etkisini iki yil  siireyle
arastirmiglardir. Uygulama yapilan ¢igek tozlar
%20’lik  sakkaroz  ortammda  ¢imlenmeye
almmustir. Arastirmada giberelik asidin ¢imlenme
oranma etkisi her iki yillda da Onemsiz
bulunmustur.

Sonu¢ olarak bitiki aktivator domates polen
canlilk ve c¢imlenderme basarili bir sekilde
etkileyebilecegi ortaya konmustur. Bu sonuglar
bitki aktivatorlerinin domates polen canliligi ve
¢imlenderme verim artisginda da Onemli rol
oynadiklarin gostermektedir. Insan ve gevre saglig
icin organik tarimsal {retimin benimsetilerek
yayginlastirilmasi gelecegimizin sigortasi
olacaktir.
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Modelling Habitat Suitability for Red Deer (Cervus elaphus L.)
Using Environmental Variables in Catacik Region, Eskisehir
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Abstract: In this study, modelling habitat suitability for red deer (Cervus elaphus) using environmental
variables and obtaining habitat suitability maps were aimed in Eskisehir- Catacik region. First, the study area
was divided into cells with 100*100 meters. The 60 cells were selected as sample plots and pellet count,
other sign and tracks of red deer were recorded. Then, bioclimatic maps and data of environmental variables
are produced for the study area. The relationships between present data of red deer and 18 environmental
variables in 60 plots were analyzed by using MaxEnt method. Thus, ROC values of 0,793 for education data
set and 0,760 for test data set are determined for best habitat suitability model. Environmental variables
affecting species distribution of red deer were specified as; annual average temperature, slope, topographic
position index, forest road intensity and vegetation. Therefore, habitat preferences and territory usage of red
deer in Catacik region were determined in the study. Habitat suitability maps that were organized for the first
time for red deer have the potential of contribution to organizing forest management, game management
plans and protection of biological diversity.

Keywords: Catacik, Habitat Suitability, Pellet Count, Red Deer (Cervus elaphus L.)

Eskisehir Catacik Yoresinde, Cevresel Degiskenler Kullanilarak
Kizilgeyik I¢in (Cervus elaphus L.) Habitat Uygunlugunun
Modellenmesi

Ozet: Bu calismada, Eskisehir-Catacik yoresinde bulunan Kizilgeyik icin (Cervus elaphus) habitat
uygunlugunun gevresel degiskenler kullanilarak modellenmesi ve habitat uygunluk haritalarinin elde edilmesi
amagclanmistir. Oncelikle ¢alisma alani, 100 x 100 m (1 ha) bityiikliigiinde hiicrelere boliinmiistiir. Olusan 1
ha biyiikligiindeki hiicrelerden 60 adeti 6rnek alan olarak segilmis ve bunlarda Kizilgeyik diski, iz ve
belirtileri kaydedilmistir. Sonra g¢alisma alanma ait bioiklim haritalar1 ve diger ¢evresel degiskenlere ait
altliklar tiretilmistir. Kizilgeyik var verileri ile 18 ¢evresel degisken arasindaki iliskiler MaxEnt yontemi ile
analiz edilerek haritalanmigtir. Buna gore Kizilgeyik icin en iyi habitat uygunluk modeli, ROC degerleri
egitim veri seti igin 0,793 ve test veri seti igin 0,760 olarak tespit edilmistir. Tiriin dagilimina etki eden
gevresel degiskenler; yillik ortalama sicaklik, egim, topografik pozisyon indeksi, orman yol yogunlugu ve
vejetasyon olarak belirlenmistir. Boylece, Kizilgeyik’in hangi habitatlar1 tercih ettigi ve Catacik yoresinde
hangi alanlar1 yogun olarak kullandigi ortaya koyulmustur. Kizilgeyik igin ilk defa diizenlenen habitat
uygunluk haritasi, amenajman planlarinin diizenlenmesine, avlak planlarmm yapilmasma ve biyolojik
cesitliligin korunmasina katki saglama potansiyeline sahiptir.

Anahtar Kelimeler: Catacik, Diski Sayimi, Habitat Uygunluk, Kizilgeyik (Cervus elaphus L.)

1. Giris ozellikleri bulunan dogal yasam alanidir. Yaban

hayvanlarinin ~ habitat  tercihleri  farkliliklar
Habitat; canlilarin dogal olarak yasadigi, gelisimini gostermektedir. Bu habitatlarda serbest halde
sirdiirdigiic.  ve dreyebildigi kendine ozgii dolasan hayvanlarin morfoloji, biyoloji, avlanma
Manisa Celal Bayar Universitesi, Demirci Meslek Yiiksekokulu, Citation (Atif): Orug, M.S., Mert, A., Ozdemir, 1. (2017). Eskisehir
Ormancilik Bolimi, 45900, Manisa, Tiirkiye. Catacik Yoresinde, Cevresel Degiskenler Kullanilarak Kizilgeyik I¢in
2Siileymen Demirel Universitesi, Orman Fakiiltesi, Yaban Hayat1 (Cervus elaphus L.) Habitat Uygunlugunun Modellenmesi. Bilge
Ekolojisi ve Yonetimi Boliimii, 32260, Isparta, Tiirkiye. International Journal of Science and Technology Research, 1 (2): 135-
*Corresponding author (iletisim yazari): 142.

mehmetserdar.oruc@cbu.edu.tr
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yontemleri, korunmalari, planlanmalar1  ve
isletilmelerini  konu edinen yaban hayati,
habitatlardaki canli ve cansiz  varliklarla
ilgilenmektedir (Ogurlu, 2001). Dogal kaynaklarin
stirdiiriilebilir ~ yonetimi  konusunda yapilacak
calismalarm  basnda  yaban  hayvanlarinin

korunmasi yer almaktadir (Giirdal, 2008). Tiim
diinyada oldugu gibi iilkemizde de hizli niifus
artist ve schirlesme; topragin, havanin ve suyun
kirlenmesi; arazi pargalanmasi ve dogal
kaynaklarin asir1 kullanimi gibi ¢evre sorunlarinin
sonucu, dogal niteligini koruyan alanlar giin
gectikge azalmaktadir. Bunun sonucu olarak,
yaban hayvanlarmin habitatlar1 daralmakta ve
barmmaya  elverigli  habitatlarm  bulunmasi
giiclesmektedir. Bu yiizden, bir¢ok hayvan tiiriiniin
nesli yok olma tehlikesiyle kars1i karsiya
kalmaktadir (Avci vd., 2005). Av ve yaban hayati
tirlerinin  nesillerinin  tehlikeye diismesi ve
sayllarmm  giderek azalmasi goz Oniinde
bulunduruldugunda, yaban hayati  koruma
caligmalari, habitatlarinin  diizenlenmesi  ve
gelistirilmesi, bu tiirleri tehdit eden unsurlarin en
aza indirilmesi, yaban hayvanlarinin taninmasi ve
habitat uygunluklarmm belirlenmesi konusunda
yapilan bilimsel c¢alismalarin yeterli diizeye
ulagmadig1 sdylenebilir.

Ulkemizde uzun yillar av ve yaban hayatinin
korunmasi ve isletilmesinin temel sarti olan
envanter caligsmalari yapilamamis ve dolayisiyla
Av Amenajman Planlarini hazirlamada, yaban
hayatt koruma c¢aligmalarina ydn vermede,
popiilasyonun  kontrolinde ve  gelisiminin
izlenmesinde  sikintilar  yasanmistir.  Yaban
hayvanlarinin popiilasyonunu etkileyen faktorlerin
etki  derecesini  anlamak, onlar1  koruma
faaliyetlerinin etki derecesini olgmek ve yon
vermek, habitatlara yapilan kiiltiirel miidahaleleri
yaban hayati ¢alismalariyla bagdastirmak, habitat
alanlarint belirlemek, isletme ve faydalanmay1
planlamak i¢in yaban hayat1 envanter calismalarina
onem vermek gerekmektedir (Ogurlu, 2003).
Ayrica envanter ¢alismasi yapilan tiirlerin hangi
alanlar1 kullandigmi ve bu alanlarin smnirlarimi
bilmek gerekir. Bunun i¢in de habitat uygunluk
haritalarina gereksinim vardir. Zaman
kaybedilmeden, yaban hayvanlarinin habitat
uygunluklarmin belirlenip etkili yonetim planlari
ile yaban hayatinin koruma ve gelistirme
¢alismalarmimn yapilmasi biiyiik 6nem tagimaktadir.

Yaban hayatinm ve Dbiyolojik  ¢esitliligin
korunmas1 igin tiirlerin dagilimina etki eden
faktorlerin ve habitatlarinin bilinmesi
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gerekmektedir (Patton, 1992; Payne ve Bryant,
1998). Diger bir ifadeyle, tiirlerin habitat
isteklerini belirlemek ve bu habitatlar1 gelistirmek
ve iyilestirmek etkili bir yaban hayat1 yonetimi i¢in
6nemli rol oynamaktadir (Aksan vd., 2014). Yaban
hayvanlarmin hangi habitatlar1 neden tercih
etiklerinin  agiklanabilmesi ig¢in, o alandaki
cesitliligin ve varyasyonun hesaplanmasi onemli
goriilmektedir Bunun igin de ¢esitli istatistiksel
yontemler tercih edilmektedir (Ozkan, 2009).

Habitat uygunluk haritalari, tir koruma
caligmalarinda son derece onemli bir altliklardir
(Clark vd., 1993). Cografi Bilgi Sistemleri (CBS)
araciligiyla, tiiriin biyolojisi ve arazi 6zelliklerine
dayal1 istatistiksel tir dagilim modellemelerine
dayalt dagilim haritalar1 tretilmektedir (Phillips
vd., 2004). Habitat uygunluk modellemesinde ¢ok
sayida yontem kullanilmaktadir. Bu yontemlerden
biri de Maksimum Entropi (MaxEnt) yaklagimidir.
MaxEnt, tiirlerin yalnizca var kayitlarindan tiirlerin
dagilimlarii modelleyen bir yazilmdir (Elith,
2011). Kullanilan MaxEnt (Maksimum Entropi)
yaklagimi; tahmin giiciiniin yiiksek olmasi, diger
modelleme yaklasimlarina gére daha az 6rnek alan
biiylikliigii, hedef tiire ait daha az var verisi ile
daha iyi ve dogru sonug¢ vermesi sebepi ile tercih
edilmektedir (Phillips vd., 2004; Wisz vd., 2008).
Bir diger husus viicut Oolgiisii biiyiikk hayvan
tiirlerinin dagilim modellerinin viicut 6l¢iisii kiigiik
hayvanlara gore daha az aciklayici oldugunu
belirtmislerdir (McPherson ve Jetz, 2007).

Bu calismada, Eskisehir-Catacik  yoresinde
bulunan Kizilgeyik igin (Cervus elaphus) habitat
uygunlugunun ¢evresel degiskenler kullanilarak
modellenmesi ve habitat uygunluk haritasmin elde
edilmesi amaclanmstir. Ulkemizde, Kizilgeyik
icin  bdyle bir c¢alisma bulunmamaktadir.
Kizilgeyik igin ilk defa diizenlenen habitat
uygunluk haritasinin amenajman planlarina katki
saglama potansiyeli bulunmaktadir.  Ayrica,
calisma sonuglari, av turizmi yapilan Catacik
ormanlarinda diizenlenecek avlak planlar1 igin ¢ok
onemlidir. Bunun yaninda, iilkemizin, biyolojik
cesitliligi  koruma ile ilgili sozlesmelerde
ongoriilen sorumluluklarini  yerine getirmesine
katki saglayacagi ongoriilmektedir.

2. Materyal ve Yéntem
2.1. Calisma alam

Eskisehir-Catacik orman mintikasi, Siindiken
siradaglar1 lizerinde ve I¢ Anadolu stebi ile kismen
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Kuzey ve kismen de Bati Anadolu ormanlarinin
kesisim alanlarinda yer almaktadir (Tuncdilek,
1953). Catacik orman mintikasinin denizden
yiiksekligi 390 m (Sakarya vadisi) ile 1818 m ler
(Kiziltepe) arasindadir. Eskisehir’e uzakligi 90
kilometre ve ortalama yiikseltisi 1318 metre olan

calisma alam1 31° 05" 43” - 31° 16’ 18” dogu
boylamlar1 ile 39° 56" 40” - 39° 59" 33” kuzey
enlemleri arasinda yer almaktadir. Kizilgeyik
iiretme istasyonunu igine alan ¢aligma alani
yaklasik 5352 hektar biyiikliiglindedir (Sekil 1).
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Sekil 1. Calisma alani

Cahigma alani, Karadeniz ile I¢ Anadolu yagis
rejimi arasinda bir gecis tipine sahiptir. Kiitlenin
kuzey yamaglar1 Karadeniz iizerinden gelen hava
kiitlelerinin etkisi altinda nemli; giiney yamaglar
ise, Ic Anadolu’nun etkisi altinda karasal bir iklime
sahiptir. Genel olarak alanda nemli bir iklim
hiikiim siirmektedir ve sicakliklar diisiiktiir (Giiner
vd., 2007). Thornthwaite iklim siniflamasma gore
Catacik (1550 m), “B3C"2 sb2’” iklim sinifina
girmektedir. Bolgede, Agustos ay1 baslarindan
Ekim ay1 ortalarna kadar devam eden bir su agig1
vardir (Boydak, 1975; Boydak, 1977). Calisma
alaninin yillik ortalama sicakligi 8,9 °C, yillik
ortalama yagis1 544 mm olarak belirlenmistir
(Worldclimate, 2017).

2.2. Arazi ¢alismalar
ArcGIS programi kullanilarak, caligma alani igin,

100 x 100 m biiyiikliiglinde hiicrelerden olusan bir
karelaj sebekesi olusturulmusgtur. Bu hiicrelerden

60 tanesi, ArcGIS 10.3.1 programinda basit
rastgele noktalar atilarak digkt  ve diger
gozlemlerin yapilacagr oOrnek alanlar olarak

secilmistir. Ornek alanlarin orta noktalarinin
koordinatlar1 kaydedilip, calisma sahasinda bu
noktalarm  bulunmasi i¢in el tipi GPS
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kullanilmigtir. Merkez noktalardan 4 ana (kuzey,
bati, giiney ve dogu) yone dogru 50 m yiiriinerek
serit boyunca (5 m) diski sayilari tespit edilmistir.

100 m

Kuzey &  Ornek alan orta noktasi

[ Ornekalan sinin

Bati Dogu

100 m

Serit genisligi
< 5m

Guney

Sekil 2. Arazi envanter yontemi

Cift tirnakli tiirlerde en genis Olgiide kullanilan
popililasyon  yogunluk ve habitat kullanim
indeksleri digki grubu sayimma dayanmaktadir
(Bennett vd., 1940; Batcheler, 1975; Caldwell,
2009; Forsyth vd., 2007). Hayvanlarm habitat
alanlarinin belirlenebilmesi i¢in habitat uygunluk
haritas1 yapilacak hayvan tiiriiniin iyi taninmasi, iz
ve belirtilerinin iyi bilinmesi gerekir (Aksan vd.,
2013). Bu bilgiler, hedef tiirtin habitatinin neresi
oldugunu ve bunu etkileyen faktorlerin yani
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gevresel degiskenlerin neler oldugunu
gosterecektir. Bir alanda ne kadar fazla geyik
varsa, o kadar fazla diskiya rastlamak miimkiindjir.
Bu yilizden, c¢alismada Kizilgeyik’in habitat
tercihlerinin ortaya koyulmasinda digki sayilar
kullanilmustir. Digk1 sayiminin yaninda, ¢alismada
ayrica Kizilgeyik’in diger iz ve belirtileri de tespit
edilmistir. Bunlar; geyigin bizzat goriilmesi, ayak
izi, digkisi, trofesi, agaglarda biraktiklart soyma
izleri, yatak yerleri ve kalintilaridir. Boylece, bu
verilerin Baddeley’in “var-yok” yontemine dayali
habitat uygunluk modellerinin gelistirilmesinde
kullanilmast 6ngoriilmistiir. Her 6rnek alan igin
envanter karnesi olusturulmus ve arazi ¢alismalari
sirasinda bu karneler doldurulmustur.

Calisma alanina ait habitat uygunluk haritalarinin
olusturulabilmesi i¢in CBS yardimiyla ¢evresel
althiklarin hazirlanmast gerekmektedir (Mert vd.,
2013; Ozkan, 2013). Arazideki envanterin
tamamlanmasmdan sonra, yoéreye ait iklim
verilerinin ve gevresel degiskenlerin elde edilecegi
sayisal altlik haritalarin olusturulmasi asamasina
gecilmistir.

Arazi ¢aligsmalarinda bozuk veya suni habitatlardan
tir i¢in elde edilen veriler yanlig habitat tercihi
belirlemeye neden olabilecegi belirtilmektedir
(Pearce vd., 2001). Catacik yoresinde yapilan
calismada bu hususa olabildigince dikkat
edilmistir. Rastgele secilen ornek alanlar park,
bahge, tarim arazisi, yerlesim yeri, geyik iretme
istasyonu ve piknik alanlar1 gibi yerlere denk
gelmedigi arazi kesfiyle belirlenmistir. McPherson
ve Jetz (2007), tiirlerin viicut biiylikliigii ile 6rnek
alan Dbuyiikligii arasindaki iliskinin dagilim
modellemesini etkileyebileceginden
bahsetmektedir. Boylece segilen &rnek alan
biiyiikliklerinin (100x100 m) Kizilgeyik icin
olduk¢a uygun oldugu diisiiniilmektedir. Ayrica
her 6rnek alanin % 10’ u Kizilgeyik iz ve belirtisi
igin seritler halinde taranmustir.

2.3. Cevresel degiskenler icin althk haritalarin
iiretilmesi

19 farkl bioiklim verisi http://www.worldclim.org
adresinden indirilmistir. Diinya 6l¢eginde olan bu
veri ¢alisma alani 6lgeginde kesilmis ve kullanima
hazir hale getirilmistir (Hijmans vd., 2005).
Sayisal Yiikseklik Modeli (SYM), esytikselti egrili
sayisal topografik haritalar kullanilarak elde
edilmistir. Ayrica yorenin mescere haritalar1 ve
Maden Tetkik ve Arama Genel Midiirliigi’nden
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temin edilen anakaya haritasi
koordinatlandirilmigtir  (MTA, 2011). Mescere
haritalar1  yardimiyla vejetasyon altliklarmin
olusturulmast i¢in Eskigsehir Orman Bolge
Miidiirliigii’'ne baglh Catactk Orman Isletme
Miidiirliigii (Degirmendere Orman Isletme Sefligi)
ile Mihaliggik Orman Isletme Miidiirliigii (Catacik
Orman Isletme Seflikleri) sinirlari igerisinde
bulunan ¢aligma alanma ait sayisal mescere
haritalar1 kullanilmistir. Mescere haritasi igerisinde
bulunan bdlmecikler ziraat, yerlesim, c¢alilik,
orman olmak iizere dort farkli grup olacak sekilde
siiflandirilmigtir. Calisma alaninda durgun su
(gol,golet v.b.) bulunmadigt igin besinci bir
siiflandirma yapilmamistir. Siniflandirma islemi
bolmeciklere ait mescere tipleri rumuzlari esas
almarak su sekilde gerceklestirilmistir: Ziraat (1);
tarim faaliyetinin yiiriitiildiigii sahislara ait alanlar,
Yerlesim (2); ilge, kdy, mahalle gibi iskan yerleri
ile insan faaliyetinin fazla olmasi nedeniyle maden
sahalar;, Calilk (3); az sayida aga¢ bulunan,
kapaliligin olusmadigi, ¢ali vasfinda bitkilerin
bulundugu orman topragi vasfi tasiyan alanlar,

Orman (4); kapaliligin olustugu ve normal
kurulusa sahip orman agaglarmin bulundugu
alanlar.

Dere  yogunluguna  ait althk  haritanin

olusturulabilmesi i¢in o6ncelikle sayisallastirilmis
topografik harita iizerinde bulunan akar dereler
vektor halinde cizilmistir. Yol yogunluguna ait
altlik haritalar i¢in de topografik harita iizerinde,
orman yollar1 ve kdy yollar1 ayr1 ayr1 vektor olarak
sayisallagtirilmistir. Yerlesim yerlerinin bulundugu
yerler topografik harita iizerinde nokta verisi
olarak isaretlenmis ve bu ¢izimler kaydedilmistir
(Mert vd., 2013; Mert ve Kirag, 2017).

Bu temel haritalara dayali olarak; orman olan —
olmayan alanlar, anakaya, egim, baki, yiikselti,
topografik pozisyon indeksi, arazi yiizii sekli
indeksi, radyasyon indeksi, engebelilik indeksi,
topografik nemlilik indeksi, golgelenme indeksi,
giiniin farkli saatlerine ait topografik aydinlanma
indeksi, solar radyasyon indeksi, yol, dere ve
yerlesim yerlerine uzakliklar1 gosteren haritalar
iretilmistir (Mert ve Kirag, 2017). Bu amagla,
ArcGIS 10.3.1 yazilmi ile Jennes (2006)
tarafindan hazirlanan ve bu yazilimm eklentisi olan
“topography tools” eklentisi kullanilmistir. Sonra
secilen Ornek alanlar (6rnek hiicreler) igin ilgili
aciklayict degiskenler hesaplanmistir. Modelleme
calismasina baglanmadan 6nce Pearson korelasyon
analizi ve faktdr analiziyle yiiksek korelasyon
gosteren  degiskenler igeresinde en temsilci
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degiskenler  secilip modele yalnizca bu
degiskenlerin alinmasma karar verilmistir. Diger
degiskenler ise ¢ok baglanti problemine sebep
vermemek igin modelleme stirecine
aktarilmamustir (Stel, 2014). Pearson korelasyon
ve faktor analizi uygulanarak segilen degiskenler;
bioiklim degiskenlerinden- yillik ortalama sicaklik
(biol), Yillik yagis (biol2) ve Mevsimsel yagis
(biol5), solar aydinlanma indeksi
degiskenlerinden- 6 a.m., 8 am. ve solar, diger
gevresel degiskenlerden- baki, egim (derece),
yiikselti, sicaklik indeksi (beer), radyasyon indeksi,
engebelilik (3 piksel), topografik pozisyon indeksi
(6 piksel), topografik pozisyon indeksi (100
piksel), arazi yiizii sekli, orman yol yogunlugu,
anakaya ve vejetasyon olmak iizere toplam 18
adettir.

3. Bulgular

MaxEnt 3.4.0 yazillminda Kizilgeyik’ in var
verileri ile 18 cevresel degiskenimizin iligkileri
analiz edilmigtir. Egitim verisi %90, test verisi
%10 ve 10 tekerrir olacak sekilde analiz
yapilmistir. Bu analizler sonunda habitat uygunluk
modelleri ile birlikte habitat uygunluk haritalar
elde edilmistir (Philips vd., 2004). Elde edilen

339000 342000 345|000
1 1

habitat uygunluk modelinin egitim verisi ROC
degeri 0,793 ve test verisi ROC degeri 0,760
oldugu goriilmistiir (Sekil 3).

Egitim Verisi  ROC=0,793 ¥
Test Verisi ROC=0,760 ®
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Sekil 3. Kizilgeyik egitim ve test verisi ROC
degerleri

Kizilgeyik’ in dagilimmi etkileyen ¢evresel
degiskenlerin yillik ortalama sicaklik (biol),
orman yol yogunlugu, egim, topografik pozisyon
indeksi ve vejetasyon oldugu belirlenmistir. Bu
degiskenlere gore Catacik yoresinin Kizilgeyik
habitat uygunluk haritasi olusturulmustur (Sekil 4).
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Sekil 4. Kizilgeyik habitat uygunluk haritasi

4. Tartisma ve Sonuclar

Bu calismada, Eskisehir- Catacik yoresinde
Kizilgeyik’e ait sadece var verilerine dayal1 olarak
MaxEnt yontemiyle, 18 ¢evresel degiskenin
Kizilgeyik’in dagilimini ne derecede temsil ettigi
ortaya koyulmustur. Kizilgeyik i¢in habitat
uygunluk modellerinin basarisi, egitim ve test
verisi ROC degerleri ile belirlenmistir. Caligmamiz
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sonucunda Kizilgeyik habitat uygunluk
modellerine ait ROC degerleri incelendiginde, elde
edilen ROC degerleri secilen modelin “iyi”
kategorisinde oldugunu gostermektedir (Baldwin,
2009). Kizilgeyik dagilimimi etkileyen en dnemli
cevresel degiskenler; yillik ortalama sicaklik
(biol), egim (derece), topografik pozisyon indeksi
(100), orman yol yogunlugu ve vejetasyondur.
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Calisma alaninda Kizilgeyik’in disiik egimli
alanlari tercih ettigi belirlenmistir. Liu vd., (2003)’
e gore Kizigeyik’in diigiik egimli alanlar
kullandig: tespit edilmistir. Chang ve Xiao (1988),
Kizilgeyik’in yumusak egim diye tabir ettikleri
10’ lik egimden daha az alanlar1 yatak yeri olarak
kullandiginm1 bildirmistir. Birecikligil vd. (2013),
Kizilgeyik® in diiz alanlarda toplu halde
gezindiklerini, egim ve engebe arttik¢a ozellikle
anne geyiklerin tedirginliklerinin arttigmi ifade
etmisglerdir. Sonu¢ olarak, literatiir bilgileri,
calisma alanimizda tespit ettigimiz Kizilgeyik’ in
10 lik egime kadar olan alanlar1 habitat olarak
sectigi bulgusuyla ortiigmektedir.

Calisma alaninda bulunan orman ve kdy yollar
Kizilgeyik’ in habitat tercihlerinde 6nemli rol
oynamaktadir. Yol araliklar1  arttikca  yol
yogunlugu diismektedir. Kizilgeyik yol yogunlugu
diisiik alanlar1 tercih etmektedir. Meisingset vd.,
(2013)* e gore Kizilgeyik giindiizleri trafik az da
olsa yollardan kagindiklarmi ifade etmistir. Fakat
geceleri bu yollar1 gecis ve beslenme icin siklikla
kullandiklarini, ozellikle tarim-orman smirindaki
yollart geceleri daha fazla kullandiklarini
bildirmiglerdir. ~ Ayrica Jiang vd. (2008),
Kizilgeyik’ in insandan uzak bdlgeleri tercih
ettikleri ve habitat tercihlerinde insan varliginin
etkili oldugunu tespit etmislerdir. Thapalia (2008),
Kizilgeyik’in yollardan uzak yerleri habitat olarak
sectiklerini bildirmistir. Bunun sebebi yollardaki
trafigin fazla olmasi dolayisiyla giiriiltiiniin fazla
olmast ve insan baskisinin bulunmasi olabilir.
Hayvanlar rahatsiz  edilmeyecegi alanlarda
kendilerini giivende hissetmektedir.

Calisma alaninda  Kizilgeyik’in  kapaliligin
olustugu ve normal kurulusa sahip orman
agaclarinin bulundugu alanlari, ziraat, yerlesim ve
calilik alanlara oranla daha fazla tercih ettigi tespit
edilmistir. Bu alanlar ormanlik alanlardir.
Ormanlar  Kizilgeyik’in  gizlenme, iireme,
beslenme, yuvalanma gibi faaliyetleri daha rahat
strdiirebildigi  yerlerdir. Geyikler orman igi
acikliklarmm ve cayirliklarin bol oldugu igne
yapraklt ormanlart tercih ederler (Turan, 1984;
Beskardes, 2016). Habitat secimi ile ilgili yapilan
gozlemlerde Kizilgeyik® in, yaz doéneminde
ormanlik alani gizlenmek, dinlenmek ve giinesten
korunmak amaciyla kullandiklar1 tespit edilmistir.
Taze otlarm bulundugu acik alanlar1 ise, daha ¢ok
beslenmek amaciyla kullanmaktadirlar.  Kis
doneminde ise bolgede vejetasyonun az olmasi
nedeniyle acik alanlardan ziyade, hem gizlenmek
ve hem de aga¢ yapraklar1 ve filizleri ile
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beslenmek amaciyla ormanlik alam1 daha ¢ok
kullandiklar tespit edilmistir (Ogurlu, 1992).
Kizilgeyik dagilisim etkileyen faktorlerden birisi
olan “topografik pozisyon indeksi” c¢evresel
degiskeni incelendiginde, c¢alisma alaninin kuzeyi
ve kuzey dogusu negatif degerlere sahipken,
giineyi pozitif degerlere sahiptir. Diger bir ifadeyle
Kizilgeyik’in pozitif degerlere sahip olan daglik
bolgelerdeki sirtlari, tepeleri, diiz ve diize yakin
alanlar1 habitat olarak sectigi belirlenmistir.
Kizilgeyik  negatif degerlere sahip  vadi
tabanlarindan ve etrafina gore c¢ukurda kalan
alanlardan kaginmaktadir.

Kizilgeyik’in dagilisim1 etkileyen faktdrlerden
yillik ortalama sicaklik (biol) ¢evresel degiskenine
bakildiginda ise, Kizilgeyik 7.4 ile 8 derece yillik
ortalama sicakliga sahip alanlar1 kullandig: tespit

edilmistir. ~ Kizilgeyik’in  habitat  tercihinde
topografik pozisyon indeksi ve yillik ortalama
sicakligm  etkili  oldugu  bir  ¢aligmaya
rastlanilmadigindan, bu  bulgular literatiirle

karsilastirilamamistir.  Sonug olarak elde edilen
Kizilgeyik habitat uygunluk haritasina gore
Kizilgeyik’in en fazla goriilme olasiligmmm oldugu
alanlar; Dutluk sirti, Sakarcal tepenin kuzeyi,
Belen alani, Kuzgunluk tepesinin kuzey dogusu,
Tavukkiran tepesinin kuzey batisi, Cérmek tepenin
kuzeyi, Savas alani, Ay1 tepenin giineyi,
Yalinkiran tepesi, Golciikdiimen tepenin giineyi,
Oyukdiimen tepesi, Giiem alani ve Somddken
tepedir. Bu calisma, Dbiyolojik cesitliligin
korunmasi ve yapilacak olan etkin yonetim
planlarinda dikkate alinmasi agisindan 6nemlidir.
Avyrica silvikiiltiir ve amenajman planlarinda hedef
tiirtin habitat tercihi g6z 6niinde bulundurulmalidir.

Eskisehir-Catactk  yoresinde  Kizilgeyik igin
yapilan bu c¢alismanin, hedef tiriin habitat
alanlarmmn  korunmasi amaciyla daha genis

cografyalarda yayginlastirilmasi 6ngériilmektedir.
Tesekkiir

4755-YL1-16 No'lu Proje ile bu ¢aligmayr maddi
olarak destekleyen Siileyman Demirel Universitesi
Bilimsel Arastrma Projeleri Yonetim Birimi
Baskanligi’na tesekkiir ederiz.
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Flora of Beydere Village (Manisa)
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Abstract: In this study, the vascular flora of Beydere village and its surroundings have been investigated
between 2005 and 2007 years. 840 plant specimens have been collected from the research area. As a result,
278 species, 66 subspecies and 36 varieties which belong to 273 genera and 63 families, 380 taxa as a total
have been determined from the research area. The rates of the species belonging to the certain
phytogeographical regions are as follows: the Mediterranean elements 96 (25.26%), the Euro-Siberian
elements 13 (3.42%), the Irano-Turanian elements 8 (2.10%). The rates of cosmopolitan or
phytogeographically unknown taxa are 263(68.94%), recpectively. The number of endemic taxa found in the
research area is 7, so that the endemism ratio is 1.84%. From 380 taxa, 2 taxa belong to the Pteridophyta
division whereas 378 taxa belong to the Spermatophtya division. Out of 378 taxa belonging to the
Spermatophyta dvision, Gymnospermae and Angiospermae subdivisions have 5 and 373 taxa, respectively.
55 taxa of Angiospermae belong to Monocotyledones and rest (318 taxa) belongs to Dicotyledones. The
largest 5 families according to their taxa number in the research area are as follows: Fabaceae (53; 13.94%),
Asteraceae (45; 11.84%), Poaceae (33; 8.68%), Brassicaceae (22; 5.78%) and Apiaceae (20; 5.26%). The
largest 5 genera according to their taxa number in the area are as follows: Trifolium (5), Bromus (7), Vicia
(5), Medicago (5), Silene (5).

Keywords: Beydere, Flora, Manisa, Turkey, Vascular plants

Beydere Koyii (Manisa) Florasi

Ozet: Bu calismada, 2005-2007 yillar1 arasmda Beydere koyii ve cevresinin damarl bitkiler florasi
arastirilmistir. Arastirma sonucunda, arastirma alanindan 840 bitki 6rnegi toplanmistir. Arastirma sonucunda
63 familya ve 273 cinse ait 278 tiir, 66 alttiir ve 36 varyete, toplam 380 takson tespit edilmistir. Toplam 380
taksondan 96’s1 Akdeniz elementi (%25.26), 13 tanesi Avrupa-Sibirya elementi (%3.42), 8 tanesi iran-Turan
elementi (%2.10), geriye kalan 263 (%68.94) taksonun ise fitocografik bolgesi ya belli degildir ya da
kozmopolittir. Toplanan bitkilerden fitocografik bolgesi saptanabilen 117 taksondan 96’s1 Akdeniz (%25.26),
13°{i Avrupa-Sibirya (%3.42), 8’i Iran-Turan (%2.10) kokenlidir. Alanda bulunan endemik taksonlarin sayisi
7°dir. Dolayisi ile alanin endemizim orani %1.84’dir. Toplam 380 taksondan, 2 tiir Pteridophyta, geriye kalan
378 takson ise Spermatophyta boéliimiine aittir. 378 Spermatophyta’dan 5 tanesi Gymnospermae alt
bolimiine ve 373 tanesi de Angiospermae alt boliimiine aittir. 373 Angiospermae’den ise 318 tanesi
Dicotyledones 55 tanesi ise monocotyledones smifindandir. Arastirma alaninda, igerdigi takson sayisina gore
en biiylik 5 familya sirasiyla sunlardir: Fabaceae (53; %13.94), Asteraceae (45; %11.84), Poaceae (33;
%38.68), Brassicaceae (22; %5.78) ve Apiaceae (20; %5.26). Arastirma alaninda, icerdigi takson sayisina gore
en biiylik 5 cins ise sirastyla sunlardir: Trifolium (5), Bromus (7), Vicia (5), Medicago (5), Silene (5).
Anahtar Kelimeler: Beydere, Damarli bitkiler, Flora, Manisa, Tiirkiye

1. Giris Akyol, 2003; Sar1 vd., 2006; Dikicioglu vd., 2008;
Gicel vd., 2008). Ancak heniiz Manisa i¢i sehir
Manisa ve gevresinde yapilmig bir¢ok flora ve floras1t ve c¢evre florast tamamlanmamigtir.
vejetasyon c¢alismasi mevcuttur (Gemici, 1981; Aragtirma alani bitki cografyast acisindan Davis
Duman, 1985; Sik vd., 1993; Ugurlu vd., 1997, (1965-1988)’e gore Akdeniz fitocografya bolgesi
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icine girmekte olup, yine Davis’in kareleme
sistemine gore Bl karesinde yer almaktadir.
Arastirma alani olarak segilen Manisa ili’ne bagh
Beydere Koyli Manisa’nin kuzey batisinda,
merkeze yaklasik olarak 30 km wuzakliktadir.
38°37° K enlemleri ve 27°26’D boylamlarn
arasinda yer alir. Gilineyinde Samar; batisinda
Telekler; kuzeybatisida Sarinasuhlar, dogusunda
Yagcilar en yakin koylerdir. Calisma alani1 genel
olarak 150 ile 279 m arasinda degisen irili ufakl
tepelerden ve bu tepeler arasinda yer alan kiiciik
vadilerden olusmaktadir. Caligma alanimizin en
yiikksek tepesi Samar Tepe (279m)’dir. Koyiin

kuzeyinde Sogukpmmar Deresi, batisinda ise
Isikkaya deresi uzanir (Sekil 1).

Karaabmeth | g

Siyeks | lyasgitar

5 Dimasi

Yaylaxoy

Sekil 1. Calisma alanim haritasi

Calisma alanindaki jeolojik formasyonlar II. ve II1.
Zamana ait genellikle ince komiir ara seviyeli, kum
tasi, kireg tasi, killi kire¢ tas1 ve foga tiifii diye
adlandirilan riyolitik tiif ve tiifitler ayrica hasanlar
volkanitleri olarak isimlendirilen siyah kahve
renkli bazaltlardir. Calisma alaninin hakim toprak
grubu kalkersiz kahverengi topraklar, kahverengi
orman topraklari ve rentzina topraklardir (Manisa
il Cevre Durum Raporu, 2011).

Caligma alanidaki baslica vejetasyon tipleri orman,
step, kaya ve sucul vejetasyondur. Calisma alani
Akdeniz iklimli bdlgelere girdigi i¢in Akdeniz
iklimi ve bunu problemleri {izerinde durmus olan
Emberger’in metodu kullanilmistir. Emberger
(1955)'in yagis sicaklik indisi formiiliine goére Q
degeri, Manisa i¢in 81.2 ve m degeri 3.0
bulunmustur. Buna gére Manisa "yar1 nemli serin-
Iliman", Akdeniz iklim tipine girmektedir. Manisa
ilinin yagis rejimi IKSY (en fazla yagis kis
aylarinda en az yagis ise yaz aylarinda)’dir. Buna
gore Manisa Dogu Akdeniz yagis rejiminin 1. Tipi
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icine girmektedir. Ayrica Gaussen (1954)’e gore
gizilen Ombro-Termik iklim diyagraminda yaz
kurakligi periyodunun Manisa’da Mayis-Eyliil
aylar1 arasinda oldugu goriilmektedir (Sekil 2).

Cizelge 1. Arastirma alanin (Manisa) biyoiklim ve
yagis rejimi (P: Yillik yagis ortalamasi, PE: Ug
aylik yaz yagis1 ortalamasi, M : En sicak aymn en
yiiksek sicaklik ortalamasi, m: En soguk aymn en
diistik sicaklik ortalamasi, Q2: Emberger sabiti, S :
Yaz kuraklig1 indisi)

P (mm) 720

M (°C) 36.2

m ("C) 3.3

Q2 81.2

PE 24.3

S 0.70

Yagis rejim tipi IKSY

Biyoiklim tipi Yar1 nemli serin-Iliman

a b
Manisa 71m.

i =1

-2

Qi<
C)

{mm.)

Sicaklik

Yadls

ilinin ombrotermik iklim

Manisa
diyagrami (a: Istasyon adi, b: Istasyon yiiksekligi,
c: Sicaklik rasat siireci (y1l), d: Yagis rasat siiresi
(y11), e: Yillik ortalama sicaklik (°C), f: Yillik
toplam yagis, g: Yagish periyod, h: Kurak periyot,
I: Sicaklik egrisi, k: Yagis egrisi)

Sekil 2.

Bolgede tarimsal uygulamalarin  hizli artisi
nedeniyle de dogal yayilis alanlar1 daralmaktadir.
Ayrica sahip oldugu rekreasyonel o6zelliginden
dolay1, Beydere kdyiine, Manisa, Menemen, Izmir
ve yakin gevrelerden, Ozellikle haftasonlari ¢ok
sayida ziyaretgi gelmektedir. Mevcut tehditlerin
dogal c¢evrenin  bozulmasmi  hizlandiracagi,
Beydere kdyiiniin bugiinkii durumunu degistirecegi
ve holgedeki biyolojik cesitliligi azaltacag agiktir.
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Bu c¢alisma ile bolgenin bitki ¢esitliliginin
belirlenmesi amaglanmistir. Bu veriler
gercevesinde Manisa merkeze bagli Beydere koyii
¢alisma alani olarak belirlenmistir.

2. Materyal ve Yontem

Arastirma alaninda 2005-2007 yillar1 arasinda 840
bitki ornegi toplanmistir. Toplanan &rnekler
herbaryum materyali haline getirilip teshisi
sonucunda tiir ve tiiralt1 seviyede olmak iizere 380
takson tespit edilmistir. Toplanan rnekler MCBU
herbaryumunda saklanmaktadir.

Toplanan orneklerin teshisinde “Flora of Turkey
and the East Aegean Islands” (Davis, 1965-1988)
adli eserden ve Ege Universitesi Fen Fakiiltesi
Biyoloji Bolimii Herbaryum (EGE)
koleksiyonundan yararlanilmistir.

Calisma alanin haritasi maden isleri genel
miidiirliigiin niin 1/25000’liikk  paftalarindan
hazirlanmis ancak daha belirgin oldugu icin
internetten  edinilerek ¢alismaya eklenmistir.
Toprak gruplariyla iligili bilgiler Koy isleri
Bakanligi Topraksu Genel Miidiirliigii Manisa ve
izmir Toprak kaynagi Envanter Raporlar1 dikkate
alimarak hazirlanmigtir. Manisa iklimi ile ilgili
meterolojik veriler Manisa Meteroloji
Miidiirliigiinden alinmustir. iklim ile ilgili verilerin

yorumlanmasinda Akman (1999)’dan
faydalanilmigtir.
Calisma alaninm ¢evresindeki Manisa ili rasat

istasyonuna ait iklim diyagrami Gaussen metoduna
gore cizilmistir. Bitki listesi verilirken “Flora of
Turkey and the East Aegean Islands” adli eser esas
alimmistir. Makalede bitki numarasma gore
lokaliteleri liste halinde verilmistir. Tiir ve tiir alt1
taksonlarla ilgili bilgi verilirken bitki isimleri ve
otorleri, endemik olup olmadigi, biliniyorsa
fitocografik bolgesi, toplayici, bitki numarasi,
endemiklerin  tehlike kategorlileri Ekim vd.
(2000)’a gore belirtilmistir.

Bitki orneklerinin tamami B1 Manisa: Beydere
Koyii’nden toplanmistir.

Ornek Numaralarina Gore Lokaliteler

1-8: Beydere, Yagcilardan 3 km. sonra yol
kenarinda ki frigana ve orman alti, 09.03.2005
9-16: Beydere, yol kenarindan Cakilkaya Tepe’ye
dogru kuzey yamag, 09.03.2005
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17-28: Beydere, Beydere yol ayrimini gegtikten
sonra yol kenarmndan Esmag6l Tepe’ye kadar olan
bolge ve yolun sag tarafinda ki orman alt,
09.03.2005

29-36: Beydere, Yagcilardan 3 km. sonra yol
kenarinda ki frigana ve orman alti, 16.03.2005
37-43: Beydere, yol Kkenarindan Cakilkaya
Tepe’ye dogru kuzey yamag, 16.03.2005

44-60: Beydere, Beydere yol ayrimmi gegtikten
sonra yol kenarmdan Esmagol Tepe’ye kadar olan
bolge ve yolun sag tarafinda ki orman alt,
16.03.2005

61-72: Beydere, Samar Koyl ile Beydere Koyii
arasinda ki bolge, 16.03.2005

73-90: Beydere, Yagcilardan 3 km. sonra yol
kenarinda ki frigana ve orman alti1, 30.03.2005
91-123: Beydere, yol kenarmmdan Cakilkaya
Tepe’ye dogru kuzey yamag, 30.03.2005

124-155: Beydere, Yagcilardan 3 km. sonra yol
kenarinda ki frigana ve orman alti, 11.04.2005
156-182: Beydere, yol kenarmdan Cakilkaya
Tepe’ye dogru kuzey yamag, 11.04.2005

183-208: Beydere, Beydere yol ayrimini gegtikten
sonra yol kenarindan Esmagdl Tepe’ye

kadar olan bdlge ve yolun sag tarafinda ki orman
alti, 11.04.2005

209-251: Beydere, Samar Koyii ile Beydere Koyii
arasinda ki bolge, 11.04.2005

252-367: Beydere, Yagcilardan 3 km. sonra yol
kenarinda ki frigana ve orman alti1, 27.04.2005
368-415: Beydere, yol kenarindan Cakilkaya
Tepe’ye dogru kuzey yamag, 27.04.2005

416-456: Beydere, Beydere Koy ayrimindan koy
merkezine kadar yol kenarlar1 ve kdy cevresi,
27.04.2005

457-548: Beydere, Yagcilardan 3 km. sonra yol
kenarinda ki frigana ve orman alt1, 19.05.2005
549-653: Beydere, yol kenarindan Cakilkaya
Tepe’ye dogru kuzey yamag, 19.05.2005

654-718: Beydere, Beydere Koy ayrimindan koy
merkezine kadar yol kenarlar1 ve kdy cevresi,
19.05.2007

719-757: Beydere, Beydere Koy ayrimindan koy
merkezine kadar yol kenarlari ve kdy gevresi,
06.06.2005

758-805: Beydere, Yagcilardan 3 km. sonra yol
kenarinda ki frigana ve orman alt1, 06.06.2005
806-828: Beydere, yol kenarindan Cakilkaya
Tepe’ye dogru kuzey yamag, 06.06.2005

828-840: Beydere, Yagcilardan Beydere Koy yol
ayrimina kadar olan yol kenari,

10.10.2005
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Kisaltmalar:

YM: Yeliz Metin, End.: Endemik, Akd.:
Mediterranean element, Avr.-Sib.: Avrupa Sibirya
elementi, Ir.-Tur.: fran-Turan elementi, LR(I¢): az
tehdit altinda (koruma &nlemi gerektiren ),
LR(nt): az tehdit altinda (tehdit altina girebilir),
VU: zarar gorebilir.

3. Bulgular
Bitki Listesi:

PTERIDOPHYTA
EQUISETACEAE

Equisetum arvense L., Y.M. 784.
ASPLENIACEAE

Ceterach officinarum DC., Y.M. 838.
SPERMATOPHYTA
GYMNOSPERMAE

PINACEAE

Pinus nigra  Am.subsp.pallasiana
Holmboe, Y.M. 124, 270.

P.brutia Ten., D. Akd., Y.M. 124, 184, 269, 551.
CUPRESSACEAE

Cupressus sempervirens L., Y.M. 416, 601.
Juniperus oxycedrus L. subsp. oxycedrus, Y.M.
417.

J. phoenica L., Y.M. 623.

ANGIOSPERMAE

DICOTYLEDONEAE

RANUNCULACEAE

Nigella arvensis L. var. glauca, Boiss., Y.M. 345.
Anemone coranaria L., Akd.,, Y.M. 1, 9, 32, 43,
47,52, 61, 73, 107.

Clematis cirrhosa L., Akd., Y.M. 51, 157.
Ranunculus polludosus Poiret., Y.M. 457, 549.

R. muricatus L., Y.M. 181, 211.

R. arvensis L., Y.M. 344, 403, 530.

R. ficaria L. subsp. ficariiformis Rouy&Fouc.,
Y.M. 182.

PAPAVERACEAE

Glaucium flavum Crantz, Stirp., Y.M. 314.
Papaver rhoeas L., Y.M. 458, 622.

Hypecoum imberbe Sibth & Sm., Y.M. 158, 228.
Fumaria parviflora Lam., Y.M. 74, 105, 121, 183,
315, 404.

BRASSICACEAE (CRUCIFERAE)

Sinapsis alba L., Y.M. 271, 405, 459, 730, 802.

S. arvensis L., Y.M. 266, 583.

Hirscfeldia incana (L.) Lag.-Foss., Y.M. 461, 632,
750.

Eruca sativa Miller, Y.M. 418.

Raphanus raphanistrum L., Y.M. 420, 631.
Calepina irregularis (Asso) Thell., Y.M. 126, 185

(Lamb.)
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Rapistrum rugosum (L.) All., Y.M. 526, 789.
Lepidum spinosum Ard., Y.M. 180, 229, 262, 419.
Cardaria draba (L.) Desv. subsp. draba, Y.M.
382, 791.

Biscutella didyma L., Y.M. 265, 581.

Thlaspi perfoliatum L., Y.M. 308, 582, 788.
Capsella bursa-pastoris (L.) Medik., Y.M. 154,
204, 630.

Allyssum smyranaeum Mey.,D. Akd., Y.M. 574,
815.

Erophila verna (L.) Chevall subsp. verna, Y.M.
155, 210, 384, 420, 584, 629.

Arabis verna (L.) DC., Akd., Y.M. 2, 10, 21, 25,
29, 42, 58, 62, 186, 230.

Cardamine hirsuta L., Y.M. 397, 816.

Malcolmia africana (L.) R. Br., Y.M. 573.
Erysimum smyrnaeum Boiss.& Bal., Y.M. 78, 106,
122, 160, 383.

Alliaria petiolata (Bieb.) Cavara & Grande, Y.M.
159, 231, 261, 628.

Sisymbrium officinale (L.) Scop., Y.M. 267.

S. altissimum L., Y.M. 525.

Camelina rumelica Vel., Y.M. 460, 578, 792, 817.
RESEDACEAE

Reseda lutea L. var. lutea, Y.M. 127, 187, 309.
CISTACEAE

Cistus creticus L., Omni-Medit., Y.M. 585.

C. salviifolius L. Y.M. 586.

Fumana thymifolia (L.) Verl. var. thymifolia, Akd.,
Y.M. 462.

Helianthemum salicifolium (L.) Miller, Y.M. 527.
PORTULACEAE

Portulaca oleracea L., Y.M. 719.
CARYOPHYLLACEAE

Arenaria serpylifolia L., Y.M. 260, 528.
Minuartia hybrida (Vill.) Schischk.
hybrida, Y.M. 307, 579.

Stellaria media (L.) Vill. subsp. media, Y.M. 385,
529.

Cerastium glomeratum Thuill, Y.M. 313, 575.
Moenchia mantica (L.) Bartl. subsp. caerulea
(Boiss.) Clapham, Y.M. 268, 580.

Dianthus pubescens Sibth. & Sm., D. Akd., Y.M.
590, 729, 823.

Petrorhagia velutina ( Guss.) Ball & Heywood,
Y.M. 129, 179, 242, 255, 374.

Velezia rigida L., Akd., Y.M. 627, 785.

Vaccaria pyramidata Medik. var. grandiflora
(Fisch. Ex DC.) Cullen, Y.M. 465.

Silene italica (L.) Pers., Y.M. 251, 421, 713.

S. behen L., Y.M. 357, 588.

S. cretica L., Y.M. 622.

S. dichotoma Ehrh. subsp. dichotoma,Y.M. 358,
373.

S. conica L., Y.M. 587.

subsp.
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Agrostemma githago L., Y.M. 524.
POLYGONACEAE

Polygonum aviculare L., Y.M. 832.

Rumex tuberosus L. subsp. tuberosus, Y.M. 76,
103, 120, 128, 161.

R. conglomeratus Murray, Y.M. 356, 626.

R. patientia L., 564.

CHENOPODIACEAE

Beta vulgaris L. subsp. rapa f.rubra,Y.M. 661.
Spinacia oleracea L., Y.M. 662.
AMARANTHACEAE

Celosia argentea L., Y.M. 422.

GUTTIFERAE

Hypericum hyssopifolium Chaix subsp.elongatum
(Ledep.) Woron, Y.M. 533, 824.

H. empetrifolium Willd., Y.M. 523.

H. trigetrifolium Turra, Y.M. 463, 566.
MALVACEAE

Hibiscus esculenthus L., Y.M. 720.

Malva sylvestris L., Y.M. 624, 786.

Alcea pallida Waldst. & Kit., Y.M. 625, 787.
Gossypium hirsutum L., Y.M. 831.

LINACEAE

Linum trigynum L., Akd., Y.M. 464, 589.
GERANIACEAE

Geranium lucidum L., Y.M. 30, 41, 44, 53, 66, 77,
102, 108, 119, 130, 153, 198,236.

G. purpureum Vill., Y.M. 256, 339, 600.

G. rotundifolium L., Y.M. 80, 100, 130, 199, 257,
652.

G. molle L. subsp. molle, Y.M. 163, 235, 456.

G. dissectum L., Y.M. 310, 649.

Erodium ciconium (L.) L’Herit., Y.M. 520, 772.

E. cicutarium (L.) L’Herit subsp. cicutarium, Y.M.
258, 376, 423, 653.

ZYGOPHYLLACEAE

Tribulus terrestris L., Y.M. 742.

VITACEAE

Vitis vinifera L., Y.M. 724,

RHAMNACEAE

Paliurus spina-christi Miller, Y.M. 264, 444,
ANACARDIACEAE

Rhus coriaria L., Y.M. 466.

Pistacia lentiscus L., Akd., Y.M. 233, 743, 813.
P.vera L. Ir-Tur., Y.M. 679.

P. terebinthus L. subsp. palestina (Boiss.) Engler,
D.Akd., Y.M. 688.

FABACEAE (LEGUMINOSAE)

Cercis siliquastrum L. subsp. siliquastrum, Y.M.
428, 677.

Anagyris foetida L., Akd., Y.M. 152, 234, 400.
Genista anatolica Boiss., D.Akd., Y.M. 647.
Spartium junceum L., Akd., Y.M. 521.

Calicotome villosa (Poiret) Link., Y.M. 354, 648.
Colutea cilicica Biss at Ball., Akd., Y.M. 651.
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Astragalus hamosus L., Y.M. 353, 401.

Psoralea bituminosa L., Akd., Y.M. 467, 702, 771.
Vicia villosa Rorh. subsp. eriocarpa (Hausskn.)
P.W.Ball, Y.M. 311, 375.

V. lutea L. var. hirta (Balbis) Lois., Y.M. 468, 678.
V. hybrida L., Y.M. 352, 703.

V. sativa L. subsp. nigra (L.) Ehrh var. segetalis (
Thuill.) Ser. Ex DC., Y.M. 131, 178, 249, 259.

V. faba L., Y.M. 424, 646, 670.

Lathyrus annuus L., Akd., Y.M. 263.

L. cicera L., Y.M. 79, 101, 109, 132, 133, 162,
232.

L. aphaca L. var. affinis (Gus.) Arc., Y.M. 402.
Pisum sativum L. subsp. elatius ( Bieb.) Aschers.
& Graebn. var. elatius, Akd., Y.M. 427.

Ononis natrix L. subsp. natrix, Akd., Y.M. 522.

O. viscosa L. subsp. breviflora (DC.) Nyman,
Akd., Y.M. 272, 408, 517.

O. spinosa L. subsp. antiquorum (L.) Brig., Akd.,
Y.M. 757.

Trifolium repens L. var. repens, Y.M. 165, 200.

. campestre Schreb., Y.M. 166, 226.

. glomeratum L., Y.M. 346.

. spumosum L., Akd., Y.M. 319, 445.

. fragiferum L. var. fragiferum, Y.M. 758, 818.

. resupinatum L. var. resupinatum, Y.M. 412.

. tomentosum L., Y.M. 273, 426.

. stellatum L. var. stellatum, Y.M. 317, 425.

. scabrum L., Y.M. 407.

. lappaceum L., Akd., Y.M. 306.

. cherleri L., Y.M. 343, 410.

. arvense L. var. arvense, Y.M. 133, 164, 347.

. angustifolium L. var. angustifolium, Y.M. 472.

. purpureum Lois. var. purpureum,Y.M. 518.

. echinatum Bieb., D.Akd., Y.M. 342.

. pilulare Boiss., Y.M. 386, 409.

. subterraneum L., Y.M. 3, 12, 20, 31, 40, 57, 67.
Melilotus indica (L.) All., Y.M. 387.

Trigonella spicata Sibth. & Sm., D. Akd., Y.M.
316, 515.

Medicago orbicularis (L.) Bart., Akd., Y.M. 351.
M. varia Martyn, Y.M. 471, 708, 759.

M. minima (L.) Bart. var. minima, Y.M. 176, 225.
M. rigidula (L.) All. var. rigidula, Y.M. 134, 202.
M. polymorpha L. var. vulgaris (Benth.) Shinner,
Y.M. 274.

Dorycnium hirsutum (L.) Ser., Akd., Y.M. 674.
Lotus angustisimus L., Y.M. 519.

Hymenocarpus circinatus (L.) Savi, Akd., Y.M.
151, 201, 341.

Securigera securidaca (L.) Degen & Dorf., Y.M.
710, 805.

Coronilla scorpioides (L.) Koch., Y.M. 177, 243,
348.

Hippocrepis unisiliquosa L., Y.M. 516, 709.

AAAA A A A A A A A4 —-
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Scorpiurus muricatus L. var. subvillosus (L.) Fiori,
Akd., Y.M. 349, 446.

Onobryhis caput-galli (L.) Lam., Akd., Y.M. 318.
O. aequidentata (Sibth. & Sm.) d’Urv., Akd., Y.M.
305, 411.

ROSACEAE

Prunus domestica L., Y.M. 672.

P. divaricata Ledeb. subsp. divaricata, Y.M. 135,
167, 227.

Cerasus vulgaris Miller, 275, 429, 673.

C. avium (L.) Moench, Y.M. 656, 746.

Armeniaca vulgaris Lam., Y.M. 745.

Persica vulgaris Miller, Y.M. 657, 747.
Amygdalus communis L., Y.M. 659, 748.

Rubus sanctus Schreber, Y.M. 302, 448, 642.
Potentilla reptens L., Y.M. 283, 639.

Fragaria vesca L., Y.M. 749,

Sarcopterium spinosum (L.) Spach, D. Akd., Y.M.
767.

Sanguisorba minor Scop. subsp. magnolii (Spach)
Brig., Y.M. 512.

Rosa canina L., Y.M. 301.

Cydonia oblonga Miller, Y.M. 430, 638, 655.
Malus sylvestris Miller, Y.M. 839.

Pyrus amygdaliformis Vill. var. amygdaliformis,
Y.M. 136, 203, 282, 431.

P. communis L., Y.M. 750.

PUNICACEAE

Punica granatum L., Y.M. 755.
CUCURBITACEAE

Citrullus lanatus (Thunb.) Matsum. & Nakai.,
Y.M. 751.

Ecbalium elaterium L. A. Rich., Y.M. 766.
Cucurbita pepo L., Y.M. 752.

C. maxima Dach., Y.M. 753.

Cucumis melo L., Y.M. 658.

C. sativus L., Y.M. 754,

CRASSULACEAE

Umbilicus erectus DC., Y.M. 469, 633.

Sedum caespitosum (Cav.) DC., Akd., Y.M. 137,
168, 224, 281, 390, 447.

APIACEAE (UMBELLIFERAE)

Eryngium creticum Lam., D. Akd., Y.M. 321, 513.
E. campestre L. var. campestre, Y.M. 756, 811.
Lagoecia cuminoides L., Akd., Y.M. 350, 634.
Echinophora tenuifolia L. subsp. sibthorpiana
(Guss.) Tutin, Ir-Tur., Y.M. 821.

Scandix pecten-veneris L., Y.M. 303, 355, 514.

S. australis L. subsp. australis, Y.M. 284, 637.
Pimpinella tragium Vill. subsp. polyclada (Boiss
et Heldr.), Ir-Tur., Y.M. 470, 641, 768.

Anethum graveolens L., Y.M. 660.

Apium graveolens L., Y.M. 432.

Petroselinum crispum (Miller) AW.Hill., Y.M.
297.
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Ammi majus L., Akd., Y.M. 760.

Ferula communis L. subsp. communis, Akd., Y.M.
325, 562.

Bupleurum intermedium Poiret, Y.M. 138, 222,
636.

Tordylium apulum L., Akd., Y.M. 393, 561.
Torilis nodosa L., Y.M. 296, 449.

T. arvensis (Huds.) Link subsp. purpurea (Ten.)
Hayek., Akd., Y.M. 542, 761.

T. leptophylla (L.) Reichb., Y.M. 474.

Orlaya daucoides (L.) Greuter, Akd., Y.M. 392,
635.

Daucus carota L., Y.M. 827.

Artedia squamata L., Y.M. 334, 508.
ARALIACEAE

Hedera helix L., Y.M. 828.

VALERIANACEAE

Valerieanella orientalis (Schlecht.) Boiss. & Bal.,
D. Akd., Y.M. 169, 221.

V. coronata L., Y.M. 335, 509.

DIPSACACEAE

Cephalaria transsylvanica (L.) Schrader., Y.M.
828.

Knautia orientalis L., Y.M. 473, 711.

Scabiosa argentea L., Y.M. 337, 577, 806.
Tremastelma palaestinum (L.) Janchen., D. Akd.,
Y.M. 139, 205, 287, 398.

ASTERACEAE (COMPOSITAE)

Helianthus tuberosus L., Y.M. 654.

Xanthium spinosum L., Y.M. 762,

X. strumarium L. subsp. strumarium ., Y.M. 476,
643.

Pallenis spinosa (L.) Cass., Akd., Y.M. 531.

Inula graveolens (L.) Desf., Akd., Y.M. 839.
Pulicaria dysenterica (L.) Bernh., Y.M. 510, 560.
Filago vulgaris Lam., Y.M. 532.

F. eriocephala Guss., D. Akd., Y.M. 475, 712.
Conyza canadensis (L.) Cronquist, Y.M. 840.
Bellis annua L., Akd., Y.M. 209, 244, 576.

B. sylvestris Cyr., Akd., Y.M. 45, 68, 81, 97, 110,
288, 399.

Senecio vulgaris L., Y.M. 175, 223, 236, 450.
Calendula arvensis L., Y.M. 511.

Anthemis auriculata Boiss., D. Akd., Y.M. 326,
394, 543.

A. pseudocotula Boiss., Y.M. 150, 219.

A. tinctoria L. var. tinctoria, Y.M. 506, 718.
Onopordum illyricum L. Akd., Y.M. 763, 824.
Silybum marianum (L.) Gaertner, Akd., Y.M. 769.
Cirsium lappaceum (Bieb.) Fischer, subsp.
anatolicum Petrak, Ir.-Tur, Y.M. 798.

C. vulgare (Savi) Ten., Y.M. 505.

Picnomon acarna (L.) Cass., Akd., Y.M. 538.
Notobasis syrica (L.) Cass., Akd., Y.M. 615.
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Carduus pycnocehalus L. subsp. albidus (Bieb.)
Kazmi, Y.M. 140, 174, 245, 285.

Jurinea mollis (L.) Reichb., D. Akd., Y.M. 799.
Centaurea polyclada DC., End., D. Akd., Y.M.
738.

C. solstitialis L. subsp. solstitialis, Y.M. 539.

C. thirkei Schultz, Y.M. 553.

C.cyanus L., Y.M. 577, 684.

Crupina crupinastrum (Moris.) Vis., Y.M. 299,
544,

Carthamus lanatus L., Y.M. 737, 825.

Scolymus hispanicus L., Akd., Y.M. 800.
Cichorium intybus L., Y.M. 764.

C. pumilum Jacg., D. Akd., Y.M. 804.

Scorzonera laciniata L. subsp. laciniata, Y.M.
324, 685.

Tragopogon longilostris Bisch. ex Schultz var.
longilostris, Y.M. 142, 220, 286, 451.
Hypochoeris glabra L., Y.M. 826.

Sonchus asper  (L.) Hill subsp. glaucescens
(Jordan) Ball., Y.M. 478, 606.

Leontodon tuberosus L., Akd., Y.M. 298, 391,
540.

Hedypnois cretica (L.) Dum-Cours., Akd., Y.M.
765.

Lactuca serriola L., Avr-Sib., Y.M. 803.

L. sativa L. Y.M. 434, 614, 669.

Taraxacum hybernum Stev., Y.M. 507, 686, 807.
Chondrilla juncea L. var. juncea, Y.M. 829.
Crepis foetida L. subsp. commutata (Spreng.)
Babcock, Y.M. 141, 206, 339.

C. sancta (L.) Babcock, Y.M. 338, 545, 717.
CAMPANULACEAE

Campanula lyrata Lam. subsp. lyrata, End., D.
Akd., Y.M. 541.

Legousia pentogonia (L.) Thellung., D. Akd.,
Y.M. 143, 212, 687.

ERICACEAE

Arbutus andrachne L., Y.M. 300, 433, 607.
PRIMULACEAE

Cyclamen persicum Miller, Y.M. 33, 63,.
Anagallis arvensis L. var. arvensis, Y.M. 273, 213,
276, 323, 705.

A. arvensis L. var. caerulea (L.) Gonan., Y.M. 82,
96, 112, 148, 218.

OLEACEAE

Jasminum fruticans L., Akd., Y.M. 388, 435, 706.
Olea europaea L. var. sylvestris (Miller) Lehr.,
Akd., Y.M. 436, 707.

Syringa vulgaris L., Y.M. 452, 671.
APOCYNACEAE

Nerium oleander L., Akd., Y.M. 727.
GENTIANACEAE

Centaurium erythraea Rafn. subsp. erythraea,
Awvr.-Sib., Y.M. 277, 415, 480, 704.
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CONVOLVULACEAE

Convolvulus arvensis L., Y.M. 554, 770.

C. betonicifolius subsp. betonicifolius, Y.M. 744,
Calystegia sepium (L.) R.Br. subsp. sepium, Y.M.
504, 814.

CUSCUTACEAE

Cuscuta campestris Yuncker, Y.M. 728.
BORAGINACEAE

Heliotropium europaeum L., Akd., Y.M. 479, 675.
Myosotis incrassata Guss., D. Akd., Y.M. 144,
207.

M. ramosissima Rochel ex Schultes subsp.
ramosissima, Y.M. 170, 246, 278, 453.
Cynoglossum creticum Miller, Y.M. 279, 437, 610.
Buglossoides arvensis (L.) Johnston, Y.M. 39, 46,
64, 83, 98, 111, 149, 214.

Echium italicum L., Akd., Y.M. 145, 247.

E. plantagineum L., Y.M. 340, 555.

Onosma arenarium Waldst. & Kitt.,, Y.M. 304,
556.

Anchusa azurea Miller var. azurea, Y.M. 320, 454,
676.

A. arvensis (L.) Bieb. subsp. orientalis (L.) Nordh.,
Y.M. 819.

Alkanna areolata Boiss. var. areolata, End., D.
Akd., Y.M. 280, 389, 609.

SOLANACEAE

Solanum nigrum L. subsp. nigrum Y.M. 836.

S. melogena L., Y.M. 725.

Capsicum annuum L., Y.M. 726.

Lycopersicum esculentum Miller., Y.M. 885.
Datura stramonium L., Y.M. 834.
SCROPHULARIACEAE

Verbascum sinuatum L. var. sinuatum, Akd., Y.M.
482, 558.

V. glomeratum Boiss., Ir-Tur., Y.M. 797.

V. lasianthum Boiss ex Bentham., Y.M. 172, 216,
289, 679.

Linaria pelisseriana (L.) Miller, Akd., Y.M. 327.
Kickxia spuria (L.) Dumort. subsp. integrifolia
(Brot.) R. Fernandes, Y.M. 483, 701.

Veronica arvensis L., Avr.-Sib., Y.M. 559.

V. cymbalaria Bodard., Akd., Y.M. 89, 99, 171,
215, 332.

V. hederifolia L., Y.M. 294.

Parentucellia latifolia (L.) Caruel subsp. latifolia,
Akd., Y.M. 55, 69, 90, 95, 118, 208.

Bellardia trixago (L.) All., Y.M. 602, 656.
OROBANCHACEAE

Orobanche cernua Loefl., Y.M. 500, 557.
VERBANACEAE

Verbena officinalis L., Y.M. 833.

LAMIACEAE (LABIATAE)
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Ajuga chamaepitys (L.) Schreber subsp. chia
(Schreber) Arcangeli, Y.M. 291, 611.

Teucrium polium L., Y.M. 501, 780.

Phlomis pungens Willd. var. hirta Velen., Y.M.
796.

Lamium amplexicaule L., Avr.-Sib., Y.M. 147,
248.

Ballota acetabulosa (L.) Bentham, D. Akd., Y.M.
503, 680.

B. nigra L. subsp. anatolica P.H.Davis, End., Ir.-
Tur., Y.M. 329, 395.

Marrubium vulgare L., Y.M. 481, 812.

Stachys cretica L. subsp. smyrnaea Rech., End., D.
Akd., Y.M. 295, 455,

Melissa officinalis L. subsp.
Arcangeli., D. Akd., Y.M. 795.
Prunella laciniata L., Y.M. 484, 681.

Origanum onites L., D. Akd., Y.M. 773.
Clinopodium vulgare L. subsp. vulgare Y.M. 741,
820.

Thymus zygioides Griseb. var. lycaonicus (Celak.)
Ronniger, End., D. Akd., Y.M. 333, 682.

Mentha pulegium L., Y.M. 533.

Lycopus europaeus L. Avr.-Sib., Y.M. 502, 774.
Ziziphora capitata L., Ir.-Tur., Y.M. 328, 613.
Salvia tomentosa Miller, Akd., Y.M. 534, 794.

S. verbeneca L., Akd., Y.M. 290, 396, 612.
PLANTAGINACEAE

Plantago lanceolata L., Y.M. 292, 499, 621.

P. lagopus L., Akd., Y.M. 331.

SANTALACEAE

Thesium bergeri Zucc., D. Akd., Y.M. 487.
EUPHORBIACEAE

Chrozophora tinctoria (L.) Rafin., Y.M. 489.
Euphorbia helioscopia L., Y.M. 330.

E. taurinensis All., Y.M. 293, 439.
URTICACEAE

Urtica urens L., Y.M. 438.

MORACEAE

Morus alba L., Y.M. 663.

M. nigra L., Y.M. 664.

Ficus carica L. subsp. carica, Y.M. 721.
JUGLANDACEAE

Juglans regia L., Y.M. 722,

PLATANACEAE

Platanus orientalis L., Y.M. 487, 714.
FAGACEAE

Quercus infectoria Olivier subsp. infectoria, Avr.-
Sib., Y.M. 619.

Q. pubescens Willd., Y.M. 485, 665, 809.

Q. cerris L. var. cerris, Akd., Y.M. 550, 731.

Q. ithaburensis Decne. subsp. macrolepis
(Kotschy) Hedge et Yalt., Y.M. 486.
SALICACEAE

Salix alba L., Avr.-Sib., Y.M. 667, 734.

altissima  (Sm.)
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Populus alba L., Avr.-Sib., Y.M. 666, 732.

P. tremula L., Avr.-Sib., Y.M. 668, 733.
RUBIACEAE

Sherardia arvensis L., Akd., Y.M. 34, 38, 50, 54,
65, 84, 94, 113, 146, 217.

Asperula arvensis L., Akd., Y.M. 488, 620.
Galium brevifolium Sm. subsp. brevifolium, End.,
D.Akd., Y.M. 192, 239, 381.

Rubia tenuifolia d’Urv. subsp. tenuifolia, Akd.,
Y.M. 252, 440, 493, 618.
MONOCOTYLEDONEAE

ARACEAE

Drancunculus vulgaris Schott.,, D. Akd., Y.M.
241, 365.

LILIACEAE

Asparagus acutifolius L., Akd., Y.M. 552, 716.
Asphodelus aestivus Brot., Akd., Y.M. 602.
Ornithogalum pyrenaicum L., Y.M. 498, 603.

O. montanum Cyr., D. Akd., Y.M. 364.

0. comosum L., Y.M. 4, 15, 18, 88, 115.

O. umbellatum L., Y.M. 48, 60, 71, 193, 378.
Muscari comosum (L.) Miller, Akd., Y.M. 379,
616.

M. neglectum Guss., Y.M. 5, 16, 22, 26, 36, 50, 59,
72.

Lilium candidum L., Akd., Y.M. 617.

Gagea bohemica (Zauschn.) Schultes et Schultes
fil., Y.M. 6, 11, 19, 35, 51, 61.

G. taurica L., Y.M. 189, 380.

IRIDACEAE

Iris germenica Forsak., Y.M. 605.

Gynandris sisrinchum (L.) Parl., 85, 92, 117, 190.
Crocus chrysanthus (Herbert) Herbert, Y.M. 7,14,
23, 27.

Romulea bulbocodium (L.) Seb.& Mauri, Y.M. 8,
13, 17, 28, 34, 37, 49, 56, 70.

R. columnae Seb. Et Mauri subsp. columnae, Y.M.
191, 238.

ORCHIDACEAE

Serapias parviflora Parl., Akd.,Y.M. 253, 377.
Orchis anatolica Boiss., D. Akd., Y.M. 366, 490,
604.

JUNCACEAE

Juncus acutus L., Y.M. 736.

CYPERACEAE

Cyperus longus L., Y.M. 723, 822.

Carex otrubae Podp., Avr.-Sib., Y.M. 491, 715.
POACEAE

Brachypodium pinnatum (L.) P. Beauv., Avr.-Sib.,
Y.M. 735, 810.

Aegilops  umbellulata  Zhukovsky  subsp.
umbellulata, Ir.-Tur., Y.M. 87, 93, 114, 188, 240,
406.

A. triuncialis L. subsp. triuncialis, Y.M. 367, 492,
608.
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Secale cereale L., Y.M. 497, 645, 793.

Triticum aestivum L., Y.M. 535, 782.

Hordeum murinum L., subsp. glaucum (Steudel)
Tzvelev, Y.M. 536.

H. bulbosum L., Y.M. 740.

Taeniantherum caput-medusae (L.) Nevski subsp.
crinitum (Schreber) Melderis, Y.M. 197, 254, 443,
547, 700.

Bromus japonicus Thunb. Subsp. japonicus , Y.M.
370, 572.

B. lanceolatus Roth., Y.M. 548, 781.

B. intermedius Guss., Y.M. 494, 640, 775.
B.squarrosus L., Y.M. 360, 565.

B. tectorum L., Y.M. 537.

B. sterilis L., Y.M. 369.

B. madritensis L., Y.M. 361, 441.

Avena barbata Pott ex Link subsp. barbata, Akd.,
Y.M. 413, 688, 783.

Gaudinia fragallis (L.) P. Beauv., Avr.-Sib., Y.M.
563.

Rostraria cristata (L.) Tzvelev vear. glabriflora
(Trautv.), Y.M. 571.

Aira elegantissima Schur subsp. elegantissima,
Akd., Y.M. 195, 237, 414,

Holcus lanatus L., Avr.-Sib., Y.M. 570.

Phalaris canariensis L., Akd., Y.M. 495,
Polypogon monspeliensis (L.) Desf., Y.M. 546,
778.

Phleum subulatum (Savi) Aschers.& Graebn.
subsp. subulatum, Y.M. 569, 779.

Lolium temulentum L. var. temulentum, Y.M. 362,
568.

Elymus elongatus (Host.) Runemark
elongatus, Y.M. 363, 550.

Vulpia ciliata Dumort. subsp. ciliata, Y.M. 567.
Poa bulbosa L., Y.M. 86, 91, 116, 372, 777, 801.
Dactylis glomeratus L. subsp. hispanica (Roth)
Nyman., Y.M. 371, 644.

Cynosurus echinatus L., Akd., Y.M. 496, 689.
Briza maxima L., Y.M. 194, 250, 322, 442, 683.
Melica ciliata L. subsp. magnolii (Gren.& Godr.)
Husnot, Y.M. 776, 808. Cynodon dactylon (L.)
Pers. var. dactylon, Y.M. 830.Zea mays L., Y.M.
739.

subsp.

4. Tartisma ve Sonuglar

Calisma sonucunda 63 familyaya ve 273 cinse ait
tiir, altiir ve varyete diizeyinde toplam 380 takson
belirlenmigtir. Bu taksonlarn 2’si Pteridophyta,
378’1 Spermatophyta bolimiine aittir.
Spermatophyta béliimiine ait taksonlarin 5 tanesi
Gymnospermae, 373 tanesi ise Angiospermae alt
boliimiine;  Angiospermae’lerin 55  tanesi
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Monocotyledoneae, 380 tanesi
sinifina aittir (Cizelge 2).

Dicotyledoneae

Cizelge 2. Arastirma alaninda tespit edilen bitki
taksonlarinin taksonomik gruplara gére dagilimi

Grup Adi: Toplam  Toplam  Takson
Familya Cins sayisl
sayisl sayisl

Pteridophyta 2 2 2

Spermatophyta 61 271 378

Gymnospermae 2 3 5

Angiospermae 59 268 373

Dicotyledoneae 52 227 318

Monocotyledoneae 7 41 55

Genel Toplam 63 273 380

Aragtirma alanindan toplanan bitkilerin

fitocografik  bolgelere  gore  dagilimlarma

bakildiginda tim Akdeniz fitocografik

elementlerinin 96 takson ile (%25.26) ilk sirayr
aldig1 goriilmektedir. Bunun yarisindan fazlasini
Dogu Akdeniz fitocografik elementleri
olusturmaktadir (Cizelge 3). Arastirma alaninda 13
takson Avrupa-Sibirya fitocografik elementidir.
Tim floraya orani %3.42°dir. Bu fitocografik
elementler arastirma alaninda ikinci sirada yer
almaktadir. Avrupa-Sibirya fitocografik
elementlerinin nispeten diigiik olmasi arastirma
alanin Akdeniz fitocografya bolgesi icinde yer
almasma baglanabilir. iran-Turan fitocografya
bolgesine dahil 8 takson mevcut olup bunlarin
toplam floraya orani %2.10°dur. Bu elementler
genelde yiiksek yerlerde yayilis gosterir. Iran-
Turan fitocografik elementlerinin diisiik olusunun
sebebi, bolgenin Akdeniz fitocografya bolgesinde
yer alamasi ve yiiksekligin diisiik olmasindan
kaynaklanmaktadir.
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Cizelge 3. Arastrma alanindan toplanan
taksonlarm floristik bolgelere gore dagilimlari

Flora Bolgesi Takson %
Sayisi olarak

Akdeniz 96 %25.26
Avrupa- 13 %3.42
Sibirya

Iran-Turan 8 %2.10
Omni-Medit 1 % 0.26
Cok Bolgeli 262 %68.94
veya

Bilinmeyenler

Aragtirma alaninda en fazla takson igeren familya
siralamasinda, 53 takson ve toplam floraya orani
%13.94 orami ile ilk siray1 Fabaceae almaktadir.
ikinci swrayr 45 takson ve %11.84 oram ile
Asteraceae izlerken, 33 takson % 8.68 oran ile
Poaceae ticiincli sirayr almaktadir. Fazla sayida
takson iceren bazi familyalar ve toplam floraya
oranlar1 Cizelge 4’de goriilmektedir.

Cizelge 4. En fazla takson igeren familyalar

Sira  Familya Ad1 Takson Dagilim
No Sayisi orani
(%)
1 Fabaceae 53 13.94
2 Asteraceae 45 11.84
3 Poaceae 33 8.68
4 Brassicaecae 22 5.78
5 Apiaceae 20 5.26
6 Lamiaceae 18 4.73
7 Rosaceae 17 4.47
8 Caryophyllaceae 15 3.94
9 Boraginaceae 11 2.89
Diger Familyalar 122 38.42

Calisma alan1 toplam takon sayisi yoniinden yakin
yorelerde yapilmig ¢aligmalarla karsilastirildiginda
(Cizelge 5) en cok takson igeren ilk {i¢ familya
siralmasinin - Giirle koyii [8] ve Spil dag [2]
floralart haricinde ayni1 oldugu goriilmektedir.
Diger en fazla takson igeren familya siralamasida
hemen hemen aynidir. Toplam takson sayis1 gz
ontine alindiginda Spil dag1r ve Yamanlar daginin
flora listelerindeki toplam takson sayilarinin
calismamizdan ¢ok  fazla oldugu  dikkat
¢ekmektedir. Bu durum ¢alisma alanimizin her iki
flora galismasi yapilan bolgelerinin yiiksekliginden
olduke¢a diistik yiikseklikteki bir alanda olmasina
baglanabilir. Ciinkii yiikseklik arttikca ekolojik
kosullardaki degisme vejetasyonun bilesenlerini

degistirmektedir. En ¢ok cins igeren familyalara
bakildiginda Asteraceae, Fabaceae, Brassicaceae,
Poaceae ve Apiaceae familyalar1 ilk siralardadir
(Cizelge 6). En fazla takson igeren cinsler ise
Trifolium (17), Bromus (7), Vicia (5), Medicago
(5), Silene (5), Geranium (5) seklindedir. Baz1
cinslerin sahip olduklar: takson sayist Cizelge 7°de
goriilmektedir.

Cizelge 5. Arastirma alani ile gevresinde yapilmis
flora c¢aligmalarnda en ¢ok takson igeren
familyalar agisindan karsilastirilmasi
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Cizelge 6. En fazla cins igeren familyalar

Sira  Familya Ad1 Cins Dagilim
No Sayis1 orani (%)
1 Asteraceae 33 12.08

2 Fabaceae 24 8.79

3 Brassicaecae 20 7.32

4 Poaceae 16 5.86

5 Apiaceae 16 5.86

6 Lamiaceae 16 5.86

7 Rosaceae 14 5.12

8 Caryophyllaceae 11 4.02

9 Boraginaceae 8 2.93
Diger Familyalar 122 44.68

Cizelge 7. En fazla takson igeren bazi cinsler

Cins Ad1 Takson Cins Ad1 Takson
sayisl sayisl

Trifolium 17 Geranium 5

Bromus 7 Centaurea 4

Vicia 5 Ouercus 4

Medicago 5 Ranunculus 4

Silene 5 Ornithogalum 4

Aragtirma alanimizda toplanan 380 vaskiiler
taksondan 7 tanesi endemiktir. Endemizm orani
%1.85’dir. Bu ise Tirkiye ortalamasina gore
oldukca diisiik bir degerdir. Ulkemizdeki
endemizm orant %30’un iizerindedir. Endemizm
oraninin diisiik olusu, farkli kayac yapisi ve
toprak ozelligi, degisik mikroklima kosullar1 gibi
endemik olusumunda etken olan faktorlerin
bulunmamasina ve diisiik yiikseltiye baglanabilir.
Endemizm orani arastirma alanina yakin olan
Yamanlar daginda %4.85 (Gemici, 1981), Spil
daginda % 13.0 (Duman, 1985), Yunt daginda %
3.78 (Sik vd., 1993), C.B.U. Kampiisiinde %3
(Ugurlu vd., 1997), Avdal koéylinde [6] %2.2,
Dumanlidag’da [7] % 1.18 ve Giirle kdyiinde %
1.80 (Gticel vd., 2008)’dir. Yani yakin yorelerde
de ayn1 durum s6z konusudur (Cizelge 8).

Cizelge 8. Arastima alani ile yakin yorelerin
endemizim oranlarmin karsilastiriimasi

Arastirma Yiikselik Endemik Endemiklerin

Alani (m) Takson toplam floraya
Sayisi orani (%)

Beydere Koyt 279 7 1.8

Dumanlidag 1092 4 11

Avdal Koyt 384 10 22

Giirle Koyt 289 6 1.8

CB.U 300 10 3.0

kampus alani

Maldan koyi 617 15 3.2

Yunt Dag 1075 16 38

Yamanlar dag1 1114 25 49

Spil dag 1917 76 13
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Ekim vd., (2000)’ne gore arasgtirma alaninda
belirlenen endemik taksonlarm tehlike
kategorileri Cizelge 9°da verilmistir.

Cizelge 9. Arastirma alaninda yayilis gosteren
endemik taksonlar ve tehlike kategorileri

Endemik Taksonun Adi Tehlike

Kategorisi
Centaurea polyclada VU
Campanula lyrata subsp. lyrata LR (Ic)
Alkanna areolata var. areolata LR (Ic)
Stachys cretica subsp. smyrnaea LR (lc)
Ballota nigra subsp. anatolica VU
Thymus zygioides var. lycanicus LR (lc)
Galium brevifolium subsp. LR (lc)
brevifolium

Arastirma alanin floras1 olduk¢a fakirdir. Bu
durum insan etkisine, arastirma alanm makro
konumuna, kurak dénemlerin uzunluguna ve
ekolojik faktorlere baglanabilir. Bu faktorlere ek
olarak son yillarda tiim diinyay: etkileyen kiiresel
1snmanin etkileri de 6nemlidir.

Flora  c¢aligmalarinda, c¢aligtlan  bolgelerin
bitkilerinin belirlenerek daha sonra bu bitkilere
ihtiya¢c duyacaklara yol gostermesi acisindan
onem tagimaktadir. Bu ¢alismanin daha sonra bu
bolge bitkileri iizerinde yapilacak diger biyolojik
caligmalara katki saglayacagi kanatindeyiz.
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Morphological and Palynological properties of Endemic
Haplophyllum myrtifolium Boiss. (Rutaceae)

K. Aktas”

Abstract: The Haplophyllum genus is represented by 17 taxa in Turkey. Haplophyllum myrtifolium Boiss.
which is investigated in this study is endemic to Turkey. In this study, H. myrtifolium was investigated
morphologically and palynological. Some different morphological characteristics determined from its
description given in the Flora of Turkey for the species. Pollen monad, isopolar, radially symmetrical, prolate
rhomboidal in equator view, outer triangular, sides of triangle straight or concave, 44 x 35 um, tricolporate.
As a result of the this study, its description given in the Flora of Turkey for H. myrtifolium was expanded.
Pollen morphology of this species was determined and polen description was written.

Keywords: Haplophyllum, Morphology, Pollen, Rutaceae

Endemik Haplophyllum myrtifolium Boiss. (Rutaceae)’un
Morfolojik ve Palinolojik Ozellikleri

Ozet: Haplophyllum cinsi Tirkiye’de 17 takson ile temsil edilmektedir. Bu calismada incelenen
Haplophyllum myrtifolium Boiss. Tirkiye i¢in endemiktir. Bu c¢alismada H. myrtifolium morfolojik ve
palinolojik olarak incelenmistir. Tiirkiye florasinda tiiriin deskripsiyonunda verilen bazi farkli morfolojik
karakterler tanimlanmistir. Polen taneleri monad, izopolar, radyal simetrik, ekvatoryal goriiniiste prolat
rombodial, dis kismui tiggensi, liggenin kenarlar1 diiz veya konkav, 44 x 35 um, trikolporat. Bu ¢alisma
sonucunda H. myrtifolium’un Tiirkiye Florasi’ndaki betimi genisletilmistir. Polen morfolojisi belirlenmis ve
polen betimi yazilmuistir.

Anahtar Kelimeler: Haplophyllum, Morfoloji, Polen, Rutaceae

1. Giris Haplophyllum tiirlerinin kimyasal igerikleri ile
ilgili ¢esitli calismalar yapilmuigtir. (Patra vd.,
Rutaceac familyasi yerylizinde 153 cins ve 1984; Gozler vd., 1994, 1996; Saglam vd., 2001;
yaklasik 1800 tiirle temsil edilmektedir (Simpson, Saglam, 2002, Saglam vd., 2003; Ulubelen vd.,
2006). Bu familya Tirkiye’de Ruta L., 2008; Parhoodeh vd., 2012).
Haplophyllum A. Juss., Dictamnus L., Citrus L. ve
Poncirus Rafin cinsleri ile temsil edilmektedir. Navarro vd., (2004) iber yarimdasindan yeni
Haplophyllum A, Juss. cinsi  Rutaceae tanimladiklar1  Haplophyllum bastetanum F.B.
familyasinin en az bilinen ve tlirce en zengin Navarro, V.N. Suarez-Santigo & Blanca tiiriiniin
cinslerinden biridir. Bu cins yaklagtk 68 tiir morfolojik sitogenetik, molekiiler, dagilmi ve
icermekte olup en fazla tiir cesitliligi Tiirkiye, Iran ekolojik  karakterleri iizerinde bir ¢alisma
ve Orta Asya’da goriilmektedir (Townsend, 1967; yapmuistir.
Navarro vd., 2004; Soltani vd., 2005).
Haplophyllum A. Juss. Cinsi Tiirkiye’de 14 tiir ile Perven vd., (2005) Pakistan’da yayilis gosteren
temsil edilmekte olup bunlardan 7’si endemiktir. Rutaceae famiyasina ait bazi tiirlerin polen
(Townsend, 1967; Davis vd., 1988). morfolojisini  ¢aligmiglardir.  Bu  ¢alismada
Haplophyllum acutifolium (DC.) G. Don, H.
!Manisa Celal Bayar Universitesi, Fen Edebiyat Fakiiltesi, 45140 Citation (Auf): Aktas, K. (2017). Endemik Haplophyllum myrtifolium
Manisa/Tiirkiye. . Boiss. (Rutaceac)’'un Morfolojik ve Palinolojik Ozellikleri. Bilge
*Corresponding author (Iletisim yazari): kamuran.aktas@cbu.edu.tr IlnStgr;ggonal Journal of Science and Technology Research, 1 (2):
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dubium Korov, H. erythreaum Boiss. ve H.
tuberculatum (Forssk.) Juss., tiirlerinin polen
ozelliklerini incelemislerdir.

Salvo vd., (2011) Iran-Turan florsitik bolgesinde
yayilis  gosteren  Haplophyllum  tiirlerinin
filogenisini, morfolojisini ve biyocografyasi
iizerinde calismalar yapmiglardir.

Akyol vd., (2012) Tirkiye i¢in endemik olan
Haplophyllum  megalanthum  Bornm.  Tiri
tizerinde detayli morfolojik, anatomik ve
palinolojik bir ¢alisma yapmislardir.

Tiim bu caligmalar ve literatiirdeki diger yapilmis
olan ¢alismalar incelendiginde daha Once
Tiirkiye’nin endemik bitkilerinden birisi olan H.
myrtifolium  tiirii  {izerinde detayli  yapilmis
morfolojik bir calismaya ve taramali elektron
mikroskobu (SEM) yardimi ile dnemli taksonomik
karakterlerden olan Polen morfolojilerinin detayli
olarak incelenmedigi anlasilmaktadir.

Amacimiz, H. myrtifolium tirii tizerinde detayli
morfolojik bir ¢alisma yaparak “Tiirkiye ve Dogu
Ege Adalar1 Floras1” adli eserde tiirlin
tanimlanmasinda  eksik  verilen = morfolojik
ozellikleri  ekleyerek tiirlin  deskripsiyonunu
giincellemek ve taramali elektron mikroskobu
(SEM) yardimi ile 6nemli taksonomik
karakterlerden olan Polen mikromorfolojilerini
belirleyerek ileride yapilacak daha genis kapsami
calismalara kaynak olusturmaktir.

2. Materyal ve Yontem

Aragtirma materyalimizi olusturan H. myrtifolium
tiirline ait drnekler Manisa: Yunusemre, Osmancali
Koy Yolu, Tekel depolar1 civart 300m yiikseklikte
05.06.2014 tarihinde yol kenarindan toplanmuistir.
Toplanan 6rnekler usuliine uygun olarak kurutulup
herbaryum 6rnegi haline getirilmistir. Daha sonra
“Tiirkiye ve Dogu Ege Adalar1 Florast” adli eserin
ikinci cildine gore teshis edilmistir (Townsend,
1978).  Herbaryum 6rneginden alinan polen
ornekleri Dokuz Eyliil Universitesi Miihendislik
Fakiiltesi Metalurji ve Malzeme Miihendisligi
boliimiinde Jeol JSM6060 model Taramali
elektron  mikroskobunda  (SEM)  analizleri
yapilarak tiirlin polenlerine ait genel goriintiileri ile
ayrintili  ylizey ornemantasyonlarmi  gosteren
mikrofotografileri  ¢ekilmistir.  Ayrica  Polen
ornekleri 151k mikroskobunda incelenmek {izere
Erdtman (1960) metodu ile preparat haline
getirilmistir. Tiirlerin polen morfolojileri hem 151k
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hem de taramali elektron mikroskobuyla (SEM)
incelenemistir. Hazirlanan bu preparatlar Hunt —
Wetzlar marka binokiiler mikroskopta x100’lik
biiylitme  kullanilarak taksonlara ait polen
orneklerinin Polar ¢ap (P), Ekvatoryal Cap (E),
Ekzin kalinligi, kolpus uzunlugu (Clg), kolpus
genigligi (Clt) gibi taksonlarin polen ozelliklerinin
belirlenmesinde 6nemli olan yapilar 30 tekrar
sayimla  Olglilmiistiir.  Elde edilen  tekrar
sayimlardan Minimum degerler, maksimum
degerler, Aritmetik ortalama ve standart sapmalar
hesaplanmustir.

Tiirlerin polen morfolojinin belirlenmesi Erdtman
(1952), Faegri ve Iversen (1964)ne gore
yapilmistir.

3. Bulgular
3.1. Morfolojik:
Tiire ait morfolojik ozellikler:

e Bitki 15-25 cm, uzunlugunda yogun
beyaz tiiylerle kapli

e  Govde dik ve kahverengi kabuklu

e Yapraklar basit, tam, sapsiz, mizraksi,
almach dizilisli, yogun beyaz tiiylerle
kapli ve 2,5-4x4-16mm boyutlarinda

e  Cicek durumu sik, cigek saplar tiiylerle
kaph

e Sepaller elips-mizraks1 sekilde, yesil,
beyaz sik kivrik titylerle kapl ve 2-2,5x4-
5 mm boyutlarinda

e Petaller yumurtamsi-elips seklinde, ice
dogru kivrik, kremsi-beyaz renkli ve 4-
5x7-11 mm

e Stamenler 10 adet, filamentler ugtan
tepeye dogru daralmakta, yarisma kadar
uzun yumusak tiylerle kapli, 3,5-5 mm
uzunlugunda

e Kapsiil yogun tiiylerle kapli.

Tohumlar  kahverenkli, bobreksi sekildedir.
Ciceklenme zamani, Mayis-Haziran aylaridir. Tiir
kire¢ tash kayaliklar, volkanik tepeler ve

bozkirlarda 300-2150 m’de yayilis gosterir.

Yayilisi: Bl Manisa B2 Usak B3 Afyon B4
Ankara B5 Seyhan B7 Tunceli C2 Denizli C4 Igel
C5 Seyhan C6 Hatay
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3.2. Palinolojik:

H. myrtifolium tiiriiniin polenleri genellikle monad,
izopolar, radyal simetrik, ekvatoryal goriiniiste
prolat rombodial, dig kismu {iggensi, ilicgenin
kenarlari diiz  veya  konkav, 3-kolporat,
ornamentasyonu striat-retikulattir.

Polar eksen (P): 40-44 (£1,25) um; Ekvatoryal ¢ap
(E): 33-35 (x1,05) um; Kolpus uzunlugu (Clg):
16-19 (£0,53) pum Kolpus genisligi (Clt): 1,5-2
(£0,50) um Por c¢apt: 8-9 (£0.20) um, Ekzin
Kalinligi: 0.90-1.50 (£0.20) pm, P/E: 1.21-1.25
pwm

4. Tartisma ve Sonuglar

Bu calismada “Tirkiye ve Dogu Ege Adalar
Floras1” adli eserde bazi temel ozellikleri verilen
endemik H. myrtifolium tiiriiniin morfolojik ve
palinolojik 6zellikleri ilk kez bu ¢aligsma ile detayli
bir sekilde incelenmistir.

Calisma sonucunda tiiriin “Tiirkiye ve Dogu Ege
Adalar1 Floras1 “adli eserde verilmeyen yaprak
boyutlari, sepal boyutlar1 gibi bazi karakterler ilk
kez incelenerek verilmistir. Ayrica tiiriin taniminda
6,5-9 mm olarak verilen petal uzunlugunun
calismamizda  1lmm’ye  kadar  ¢ikabildigi
gorilmiistir. Flora’da ayrica H. myrtifolium’un bir
diger endemik olan H. megalanthum Bornm. tiirii
ile yakin oldugu belirtilmektedir. H. megalanthum
tiiri izerinde Akyol vd., (2012) tarafindan yapilan
calisgma  morfolojik ve palinolojik  olarak
kargilatirildiginda H. myrtifolium’un H.
megalanthum’dan daha kisa bir bitki oldugu,
yapraklarinin ve ¢igeklerinin daha kiigiik oldugu
gorillmiistir. Her iki tiirlinde polenleri 3-kolporat
olmakla birlikte H. megalanthum’un polen sekli
subprolat’tan sferoid’e kadar degismekte buna
karsik bu c¢alismada H. myrtifolium 'un polen sekli
prolat’tan rombodial’a kadar
gOriilmiistiir.

degistigi
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Sekil 2. H. myrtifolum tiirtine ait Palinolojik
sekiller (SEM) (a-b: Polen genel goriniis, c-d:
Yiizey ornamentasyonu)
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Plants Considered As Non-Wood Forest Products (NWFPS)
Around Central Anatolia: Eskisehir Example

G. Isik'*, E. Yiicel’

Abstract: The purpose of this study, identification of medicinal plants, which spread in Central Anatolia
forests, can be regarded as non-wood forest products and draw attention on the situation of endemic taxa.
Literature study was made to determine the medicinal plants can be regarded as non-wood forest products, by
using The Flora of Turkey, published articles, thesis and books about Eskisehir flora. It was found that there
are 81 genera and 121 taxa (110 Dicotyledonous, 11 Monocotyledonous) belonging to 31 families under
natural forest distribution in Eskisehir. 68 of these taxa were endemics and elements of different
phytogeographic regions. 59 of these 121 plant taxa have medical importance. It is important to evaluate
these taxa economically. Another important issue is that some of the endemic taxa have medical importance
at the same time.

Keywords: Non-wood, Medicinal plant, Endemic, Forest, Eskisehir

1. Introduction The potential economic value of NWFPs, in terms
of utilization and their market value, is often
The harvest of non-wood forest products unknown (Ghanbari et al.,, 2011). Therefore,
represents an important source of income to rural valuable resource management is impossible
people (Ozkan et al., 2011). According to FAO without recognition and valuation them (Ghanbari
(1991), non-wood forest products and services etal., 2011).
(NWFPs) refers to “market subsistence goods and
services for human or industrial consumption The development of market for NWFPs requires
derived from renewable forest resources and linking production basins which are generally far
biomass bearing promise for augmenting real off rural areas (supply zone) to urban centers
rural household incomes and employment. The where the market demand exists (Samba and
products include the use of plants for food, forage, Gertrude, 2011). It should be noted that some of
fuel, medicine, fiber, biochemical, as well as non-wood forest products are never in large
animals, birds, reptiles and fishes for food, fur and guantities and making it difficult for local
feathers. Wood used for handicrafts is included, as communities to actually depend on them for their
are the services derived from the standing forest livelihoods (Samba and Gertrude, 2011).
that generate such benefits as tourism revenues
and conservation of biodiversity”. Elias et al. (2012) recommended that non-wood
products such as legumes and fruit trees should use
Non-wood forest products play important roles in to build up mixed type forest. Today, biodiversity,
the daily life and well-being of both local and has been one of the issues raised in this growing
urban populations (Chupezi et al., 2009). They also day by day in the local and global levels. In
have importance for foliage, forest tourism, Turkey, and of approximately more than 350 plant
alternative healthcare, oils, oleoresins, edible species in the world are known to be the subject of
products grazing and etc. intense international trade of medicinal plants. In

Turkey, domestic and foreign trade is carried
sourced numerous medicinal plants. This is a

1Anadolu University, Faculty of Sciences, Department of Biology, Citation (Atif): Isik, G., Yiicel, E. (2017). Plants Considered As Non-
26470 Eskisehir/Turkey Wood Forest Products (NWFPs) Around Central Anatolia: Eskisehir
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controversial subject that is not clear what the
actual volume of trade. But the real point is that
although many plant breeders heavily made trade
is unclear. The reason is the nature of a large part
of this type of crop production is often done in an
uncontrolled manner. Turkey, which has a very
rich plant sources of medicinal plants, and it is
obvious that carry a large commercial potential.
For now, we know about 100 non-wood forest
product plants that we know exist in our country
forests (Demirci, 2011).

Few works have been carried out on all known
types of non-wood forest products in Turkey
(Demirci, 2011). The production of non-wood
forest products with highest level and variety
should be performed and contributed to national
economy by some legal arrangements and
scientific studies to be carried out in potential and
natural distribution areas of non-wood forest
products (Demirci, 2011).

The purpose of this study, which spread in Central
Anatolia, especially Eskisehir forests,
identification of medicinal plants can be regarded
as non-wood forest products and draw attention on
the situation of endemic taxa.

2. Material and Method

Literature study was made to determine the
medicinal plants can be regarded as non-wood
forest products, by using The Flora of Turkey,
published articles, thesis and books about Central
Anatolia, especially flora of Eskisehir, and
medicinal plants.

3. Results

It was found that there are eighty-one genera and
one hundred and twenty-one taxa (one hundred
and ten Dicotyledonous, eleven
Monocotyledonous) belonging to twenty-one
families under natural forest distribution in
Eskisehir (Table 1). Asteraceae (twenty species)
and Lamiaceae (seventeen species) are the most
abundant families in this area.

Sixty-eight of these taxa were endemics. Fifty-nine
of these one hundred and twenty-one plant taxa
have medical importance. Sixty-two of taxa
mentioned were endemic, fifty-three of them were
medicinal and six of them were both endemic and
medicinal plants (Figure 1).
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Figure 1. Endemism and medicinal conditions of
plants

It is important to evaluate these taxa economically.
Another important issue is that some of the
endemic taxa have medical importance at the same
time. Six taxa which are Helianthemum
nummularium subsp. lycaonicum, Gypsophila
eriocalyx, Digitalis lamarckii, Origanum sipyleum,
Salvia dichroantha and Gladiolus roviola both
endemics and have medicinal properties.
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Table 1. Non-wood plant species which are endemic/have medicinal properties distributed in forests around
Eskisehir

No Family Species Endemism/Medicinal
1 Delphinium venulosum +/-
2 D. fissum subsp. anatolicum +/-
3 Ranunculaceae Consolida regalis var. paniculata -/+
4 Anemone coronaria -/+
5 Isatis fioribunda +/-
6 Brassicaceae Alyssum niveum +/-
7 A. hirsutum +/-
8 Helianthemum nummularium subsp. +/+
9 Cistaceae Cistus laurifolius -/+
10 C. creticus -/+
11 Minuartia anatolica var. arachnoidea +/-
12 Gypsophila eriocalyx +/+
13  Caryophyllaceae Bolanthus minuartioides +/-
14 Stellaria media subsp. media -/+
15 Agrostemma githago -/+
16 Polygonum bistorta subp. bistorta -/+
17 Polygonaceae Rumex crispus -/+
18 Hypericum origanifolium -/+
19 . H. confertum subsp. confertum -/+
20 Hypericaceae H. montbretii -/+
21 H. orientale -/+
22 Malvaceae Alcea pallida -/+
23 . Linum hirsutum subsp. anatolicum +/-
24 Linaceae L. cariense +/-
25 Rutaceae Haplophyllum myrtifolium +/-
26 Genista parnassica +/-
27 G. acanthoclada +/-
28 Astragalus condensatus +/-
29 A. brachypterus +/-
30 A. condensatus +/-
31 Fabaceae A. macrocephalus subsp. +/-
32 A. densifolius subsp. densifolius +/-
33 Onobrychis paucijuga +/-
34 Galega officinalis -+
35 Hedysarum cappadocicum +/-
36 Eryngium bithynicum +/-
37 Umbelliferae Echinophora tournefortii -/+
38 Bupleurum sulphureum +/-
39 Araliaceae Hedera helix -+

40 Sambucus nigra -+

41 - S. ebulus -+

42 Caprifoliaceae Viburnum opulus -/+

43 Lonicea caucasica subsp. orientalis +/-

44 Anthemis tinctoria var. tinctoria -+

45 A. tinctoria var. pallida -/+

46 A. kotschyana +/-

47 A. wiedemanniana +/-

48 Asteraceae Achillea wilhelmsii -/+

49 A. phrygia +/-
50 A. biebersteinii -+
51 Cousinia iconica +/-
52 C. stapfiana +/-
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53 Onopordum tauricum -[+
54 Cirsium sintenisii +/-
55 Carduus nutans subsp. trojanus +/-
56 Centaurea kotschyi +/-
57 C. bornmuelleri +/-
58 Scorzonera suberosa subsp. suberosa -/+
59 S. eriophora +/-
60 Taraxacum farinosum +/-
61 Crepis macropus +/-
62 Pulicaria dysenterica -/+
63 Doronicum orientale -/+
64 Convolvulus phrygius +/-
65  Convolvulaceae C. arvensis -/+
66 C. galaticus +/-
67 Paeoniaceae Paeonia peregrina -/+
68 Berberidaceae Berberis crataegina -/+
69 Violaceae Viola odorata -/+
70  Campanulaceae Campanula rapunculus var. -/+
71 Gentianaceae Centaurium erytraea subsp. erythraea -/+
72 Paracaryum ancyritanum +/-
73 Onosma polioxanthum +/-
74 O. isauricum +/-
75 O. tauricum var. brevifolium +/-
76 Boraginaceae 0. bornmuelleri +/-
77 O. armenum +/-
78 Nonea macrosperma +/-
79 Alkanna orientalis var. orientalis -/+
80 A. pseudotinctoria +/-
81 Digitalis lamarckii +/+
82 D. ferruginea subsp. ferruginea -/+
83 Verbascum uschakense +/-
84 V. tossiense +/-
85  Scrophulariaceae V. cheiranthifolium var. asperulum +/-
86 V. detersile +/-
87 Linaria iconia +/-
88 Veronica multifida +/-
89 Lathrea squamaria -+
90 Ajuga chamaepitys -/+
91 Teucrium polium -+
92 Phlomis nissolii +/-
93 P. russeliana +/-
94 Stachys cretica subsp. anatolica +/-
95 Nepeta caesarea +/-
96 Origanum sipyleum +/+
97 Salvia wiedemannii +/-
98 Lamiaceae S. yosgadensis +/-
99 S. dichroantha +/+
100 S. tchihatcheffii +/-
101 S. sclarea -+
102 S. candidissima subsp. occidentalis -+
103 Melissa officinalis subsp. officinalis -+
104 Thymus longicaulis subsp. longicaulis -/+
105 Sideritis gulendamiae +/-
106 Ballota larendena +/-
107  Thymelaeaceae Daphne oleoides subsp. oleoides -+
108  Plantaginaceae Plantago scabra -[+

163



Bilge International Journal of Science and Technology Research 2017, 1(2): 160-166

109 Aristolochiaceae Aristolochia bodamae +/-
110 Urticaceae Urtica dioica -/+
111 Asparaqus officinalis -/+
112 Eremurus spectabilis -/+
113 - Allium phrygium +/-
114 Liliaceae Ruscus aculeatus -/+
115 Ornithogalum pyrenaicum -/+
116 O. alpigenum +/-
117 Iridaceae Gladiolus roviola +/+
118 Orchis purpurea -/+
119 Orchidaceae O. simia -/+
120 Dactylorhiza romana subsp. romana -/+
121 Gramineae Agropyron cristatum subsp. pectinatum -/+

4. Discussion and Conclusions

Collier et al. (2004) reported that there is a sizeable
and growing demand for a number of wild species
(non-wood forest products) like rhododendron,
holly and ivy with berries; willow with catkins and
cotoneaster are listed as potential growth areas.
Aforementioned species are also grown in Turkey,
but Netherlands’ florists have the majority of
flower market, even though Turkey’s flora is richer
that Netherlands in terms of both qualitatively and
quantitatively.

Wild foods are typically associated with
subsistence living but in developed countries such
as Finland they are increasingly recognized for
their preventative and curative properties (Collier
et al., 2004). Helianthemum nummularium subsp.
lycaonicum, Gypsophila eriocalyx, Digitalis
lamarckii, Origanum sipyleum, Salvia dichroantha
and Gladiolus roviola were both endemics and
have medicinal properties which are spreading in
forests of Eskisehir. Conservation and utilization
of endemic species are very important for
developing NWFPs around us. NWFPs which
were endemic or medicinal must have harvest
carefully for the future of populations.

Even though  quantitative  methods are
recommended for future studies, we must keep in
mind that quantitative techniques cannot replace
the need for careful qualitative description and
observations of how people use the plant species
and the products (Belem et al., 2007).

For NWHFPs, resource management, through
enrichment  planting and cultivation, and
domestication can help overcome some challenges
relating to supply, and results in the accumulation
of larger quantities of a product (Marshall and
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Chandrasekharan, 2009). Conservation biology is a
crucial issue for our forests, NWFPs are also
another point of view for emergency.

For Uzbekistan, by 2020, the Government plans to
increase the forest food production up to 1000-
1500 tons per year to meet the population’s needs
in forest food products (Ciftci, 2011). Even though
we have a very rich presence and potential in terms
of non-wood forest products, it is a fact that
Turkey's place in forestry and its importance can
not be understood sufficiently in past years
(Demirci, 2011). In Turkey, it needs to have more
attention and information for local people to
increase non-wood forest production.

It is necessary to accept that there are many un-
known types of non-wood forest products in our
country, Turkey, and it is clearly estimated that
many of them are very valuable and have un-
known importance (Demirci, 2011). With this
study, we tried to put forward NWFPs belonging
to forests of Eskisehir.

Chupezi et al. (2009) reported that governments
need to sustain the strengthening of current
institutional arrangements and the revision of legal
instruments governing non-wood forest products’
production and marketing by rural people. Since
local people do not have enough knowledge about
endemic species, the future of species with both
endemic and medical characteristics presented
with this study, may be endangered.

Between 1990 and 2009, income from non-wood
forest products was higher in all years than in
round wood in Turkey (Kurt et al., 2011). Annual
income from cumin, thyme and laurel accounts for
more than 75% of spice exports (Kurt et al., 2011).



Bilge International Journal of Science and Technology Research 2017, 1(2): 160-166

Especially, thyme and laurel are NWFPs which are
important for trade.

Non-wood forest products may play a remarkable
economic role in stabilizing income from forest
ownership and are important niches in many rural
contexts, especially in disadvantaged areas and in
the  Mediterranean  regions, where  forest
productivity is lower as far as timber is concerned
(Cesaro et al., 1995). Cesaro et al. (1995)
introduced non-wood products of Europe and
Mediterranean area like berries, honey, chestnut,
medicinal herbs etc., but in this study Turkey was
represented as using just fodder and resin. There is
a lack of knowledge, studies on non-wood
products of Turkey’s forest must research
expeditiously.

Benefits derived from non-wood forest products
should not only be evaluated economically
(Altunel, 2011). In addition to their healthy use as
food and beverages, they are also important from
the perspective of culturally perceiving the local
people and the area of production (Altunel, 2011;
Turner, Cocksedge, 2001).

According to Ozkan et al. (2011), from ecological
perspective, knowing to potential areas being rich
in NWFPs is crucial due to evaluation of those
areas as non-wood production instead of timber
production. From this point of view, determining
the current situation of NWFPs is very important
for our forests.

References

Altunel, T.A. (2011). Uses of Non-Timber Forest
Products, Samples from the World. 2nd
International Non-Wood Forest Products
Symposium, P. No: 50-57, 8-10 September,
Isparta/Turkey.

Baytop, T. (1999). Tirkiye’de Bitkiler ile
Tedavi/Treatment with Plants in Turkey.
Nobel Tip Kitabevleri, Istanbul.

Belem, B., Nacoulma, B.M.l, Gbangou, R,
Kambou, S., Hansen, H.H., Gausset, Q.,
Lund, S., Raebild, A., Lompo, D,
Ouedraogo, M., Theilade, 1., Boussim, I.J.
(2007). Use of Non-Wood Forest Products
by local people bordering the “Parc
National Kaboré Tambi”, Burkina Faso.
The  Journal of  Transdisciplinary
Environmental Studies, 6(1), 1-21.

165

Cesaro, L., Linddal, M., Pettenella, D. (1995). The
Economic Role of Non-Wood Forest
Products and  Services in  Rural
Development. Medit, 2, 28-34.

Chupezi, T.J., Ndoye, O., Tchatat, M., Chikamali,
B. (2009). Processing and Marketing of
Non-wood Forest Products: Potential
Impacts and Challenges in Africa. Discov.
Innov., 21, 60-65.

C., Radusiene, J.,, Camas, N. (2008).
Pseudohypericin and hyperforin in two
Turkish  Hypericum species: Variation
among plant parts and phenological stages.
Biochemical Systematics and Ecology, 36,
377-382.

C., Radusiene, J., Stanius, Z., Camas, N.,
Caliskan, O., Odabas, M.S. (2012).
Secondary metabolites of Hypericum
orientale L. growing in Turkey: variation
among populations and plant parts. Acta
Physiologiae Plantarum, 34(4), 1313-1320.

Cirak,

Cirak,

Ciftci, M. (2011). Developing and Implementing a
National Strategy to Support the Non-Wood
Forest Products Sector in Uzbekistan. 2nd
International Non-Wood Forest Products
Symposium, P. No: 13-17, 8-10 September,

Isparta/Turkey.

Collier, P., Short, 1., Dorgan, J. (2004). Markets
for Non-Wood Forest Products. COFORD,
Dublin.

Davis, P.H. (1988). Flora of Turkey and East
Egean Islands. Edinburgh.

Demirci, A. (2011). The Problems About the
Production Of Non-Wood Forest Products
in Turkey and Solution Suggestions. 2nd
International Non-Wood Forest Products
Symposium, P. No: 18-22, 8-10 September,
Isparta/Turkey.

Elias, P., Boucher, D., Cummings, C., Goodman,
L., May-Tobin, C., Mulik, K. (2012). Wood
for Good: Solutions For Deforestation-Free
Wood Products. UCS  Publications,
Cambridge.

FAO (1991). Non-wood products: the way ahead.
FAQ Forestry paper, 97:34 p.

Ghanbari, S., Vaezin, S.M.H., Zobeiri, M.,
Shamekhi, T., Elahiyan, M.R. (2011).
Financial Evaluation of Non-Wood Forest
Products in Arasbaran Forests: A Case
Study on Cornelian Cherry (Cornus mas)



Bilge International Journal of Science and Technology Research 2017, 1(2): 160-166

Fruit in the Forests of Kalaleh Village,
Kalibar, Iran. 2nd International Non-Wood
Forest Products Symposium, P. No: 1-6, 8-
10 September, Isparta/Turkey.

Hegediis, A. (2007). Utilization and marketing of
non-wood forest products. Theses of PhD
dissertation, University of West Hungary,
Faculty of Forestry, Hungary.

Kiyan, H.T., Demirci, B., Bager, K.H.C., Demirci,
F. (2014). The in vivo evaluation of anti-
angiogenic effects of Hypericum essential
oils using the chorioallantoic membrane
assay. Pharmaceutical Biology, 52(1), 44—
50.

Kurt, R., Cabuk, Y., Karayilmazlar, S. (2011).
Foreign Trade Analysis of Spices and
Spices Derivates as Non-Wood Forest
Products of Turkey. 2nd International Non-
Wood Forest Products Symposium, P. No:
23-31, 8-10 September, Isparta/Turkey.

Marshall, E., Chandrasekharan, C. (2009). Non-
farm income from non-wood forest
products. FAO Diversification booklet
number 12, Rural Infrastructure and Agro-
Industries Division Food and Agriculture
Organization of the United Nations, Rome.

A. (2010). Eskisehir Catacik Florasi
1&II/Flora of Eskisehir Catacik I&IL
Eskisehir Biiyiiksehir Belediyesi Yayinlari,
Eskisehir.

K., Mert, A, Sentitk, O. (2011).
Estimation of Potential Distribution of Non-
Wood Trading Species Richness using
Classification and  Regression  Tree
Technique: A Case Study from the Lakes
District, Turkey. 2nd International Non-
Wood Forest Products Symposium, P. No:
238-245, 8-10 September, Isparta/Turkey.

Samba, L.E., Gertrude, A. (2011). Developing
Market Place for Non-Wood Forest
Products in the North-West Region of
Cameroon. 2nd International Non-Wood
Forest Products Symposium, P. No: 10-12,
8-10 September, Isparta/Turkey.

N., Bass, S., Mayerset, J. (2005).
Ecosystems and Human Well-being: Policy
Responses: Chapter 8: Wood, Fuelwood,
and Non-wood Forest Products. Island
Press, London.

Ocak,

Ozkan,

Sizer,

166

Stojanovic, G., Dordevic, A., Smelcerovic, A.
(2013). Do Other Hypericum Species Have
Medical Potential As St. John’s Wort
(Hypericum perforatum)? Current
Medicinal Chemistry, 20, 2273-2295.

Turner, N.J., Cocksedge, W. (2001). Aboriginal
Use of Non-Timber Forest Products in
Northwestern America: Applications and
Issues, Non-Timber Forest Products.
Haworth Press, NewYork, pp 31-57.

E. (2007). Tirkiye’de Yetisen Tibbi
Bitkiler/Medicinal Plants Grown in Turkey.
Eskisehir.

Yiicel,



Bilge International Journal of Science and Technology Research /BILGE
Web : http://dergipark.gov.tr/bilgesci - E-mail : kutbilgescience@gmail.com ==

ISSN: 2587-0742
e-ISSN: 2587-1749
1(2), 167-174, 2017

Different Mathematical Models for Entropy in Information
Theory

F. Bulut™

Abstract: Entropy is a metric that measures statically irregularity and randomness in a given certain dataset.
The calculated entropy value has a positive real number starting from 0. The entropy value is also directly
proportional to the increase of the irregularity in the dataset. In numerous fields including statistics,
mathematics, and information theory it has been used widely with an aggregated formula of sigma symbol,
logarithm and probability in mathematics. In this study, from different perspectives some new formulas and
inferences are proposed that gives the same entropy result. The same entropi results, on the experiments,
have been taken over the UCI benchmark datasets.

Keywords: Entropy, Information theory, Mathematical model

Bilgi Kuramindaki Entropi Kavramyla Ilgili Farkh
Matematiksel Modeller

Ozet: Entropi, belirli bir veri kiimesindeki diizensizligi ve dagimmikhigi olgen bir istatistiksel metriktir.
Hesaplanan entropi degeri 0’dan baslayan pozitif bir reel degere sahiptir. Veri kiimesindeki diizensizligin
artmasi ile dogru orantili olarak entropi degeri de artmaktadir. Istatistik, matematik ve bilgi kurami dahil
bir¢ok alanda yaygin bir sekilde kullanilan entropi formiilinde matematikteki toplam sembolii, logaritma ve
olasilik hesaplamalar1 vardir. Bu ¢alismada entropi formiiliine farkli agilardan bakarak ayni sonucu veren
yeni formiiller ve ¢ikarimlar ile farkli matematiksel modeller tiiretilmistir. UCI veri setleri {izerinde yapilan
deneysel uygulamalarda da ayni entropi degerleri elde edilmistir.

Anahtar Kelimeler: Entropi, Bilgi kurami, Matematiksel model

1. Giris sekilde verinin bilgisayar ortaminda depolanmasi,

sikistirilmast ve bilgisayarlar arasi iletilmesi gibi
Entropi termodinamik disiplininde, 1s1 kaynaginin asamalarda sinyal isleme islemlerinin
belirli bir sicakliginda, 1s1 kaynagi ile yapilan 1s1 kisitlamalarint =~ bulmak  igin  gelistirilmistir
aligverisi  olarak  tanimlanmaktadir.  Bilgi (Shannon, 1949). Bilgi kuramu, istatistik (Salkind,
kuraminda ise  kabaca bir  sistemindeki 2016), ekonomi (Rosser, 2016), matematik
kesinsizligin sayisal degeridir. Bilgi teorisi (Dehmer, 2016), bilgisayar bilimi (Anderson,
acisindan bakildiginda, entropi durumu islevi 2008), ekoloji (Ozkan, 2016), doga bilimi (Ozkan,
basitge sistemin tam mikro durumunu belirtmek 2017), fizik (Toggerson, 2017) ve elektrik-
icin gerekli olan bilgi miktaridir. Bilgi teorisinde elektronik miihendisligi (Zhou, 2006) gibi bilim
entropi, bilgi miktarmin 6l¢iistidiir (Balian, 2004). dallarinda siklikla kullanilir. Bilgisayar ortaminda

verinin iglenmesi ve depolamasi gibi islemlerde
Bilgi teorisi olarak da isimlendirilen bilgi kurami, entropi degeri Onemli bir aracgtir. Entropi, bir
verinin  ya da bilginin niceliksellestirilmesi rastgele degiskenin degerini tahmin ederken
(sayisallagtirilmasi) ile ilgili uygulamali bilgisayar belirsizligi sayisallagtirir. Ornegin, bir bozuk para
miithendisligi dalidir. Bilgi kurami ilk olarak ile oynanan yaz1 tura oyununda sonug esit olasilikl
1948’da Claude E. Shannon tarafindan giivenli ya yaz1 ya da turadir. Fakat zar atma oyununda ise
!istanbul Rumeli Universitesi, Miihendislik ve Mimarlik Fakiiltesi, Citation (Atif): Bulut, F. (2017). Bilgi Kuramindaki Entropi Kavramiyla
Bilgisayar Miihendisligi, 34570, istanbul, Tiirkiye ilgili Farkli Matematiksel Modeller. Bilge International Journal of
*Corresponding author (iletisim yazar): faruk.bulut@rumeli.edu.tr Science and Technology Research, 1 (2): 167-174.
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esit olasilikli altt sonug vardir. Bu nedenle yazi
tura oyunu zar atmaya gore daha diisiik entropiye
sahiptir.

Bilgi teorisinin temel uygulamalar ile ilgili drnek
verilecek olursa kayipsiz veri sikistirma (RAR
dosyalari), kayiplt veri sikistirma (JPEG ve MP3
dosyalar1) gosterilebilir (Bulut, 2016a). Ayrica
Yapay Ogrenme alanindaki  smiflandirma
islemlerinde  kullanilan ~ Karar  Agaglarmin
olusturulmasinda entropi kavrami kullanilmaktadir
(Mu vd., 2017).

Bilimsel  ¢alismalarda  kullanilan  Entropi
(belirsizlik), veri kiimesi igerisinde bulunan
Ogelerin diizensizligini reel sayilarla ifade eden bir
Olgli  birimidir. Negatif bir sayr ile ifade
edilemeyen entropi, sifir ile baslayan bir degere
sahiptir ve sayr degeri arttikca, sistemdeki
diizensizligi o kadar fazla oldugunu gosterir. Eger
bir veri kiimesi tam diizenli bir dagilima sahip ise

Kar yagisi

entropi degeri de sifir olabilir. Farkli entropi
formiilleri bulunsa da bilgi kuramindaki Shannon
Entropi yasasi rassal degisken olarak genelde
Formiil 1 ile ifade edilir:

N
E= —ZPiIOgZPi
i=1

Claude E. Shannon tarafindan tanimlan 1 numaral
formiilde P; veri kiimesindeki i. veri sinifinin tim
siif igerisindeki bulunma olasiligint  ifade
etmektedir (Gray, 1990).

o))

Entropi, bilgisayar bilim dalinda daha ¢ok veri
analizi, veri madenciligi, makine Ogrenmesi ve
siniflandirma, yapay tahmin mekanizmalarinda
kullanilmaktadir.

Sekil 1. Ornek Karar Agaci

Ozellikle bir veri setinde veri gruplarmm bilgi
kazancmi (Information Gain) hesaplanmasinda
entropi  kullanilmaktadir (Srinivas ve Kumar,
2013).

Bilgi kazanci, karar agaclarinin olusturulmasinda
kullanilan nemli bir kriterdir. Veri seti icerisinde
karara en ¢ok etki eden zniteligin sayisal degerini
bulmak igin kullamlr. Ornegin yapay bir karar
destek sistemi, tabiat olaylarina bakarak hangi
mevsimde bulunuldugunu tespit etmek istesin.
Yagmur, kar, firtina, agactaki yapraklarin rengi,
cigeklerin agip acmadigi, hava sicakligi, nem ve
basing gibi bir dizi 6znitelik ve bu dzniteliklerin
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farkli mevsimlerde alabilecekleri degerler bir veri
kiimesinde aktarilsin. Karar destek sistemi yani
karar agaci da bu veri kiimesi ile de egitilsin.
Bilindigi tizere kar sadece kis aylarinda yagar,
baska mevsimlerde yagisi goriilmez. Bu sebepten
dolay1 eger havada kar yagist var ise mevsim
mutlaka kistir denilebilir. Veri setinde bulunan
sayisal bilgilere bakarak “kar yagis1” 6zniteliginin
bilgi kazanci mutlaka ¢ok yiiksek ¢ikacak ve karar
agacinin insa edilmesinde ilk olgiit kar yagisi
olarak hesaplanacaktir.

Karar agaglari, yapay karar destek sistemleri
igerisinde siklikla kullanilmaktadir. Karar agaci
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siniflandiricisinda, Sekil 2°de goriildiigi lizere ters
bir aga¢ yapist kurulur. Go6vdeden yani ana
diigiimden yapraklara dogru giden diigitimler
iizerinde karsilagtirmalar ve yapraklar tizerinde de
hesaplanan sinif tiirleri yer almaktadir. Agacin insa
edilmesi sirasinda, her bir 6zniteligin bilgi kazanci
degerine bakilarak boliitleme islemi yapilir.
Ozyinelemeli (recursion) olarak onemini yitirene
kadar bu islem siirekli olarak tekrar eder (Bulut,
2016b). Ozyineleme, oztekrarli olarak da ifade
edilebilir ve bilgisayar biliminde ilgili fonksiyonun
ve sistemin kendini gerekli parametrelerle tekrar
etmesi anlamma gelmektedir. Sekil 1’de de
goriildigi lizere ornek bir karar agact yapisi
verilmektedir.

Bilgi kazancinin hesaplanmasi, entropi degerinin
carpmaya gore tersi alinarak yapilir. Ayrica yapay
karar destek sistemlerinde karar agaglari (Decision
Tree) algoritmasi en yaygin kullanim alanina
sahiptir (Tosun, 2015). Ozyineleli diger bir deyisle
oztekrarli bir sekilde olusturulan bu aga¢ yapisinda
agacin diigiimlerinde bulunan sorgularin seviyesini
belirlemede de entropi kullanilmaktadir.

Ayrica goriintii igleme alaninda kullanilan video
Ozetleme (video summarization) (Cernekova vd.,
2006) ve bilgisayar aglar ile ilgili veri transferi ile
topoloji belirleme (EI Gamal ve Kim, 2011) gibi
alanlarda da entropi 6l¢iitii kullanilmaktadir. David
R. Anderson isimli bir arastirmaci, Information
Theory and Entropy isimli kitap calismasinda
entropinin yaygin kullanim alanlarini siralamis ve
detayl1 bir inceleme yapmustir (Anderson, 2008).

Aciklandigi tizere Shannon entropisi, bilgi
teorisinde ve termodinamigin uygulamalarini bulan
genis ve genel bir kavramdir. Bilgisayar ortaminda
saklanan wveya iletilen bir mesajdaki verinin
miktarmi1  ve karmagikligini incelemek {izere
tasarlanmasgtir.

Iletilen veya kaydedilen verilerdeki bu olasiliklar,
verideki ortalama bilgi miktarinin bir Olg¢iitiidiir.
Her ne kadar bu olasiliklar farkli da olsa Shannon
entropisi verideki “bit” karmasasini incelemek igin
kullanilir. Bit, bilgisayar ortamindaki en kiiciik
bilgi birimidir ve sadece 1-0 ile ifade edilebilir.
ASCII kodlamasinda bir karakter 8 bit ile ifade
edilir. Dogal olarak 1 ve O0’lardan olusan 8§
basamakli kag farkli dizilim gergeklestirilir ya da
kac farkl karakter kodlanabilir sorusunun cevabi
28=256 olacaktir (Cakir, 2015).
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Shannon Entropi hesaplamasmna bir 6rnek olarak
soyle bir senaryo verebiliriz. Bilgisayarlar arasi
mesajlasma isleminde iki kisiden biri digerine bir
mesaj gondersin. Gonderilen mesaj igerisinde fakli
bulunma olasiliklarinda sadece {a,b,c,d,e} harfleri
bulunsun. Bu durumda mesajlarin 0 ve 1’leri ile en
az bit kullanarak kodlanabilmesi igin entropi
hesaplamasina ihtiyag vardir. Harflerin  esit
bulunma olasiliginda oldugu varsayildiginda,

N
Bit sayist = — Z P; log, P;
i=1

_ 11
Bit sayist = — Z glog2 <
i=

Bit sayist = 2.323

Pi her bir karakterin metin igerisindeki olasiligidur.
Cikan 2.323 degeri bir st tam sayiya
yuvarlandiginda 3 degeri elde edilir. Demek ki
sadece 3 bit ile elde bulunan harfler
kodlanabilecektir. Zaten 3 bit ile (22 = 8 olacag
icin) en fazla 8 Kkarakter kodlanabilmektedir.
Harflerin metin igerisinde bulunma olasiliklar1 esit
olmayip farkli olmasi durumunda ise daha farklh
sonuglar elde edilebilir. Ornegin harflerin bulunma
olasiliklar1 {0.05, 0.05, 0.05, 0.05, 0.8} seklinde
oldugunda entropi sonucu yaklagik olarak 1.12
cikar. Bu durumda kullanilacak en az bit sayist 2
olarak hesaplanir fakat bu islemlerde en kotii
senaryo ele alindig1 igin kodlama icin gerekli olan
bit sayisl esit dagilimhi durumlarda
hesaplanabilmektedir.

Harflerin bitler ile kodlanmasi ile ilgili 6rnek
dizilis Cizelge 1’de verilmistir. Bir metin
igerisinde bulunan N adet farkli karakter igin en az
ne kadar bit’e ihtiya¢ duyuldugu bilgi kuramindaki
entropi formiilii ile hesaplanir. Goriildigii tizere 8
bit ASCII ile kodlanmasi gereken her bir karakter

3’er bit ile kodlanarak biiyiikk bir tasarruf
saglanmustir.
Cizelge 1. Bit kodlama

Karakter Bit Kodlama

a 000

b 001

c 010

d 011

e 100
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Makale toplam bes ana boliimden olugmaktadir.
Takip eden ikinci boliimiinde entropinin detayli
aciklamasina ve Onerilen yonteme, {giincii
boliimde elde edilen ¢ikarimlara ve son boliimdeki
degerlendirmelerden once veri setleri {lizerindeki
deneysel uygulamalara yer verilmistir.

2. Yontem

Calismada kullanilan logaritma, toplam (sigma)
sembolii ve olasilikla ilgili baz1 konularm kisa
tanimlarini agiklamak uygun olacaktir.

A B

Sekil 2. Tki veri kiimesi ve dagilim sayilar

Sekil 2’de kesisimli iki farkli kiime verilmistir. A
kiimesi igerisinde olan elemanlar X ve y ile; B
icerisinde olan elemanlar y ve z ile gosterilsin. X, y
ve z burada birer eleman olmayip kiime
elemanlarmm sayisin1 géstermektedir. y ise AN B
igerisinde bulunan elemanlar1 temsil etsin. Bu

durumda B kiimesi igerisinde A’nin olma
olasiligint  arastirmaktadir. P yani olasilik
(Probability) Formiil 2 ile hesaplanir.
Y
P(A|B) = ——
B = @
a,+ a4 +ap,+-+a, toplamm: bulan

Toplam Sembolii ise Formiil 3 ile hesaplanir.

)

k=r

A =art+ariqt+apip o0

®)
+a,

Bu gosterimde kullanilan Y harfine toplam

sembolii denir. a’nin r’den baslayip n’e kadar olan

toplamin1 toplam sembolii sayesinde kisa yolla
hesaplanabilir.

Logaritma ise x=a” seklinde yazilan bir ifadeyi
logi=y seklinde yazma amaciyla kullanilir.

Entropi’yi E ile gosterirsek N elemanli bir kiime
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icerisindeki belirsizlik 4 numarali formiil ile
hesaplanir.

N
E = —ZPilogz Pi
i=1

== _Pll(;gZPl_PZIOgZPZ — e
— Py log, Py

(4)

P; burada A kiimesi igerisinde bulunan i. elemanin
daha dogrusu ¢esidin bulunma ihtimalidir.

Omnegin bir torbada bulunan 4 bilye 6zdes ve mavi
renkli ise bu kiimenin entropisi yani diizensizligi
hesaplanmak istenirse:

Eleman sayisi N = 4 ve P(mavi|A) = % =1 olsun.

Burada  P(mavilA) = P(Mavi)  olarak da
yazilabilir. ki gosterim sekli de ayni anlama
gelmektedir.

N

E = —ZPilogzPi
i=1
4 4
E =~ (3loe)
E=0

Entropi’nin 0 c¢ikmasi diizensizligin olmadigimn
gostermektedir. Diger bir taraftan bir torbada
bulunan mavi ve sar1 renklerdeki ikiser bilyenin
olusturdugu bu kiimenin S(A) = N = 2 ve
P(mavi) = P(sart) = % seklinde olsun.

Diizensizlik hesaplamast:

N

E:_Zpilogzpi
i=1

E= (1l 1) (11 1)
20g22 20g22

E’nin 1 ¢ikmasi yani 0’dan uzaklasmasi entropinin
diizensiz oldugunu gosterir. Bu 6rnek 10 mavi ve
10 sar1 ile de yapilsa ayni sonu¢ bulunur. Buna
gore cesit ve oranlarin esit oldugu durumlarda
entropiler de esit cikmaktadir.
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Farkl1 bir senaryoda bir torbada bulunan 4 bilye A
= {sari, sari, mavi, kirmizi} ve S(A)=N = 4,
P(sart) = %,
seklinde olsun. Bu durumda hesaplama su sekilde

olacaktir:

P(mavi) = P(kuirmizt) = i

= —Zlog, %~ log,~
2 08, ) 0g24
1l 1 ( 1 2 2)
4 %82 274 1
=15
Ormnekte de gorilldiigii  gibi ¢esit sayismin

artmastyla dogru orantili olarak entropi 0’dan
uzaklagmistir diger bir deyisle dagniklik artmistir.

3. Entropi Formiilinden Elde Edilen
Cikarimlar
Entropi  formiilinii  kullanarak  dagmiklik

hesaplamalarina farkli perspektiflerden bakarak
farkli ¢cikarimlar yapilmak istensin.

3.1. Birinci ¢cikarim

N
E = —ZPilogz Pi
i=1

E= _Pllogzpl_lengpz _"'_PNlogsz
E = —log, Plp1 —log, PZP2 — - —log, P,\I,JN
E = —(log2 Plp1 + log, PZP2 + - +log, PAI,DN)

E = —(log, P/ . P> ..P{™)

N
Sy
i=1

N
Elz_zpilogzpi
i=1

N
~(eu [T
i=1

Toplam semboliinii igeren entropi formiilii Formiil
5’de gorildiigii tlizere ][ semboliiyle de
hesaplanabilmektedir. Logaritmanin agilimindan

(®)
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faydalanarak toplam sembollii bir formiil ¢arpim
sembollii bir formiile doniistiiriilmiis oldu.

3.2. ikinci ¢ikarim

N
we—{eu[]7)
i=1

2’nin negatif entropi kuvveti goriildiigii iizere tiim
olasiliklarin  kendi kuvvetlerinin  birbirleriyle
carpimmna esit ¢ikmaktadir. Bu durumda 7
numarali formiil elde edilmis olur.

N
—E, _ P;
2= | o
i=1

Sigma sembolii ile ifade edilen diizensizlik 6lgutii
tamamuyla pi sembolii ile ifade edilebilmistir.

(6)

()

3.3. Ugiincii ¢ikarim

8 numarali formiile ulasabilmek O6ncesinde bir
takim islemler yapilmistir.

Xy Xy
N

GG

X3 X2 Xn
1NV x1 1N X, 1N Xu
E = —logz W.XlN.W.XZN TXNn
X1+X+Xn N
1 P
E = —log, (ﬁ) .Hxl- i
i=1
Elde edilen ¢ikarim 8 numarali formiilde
goriildiigi gibidir.
N
E; = —log, (N“’”.l_[xipi> (8)
i=1

Uc farkhh cikarim da goriildiigii iizere klasik
entropi formiili ile elde edilmistir. Toplam
sembolii iceren klasik formiilden ¢arpim sembolii
iceren formiiller tiiretilmistir.

3.4. Basit 6rnek senaryo

Bir ornegi {i¢ adet entropi formiilii ile agiklayarak
aynt sonucu eclde edip edilemeyecegi kontrol
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edilmek istensin. 2 elemanl kiimemizde bir mavi
ve sar1 bilyenin oldugu diisiiniilsiin. Bu durumda
herhangi bir rengin secilme ihtimalinin entropisi
hesaplanmak istensin.

Bu durumda ilk 6nce klasik entropi formiiliiyle
hesaplama yapmak gerekir.

N = 2 ve P(Mavi) = P(Sart) = -

N
EZ_ZPilOgZPi

i=1
o) (o)
= 7\2'9827) T (379823
E=1

1.  Cikarima gore:

N N %
i=1

2. Cikarima gore:

N
[ [rr=2
i=1

2 11

2

— =2_E2
L 12

i=1
1
27E2 = > ve

EZ = 1,dl.7".

3. Cikarima gore:

N
E; = —log, (N“’”.Hxipi>
i=1
2
1
E; = —log, (2‘1.1_[ 12>
i=1
E3 =1

Gortldigi iizere elde edilen c¢ikarimlar ayni
senaryo tizerinde kullanilmis ve yine ayn1 sonuglar
elde edilmistir.
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4. Deneysel Uygulama

California Universitesi, veri madenciligi ve makine
O0grenmesi algoritmalarinin uygulanabilecegi ve
istatistik  alanindaki  yeni  teorilerin  test
edilebilecegi ortak kullanima agik UCI veri setleri
adinda bir veri ambarmi kullanmima ag¢mistir
(Lichman, 2018). UCI veri setleri gergek hayattan
aliman bir¢ok tiirdeki verilerle olusturulmustur.
Veri setlerindeki smf tiirleri genel olarak dengeli
bir dagilima sahiptir.

Deneysel c¢alismalar igin yiizlerce veri seti
igerisinden  birbirinden  farkli  istatistiksel
dagilimlara sahip 10 adet veri seti segilmistir.
autos, balance-scale, col10, diabetes, glass,
primary-tumor, segment, splice, vehicle ve vowel
veri setleri igerisinde bulunan toplam 6rnek sayisi,
siif tir sayist ve her bir smif tiirli igerisinde
bulunan &rnek sayis1 Cizelge 2’de verilmektedir.
Her bir smif tiiriniin 6rnekleri toplami, YN, n;
seklinde ifade edilerek toplam &rnek sayisi
vermektedir.
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Cizelge 2. UCI Veri setlerindeki 6rnek sayilari ve her bir smnif tiiriiniin eleman sayilar1

N Siuf
Veri seti Ornek Etiketi n | n2 ns Na Ns Ne nz Ng Ne | Nwo | Nu
Sayist Sayis1
autos 202 5 22 | 67 54 32 | 27
balance-scale 625 3 288 | 49 | 288
col10 2019 10 603 | 112 87 140 | 244 | 314 | 294 | 76 50 99
diabetes 768 500 | 268
glass 205 70 | 76 17 13 | 29
primary-tumor 302 11 84 | 20 14 39 14 28 16 24 10 29 24
segment 2310 7 330 | 330 | 330 | 330 | 330 | 330 | 330
splice 3190 3 767 | 768 | 1655
vehicle 846 4 212 | 217 | 218 | 199
vowel 990 11 90 | 90 90 90 90 90 90 90 90 | 90 90
Cizelge 3. Entropi sonuglar1 elde edilmistir. Entropi formiiline farkli bir
acgilardan bakan bu c¢alismada tiliretilen yeni
E, E,, E, ve E; formiillerine formiiller ile ayn1 senaryo iizerinde ve degisik veri
Veri seti gore elde edilen entropi setleri lizerinde yapilan hesaplamalarda ayni
degerleri sonuglar elde edilmistir. Logaritmanin
2.194442 acilimindaki 6zellikten dolay1 toplam sembolii ile
autos hesaplanan  entropi, c¢arpim  sembolii  de
balance-scale 1.318116 kullanilarak farkli sekillerde hesaplanabilecegi
29289 gosterilmistir.
col10
diabetes 0.933134 Kaynaklar
2.0094 :
glass Anderson, D. R. (2008). Information Theory and
] 3.175773 Entropy (pp. 51-82). Springer, ISBN-13:
primary-tumor 978-1441979698, New York.
2.807355 .
segment Balian, R. (2004). Entropy, a protean concept.
. 1.48017 In Poincaré Seminar 2003 (pp. 119-144).
splice Birkh&iuser Basel
. 1.999067 ’
vehicle Bulut, F. (2016a). Huffman Algoritmastyla
vowel 3.459432 Kayipsiz Hizli Metin Sikistirma. EI-Cezeri

Orijinal entropi formiili E ve tiiretilen entropi
formiilleri E;, E, ve E; formiillerine gore elde
edilen sonuglar Cizelge 3’de goriilmektedir. Her
birinde hesaplanan E degerinin, E;, E, ve E; igin
de ayn1 oldugu tespit edilmistir.

5. Tartisma ve Sonuclar

Rastgeleligi, belirsizligi ve beklenmeyen durumun
ortaya ¢ikma olasiligini gdsteren entropi iizerine
farkl bir caligma gergeklestirilmistir. Bu makalede
belirli bir veri kiimesi tizerinde diizensizligi bulma
islemi  yani  entropi  hesaplamast  farkl
matematiksel modellerle yapilmis ve ayni sonuglar
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Journal of Science and Engineering, 3(2),
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Cernekova, Z., Pitas, I, Nikou, C. (2006).
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