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Abstract

After the 1/5000 scale master development plan is created, the relevant local governments create the 1/1000
implementation development plans based on the decision taken by the municipal councils. The aim is to
provide the formation of areas that can meet all kinds of needs of the local people. Some islands have
different features and notes. One of these featured lots is the zoning islands with only certain precedent
values. It has been tried to investigate how and on what basis should be acted while giving building permits to
the parcels on these lots with certain precedent values. In the study, it has been shown what should be given a
zoning subbase status on these islands, where only the precedent values are given from various plan
examples. While these draws are given, it is tried to find the sum of the zoning subbase and total upper areas
by considering the definition and value set elements, which are an exponential function definition range, as a
method. After the results of giving the zoning diameter on the ground were made in a comparative way
against the precedents, how to place the value set on the ground as a subset exponentially from the main plot
determined as the domain set was determined by the exponential approach method. The construction in the
zoning islands has been made suitable for the building permit, and it has been approached with the
exponential function method according to whether the zoning parcels are odd or even number of parcels. In
line with the coefficient given by the peers, the approach distances on the ground and the total construction
area were tried to be shown with examples.

Keywords: peer values, exponential function, zoning status

Sehircilik Bazinda imar Planlarinin Emsal Oranlari Kapsaminda Ustel Bir

Fonksiyon Yaklagimi ile irdelenmesi
Oz

1/5000’lik 6lgekli nazim imar plani olusturulduktan sonra ilgili yerel yénetimler, belediye meclislerinden aldig
karara istinaden 1/1000’lik uygulama imar planlarini olustururlar. Amag y6re insanin her tiirlii ihtiyacina cevap
verebilecek alanlarin olusumunu saglamaktir. Kimi adalarda farkli 6zellik ve notlar vardir. Bu 6zellikli adalardan
birisi de sadece emsal degerleri belli olan imar adalaridir. Emsal degerleri belli olan bu adalarda parsellere yapi
izni verilirken nasil ve neye gore hareket edilmesi gerekliligi arastiriimaya calisiimistir. Calismada cesitli plan
orneklerinden sadece emsal degerleri verilen bu adalarda neye imar alt taban durumu verilmesi gerektigi
gosterilmistir. Bu cekmeler verilirken ise yontem olarak bir Gstel fonksiyon tanim araligi olan tanim ve deger
kiimesi elemanlari gibi diisiiniilerek imar alt taban ve toplam Ust alanlar toplami bulunmaya ¢ahsilmistir. imar
adalari igerisinde yer alan insaat yap! iznine uygun hale getirilmis, imar parsellerinin tek ya da ¢ift sayida parsel
olmasina gore Ustel fonksiyon metodu ile yaklasiimistir. Emsallerin verdigi katsayl dogrultusunda zeminde
yaklagsma mesafeleri ve toplam insaat alani 6rneklerle gésterilmeye galisiimistir.

Anahtar Kelimeler: emsal degerler, tGstel fonksiyon, imar durumu

Sorumlu Yazar / Corresponding Author: Selim Taskaya 9 selim_taskaya@artvin.edu.tr
1



mailto:selim_taskaya@artvin.edu.tr
https://orcid.org/0000-0002-4290-3684

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2023, 13(1), 01-14

Introduction

With the adoption law, every citizen who wants to build a building is required to apply for a license
together with the projects that he will have architects, engineers and scientists who are experts in
their fields prepared. Upon the application, the relevant municipality inspects the compliance of the
license application and the annexed projects with the zoning plans and zoning legislation.

With this arrangement, a number of possible problems are prevented by controlling the statics,
durability, impact on the environment and population of the planned structure (Kaya, 2020). Zoning
plans to reach the best solutions to the extent of the existing or to be provided opportunities among
various urban functions, to provide a healthy structure for the physical environment that affects the
personal and family happiness in human, society and environmental relations and social life, to direct
the location choices of investments and development trends, and to guide the development trends
of the land. Such as to determine the balance of protection and use in a measured way, to provide a
good and civilized living space and conditions to the people of the town. Prepared for important
purposes. The logic of land and land arrangement, which is the application tool of the development
plans prepared for this purpose and which closely concerns the property rights of individuals, cannot
be fully understood by the practitioners and the people who are dealing with this application.
Therefore, the fact that the person/persons dealing with this regulation do not have sufficient
information and that there is not enough resources on this issue, which has an important place in the
development of societies, reveals the importance of this study (Mutlu, 2013).

In the Zoning Law, the building is defined as permanent or temporary, official and private
underground and surface construction and fixed and mobile facilities including their additions,
changes and repairs (Kaya, 2020). It states that the legislator aims to keep the building activities
under control by keeping the concept of building broad (Kalabalik, 2005). In the zoning plans, it is
clearly stated how many floors are allowed to be built on the island and the parcel on the island.
Since the building permits have to be prepared in accordance with the zoning plans, the building
should not exceed the number of floors in the zoning plan (Kaya, 2020). Accordingly, in the 4th article
of the planned areas zoning regulation, titled definitions, published in the official gazette dated
03.07.2017 and numbered 30113, applied in areas with implementation zoning plans; the floor area
is defined as the area covered by the projection of the part of the buildings above the natural ground
or leveled ground in the garden, including the annexes and outbuildings, on the parcel without
violating the building approach boundary (Kaya, 2020; Yildirim, 1990). City planning is the process of
evaluating the spatial, social, demographic, economic and technical data, aesthetic, cultural
(historical, archaeological), natural/ecological factors together in all kinds of settlements from the
whole country to the local scale, setting future goals and targets, defining the application tools and
processes, and physical and spatial development planning (Topal, 2019). Property, within the limits
drawn by the legal order and the duties it assigns, as the owner, the dominance of using the thing,
benefiting from the benefits and saving it is defined as the most comprehensive absolute right in
rem. From this definition as it can be understood, property is not only a concept that has powers;
same it is a concept that includes assignments at the same time. Legal restrictions on the right to
property Due to these duties that can be mentioned, the owner is obliged to do, not to do and not to
do within the limits of law. Took on the folding duties. Here are the zoning practices, zoning law art.
18, subdivision applications made within the framework of the one of the assignments (Seving,
2019). Insufficient supply of serviced urban land in urban areas, land market the entry of low-income
and even middle-income groups to the land for accommodation. Not being provided adequately,
intense pressure towards the urban edge areas, as well as the lack of infrastructure and service areas
in newly developed residential areas. common problems necessitated state intervention.
governments in different countries, as a requirement of the intervention, they produced different
policies and used different tools. Most of the tools or programs used were insufficient in solving
these problems. These inadequacies have also been frequently revealed in various international
studies. At this point, land and land arrangement is against all these tools in the international
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literature. It is seen as an important alternative solution to be implemented by countries (Mutlu,
2013).

Theoretical Framework

The primary tool of city planning, also called urbanism and urban planning, is zoning plans. The
planning process in our country starts on the basis of country development plans and is subsequently
defined in a hierarchical structure as spatial plans, environmental plans and master and
implementation zoning plans that contain physical plans (Topal, 2019; Kiper, 2013).Although
different ideas are put forward in the doctrine, the view that zoning plans are a regulatory
administrative action is dominant. As a matter of fact, it is not correct to say that zoning plans have
equal power with the law, as this authority is only given to the administration by decrees having the
force of law. The view suggesting that it is a mixed transaction, on the other hand, cannot be
accepted because the zoning plans bring general, abstract and impersonal arrangements when
considered as a whole (Cabri, 2005; Topal, 2019). In the execution of zoning activities; Legislative,
executive and implementation decisions within the scope of zoning legislation were arranged, and
solutions were sought for the complex problems of urbanization with these regulations
(Palamutoglu, 2019). The process of both preparation and implementation of zoning plans;
Architecture, city planning, various branches of engineering, economics and sociology require the
evaluation of the data of many disciplines together, and in this respect, the zoning plans that
emerged as a result of a multidisciplinary study have a multidimensional structure (Orta, 2005;
Palamutoglu, 2019).The inputs related to the settlement are determined by the master development
plans, and the inputs related to the area morphology are determined by the implementation
development plans (Palamutoglu, 2019; Tekel, 2013). He criticizes the fact that architectural activities
are rendered impossible due to legislative restrictions, the neighborhood relations of the buildings,
their heights, and even the internal relations after these two are defined in the records of this
legislation. He states that this situation pushes the architect to design rather than architectural
design or legislation or the owner's earnings efforts (Cansever, 2007; Palamutoglu, 2019). With the
application of parcellation, regardless of the ownership status of the land and lands, some lands turn
into roads and some roads into lands, the locations of the lands change, the parcels grow and shrink.
So much so that, regardless of the owner's wishes, the parcels are combined or separated, and even
the area of the parcels is reduced by up to 45%. In that case, it is inevitable to have a legal or
unlawful effect on the property right with the subdivision process, the essence of which is land and
land ownership. In this study, the zoning law art. The effects of the parceling practices made
according to Article 18 on the property right and the reflection of the parceling practices on the
property disputes in private law have been examined (Seving, 2019).Land and land arrangement,
used for developed and developing countries is a technique. With this method, both the
development of new areas in urban areas and reorganization of the built areas can be achieved. Land
combination, plan implementation, land acquisition, infrastructure construction, finance of land
development, time bound land and land in terms of land development, land provision for low and
cost housing the editing method has great potential. Therefore, both advanced and the application of
this technique is of great importance for developing countries (Mutlu, 2013).

Regardless of the characteristics of the zoning lots created after the zoning plans are made, they are
arranged with a plan legend that will give the coefficients such as drawing a certain approach
distance and how the total construction area will be.

The zoning lots can be residential, the subject can be areas such as trade, commerce, social cultural
area, education facility, religious facility, hospital. On some islands, the building approach distances
are displayed directly on the plan, while on others they are not. The approach distances of the
parcels within the undisclosed lots are found from their peers, number of floors, or the relationship
of the total construction area with the floor area coefficient.
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In addition, the area in the plan is determined by forming the lots as discrete, block or adjacent
foundations according to the construction style. It has been shown how the approach distances of
the parcels will be drawn on the zoning lots, whose approach distances have not been processed in
the plan in line with the precedent rates, and the distances will be drawn in the planned areas
regulation by how many floors they correspond to as a result of the average floor area coefficient of
the precedents.

In the examination of the zoning blocks for which only the equivalent rate is given, whether it is a
residence or a type with different characteristics, the approximation and total construction area
determination in line with the peer rate will not change.

Material and Method

It is not difficult to determine that the different events encountered in the world we live in are in a
certain order. The laws that enable us to understand every single event we encounter have always
been the focus of attention of human beings. Studies have been carried out for the laws that have
been put forward for many years and the scientists who contributed to the development of the laws
have increased day by day. Physical phenomena corresponding to these laws generally have an
important place in life sciences and engineering sciences. With the modeling of physical phenomena,
the theory of differential equations was formed (Eliagik, 2021). The exponential function method
introduced to the literature by He; It allows obtaining exact solutions of partial differential equations.
This method has been proposed to find solitary solutions, periodic solutions, and compacton-like
solutions of nonlinear differential equations (Eliagik, 2021; He & Wu, 2006). The exponential function
method helped to find exact solutions of many equations, since the solutions were not previously
expressed as containing a finite number of ordinary functions. Using symbolic computation, the
exponential function method has been shown to be a powerful method for solving high-dimensional
nonlinear evolution equations in mathematical physics (Eliacik, 2021; Navickas et al., 2009). The first
formation and development of the theory of partial differential equations begins with an attempt to
make some processes in physical science more understandable with the language of mathematics
(Kobak, 2021).

. f(al,a2,~---ak+n:'"an)_f(alrazl---ran)
lim
h-0 h

(1)

If there is a limit, this limit is called the partial derivative of the f function at the point (a4, a, ...a,)
according to the variable x, (Kobak, 2021).

dr(al,az,..., o
W or fy(a1,a,,..., an) (2) it is shown as (Kobak, 2021).
k

In the most general form, the first and second order semi-linear partial differential equations with
one dependent and two independent variables can be shown below, respectively; (Kobak, 2021).

A(x, y)Z, +B(x,y,2)Z,=C(x,y,2) (3)
K(XIyIZlZXlzy)ZXX +L(Xfylezx12y)zxy+M(Xfy;Z;Zx:Zy)Zyy+N(X/y;Z/Zx:Zy)=O (4)
If the independent variables are more than two, (3) and (4) can be written similarly to semi-linear
equations (Kobak, 2021).In the exponential function determined as the definition and value set in line

with the number of floors, it was examined how to make a session on the ground in line with the
precedent and floor heights.
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,% Definition Set

Value Sets

Figure 1. Graphical Representation of Definition and Value Set

It is a graphical representation of how the local areas determined within a defined area should be
created without going beyond these limits. When the representation in the figure is fully explained,
the part called domain set is the zoning parcels within the zoning blocks that are suitable for
obtaining a building permit properly. Within the zoning plots, after drawings are made as front, side
and back garden distances, the part that will be evaluated as the building residence area refers to the
parts that are displayed in the form of small circles in the figure as the value set. That is, it is another
approach of expression from the outside to the inside, or in other words, as sub-clustering, in the
formation of the inventory sequence that will be required for the analysis of the operations named
with the definition and value set on a parcel basis.

The exponential function, as we mentioned above, is the process of evaluating the definition and
value set as a subset of each other. On the basis of plan, it is the association of parcels that fall within
the zoning lots with each other.

The most important criterion in the process to be made with this method will be the process of giving
the distances to be determined in the form of a split or block structure, the building approach
distances to be determined only in line with the peer rates, so that the parcels that will coincide with
the island will be an odd number or an even number. In other words, it should be evaluated together
with the process of gluing the parcel on the ground according to the title deed area on a separate
basis, if it saves alone, if it saves, on the basis of depth, if it does not save, on the basis of depth.
Therefore, by iteration, the building approach and plot-based area are calculated by considering all
the plots, as if all of them would be allowed for construction.

Findings and Discussion

1/1000 zoning plans are made in different cities and their districts in Turkey. The aim is the process
of creating an order that will meet the needs of the people living in the relevant area. These plans
may occur at different precedent values and heights, depending on the need. In the provincial
borders, these procedures are carried out within the framework of the planned type zoning
regulation (Planned Areas Zoning Regulation, 2017; Planned Areas Type Zoning Regulation, 1985).
Within the borders adjacent to the zoning border, only vineyards and gardens are allowed to be built
(Plan note, 2018). It has been tried to be shown with various examples about how the zoning blocks
created will sit on the ground with an exponential function approach when considered as a domain
set and considered as a value set in parcels suitable for building permits.

Inspections are made by considering two conditions only in parcels for which comparable rates are
given. In the first plan, whether there are build approach distances on the zoning island and
secondly, whether there are an odd number of parcels or an even number of parcels is examined. In
all examples, we are talking about an empty zoning lot. In the zoning blocks where the construction is

5



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2023, 13(1), 01-14

completed to a large extent, the remaining vacant parcels are processed according to whether they
are given alone or not.

In other words, there is no obligation for the parcels to come together in residential areas or in plan
legends of other characteristics. Only the parcels that fall within the zoning island processed in the
plan by giving the precedent ratios, if they have sufficient parcel sizes, can be processed in line with
their surface areas and their peers. Apart from the regulation, the rele vant local administration may
allow the construction of all parcels in provinces, districts or towns in line with the plan notes.

. AN AVERAGE 5 FLOOR
™ RECONSTRUCTION

boundaries

Figure 2. A Reconstruction Lots with a Total Construction Value of 1.50

In Figure 2, a zoning lots has been created in such a way that the beginning and end intervals from
the limit infinity are clear. The total construction value was calculated as 1.50, as it should be on a
parcel basis. Here, it is understood that in the case of an average building for a parcel given this value
in the zoned area, a five-storey building will be built by taking 0.30 per floor over the probability of
constructing a building in the form of ground plus four (Taskaya, 2019a). According to the planned
type zoning regulation, it is stated that up to a maximum of 0.40 can be used on the ground (Plan
note, 2018). It was stated that when 0.40 is used, the remaining 1.10 part should be used on the
remaining floors. Regardless of the total construction value given in the zoned areas, if there is no
construction on the right or left side of the parcel, there will always be a five-meter withdrawal from
the front (Taskaya, 2019b). Based on the construction of an average five-storey building, 3.5 meters
from the sides and half of the three meters from the back until 2017 by adding half a meter of eaves
per floor, it was decided to act as a side garden with the arrangement made after 2017 (Planned
Areas Type Zoning Regulation, 1985;Plan note, 2018). However, it is up to the local governments to
make some additions to the plan notes in the cities and to make arrangements according to their
needs. In the measurement of the plot, it has been shown that the back side is half of the height,
thanks to the relevant plan note (Taskaya, 2019c).

The lot, which was a total of 13 parcels before its blue image, is given only as a precedent, regardless
of whether it is a residence or other property, depending on whether permission can be obtained
only in terms of parcel size, according to the value set, whether the precedents alone will be
sufficient for construction and whether the building approach distances are in the middle or adjacent
to the adjacent parcel. Since it will not be adhered to, a parcel-based process has been carried out as
a whole. By gluing the parcels in the north, assuming that there will be no merging, the building
approach distance was calculated and the number of parcels was increased or decreased
exponentially, and the use was carried out considering the island in general and the parcel in
particular.

When the domain is evaluated as a zoning lot by approaching it exponentially, the value set will be
the zoning parcel that has been brought into a state to receive permission for construction. When



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2023, 13(1), 01-14

the parts shown with black thick lines in the figures are evaluated as zoning islands, the parcels with
clear borders in the form of red lines will be either cadastral or zoning parcels. The building approach
distances and the total number of construction areas on the parcels whose dimensions have been
adjusted will be determined in line with their precedents.

borders in red; cadastral

2or zoning parcel
boundaries

R,

AVERAGE 2 FLOOR
LOTS

RECONSTRUCTION

/

Figure 3. A Reconstruction Lots with a Total Construction Value of 0.60

In the example, a parcel shape is given in order to show the situation with an exponential approach
in a zoning lot that allows the construction of structures such as a vineyard or garden area in the
plan. The parcel located on the corner lot with double facades was given a fixed front shrinkage of
five meters, and according to the planned type zoning regulation, the building settlement type of the
parcel with a total construction area of 0.60 was shown by drawing 3 meters from both sides, based
on the side distance of three meters in places up to four floors (Taskaya, 2019d).Generally, the lots
with a value of 0.60 are new type development lots outside the city centers.

According to the regulations, the average floor usage amount is determined as 0.30 in the zoning lots
with precedent only, so the number of floors is determined in this way. Where there is no contrary
plan note, it is used up to a maximum of 0.40, and the remaining total is reduced from the precedent
and applied to the upper floors in this way. In other words, the importance of the exponential
approach is that it is the method to be preferred because it helps to make the best decision in
transforming the parcel into a discrete or block building style.

-E \&_-_‘—‘—*

3 parcel number; indicates
that it is a cadastral or
zoning parcel

AN AVERAGE 6-5STOREY
RECONSTRUCTION LOT

—— e )

| B S—

Figure 4. A Reconstruction Lots with a Total Construction Value of 1.80

In Figure 4, the situation regarding the construction of the parcels, which has a total construction
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area of 1.80 and whose domain is a zoning lot, is examined. The construction island with a total
construction area of 1.80 is accepted and since the domain will be parcels, the application of drawing
operations in the west-east direction to the parcel in the middle is shown with an exponential
approach (Taskaya, 2019a).By showing examples of different floors, it has been shown how a ground
session should be done on an lot where an average of six floors can be built. Since a structure that
will be planned below 0.30 on the ground will be likely to suffer damage in a possible soil
deformation, it would be appropriate to give it up to a maximum of 0.40, which is 0.30 and above.
For this reason, especially the side drafts were determined as four meters based on an average of six
floors (Taskaya, 2019d).

//that it is a cadastral or —

zoning parceE=2.70 —
E ’T

[ %0

Figure 5. A Reconstruction Lots with a Total Construction Value of 2.70

In the example, this time, on a zoning lot with a total construction area of 2.70, the residential area
of a three-sided parcel is shown as a local value, from the part specified as the definition. According
to the planned areas type zoning regulation, it has been emphasized that the draft amount on the
ground should increase by half a meter per floor in the side state, and in a structure that is normally
possible up to nine floors, it is necessary to draw 5.5 meters from the side (Plan note, 2018).1t has
been stated that the front sides should be shot as fixed five meters in case there is no construction,
and if there is construction, it should be applied by looking at the architectural project (Taskaya,
2019b).
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AN AVERAGE 3-5TOREY
RECONSTRUCTION
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Figure 6. A Reconstruction Lots with a Total Construction Value of 0.90

In the figure, from the definition value of 0.90 with the total construction area, it is emphasized how
the residence area of a single-sided development parcel should be on the ground when looking at
the parcels on the basis of value. These shots on the ground can be made with various mathematical
approaches. This happens in the light of a certain algorithm with a partial or logarithmic approach. In
any case, the necessity of how to build in and out of the zoning parcels is in the light of this diagram.
In the sample plot, taking the average three floors as the base, the moment shots were taken as
three meters and the rear shots were taken as 4.75 meters by taking the plan note and half of the
height and given in the middle.

W,

| | S
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Figure 7. A Reconstruction Lots with a Total Construction Value of 3.00
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Lots with a total construction area of 3.00 and above are generally considered as areas to be
established by new settlements and residences. Tensile dimensions on the ground are determined
only as the boundaries that the structures cannot cross, without considering the possibility of more
than one block in the architectural project. In a domain consisting of two plots, six meters were
drawn from the side, since an average of ten floors would be built, regardless of how many floors
there are, on the north plot, which is inward, with an exponential approach (Taskaya, 2019a).
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In this zoning lot, which has been identified similarly to the previous example, the withdrawal
principle will again be determined depending on the total construction area. Here, too, in the domain
of 1.20, the inner plots will be tensiled on the ground over four floors. In the planned type zoning
regulation, it is stated that side and rear tows should be made by increasing three meters up to four
floors, and by increasing half a meter per floor after four floors (Plan note, 2018).Thus, the side

measurement was taken as three meters.

\ es
\s\\

p \
0.30 )

borders in red; cadastral or zoning paf

PARK

Figure 9. A Reconstruction Lots with a Total Construction Value of 2.10

In the example, in the definition function with a total construction area of 2.10, it is shown how the
side and rear measurements are different, based on the construction of an average of 0.30.
Accordingly, according to the plan note of the relevant plan, half of the height is engraved on the
back as a draw. On the side, the ground session is shown by processing 4.5 meters.
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In Figure 10, an example of the areas to be built on average five floors in city centers is given. Here, it
is seen that in five-storey areas from the average, 3.5 meters from the side and the rear part will be
given from the definition and value set relationship by adding the height plus the eaves.

AN AVERAGE 12-STOREY
RECONSTRUCTION
LOTS

or zoning parcel
boundaries

oning parcel

'

borders in red; cadastral

.39 poos
180 +
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Figure 11. A Reconstruction Lots with a Total Construction Value of 3.60

In particular, it is shown how to give ground settlement to the parcel in the zoning lot, which is a
definition set with a high total construction area representing the areas where shopping center
buildings will be built. The important difference seems to be only the side shooting distance. It has
been shown that in the value set that can be made up to twelve times on average, there will be an

approximation of eight meters to the side plot.
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Table 1. Garden Pulling Distances

Precedent Number of Front Yard Side Garden Rear Towing After 2017
Values Floors Pulling Distance  Pulling Distance  Distance Before Rear Towing
(m) (m) 2017 (m) Distance (m)
0.30 1 5 3 3 3
0.60 2 5 3 3.25 3
0.90 3 5 3 4.75 3
1.20 4 5 3 6.25 3
1.50 5 5 35 7.75 3.5
1.80 6 5 4 9.25 4
2.10 7 5 4.5 10.75 4.5
2.40 8 5 5 12.25 5
2.70 9 5 5.5 13.75 5.5
3.00 10 5 6 15.25 6
3.30 11 5 6.5 16.75 6.5
3.60 12 5 7 18.25 7
3.90 13 5 7.5 19.75 7.5
4.20 14 5 8 21.25 8
4.50 15 5 8.5 22.75 8.5

In the Table 1, by taking the direction from the main plot, which is considered as the domain set in
the light of all the precedent values and the number of floors, how the building floor will be located
in the facade and depth conditions as the value set, in the light of the garden distances, is shown. In
addition, in the light of the planned areas type zoning regulation that changed in 2017, the rear pull
distance will be obtained by adding 0.5 meters of eaves, and multiplying the fixed flat height of 3
meters by the number of floors, and dividing by 2. With the change made after 2017, 0.5 meters of
eaves has been removed from consideration. Instead of this, the necessity of applying the rear
drawing distance of the parcel in the form of a value set has been created by considering the rear
drawing distance as a side garden.

Discussion and Conclusion

In Turkey, especially the ground settlement works of the buildings bring the citizens and the technical
personnel face to face. Actions are taken according to the Zoning Law and the regulation on planned
and unplanned areas. In some cities and districts, local governments obtain the permission from their
own councils and create the plan notes by putting some conditions on the zoning islands, provided
that they are not contrary to the regulation. The total construction areas should be determined
depending on the population density and the conditions of the parcels on the land. By taking these
islands as the definition function and the value function as plots, the ground settlement areas are
determined. In the examples, it was shown what kind of ground-taking approaches should be on
these islands with different densities. Our proposal should be determined and implemented
according to the population density and ground conditions, especially in the long-term rather than
short-term intervals for the zoning islands. Local governments should not make changes in
applications with different grades for their own profits. In the light of the findings, the necessity of
applying side and rear draw distances to the parcel, which is considered as the domain set, provided
that the side and back garden distances are increased by 3 meters in parcels up to 4 floors, and 0.5
meters per floor after 4 floors, has been revealed with figures. It has been revealed that the front
pulling distances should be given by taking 5 meters as a floor, regardless of what they are. However,
as a result, it is explained how to create a parcel, which is determined as a domain set, in the light of
tensile criteria with an exponential function approach in the form of a value set in the building
ground settlement process.
e Logically, it is to find out the accuracy of the decision process in giving the residence area as a
form by leaving, creating or combining the parcels that coincide with the zoning lot with the
exponential function. If it is sufficient on its own, it is to provide the building approach
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according to the total area amount given by the parcel alone and the amount corresponding
to the number of floors. In parcels that are not suitable for construction alone, it is to ensure
that the parcel is dimensioned in order to take it out of the split form and put it into a block
form.

In the zoning areas where only comparable rates are given, the process is examined only as a
building regulation, without looking for housing or any other property.

Generally, only the areas whose precedents are given are considered as residences.

If the building approach distance is not processed in the plan, it is applied within the
framework of the regulation according to the drawing amount corresponding to the number
of floors given by the equivalent coefficient.

Whether the parcels are residential areas or not, if there is no plan note otherwise, the
building can take the approach limit for the construction permit alone as long as its
dimensions are sufficient.

With this applied method, it has been revealed that the fields called definition and value set
are beneficial in determining the states of being together or alone in construction.
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Abstract

PEPPSI type Pd complexes have wide applications in recent years. Serum albumin carries very important
molecules such as oleic and linoleic acids, nitric oxide, vitamin B6, thyroid and so do many drugs. In this study,
a novel NHC molecule and its Pd-PEPPSI complex were synthesized and characterized. Both the ligand and the
complex were optimized by DFT-based calculation methods. The binding properties of the molecules with HSA
were analyzed by molecular docking methods. Binding affinity of -8.04 kcal/mol and inhibition constant of 1.29
UM were determined for NHC salt while the binding affinity was calculated as -7.04 kcal/mol and the inhibition
constant as 6.92 uM for Pd-PEPPSI complex.

Keywords: N-Heterocyclic carbene, benzimidazole, molecular docking, DFT, PEPPSI

Yeni Bir NHC Tuzunun ve Palladyum-PEPPSI Kompleksinin Sentezi,

Karakterizasyonu ve Molekiiler Doking Analizi
0z
PEPPSI tipi Pd kompleksleri son yillarda genis uygulama alanina sahiptir. Serum alblimini oleik ve linoleik
asitler, nitrik oksit, vitamin B6, tiroid gibi cok 6nemli molekdlleri ve pek ¢ok ilaci tasir. Bu ¢alismada, yeni NHC
molekulli ve onun Pd-PEPPSI kompleksi sentezlendi ve karakterize edildi. Hem ligand hem de kompleks, DFT
tabanli hesaplama yontemleriyle optimize edildi. Molekiillerin HSA ile baglanma 6zellikleri molekiiler doking
yontemleri ile analiz edildi. NHC tuzu igin -8.04 kcal/mol baglanma afinitesi ve 1.29 uM inhibisyon sabiti

belirlenirken, Pd-PEPPSI kompleksi igin baglanma afinitesi -7.04 kcal/mol ve inhibisyon sabiti 6.92 uM olarak
hesaplandi.

Anahtar Kelimeler: N-Heterosiklik karben, benzimidazol, molekiler doking, DFT, PEPPSI
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Introduction

Palladium-based organometallic complexes draw the attention of chemists because of their catalytic
and bioactivity properties (Hussaini et al., 2019; Netherton & Fu, 2005; Scattolin et al., 2021;). Many
important studies about Pd-based complexes with NHC ligands which have unique electronic and
structural properties have been published (Fowler et al., 2019; Kaloglu et al., 2021; Meng & Szostak,
2018). PEPPSI (Pyridine-Enhanced Precatalyst Preparation Stabilization and Initiation) type Pd
complexes, which have wide application in recent years, are one of them. In addition to catalytic
activities in C-C bond formation reactions, these compounds have also been recorded as significant
enzyme inhibitors (Akkog et al., 2016; Akkog et al., 2017; Dasgin et al., 2021; Kaloglu & Ozdemir,
2019; Slimani et al., 2021). Moreover, new Pd-complexes were synthesized by using the ligand-
exchange method instead of pyridine part of PEPPSIs, and these new complexes were diversified with
different substitutions.

Serum albumin is one of the most important transport components of human blood. It carries both
very important molecules such as oleic and linoleic acids, nitric oxide, vitamin B6, thyroid and steroid
hormones and therapeutic agents for many drugs such as cancer, diabetes, Alzheimer Disease (Carter
& Ho, 1994; Peters, 1985; Rabbani & Ahn, 2019). Therefore, binding properties of bioactivity
candidate molecules with serum albumin must analyze. The strong binding with drug candidates can
be either an advantage or a disadvantage. Weak affinity could be a problem about transportation,
while strong interactions could inhibit to releasing of the agent in the target tissue (Al-Harthi et al.,
2019; Tayyab & Feroz, 2021; Wani et al., 2021).

In this study, novel 1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazolium chloride,
dichloro[1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazole-2-
ylidene]pyridinepalladium(ll) complex were synthesized and characterized by *H NMR and *C{‘H}
NMR (Figure 1). Both the ligand and the complex were optimized by DFT-based calculation methods.
The binding properties of the molecules with HSA (Human Serum Albumin) were analyzed by
molecular docking methods.

~ o
e D)

Figure 1. NHC Salt (left side) and Palladium-PEPPSI Complex (Right Side)
Material and Method

Experimental

Standard Schlenk line techniques were used for all synthesis procedures under argon atmosphere
with flame-dried glassware. All reagents are Sigma Aldrich (Dorset, UK). Purification of all solvents
was done by distillation methods over the drying agents, and they were transferred to the reaction
matrix under Argon. Electrothermal 9100 was used for melting point detection by capillary tubes. 'H
NMR and “C{*"H} NMR spectra were taken using a Bruker As 400 Mercury spectrometer operating at
400 MHz (*H), 100 MHz (*C{*H}) in CDCl; with tetramethylsilane as the internal reference.

Synthesis of 1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazolium Chloride

5,6-Dimethylbenzimidazole (10 mmol) was added slowly to a solution of NaH (11 mmol) in
tetrahydrofuran (20 mL) in a Schlenk tube and the solution was mixed at room temperature for 1 h.
Then, isopropyl bromide (10.1 mmol) was added to the mixture and the solution was stirred for 24 h
at 60 °C. The solution was cooled to room temperature and tetrahydrofuran was evaporated under
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the vacuum. Dichloromethane (50 mL) was added to the resulting solid. The last solution was distilled
and 1-isopropyl-5,6-dimethylbenzimidazole was obtained. The 1-isopropyl-5,6-
dimethylbenzimidazole (1 mmol) and 2,3,5,6-tetramethylbenzyl chloride (1 mmol) were mixed in
DMF (5 mL) for 24 h at 80 °C. At the end of this period, white solid was precipitated. It was filtered
and rinsed out with diethyl ether and dried under the vacuum. Yield: 83%; m.p. 183-184 °C, ‘*H NMR
(400 MHz, CDCl3) & (ppm): 1.79, 1.81 (s, 6H, NCH(CHs),), 2.25 (s, 12H, CH,C¢H(CHs)4-2,3,5,6), 2.25,
2.40 (s, 6H, NCgH,N(CHs),-5,6), 5.05 (hept., 1H, NCH(CHs),, J= 8 Hz), 5.97 (s, 2H, CH,CsH(CHs)4-2,3,5,6),
6.82 (s, 1H, Ar-H), 7.06 (s, 1H, Ar-H), 7.46 (s, 1H, Ar-H), 11.24 (s, 1H, NCHN). *C{*H} NMR (100 MHz,
CDCl5) & (ppm): 16.1 (NCH(CHs),), 20.7, 20.8 (NCeH,N(CH5),-5,6), 20.6, 22.2 (CH,CeH(CH3)4-2,3,5,6),
48.0 (NCH(CHs),), 51.7 (CH,C¢H(CHs)4-2,3,5,6), 113.1, 113.8, 128.4, 129.3, 130.4, 133.2, 133.9, 134.1,
134.8, 135.0, 136.7, 136.8 (Ar-C), 141.1 (NCHN).

Synthesis of Dichloro[1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazole-2-
ylidene]pyridinepalladium(lIl)

1-Isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazolium chloride (1 mmol), PdCl, (1
mmol) and K,CO;5 (5 mmol) in pyridine (5 mL) were stirred at 80 °C for 4 h. After the reaction was
finished, pyridine was removed under vacuum. To the resulting solid mixture, CH,Cl, (10 mL) was
added and filtered through a silica gel and celite layer in order to remove unreacted PdCl,. The
solvent in the reaction medium was removed under vacuum and dried. Crude product was
crystallized in CH,Cl,/pentane and bright yellow dichloro[1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-
5,6-dimethylbenzimidazole-2-ylidene]pyridinepalladium was obtained. Yield: 79%; m.p. 271-273 °C.
'H NMR (400 MHz, CDCl3) & (ppm): 1.73, 1.74 (s, 6H, NCH(CHs),), 2.17 (s, 12H, CH,C¢H(CHs)4-2,3,5,6),
2.03, 2.23 (s, 6H, NCgH,N(CHs),-5,6), 6.02 (s, 2H, CH,CsH(CH3)4-2,3,5,6), 6.35 (hept., 1H, NCH(CH3),, J=
8 Hz), 6.21 (s, 1H, Ar-H), 7.01 (s, 1H, Ar-H), 7.23 (s, 1H, Ar-H), 7.27 (tt, 1H, Ar-H, J = 4 Hz), 7.67 (tt, 1H,
Ar-H, J = 4 Hz), 8.86 (td, 1H, Ar-H, J = 4 Hz). *C{*H} NMR (100 MHz, CDCl;) & (ppm): 16.5 (NCH(CHs),),
20.3, 20.4 (NCgH,N(CHs5),-5,6), 20.6, 21.2 (CH,C¢H(CHs).-2,3,5,6), 49.7 (NCH(CHs),), 54.7
(CH,CgH(CH3)4-2,3,5,6), 112.0, 112.4, 124.4, 130.9, 131.0, 131.2, 131.6, 132.3, 134.2, 134.6, 135.2,
137.9, 151.2 (Ar-C), 160.2 (NCN).

Calculation Method

ORCA Package (version 4.2) was used for the optimizations of the molecules by DFT-based calculation
methods (Neese, 2020; Neese, 2012; Neese et al., 2020). BP86 correlation functional that was
suggested by Becke and Perdew was also used with the resolution-of-the-identity (RI) approximation
and KDIIS, SOSCF. def2-SVP/J auxiliary basis set was used for speeding up the calculation which were
carried out with def2-SVP basis set (Becke, 1988; Perdew, 1986; Neese, 2007; Serdaroglu et al.,
2021).

The crystal structure of the Human Serum Albumin was downloaded from RCSB protein data bank
(https://www.rcsb.org/) with PDB ID:1bm0 (Sugio et al., 1999). Molecular docking performances
were carried out with AutoDockTools 4.2 (Trott & Olson, 2010; Morris et al, 2008). Default number of
torsions and the aromaticity criterions were used for ligand molecule. Additionally, Gastegier charges
and randomized starting positions were used for the ligand. Polar hydrogens and Kollman charges
were evaluated for the target molecule and also the waters were extracted from the HSA (Celik et al.,
2022; Ustiin et al., 2022). Also, Lamarckian genetic algorithms with 150 populations were utilized
(Bucur et al, 2022). Discovery Studio 4.1.0 were used for illustrations (https://www.3ds.com/).

Result and Discussion

Preparation and Characterization of NHC Salt and Its Pd-PEPPSI Complex

The synthetic route for the synthesis of NHC salt is shown in Figure 2. First, 5,6-
dimethylbenzimidazole was reacted with isopropyl bromide. In the second step, obtained 1-
isopropyl-5,6-dimethylbenzimidazole was reacted with 2,3,5,6-tetramethylbenzyl chloride.
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Figure 2. Synthesis of NHC Salt

The synthetic route of Pd-PEPPSI complex is shown in Figure 3. Pd-PEPPSI complex was synthesized
from PdCl,, the NHC salt obtained in the previous step and pyridine in the presence of K,CO; as a

base.
N Pyridine N G =
:@En) Cr + PdCly +K,COp — = )@E —Pd—N />
N N | N\
Cl

Figure 3. Synthesis of Pd-PEPPSI Complex
The newly synthesized compounds were characterized by *H NMR, and *C{*"H} NMR spectroscopies.

As seen in the "H NMR spectra (Figure 4), the NHC salt has an acidic NCHN proton which came at
11.24 ppm as a characteristic sharp singlet. When NHC salts formed to Pd-PEPPSI complex, they lost
the acidic proton. At the *H NMR spectrum Pd-PEPPSI complex, the disappearance of the acidic
proton is evidence of complex formation complex from NHC salt. NCHN carbon on NHC salt was
observed at 141.1 ppm in the *C{*H} NMR spectrum (Figure 5). After complexation, NCN carbon
resonance on the Pd-PEPPSI complex shifted much downfield region compared to the NHC salt to
160.2 ppm. These results are in agreement with reported data for similar compounds (Dogan et al.,
2011).

qqqqq 13000

NRRRS

S 12000

—11.24
9.
0
0.
0
0:
0;
—2.40
~225
181
179

<5

746
7.06
/682

50000

45000 11000
40000 10000

9000
35000
| 8000

30000 2000
25000 6000
5000
4000

3000

=l 0 ‘H

-1000

—

A

il
N

S

.06 1 =
55 =
l15.72=
40 <

l
"

g

60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

8
s 135 125 115 105 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
f1 (ppm)

115 105 95 90 85 80 75 7.0 65

Figure 4. 'H and *C{*"H} NMR Spectrums of NHC Salt
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Figure 5. 'H and *C{*"H} NMR spectrums of Pd-PEPPSI Complex

The FT-IR spectra of the compounds contain some characteristic bands of the stretching vibrations of
the C=N, C-N, C-H and C=C groups. Benzimidazole ring C=N vibrations of NHC salt was assigned at
1551 cm™. This vibration was seen with a shift in the Pd-PEPPSI complex at 1404 cm™. This negative
shift is because of the electropositive metal center which pulls electron density towards itself and as
a result of C=N vibrations shifts to the lesser energy region in the complex. And also, this shifting is an
other evidence of formation Pd-PEPPSI complex.
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Figure 6. Interaction Residues and the Interaction Details of NHC Salt (left side) and PEPPSI Complex
(right side) Against HSA

In recent years, the high agreement between theoretical and experimental results is remarkable. It is
possible to have an idea about the stability of the molecules with DFT-based calculation methods
(Serdaroglu, 2002). In addition, it is also possible to acquire knowledge in several topics such as the
bioactivities and inhibition capacities of molecules by using calculation methods such as molecular
docking (Ata et al., 2022; Tirker et al., 2022; Ustiin & Sahin, 2022). These docking data provide
foresight about the synthesis of more active molecules as well as provide data about the activity
mechanisms of the molecules (Umare et al.,, 2022; Zhou et al., 2022). For this purpose, the
interactions of molecules with a well-known biomacromolecule (enzymes, proteins...) which is
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effective in pertinent bioactivity have been investigated in detail. One of the most important
pharmacokinetic investigations of a molecule is the analysis of transport and release mechanisms
(Matin et al., 2022). The drug molecules are frequently bound to HSA and delivered to the target
tissue. The strength of the binding is very important in these transports. Strong binding is advantage
safe transportation to the target tissue during transport, but it is trouble in the effective releasing in
the target tissue (Molaei et al., 2022). Esfahlan and Azar (2016) analyzed the interactions between
Glutathione and Serum Albumin, and they recorded that Glutathione formed many hydrogen bonds
with -8.99 kcal/mol binding affinity, could bind serum albumins effectively, and transfer in the blood
stream. Also, interactions between Serum Albumin and NHC molecules and their silver complexes
were evaluated with the molecular docking method by Celik et al. (2022). They recorded binding
constants as =5 kcal/mol for NHCs and =7.5 kcal/mol for their silver complexes.

In this study, the NHC salt and its PEPPSI complex interacted with HSA by using molecular docking
methods. According to the interaction of NHC with HSA, binding affinity of -8.04 kcal/mol and
inhibition constant of 1.29 uM were determined. Alkyl interactions with Leull5, Argll7, lle142,
His146, Phel57, Tyrl6l, Leul82, Leul85, Argl86, and Lys190 as well as pi-pi T-shaped interaction
with Tyr138 are effective in these obtained values. In addition, van der Waals interactions with
Vall16, Met123, Phel49, and Gly189 were also noted. The interactions of the Pd-PEPPSI complex
with HSA are more multifarious. The interactions of pi-cation with Lys195, pi-sulfur with Cys448, pi-
sigma and pi-amide with Trp214, Pro447, and Asp451 are also remarkable. Furthermore, alkylic
interactions with Alal91, Arg218, Val343, Cys437, Tr452, and Tyr452 and van der Waals interactions
with Leu198, Lys199, Arg222, and Lys436 were also recorded. As a result of these interactions, the
binding affinity was calculated as -7.04 kcal/mol and the inhibition constant as 6.92 puM. Acquired
results show that NHC molecule would bind more strongly than the PEPPSI complex (Figure 6).

Conclusions

The promising results that obtained in research on the bioactivity of PEPPSI-type palladium
complexes provide motivation for new studies. Therefore, a new PEPPSI complex in which novel NHC
salt was used was synthesized and characterized. The interaction of possible bioactive molecules
with HSA is important in terms of analyzing the transportation of molecules and the interactions with
proteins. In this study, the NHC salt and PEPPSI complex interact with different regions of HSA. it was
determined that the total NHC salt had stronger interactions than PEPPSI. In future studies, it is
planned to synthesize new complexes containing different NHC salt and to examine the interactions
of these new ones.
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Abstract

This current study focuses on the exploration of the impacts of OH/F isosteric replacement using
computational chemistry methods. To this end, Density Functional Theory (DFT) calculations at B3LYP/6-
311++G (d, p) level of theory were carried out on flutriafol, a broad-spectrum fungicide, and its trifluorinated
analogue. The reflections of OH/F isosteric replacement on frontier molecular orbital energies, reactivity
behaviors, electrostatic surface properties and intramolecular interactions were investigated. Also, one of the
important consequences of isosteric and bioisosteric replacements is the modification in lipophilic character,
which is a remarkable parameter in many respects. Therefore, lipophilic character evaluations were performed
for mentioned molecules using SwissADME and Molinspiration software.

Keywords: DFT, flutriafol, isosterism, lipophilicity

Flutriafol ve Triflorlanmis Analogunun HOMO-LUMO, ESP, NBO ve Lipofilik

Karakter Analizleri
0z
Bu mevcut ¢alisma, hesaplamali kimya yontemleri kullanilarak OH/F izosterik yer degistirmesinin etkilerinin
arastirilmasina odaklanmaktadir. Bu amagla, genis spektrumlu bir fungisit olan flutriafol ve triflorlanmis
analogu lzerinde B3LYP/6-311++G (d, p) teori diizeyinde Yogunluk Fonksiyonel Teori (YFT) hesaplamalari
yapilmistir. OH/F izosterik yer degistirmesinin sinir molekiler orbital enerjilerine, reaktivite davranislarina,
elektrostatik ylizey 6zelliklerine ve molekdlici etkilesimlerine yansimalari incelenmistir. Ayrica izosterik ve
biyoizosterik slbstitlisyonlarin dnemli sonuglarindan biri de bir¢cok agidan dikkate deger bir parametre olan

lipofilik karakterdeki degisimdir. Bu nedenle, s6z konusu molekiiller icin SwissADME ve Molinspiration yazilimi
kullanilarak lipofilik karakter degerlendirmeleri yapiimistir.

Anahtar kelimeler: YFT, flutriafol, izosterizm, lipofilisite
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Introduction

Fungicides, which are important members of the pesticide class, are widely used in agriculture to
prevent and/or directly eliminate fungal infections (Beyer et al., 2006; Wise et al.,2019) Inorganic
substances such as lime, copper, sulfur, and mercury compounds were among the first used
fungicides. Depending on whether the fungicides are used consciously, regularly and adequately,
some fungicides, like other pesticides, may cause resistance in fungi. Over the years, a great deal of
substances with broadly varying chemical components has been developed and used as fungicides
(Lu et al., 2014; Pasteris et al., 2016). Conazole fungicides are frequently used both agricultural and
pharmaceutically. They include potent fungicidal stereoisomers that inhibit ergosterol biosynthesis in
fungi by preventing 14a-demethylation. They are synthetic substances that can be divided into two
groups as imidazole and triazole (Faro, 2010; Lewis et al.,2016). Flutriafol (1) is a commercial triazole
fungicide. Flutriafol and its derivatives are known to be effective in controlling numerous diseases
affecting various fruits, trees and cereal crops. On the other hand, the widespread use of (1) poses a
danger to the aquatic ecosystem (Zhang et al.,, 2015). Therefore, there was a need for new
agrochemical candidates that could exhibit the characteristics of an effective fungicide. These
characteristics can be listed as low toxicity to mammals, low ecotoxicity, high penetration rate, and
limited biodegradation. Fluorine substitution is a significant tool in the exploration for the optimum
candidate in modern plant protection in terms of effectiveness, environmental and user friendliness
(Jeschke, 2004). The significance of fluorine substitution in agrochemical industry can be attributed
to the physicochemical properties resulting from the incorporation of fluorine and fluorine groups
into bioactive molecules (Filler, 1986). Accordingly, the number of active pesticide products
containing fluorine substituents has increased over the years (Jeschke, 2004).

It is an important feature that the fluorine atom can imitate hydrogen atom or hydroxy group due to
its van der Waals radius similarity (F: 1.47 A; H: 1.20 A; OH: 1.40 A). Therefore, it is concluded that
physicochemical changes that may occur as a result of isosteric substitution of fluorine with H or OH
may positively affect bioactivity. For this purpose, trifluorinated analogue (2) was obtained as a result
of incorporation of fluorine atom into broad-spectrum fungicide flutriafol and it was determined that
it showed similar activity (Jeschke, 2004).

Flutriafol is a well-known molecule. Its fungicidal effects have been studied in many studies (Bhuiyan
et al.,, 2014; Cotterill, 1993; Karaoglanidis et al., 2003). In addition, enantiomeric determination
studies were carried out using chromatographic methods (Shuang et al., 2021; Ying et al., 2009;
Zhang et al., 2015). On the other hand, no quantum chemical analysis study on flutriafol and/or its
trifluorinated analogue has been found, except for study on kinetics and mechanisms of -OH-
mediated mineralization (Liu et al., 2017). In the study by Liu et al, quantum chemical computations
along with electrochemical experiments were used to elucidate the -OH-mediated mechanisms of
degradation of (1) in detail. Based on DFT computations, the optimal -OH-mediated mineralization
mechanism of (1) was reported, and an array of intermediates were observed accumulated in the
degradation process. Whereas, as a result of the literature search, HOMO-LUMO, ESP, and NBO
analyzes were found for neither (1) nor (2) molecules. Especially, the evaluation of lipophilic
characters of mentioned molecules both numerically and visually by using SwissADME and
Molinspiration software highlights the originality of this study.

Herein, a theoretical study has been carried out for flutriafol (1) and its trifluorinated analogue (2)
(Figure 1). In this study, it is aimed to investigate the effects of isosteric replacement of fluorine by
using quantum chemical methods. In this context, calculations were performed on compounds (1)
and (2) using the DFT/B3LYP/6-311++G (d, p) methodology. The reactivities of the molecules were
examined by calculating quantum chemical descriptors. Frontier molecular orbital energies,
electrostatic surface properties, and intramolecular interactions were compared. In addition, in silico
examination results of lipophilic character properties and physicochemical magnitudes of both
molecules were interpreted.
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Figure 1. Chemical Representations and DFT-Optimized Molecular Structures of (1) and (2)

Computational Methods and Theory

Geometry optimization calculations of (1) and (2) were performed at DFT level by using the
GAUSSIAN 16 package program in the gas phase (Frisch et al., 2016). In optimization and frequency
computations, Becke, three-parameter, Lee-Yang-Parr (B3LYP) functional was used with 6-311++G (d,
p) split-valence triple zeta basis set that implicates both polarization and diffuse functions (Becke,
1993; Lee et al., 1988). The optimized structures are presented in Figure 1.The absence of imaginary
frequency for all calculations confirmed optimized structures. Also, HOMO-LUMO diagrams and ESP
maps of the mentioned molecules were visualized using Gauss View 6 software (Dennington et al.,
2006). SwissADME software (Daina et al., 2017) was used to estimate the basic physicochemical and
lipophilicity characteristics of the mentioned molecules. Besides, molecular lipophilicity potential
(MLP) and topological polar surface area (TPSA) maps of studied molecules were visualized in
Molinspiration Galaxy 3D Structure Generator v2018.01 beta (Gaillard et al., 1994).

FMO theory analysis was performed to evaluate reactivity behaviors of (1) and (2). All the quantum
chemical descriptors were computed with Koopmans Theorem according to the following equations
(Koopmans, 1934; Parr, 1999; Parr & Pearson, 1983; Pearson, 1986; Perdew & Levy, 1983; Perdew et
al., 1982):

lonization Energy (I) I =—Enomo (1)
Electron Affinity (A) A=—Eymo (2)
Energy Gap (AE) AE = E yymo — Enomo (3)
Chemical Potential () p= — ! ;A (4)
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I—A
Chemical Hardness (n) n=-—- (5)
I+ A
Electronegativity (x) X = % (6)
2
Electrophilicity index (w) W= (7)
n

Further, NBO analyses of (1) and (2) were performed to interpret donor and acceptor orbitals
interactions, hybridizations and stabilization energy estimations. Hereof, it is an influential and often
used method. NBO analyses were carried out with NBO 3.1 program (Glendening et al., 1998)
integrated into Gaussian program by using B3LYP/6—-311++G (d, p) method. Donor-acceptor orbitals
interactions were calculated using second order Fock matrix (Reed et al., 1988; Weinhold et al.,
2016). The equation stated below was used to calculate the stabilization energy values.

| (Fip?

E®@) = AE.. =
y=ar (¢f — i)

(8)

The terms in the equation (8) and their explanations are as follows: €i and €j: diagonal element,
donor and acceptor orbital energies, Fij: Off diagonal Fock matrix, gi: Donor orbital occupancy, E? :
Stabilization energy.

Result and Discussion

HOMO-LUMO and ESP Analyses

Estimating the energy values of the HOMO (Highest Occupied Molecular Orbital) and the LUMO
(Lowest Unoccupied Molecular Orbital) of a particular molecule and determining their locations play
an important role in its reactivity analysis. Figure 2 displays the 3D HOMO-LUMO diagrams with their
energy values corresponding to the vacuum environment. It is clear that for both molecules the
HOMOs are distributed almost throughout the molecule. Only for the molecule (2) the density on the
triazole ring is slightly less than for the molecule (1). On the other hand, in both molecules, LUMOs
appear to be predominantly concentrated on regions outside the triazole ring. It is noteworthy that
the density on the ortho-fluorophenyl group in (2) molecule decreased compared to (1).

27



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2022, 13(1), 24-36

=
(=]
-
-9
]
z
5
Eronvo =-1.243 eV Ervnmo =-1.249 eV
————————
H AE=5.785eV H AE=5.897eV
| —————— —.
Enono =-7.028 eV Enono = -7.146 eV
=
&
A
]
=
=]
=

Figure 2. FMO Plots of (1) and (2)

In computational chemistry, it is a very effective strategy to utilize some vital quantum chemical
descriptors as well as the energy gap (AE), calculated from the difference of HOMO and LUMO
energies, to make reactivity predictions on a particular molecule. HOMO-LUMO energy values are
obtained directly from Gaussian output files. Quantum chemical reactivity descriptors (QCRD)
calculated using these energy values are presented in Table 1. As demonstrated in Table 1, the
energy gap values for compounds (1) and (2) were calculated as 5.785 eV and 5.897 eV, respectively.
It is noteworthy that isosteric fluorine substitution increased the HOMO-LUMO gap. Considering the
results, the fact that (2) has higher ionization energy (7.146 eV) and electron affinity (1.249 eV)
values shows that it is more dominant than (1) as both electron-donor and electron-acceptor. In
addition, (2) exhibits stronger electronegativity (4.197 eV).

Table 1. The Calculated QCRDs of (1) and (2) in eV

Eromo Ecumo AE n K X w
(2) -7.028 -1.243 5.785 2.892 -4.135 4.135 2.957
(2) -7.146 -1.249 5.897 2.948 -4.197 4.197 2.988

Furthermore, MEP, ESP, and contour maps of both molecules are displayed in Figure 3. Electrostatic
surface property analysis is a crucial approach in order to interpret electrophilic and nucleophilic
sites for chemical reactions and hydrogen bond interactions (Murray & Politzer, 2011; Murray & Sen,
1996). The nucleophilic locations are specified by blue, whereas the electrophilic locations are
specified by red on three-dimensional charge distribution of MEP maps. The ranges of MEP and ESP
were calculated for both molecules in vacuum environment as +0.05890 a.u. and +0.01284 a.u.
respectively. As demonstrated in MEP maps, for molecules (1) and (2), the negative regions are
located around nitrogen atoms of triazole ring. On the other hand, for the molecule (1), the deepest
blue region is concentrated around the hydrogen atom bound to the oxygen. For molecule (2), the
light blue regions are concentrated around the carbons and hydrogens of the phenyl ring and the
CH2 group. Blue color reflects positive regions. Similarly, while the negative ESPs are concentrated
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more over the nitrogen atoms of triazole ring, and are reflected as yellowish blobs, the positive ESPs
are concentrated on the rest of the molecules. It is evident that positive surfaces increase in
molecule (2).

Contours

@O

@

Figure 3. MEP, ESP, and Contour Maps of (1) and (2)

NBO Analysis

In this section of study, NBO analyses of (1) and (2) were examined. Table 2 comprises a summa of
donor-acceptor orbital interactions and occupancy values, as well as stabilization energies calculated
according to equation (8). Interactions with stabilization energy of 10 kcal/mol and above are taken
into account. According to NBO analysis, for (1), the Lewis natural bond orbitals define 97.459%
(valence Lewis of 96.477% and core of 99.959%.) of the total electron density. The remaining non-
Lewis density was found 2.541% (valence non-Lewis of 2.328% and Rydberg non-Lewis of 0.213%).
For (2), the Lewis natural bond orbitals define 97.467% (valence Lewis of 96.488% and core of
99.959%.) of the total electron density. The remaining non-Lewis density was found 2.533% (valence
non-Lewis of 2.325% and Rydberg non-Lewis of 0.208%).

29



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2022, 13(1), 24-36

Table 2. Second-Order Perturbation Analysis Results of Fock Matrix in NBO Basis for (1) and (2)

Donor(i) ED/e Acceptor(j) ED)/e E® kcal/mol E(j)-E(i)/a.u F(i.j)/a.u
1t N5-C22 1.88866 m* N6-C19 0.37804 10.42 0.32 0.055
1t N6-C19 1.82152 m* N5-C22 0.34562 30.99 0.31 0.092
m C9-C12 1.67482 n* C11-C15 0.31932 21.26 0.29 0.070
n* C16-C20 0.36029 18.39 0.28 0.065
n C10-C14 1.67189 n* C13-C17 0.36177 23.12 0.28 0.072
n* C18-C21 0.33164 18.52 0.29 0.065
n C11-C15 1.67988 n* C9-C12 0.35917 18.60 0.29 0.066
n* C16-C20 0.36029 23.06 0.28 0.072
= T C13-C17 1.66415 n* C10-C14 0.35586 19.04 0.30 0.068
= n* C18-C21 0.33164 20.46 0.30 0.070
nt C16-C20 1.65828 * C9-C12 0.35917 21.21 0.30 0.071
n* C11-C15 0.31932 18.20 0.30 0.066
n C18-C21 1.66658 n* C10-C14 0.35586 21.97 0.28 0.071
n* C13-C17 0.36177 19.66 0.27 0.066
LP (3) F1 1.92862 n* C13-C17 0.36177 17.19 0.44 0.084
LP (3) F2 1.92537 n* C16-C20 0.36029 18.40 0.43 0.086
LP (1) N4 1.53868 m* N5-C22 0.34562 25.50 0.28 0.078
m* N6-C19 0.37804 51.08 0.28 0.109
Donor(i) ED/e Acceptor(j) ED;/e E® kcal/mol E(j)-E(i)/a.u F(i.j)/a.u
1t N4-C21 1.88838 m* N5-C18 0.37485 10.47 0.32 0.055
1t N5-C18 1.82235 * N4-C21 0.34280 30.90 0.31 0.091
n C8-C11 1.67347 n* C10-C14 0.32012 21.42 0.29 0.070
n* C15-C19 0.36319 18.54 0.28 0.065
n C9-C13 1.67342 n* C12-C16 0.36142 22.92 0.28 0.072
n* C17-C20 0.33040 18.45 0.29 0.065
n C10-C14 1.67694 n* C8-C11 0.35922 18.66 0.29 0.066
m* C15-C19 0.36319 23.43 0.28 0.073
s C12-C16 1.66289 n* C9-C13 0.36123 19.15 0.30 0.068
— n* C17-C20 0.33040 20.34 0.30 0.070
nt C15-C19 1.65753 n* C8-C11 0.35922 21.33 0.30 0.071
n* C10-C14 0.32012 18.14 0.30 0.066
n C17-C20 1.66214 n* C9-C13 0.36123 22.27 0.28 0.071
n* C12-C16 0.36142 19.84 0.27 0.066
LP (3) F1 1.92888 n* C12-C16 0.36142 17.09 0.44 0.084
LP (3) F2 1.92573 n* C15-C19 0.36319 18.33 0.43 0.086
LP (1) N3 1.54168 n* N4-C21 0.34280 25.32 0.28 0.078
m* N5-C18 0.37485 50.58 0.28 0.108

As indicated in Table 2, there are fourteen m-n* and four (lone pair) LP-m* interactions that
contribute to the stabilization of each molecule. It is observed that the number, kind and magnitude
of high-energy intramolecular interactions are quite similar. The energies of m-nt* interactions alter
between 10.52 kcal/mol and 31.80 kcal/mol while the energies of LP-it* interactions are between
18.14 kcal/mol and 52.48 kcal/mol. A high stabilization energy value indicates that the interaction
between the specified orbitals is intense. That is, the greater the propensity to donate, the greater
the degree of conjugation of the entire system. According to Table 2, the highest stabilization energy
for (1) was found to belong to the LP (1) N4 (ED; = 1.53868e) - m* N6-C19 (ED; = 0.37804e)
interaction and its value was calculated as 51.08 kcal/mol. Similarly, the highest stabilization energy
for (2) corresponded to the LP (1) N3 (ED; = 1.54168e) - n* N5-C18 (ED; = 0.37485e) interaction and
its value was calculated as 50.58 kcal/mol.

Lipophilic Character Analysis

It is of great importance to investigate the physicochemical properties of agrochemical candidates in
order to determine their toxicity, biodegradability and bioaccumulation tendencies. One of the most
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important physicochemical properties is lipophilicity. Estimations of n-octanol/water partition
coefficient (logP.w), which allows lipophilic character appraisals, are considerable in the field of
agrochemical industry, environmental monitoring, and pharmacology (Dolowy et al., 2014; Skyner et
al.,2015). It is known that the presence of fluorine substituents in bioactive molecules increases
lipophilicity. In this way, fluorine substituents can affect the in vivo uptake and transport of the active
components (Jeschke, 2004). Therefore, in this part of the study, the physicochemical effects
resulting from the substitution of the tertiary hydroxyl group in the biologically active (1) with
fluorine atom were examined in silico. To this end, SwissADME and Molinspiration software were
utilized. Both web tools are freely accessible and easy to use. In Figure 4, bioavailability radar
diagrams related to the physicochemical properties of (1) and (2) with BOILED-Egg presentations
were given. The pink colored region in the radar diagram symbolizes the appropriate
physicochemical area for oral bioavailability (Dhiabi et al., 2023). According to the radar diagram, (1)
and (2) are in the pink area except for the saturation value. The bioavailability score of each molecule
was computed as 55%. In addition, BOILED-egg graphical method (Figure 4) is used in order to predict
passive human intestinal absorption (HIA, oval white part) and Blood-Brain Barrier (BBB, yellow yolk-
like sphere) permeability. The remaining gray area indicates low absorption and limited brain
penetration (Bakchi et al., 2022). The studied molecules are seen as red hollow spheres on the yellow
region. Red color represents PGP- (P-glycoprotein, efflux capability of the molecules through the
biological membranes).

Bioavailability Radar
(1) )

Figure 4. BOILED-Egg Representations and Bioavailability Radar Diagrams of (1) and (2)

Table 3 contains numerical estimates of the physicochemical and lipophilic properties of molecules
(1) and (2). Although the physicochemical properties were calculated to be similar for both
molecules, the change in topological polar surface area (TPSA) value is remarkable. As expected, the
TPSA value decreased from 50.94 A2 to 30.71 A2 as a result of the substitution of the OH group with
fluorine atom. This is supported by the polar surface area maps obtained via Molinspiration software
and illustrated in Figure 5. In TPSA maps, gray color represents non-polar regions and red color
represents polar Regions. Therefore, it is evident that the red-colored regions decreased in the
transition from (1) to (2).
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Table 3. Estimations of Physicochemical Properties and LogP,,, Values for (1) and (2)

Physicochemical Properties (1) (2) Lipophilicity LogP (1) (2)

Molecular weight 301.29 g/mol 303.28 g/mol iLOGP 1.99 2.23
Num. of heavy atoms 22 22 XLOGP3 2.30 3.33
Num. of arom. heavy atoms 17 17 WLOGP 3.22 4.62
Num. of rotatable bonds 4 4 MLOGP 3.00 3.97
Num. of H bond acceptors 5 5 SILICOS-IT 2.93 3.83
Num. of H bond donors 1 0 Consensus 2.69 3.60
Molar Refractivity 76.03 74.92

TPSA 50.94 A’ 30.71 A

In lipophilic character analysis, iLOGP, XLOGP3, WLOGP, MLOGP, and SILICOS-IT predictive models
are taken into account via SwissADME software. The arithmetic average of whole models is
presented as consensus logP,,,. Estimations and consensus logP,,, values for (1) and (2) are listed in
Table 3. As demonstrated in Table 3, the consensus logP,,, value for (1) was calculated as 2.69, which
is in good agreement with the value given in the literature for flutriafol (logP,, = 2.30) (Benfenati et
al., 2003). On the other hand, for (2), the consensus logP,, value was calculated as 3.60. Since
fluorine substitution is known to increase lipophilicity, the result obtained is quite reasonable. As
with polar surface area assessment, lipophilicity results can be supplemented with molecular
lipophilicity potential (MLP) maps obtained via Molinspiration software, as shown in Figure 5. Color
codes were also used in MLP maps. Orange/red regions define hydrophilic surfaces while violet/blue
regions define the most lipophilic surfaces. Last, regions coded in yellow/green point out
intermediate lipophilic surfaces. It is clearly seen that the blue and violet zones representing the
lipophilic surfaces are more intense in compound (2). On the other side, in compound (1), the red
and orange hydrophilic regions originating from the hydroxyl group are more dominant. Therefore,
(2) is expected to be more lipophilic than (1), as expressed in MLP maps. At this point, it is obvious
that both SwissADME and Molinspiration analysis results support each other.
TPSA

4
L S 2

Figure 5. 3D CPK View of PSA and MLP Maps of (1) and (2)

@)

()

Conclusions

Isosterism or bioisosterism is a widely used method in the design of new active molecules both in the
pharmaceutical sciences and in the agrochemical industry. In these time-consuming and expensive
design processes, it is an effective approach to predict the bioactivity and metabolism behaviors of
drug and agrochemical candidates utilizing computational chemistry methods. In this paper, results
of DFT/B3LYP/ 6-311++G (d, p) computations made for (1) and (2) have been reported. The
theoretical findings of OH/F isosteric replacement are as follows: i) isosteric fluorine substitution
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increased the HOMO-LUMO gap; ii) It is observed that the number, kind and magnitude of high-
energy intramolecular interactions are quite similar for (1) and (2). The interactions with the highest
stabilization energy are LP (1) N4 - mt* N6-C19 (51.08 kcal/mol) and LP (1) N3 - m* N5-C18 (50.58
kcal/mol) interactions; iii) In silico analysis highlighted the meaningful changes in TPSA and logPow
values. SwissADME and Molinspiration analysis results were found to support each other.
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Abstract

Sceliphron curvatum (Smith, 1870), a solitary, invasive wasp species, builds a mud nest. This species is a new
record for Tirkiye. This study was carried out to determine the bacterial flora in mud nests made by S.
curvatum wasps. Bacterial isolations were made from mud nests made by adult bees collected from the town
of Persembe in Ordu province. As a result of the study, five isolates were obtained and three of these isolates
were identified. Isolate 1 was identified as Staphylococcus vitulinus, isolate 3 Aeromonas sobria and isolate 4
Pseudomonas aeruginosa. Identification percentages of the isolates were determined as 84% for S. vitulinus,
84% for A. sobria and 94% for P. aeruginosa, respectively. It has been determined that these bacterial species
are important bacterial species that cause effective infections on humans and other living things.

Keywords: alien invasive, mud dauber wasp, mud-nest

Yabanai istilaci Yaban Arilarinin (Sceliphron curvatum Smith, 1870) Camur

Yuvalarinda Bakteriyel Flora Analizi
0z
Yalniz, istilaci bir yaban arisi tiirti olan Sceliphron curvatum (Smith, 1870) camurdan yuva yapar. Bu tir Tirkiye
icin yeni bir kayittir. Bu galisma, S. curvatum yaban arilarinin yaptiklari camur yuvalarinda bakteri florasinin
belirlenmesi amaciyla yapilmistir. Ordu ili Persembe ilgesinden toplanan ergin arilarin yaptigi ¢amur
yuvalarindan bakteri izolasyonlari yapilmistir. Calisma sonucunda bes izolat elde edilmis ve bu izolatlardan (g
tanesi tanimlanmistir. izolat 1 Staphylococcus vitulinus, izolat 3 Aeromonas sobria ve izolat 4 Pseudomonas
aeruginosa olarak belirlenmistir. izolatlarin tanimlama yiizdeleri sirasiyla S. vitulinus icin %84, A. sobria igin

%84 ve P. aeruginosa igin %94 olarak tespit edilmistir. Bu bakteri tiirlerinin insanlar ve diger canllar tGzerinde
etkili enfeksiyonlara neden olan 6nemli bakteri tirleri oldugu belirlenmistir.

Anahtar Kelimeler: yabanci istilaci, gamur yuva yapan yaban arisi, gamur yuvasi
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Introduction

The Sphecidae family includes solitary wasps of the order Hymenoptera, usually medium-large-
bodied, in the suborder Apocrita and in the group Aculeata. The wasps of the genus Sceliphron Klug,
known as potter wasps, are distinguished by their elongated body from 30 with 40 mm (15 to 25
mm) long, their black coloration with yellow or reddish spots, their very long legs, their small
abdomen with a long petiole, and their habit of building mud cells that they supply with numerous
spiders to feed the larvae (Bohart et al., 1976; Kohl, 1918). The genus Sceliphron is represented by
few species in the New World and only two species are native to Argentina: S. asiaticum (L.) and S.
fistularium (Dahlbom) (Van der Vecht & Van Breugel, 1968). These two species have a wide
distribution in South America, where they are the only one’s present. The natural area of distribution
of S. curvatum spans India, Nepal, and Pakistan to Kazakhstan in Central Asia (Hensen, 1987). In the
1970s it was introduced in Austria and has now spread throughout much of Europe, covering the
Mediterranean region from the south of France to Greece and north to Germany and the Czech
Republic (Ertiirk & Tas, 2022; Schmid-Egger, 2005).

Sphecids are found in all zoogeographic regions except glaciers and are particularly common and
diverse in temperate regions. Adult sphecids help pollinate flowering plants by feeding mostly on
nectar. Larvae are carnivores. It attacks the adults or nymphs of other insects and spiders, stings it,
paralyzes it, and carries it to it nest in the soil it digs. Then they lay eggs on the prey and come out
and close the mouth of the hole. The bee larva that emerges from the egg develops by eating the
prey and becomes an adult. Because they are predators, they keep the populations of insects and
spiders they hunt under control and thus contribute to the maintenance of the biological balance in
nature (Bohart et al., 1976)

S. curvatum is an anthropophilic species. They especially prefer to build their mud nests in houses.
Their nests are usually attached to various parts of the houses such as ceilings, curtains, walls,
clothes, bedspreads, books, closets, and frames (Bitsch & Barbier, 2006; Ertirk & Tas, 2022). In this
study, S. curvatum mud nests were obtained from village houses in Ordu (Ertlirk & Tas, 2022). Each
nest is filled with paralyzed spiders that serve as food for the larvae. Like all Sceliphron species, S.
curvatum is not aggressive unless threatened (Bogusch et al., 2004; 2005; Gepp & Bregant, 1986).
Considering the current world distribution, it is expected that this species has spread to different
regions in Turkiye. The first records of the S. curvatum species in Tlrkiye are quite recent, and it has
been reported to be present in the provinces of Tokat, Samsun, Ordu from Central Black Sea Region
and lzmit from East Marmara Region in northern Anatolia (Ertirk &Tas, 2022; Gilmez & Can, 2015)

It has been reported that the nest made by the wasp S. curvatum contains very different materials
from other bee nests (Ertlirk et al., 2019). This study investigates the isolation and characterization of
bacteria from the sludge-origin nest of S. curvatum wasp and reveals the relationship of these
microorganisms with honeybees. Also, this work is targeted to expose the available knowledge
regarding the determination of the bacterial flora characteristics of the nests. The current study is
the first study on the nest bacterial flora of S. curvatum in Turkey and will form the basis for future
studies.

Materials and Methods

Sampling of Mud Dauber Wasp Nests

The nests of S. curvatum samples was gathered from the province of Ordu, Persembe (Figure 1).
Exemplification locations: Ten wasp nests, the nests were constructed in a wooden village summer
home on the bed cloth. 41°06'47" N, 37°46'03" E coordinates, Ordu, Persembe, Mersin District, 27 m
above sea level. Four wasp nests were taken from behind a picture frame and over a curtain in a
reinforced concrete house located at 41°03'16" N, 37°40'56" E coordinates at an altitude of 429 m
above sea level in Ordu, Persembe, Ortatepe District.
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Figure 1. Mud Nests of Sphecid Wasp (Ertlirk & Tas, 2022).

Bacterial Isolation from Mud Dauber Wasp Nests

While mud nest samples were taken for bacterial isolation, the insides of the nests were emptied
without any damage. The samples were crushed in a sterile environment. To isolate bacteria from
collected wasp sludge nest samples, 5 sludge nests were selected and placed in separate sterile
tubes. Surface sterilization of the nests placed in the tubes was made with 70% alcohol (Poinar &
Thomas, 1978). After this procedure, the samples were washed three times with sterile distilled
water under aseptic conditions. In this method, 10 mL of sterile distilled water was added to the
tubes and the samples were crushed in distilled water until they became homogeneous. After this
process, 100 pL of nutrient agar was added and spread plate cultivation was performed. Petri dishes
prepared by this method were incubated at 28°C for 5-6 days. Colonies formed on nutrient agar at
the end of incubation were separated according to colony morphology and colony color. Colonies
that were different from the separated colonies were determined and planted on nutrient agar by
sequential sowing method and thus pure cultures were obtained. At the end of this method, 5
different bacterial isolates were obtained.

Identification of Bacteria

The morphologically diverse samples were stained using various techniques. As a result of staining,
the model bacteria in terms of shape and color were chosen to serve as the experimental material.
First, basic staining was done to identify the cell morphologies of the isolated organisms. Afterwards,
crystal, endospore, and Gram stains were carried out.

On nutrient medium plates, stock culture strains of bacteria obtained from wasp mud nests were
subcultured to ensure their purity. Gram stain was initially used to distinguish between Gram-
positive and Gram-negative bacteria in all bacterial isolates. After that, it was examined for biological
responses. Using VITEK® 2 bacterial identification kits (product no. 21341 and 21342, BioMerieux,
Craponne, France), Gram-negative and Gram-positive bacteria isolated were identified. In
accordance with the manufacturer's recommendations, ID-GNB cards were used to create
identification with the VITEK® 2 system. There are 41 tests on the 64-well plastic ID-GNB cards,
including 18 tests for sugar assimilation, 18 tests for sugar fermentation, 2 tests for decarboxylase,
and 3 other tests (for urease, malonate utilization, and tryptophane deaminase). The cards are
manually placed into the VITEK® 2 reader-inoculator module after being spontaneously signed and
transfused with a 0.5 McFarland suspension of the organism from an 18—20-hour Columbia sheep
blood agar license plate (BioMérieux) using vacuum equipment. Every 15 minutes, fluorescence is
assessed, and results are evaluated with ID-GNB database after 3 hours. The features of these tests
were also evaluated because the VITEK® system requires oxidase (Gram-negative) and catalase
(Gram-positive) test results for identification (Barry et al., 1982).

39



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2023, 13(1), 37-43

Results and Discussion

In this study, the bacterial flora of S. curvatum mud nests collected from the town of Persembe in
Ordu province was tried to be determined. As a result of the studies, a total of 5 pure cultures were
obtained. While 3 Gram-negative bacteria were obtained in these, 2 of our species could not be
identified. Isolates were coded and numbered (Table 1). No spore-forming bacteria were found in
any of them. VITEK® 2 fully automatic bacterial identification system installed in Samsun Training and
Research Hospital Microbiology Laboratory was used to determine the species of isolates. According
to VITEK® 2 results, 3 of the isolates were identified at the species level. As a result of the study from
these isolates, isolate No. 1 was determined as Staphylococcus vitulinus (Table 1).

Table 1. The VITEK® 2 Bacterial Identification System Identified Bacterial Species According to Their
Names and Identification Percentages of Organisms

Isolate No. Bacteria Name Source % Possibility
1 Staphylococcus vitulinus In the mud nest of S. curvatum 84%
3 Aeromonas sobria In the mud nest of S. curvatum 84%
4 Pseudomonas aeruginosa In the mud nest of S. curvatum 94%

Honeybee colonies can be influenced by biotics such as pathogens, parasites, and abiotic factors such
as environmental pollution and insecticide implementation for agricultural aim. Honeybees are
constantly submitted to pathogenic microorganisms due to distinct sources. These organisms cause
major infections in honeybees and affect honeybee biology. Some of these bacteria are also
pathogenic for honeybees. S. vitulinus is a Gram-positive, coagulase-negative associate of the
bacterial genus Staphylococcus consisting of clustered cocci. The varieties were essentially isolated
from food (beef, chicken, lamb, and other meats) and animals (mammals with the inclusion of horse,
vole, and whale) and was denominationed S. vitulus (Webster et al.,, 1994). The name was later
altered to S. vitulinus for correct Latin grammar (Triper & de' Clari, 1998). The varieties
Staphylococcus pulvereri, originally isolated from humans and from a diseased chicken carcass
(zakrzewska-Czerwinska et al., 1995) was afterwards decided to be synonymous with S. vitulinus
(Svec et al., 2004).

Aeromonas sobria was found as isolate 3 in our research (Table 1). A species of Gram-negative,
facultative anaerobic, rod-shapedier bacteria known as Aeromonas resembles members of the
Enterobacteriaceae family morphologically. The majority of the 14 identified variants have been
associated with diseases that affect humans. The most significant pathogens are A. hydrophila, A.
caviae, and A. veronii biovar sobria. They can be found in both fresh and brackish water (Martinez-
Murcia et al., 1992).

Pseudomonas aeruginosa was identified as isolate number 4 in our study (Table 1). In most habitats,
such as soil, plants, and animal tissue, P. aeruginosa can be isolated as a Gram-negative aerobic rod-
shaped bacterium. With its potent binding components, including flagella, pili, and biofilms, this
bacterium can survive on water, various surfaces, and medical equipment. As a result, P. aeruginosa
is widespread in both natural and man-made settings, such as lakes, hospitals, and domestic sink
drains (Diggle & Whiteley, 2020; Remold et al., 2011; Stover et al., 2000). P. aeruginosa is a
multidrug-resistant bacterium with major medical significance. It is known for being widespread,
having innately improved antibiotic resistance mechanisms, and working with serious disorders like
ventilator-associated pneumonia and various sepsis syndromes. Bees from many different habitats,
particularly those contaminated with some common bacterial strains such as P. aeruginosa and
Serratia marcescens, die and are dismembered from septicemia. Adult bees with the bacterial illness
septicemia are likely to get a secondary, deadly infection (Bailey, 1968). P. apiseptica is one of the
most frequent pathogens of this disease. In one study, honeybees kept in hives were experimentally
infected by immersion in a bacterial suspension of Pseudomonas aeruginosa ATCC 27014 (P.
apiseptica), which is known to cause septicemia. The highest mortality rate (66.8%) was reported to
occur 10-50 hours after infection. The number of bacteria isolated in the hemolymph of diseased
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honeybees was found to be approximately 10°-10° CFU per hemolymph (Papadopoulou-Karabela et
al., 1992). Due to the presence of this bacterium in the mud nest of S. curvatum, we think that these
bees may cause infection if they encounter honeybees.

Conclusion

As a result, the VITEK® 2 system has been evaluated as a reliable, fast, sensitive, and species-level
identification system. According to the results obtained, it was determined that some bacteria were
present in the nests of mud nest wasps, but the number of bacterial species was low. Due to a lack
of quantitative information on the topic, the interpretation of these findings is limited by the
discovery of three separate bacterial isolates in the wasp mud nests. When wasps built their mud
nests, they may have brought in bacteria-contaminated water or water-contaminated soil. It has
been determined that the bacterial species detected in mud nests are important bacterial species
that cause effective infections in humans and other living things. The VITEK® 2 system has been
proven to be a trustworthy, quick, sensitive, and species-level identification method as a
consequence.
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Son vyillarda kuresel iklim degisikligi etkilerinden kaynaklanan afet sayilarinda hissedilebilir bir artis
gorialmektedir. Bu kapsamda iklim degisikligi etkilerini azaltmak amaciyla tlkemizde ve diinyada cgesitli
calismalar yapiimaktadir. iklim degisikliginden etkilenen bélgelerin iklim parametreleri bakimindan benzer
siniflara ayrilmasi bu bolgelerde yapilacak olan c¢alismalarda benzer yontemlerin uygulanmasi agisindan
onemlidir. Boylece iklim degisikliginin etkilerini azaltmak amaciyla yapilacak olan calismalarda dogru bir
stratejinin belirlenmesi saglanacaktir. Calisma kapsaminda degerlendirilen goézlem kayitlari Meteoroloji Genel
MudurlGgline ait Karadeniz Bolgesinde yer alan 31 istasyondan periyodu 1982-2020 vyillari arasini kapsayacak
sekilde yillik ortalama riizgar hizi gézlemleri kullanilmistir. Bulanik C-Ortalamalar ve K-Ortalamalar yontemleri
kullanilarak kiimeleme analiz galismasi gergeklestirilmistir. Calisma sonucunda optimum kime sayisi Siluet

indeks analizi ile tespit edilmistir. Rlzgar hizi serileri icin en uygun siniflandirma, kiime sayisi 5 segilerek K-
Ortalamalar yontemi ile elde edilmistir.

Anahtar Kelimeler: kiimeleme, riizgar hizi, k-ortalamalar, bulanik c-ortalamalar

Clustering of Black Sea Region Meteorology Observation Stations Using Wind
Speed Values

Abstract

In recent years, there has been a noticeable increase in the number of disasters caused by the effects of global
climate change. In this context, various studies are carried out in our country and in the world in order to
reduce the effects of climate change. The classification of regions affected by climate change into similar
classes in terms of climate parameters is important in terms of applying similar methods in studies to be
carried out in these regions. Thus, a correct strategy will be determined in the studies to be carried out in
order to reduce the effects of climate change. Observation records evaluated within the scope of the study,
annual average wind speed observations from 31 stations in the Black Sea Region belonging to the General
Directorate of Meteorology, covering the period between 1982 and 2020, were used. Cluster analysis was
carried out using the Fuzzy C-Means and K-Means methods. As a result of the study, the optimum number of
clusters was determined by Silhouette index analysis. The most suitable classification for the wind speed series
was obtained by the K-Means method by choosing the number of clusters as 5.

Keywords: clustering, wind speed, k-means, fuzzy c-means
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Giris

Yagis, sicaklik ve riizgar gibi cesitli meteorolojik parametrelerin ekstrem degerleri olarak tanimlanan
iklim, belirli bir zaman araliginda belirli bir konum igin atmosferin kolektif durumudur (Demircan vd.,
2017). Bu kolektif yapiya ait parametrelerin uzun dénem ortalamalarinda 1950°li yillarin ortalarina
kadar degisim olmadigi kabul edilmekteydi. 20. ylzyila dogru ilerlerken sanayi alaninda yasanan hizli
gelismeler; dogal kaynaklarin plansizca tlketilmesine, ¢evre kirliginin insan sayisiyla orantili olarak
artmasina ve atmosfere yogun miktarda sera gazi salinimina neden olmustur. Bu dogrultuda
atmosferde is1 tutma 6zelligine sahip sera gazi, zamanla iklim parametrelerinde degisikler meydana
getirmeye baslamistir. iklim parametrelerinde meydana gelen bu degisiklikler kiiresel iklim degisikligi
olarak adlandiriimaktadir. (Giindiiz ve Zeybekoglu, 2022; Ozkoca, 2015; Tiirkes, 2010).

Kiresel olgekte gergeklesen iklim degisikligi yerelde etkilerini taskin, sel, kuraklik ve firtina gibi farkli
afetler seklinde gostermektedir. Son yillarda bircok makaleye konu olan kiiresel iklim degisikliginin
gln gectikce etkisini arttirmasi insan hayatini ekonomik ve sosyal alanda olumsuz etkilemektedir. Bu
dogrultuda iklim degisikligini anlamak ve bu kapsamda 6nlemler almak icin gerceklestirilen ¢alismalar
da giderek 6nem kazanmaktadir. iklim parametreleri bakimindan benzerlik gdsteren bdlgelerin
siniflara ayrilmasi; iklim degisikligi ile micadele, su kaynaklarinin korunmasi ve arazi kullaniminin
planlanmasi gibi farkl calismalara katki saglayacagi distntlmektedir. Ering (1949), Thorntwaite
yontemiyle Tirkiye’de bulunan 53 meteoroloji istasyonundan alinan yagis ve sicaklik verilerini 4 farkh
iklim bolgesi icin siniflandirmistir. Bu calisma ile Tilrkiye cografyasinin yeterli veri ile bolgesel ve
ayrintili siniflandirilmasi ilk kez gerceklestirilmistir. Turkes (1996), Kraus tarafindan 1977 yilinda
onerilen Normalizasyon Prosediri yontemi yardimiyla Turkiye’nin yagis verilerini siniflandirmistir.
1930-1993 periyodundaki 6zlemlerin kullanildigi ¢alismada 7 farkli bélge tespit edilmistir. Kulkarni ve
Kripalani (1998), Bulanik C Ortalamalar yontemi ile Hindistan yagis verilerinin benzerlik gosteren
siniflarini tespit etmiglerdir. 1871-1984 periyodundaki yagis verileri kullanilarak 306 meteoroloji
gdzlem istasyonu 4 farkli kiimeye ayrilmistir. Unal vd. (2003), 5 farkh kiimeleme ydéntemi ile
Tirkiye’de yer alan ve periyodu 1951-1998 vyillari arasini kapsayan sicaklik ve yagis verilerinin
benzerlik gosteren siniflarini belirlemislerdir. Tek Baglanti, Tam Baglanti, Merkez, Ward’in Minimum
Varyansi ve Ortalama Mesafe yontemlerinin kullanildigl calismada en etkili yontemin Ward metodu
oldugu belirtilmistir. Soltani ve Modarres (2006), iran’da bulunan 28 adet meteoroloji istasyonuna ait
yagis verilerini hiyerarsik ve hiyerarsik olmayan kiimeleme yontemleri yardimiyla benzerlik gdsteren
siniflara ayirmiglardir. 8 farkh sinifin belirlendigi calismada Ward metodu ve K-Ortalamalari
algoritmasi kullaniimistir. S6nmez ve Kémdiscli (2008), Turkiye'nin yagis bolgelerini belirledikleri
calismalarinda K-Ortalamalari algoritmasindan yararlanmislardir. 148 meteoroloji istasyonundan
temin edilen ve 1977-2006 yillari arasini kapsayan aylik toplam yagis serilerinini kullanihdg ¢calismada
6 farkli yagis bolgesi tespit edilmistir. Sahin (2009), Turkiye'nin benzer iklim siniflarini belirlemek
amacliyla 150 meteoroloji istasyonundan temin edilen aylik ortalama sicaklk, aylk bagil nem ve aylik
toplam yagis verilerini kullanmistir. Ward, Kohonen Yapay Sinir Agl ve Bulanik Yapay Sinir Ag
metotlarindan kullanilarak 7 farkl boélge tespit edilmistir. Dikbas vd. (2011), Bulanik C-Ortalamalari
yontemiyle Tirkiye'deki 188 istasyona ait 1967-1998 kayitlarini kullanarak 6 farkh yagis bolgesi
belirlemislerdir. Sahin ve Cigizoglu (2012), Ward metodu ve Bulanik Yapay Sinir Agi yontemlerini
kullanarak Tarkiye'nin alt iklim ve alt yagis rejimi siniflarini belirlemislerdir. 232 meteoroloji
istasyonunun 1974-2002 periyodundaki yagis, sicaklik ve nem verileri kullanilarak 7 yagis rejimi
bolgesi ve 7 iklim bolgesi tespit edilmistir. Firat vd. (2012), Tirkiye’de bulunan 188 yagis gozlem
istasyonunda Olgllmis olan ve periyodu 1967-1998 yillari arasi kapsayan yillik toplam yagislarin
benzer 6zellik gdsteren siniflarini K-Ortalamalari yontemini kullanarak 7 farkli benzer 6zellik gbsteren
bélge belirlemislerdir. iyigiin vd. (2013), Ward metodu kullanarak yagis, sicaklik ve bagil nem verileri
ile kimeleme analiz ¢alismasi gerceklestirmislerdir. Tlrkiye’de bulunan 244 adet meteoroloji
istasyonundan temin edilmis olup periyodu 1970-2010 vyillari arasini kapsamaktadir. Calisma
sonucunda 14 farkh kiime tespit edilmistir. Rau vd. (2017), Peru Pasifik yamaci ve kiyisina ait yagis
verilerini benzer 6zellik gosteren bolgelere ayirmislardir. Bolgesel Vektér Yontemi ve K-Ortalamalari
algoritmasi kullanilarak 9 farkl yagis bolgesi tespit edilmistir. Zeybekoglu ve Ulke Keskin (2020),

45



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2023, 13(1), 44-58

Bulanik C-Ortalamalar algoritmasini kullanarak yagis siddeti serilerini gbzlem istasyonlarina ait enlem,
boylam ve yikseklik degerlerini de ekleyerek kiimeleme analizi gergeklestirmistir. Tirkiye’'de
bulunan 95 adet meteoroloji gézlem istasyonunun 5 farkli kiime olusturdugu tespit edilmistir.

Literatlrde iklim siniflarinin belirlenmesi (izerine yurt icinde ve yurt disinda pek cok calisma
gercgeklestirilmistir. Bu ¢alismalar incelendiginde iklim parametresi olarak daha ¢ok yagis ve sicakliklar
lzerinde duruldugu gorilmektedir. Calisma kapsaminda Bulanik C-Ortalamalar ve K-Ortalamalar
yontemlerinin birlikte kullanilarak elde edilen sonuglarin Siluet analizi ile degerlendirilmesine iklim
¢alismalarinda ¢ok fazla rastlanmamaktadir (Kir, 2021). Bu dogrultuda g¢alismanin amaci Karadeniz
Bolgesi riizgar hizi serilerini farkh kiimeleme algoritmalari kullanilarak benzer kiimeleri belirlemektir.
Bulanik C-Ortalamalar ve K-Ortalamalar yontemleri ile farkh kiime sayhlari icin gergeklestirilen
analizlerde en uygun kiime sayisi Siluet indeks analizi ile belirlenmistir.

Materyal ve Yontem

Materyal

Bu calismada Karadeniz Bolgesinde, Meteoroloji Genel MidirlGgi tarafindan isletilen 31 gézlem
istasyonunda 1982-2020 (39 yil) yillari arasinda kaydedilen riizgar hizi gézlemleri kullaniimistir. Temin
edilen verilerin istatistiki agidan yeterli olabilmesi igin en az 30 yil kayit uzunluguna sahip olmasina
dikkat edilmistir (Kite, 1991). Calismada kullanilan gbzlem istasyonlari Karadeniz Bolgesindeki 17
farkh ilde yer almaktadir. istasyonlardan 11 tanesi Bati Karadeniz’de (Diizce, Akgakoca, Bolu,
Zonguldak, Bartin, Amasra, Kastamonu, inebolu, Bozkurt, Tosya, Sinop), 10 tanesi Orta Karadeniz'de
(Samsun, Bafra, Corum, Osmancik, Amasya, Merzifon, Tokat, Zile, Ordu, Unye), geriye kalan 10 tanesi
ise Dogu Karadeniz’de yer almaktadir (Giresun, Sebinkarahisar, Trabzon, Akcaabat, Gimishane,
Bayburt, Rize, Pazar, Artvin, Hopa). istasyonlarin cografyadaki dagihmi Sekil 1’de gosterilmistir.
istasyonlarin cografi konum bilgiler ile verilere ait temel istatistikleri Tablo 1 ve Tablo 2’de verilmistir.

KARADENIiZ

%

. ‘. ‘\\5
o l 200 km

Sekil 1. Meteoroloji Gdzlem istasyonlarinin Dagilimi
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Tablo 1. istasyon Bilgileri

istasyon Enlem (K) Boylam(D) Rakim (m)
Dizce 40°50'37.3" 31°08'55.7" 146
Akcakoca 41°05'22.2" 31°08'14.6" 10
Bolu 40°43'58.4" 31°36'07.9" 743
Zonguldak 41°26'57.3" 31°46'40.5" 135
Bartin 41°37'29.3" 32°21'24.8" 33
Amasra 41°45'09.4" 32°22'57.7" 73
Kastamonu 41°22'15.6" 33°46'32.2" 800
inebolu 41°58'44.0" 33°45'49.0" 64
Bozkurt 41°57'34.9" 34°00'13.3" 167
Tosya 41°00'47.5" 34°02'12.1" 870
Corum 40°32'46.0" 34°56'10.3" 776
Osmancik 40°58'43.3" 34°48'04.0" 419
Sinop 42°01'47.6" 35°09'16.2" 32
Amasya 40°40'00.5" 35°50'07.1" 409
Merzifon 40°52'45.5" 35°27'30.6" 754
Samsun 41°20'39.0" 36°15'23.0" 4
Bafra 41°33'05.4" 35°55'28.9" 103
Tokat 40°19'52.3" 36°33'27.7" 611
Zile 40°17'45.6" 35°53'25.8" 719
Ordu 40°59'01.7" 37°53'08.9" 5
Unye 41°08'34.8" 37°17'34.8" 16
Giresun 40°55'21.7" 38°23'16.1" 38
Sebinkarahisar 40°17'13.9" 38°25'09.5" 1364
Gimishane 40°27'35.3" 39°27'55.1" 1216
Trabzon 40°59'54.6" 39°45'53.6" 25
Akcaabat 41°01'57.0" 39°33'41.4" 3
Bayburt 40°15'16.9" 40°13'14.5" 1584
Rize 41°02'24.0" 40°30'04.7" 3
Pazar 41°10'39.7" 40°53'57.5" 78
Artvin 41°10'30.7" 41°49'07.3" 613
Hopa 41°24'23.4" 41°25'58.8" 33
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Tablo 2. Yillik Ortalama Riizgar Hizi Verilerinin Temel istatistikleri (m s™)

istasyon Ortalama S. Sapma Min. Mak. Varyasyon Carpikhk
Dizce 0.98 0.14 0.69 1.18 0.14 -0.45
Akgakoca 1.86 0.25 1.38 2.48 0.14 0.52
Bolu 1.31 0.14 0.63 1.48 0.11 -3.32
Zonguldak 2.34 0.22 1.92 2.94 0.09 0.16
Bartin 1.29 0.17 0.97 1.67 0.13 0.44
Amasra 4.78 0.46 4.03 5.59 0.10 -0.01
Kastamonu 134 0.16 1.08 1.76 0.12 0.82
inebolu 3.56 0.51 2.64 4.33 0.14 -0.32
Bozkurt 2.21 0.25 1.57 2.89 0.11 0.45
Tosya 1.93 0.36 1.02 3.73 0.19 2.86
Corum 1.73 0.21 1.18 2.21 0.12 -0.04
Osmancik 1.06 0.47 0.03 1.72 0.45 -1.00
Sinop 2.84 0.35 1.97 3.61 0.12 -0.09
Amasya 1.57 0.32 1.08 1.99 0.20 -0.25
Merzifon 0.95 0.39 0.23 1.55 0.41 -0.26
Samsun 2.14 0.31 1.48 2.67 0.15 -0.36
Bafra 2.19 0.46 0.71 3.23 0.21 -1.09
Tokat 2.19 0.16 1.87 2.56 0.07 0.62
Zile 0.51 0.36 0.13 1.18 0.72 0.76
Ordu 1.47 0.22 1.13 1.91 0.15 0.18
Unye 1.62 0.22 1.25 2.12 0.14 0.75
Giresun 1.24 0.20 0.63 1.47 0.16 -1.56
Sebinkarahisar 0.92 0.49 0.18 1.72 0.53 -0.09
Glmishane 1.70 0.15 1.31 1.93 0.09 -1.02
Trabzon 2.28 0.26 1.52 3.10 0.11 0.05
Akgaabat 1.76 0.37 0.95 2.27 0.21 -0.82
Bayburt 1.67 0.35 1.12 2.21 0.21 -0.16
Rize 1.19 0.22 0.80 1.50 0.19 -0.60
Pazar 1.84 0.31 1.04 2.28 0.17 -0.93
Artvin 1.71 0.24 0.84 1.98 0.14 -2.81
Hopa 2.32 0.21 1.78 2.72 0.09 -0.41

Tablo 2 incelendiginde en duislik yilik ortalama riizgar hizina sahip olan istasyon 0.51 m s-1 ile Zile
istasyonudur. En yiksek yillik ortalama riizgar hizina sahip istasyon ise 4.78 m s-1 ile Amasra
istasyonudur.

Bulanik C-Ortalamalar Algoritmasi

En iyi bilinen bulanik kiimeleme algoritmasi, Bulanik C-Ortalamalar kiimeleme teknigidir. Kesin
kiimeleme islevini degistirerek Bezdek (Bezdek vd., 1984; Bezdek 1980) tarafindan tanitildi.
Kimelerdeki bulanikhk derecesini belirleyen, degeri [1, n] arasinda degisen ve n=2 olan bir
bulaniklastirma parametresi (m) fikrini ortaya atti (Vani vd., 2019). Algoritmanin islem adimlari:

Adim 1: Kime merkezlerinin rastgele baslatiimasi.
Jem(XV)= X5 X, Dy (1)

Adim 2: Denklem (1) ile Oklid mesafesini kullanarak bir veri noktasindan kiime merkezlerinin her
birine olan uzaklik matrisinin olusturulmasi.

n m
_ 2T

- ’
PRI

v, 1<i<c 2)

Adim 3: Denklem (3) ile bulaniklastirma parametresi kullanilarak tyelik matrisinin hesaplanmasi.
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2 -1

u;= <Zﬁ=1 (Ei_jA)m-l ) 1<i<cl<j<n (3)
kjA
Jim(UAX)= 21 B vy ™ die® Bty Dyi? (4)

Adim 4: Uy matrisinin degerleri suna egit veya kugtik olmahdir (U; < 1).
Adim 5: Yeni agirlik merkezinin hesaplanmasi.

Adim 6: Yeni merkezler olugturarak kiime merkezlerini optimize edilmesi.
Adim 7: Veri noktalari i¢in kiime atanmasi.

Girdi: x4, veri vektorl; Vi, bulanik kimelerin merkez noktalari; ¢, bulanik kiime sayis;; m,
bulaniklastirma parametresi; U, her ornege, bir veri 6rneginden n'inci kiimeye Uyelik degerini
gosteren Bulanik tyelik degeri atar; ¢ - durdurma kriteri; Djj, mesafe 6l¢iisti ve n, veri noktasi sayisi.

Cikti: Veri noktalari uygun kiimelere atanir
Algoritmanin Avantajlari (Vani vd., 2019).
e Cakisan veri kiimesi icin FCM, k-Ortalamalardan daha iyi sonuglar verir.

e Her bir veri noktasl, her kime merkezine bir lyelik degeri ile atanir, sonug olarak, veri noktasi
birden fazla kime merkezine ait olabilir.

Algoritmanin Dezavantajlari (Vani vd., 2019).
e FCM, kiime sayisinin dnceden belirtilmesini gerektirir.

e Bulaniklastiricilik katsayisi 'm'nin daha disiik degeriyle bile daha fazla yineleme alir.

K-Ortalamalar Algoritmasi

K-Ortalamalar kimeleme algoritmasi (Xin vd., 2011), en basit denetimsiz ve zor kiimeleme
algoritmalarindan biridir. Bu yontem, belirli bir veri setini ¢esitli kimelere siniflandirmak icin kullanilir
(Vani vd., 2019). Algoritmanin islem adimlari:

Adim 1: Rastgele merkezlerin segilmesi.
Adim 2: Agirhk merkezi ve veri noktalari arasindaki mesafenin hesaplanmasi.

Adim 3: Algoritma geregi, minimum Oklid mesafe 6lclisiinii kullanilarak veri noktasinin kiimeye
atanmasi.

Jiem(XiV)= 2, X Dy (5)
Adim 4: Yeni agirlik merkezinin hesaplanmasi.
. Di‘ .
VFZ?:Iln_:;lﬁlSC (6)
Adim 5: Yeni merkezin eski merkeze esit olup olmadiginin kontrol edilmesi.

Adim 6: Yeni agirlik merkezi ile eski agirlik merkezi esitse program biter, aksi takdirde 2. adima gegin

Girdi: V merkez numarasi; x ve y, agirhk merkezi ile veri noktalari arasindaki uzakhk merkezi
degerleri; x1 ve y, veri noktasinin degerleri; x{1ve y11, dizeylerle birlikte yeni merkezin degerleridir;
Dy;, her veri noktasi arasindaki Oklid mesafesi ve merkezler ve n, yineleme sayisi.

Cikti: Kime sayisi.
Algoritmanin Avantajlari (Vani vd., 2019).

e k-ortalamlar algoritmasinin anlasilmasi daha kolay ve uygulamasi basittir.
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Algoritmanin Dezavantajlari (Vani vd., 2019).
e Cakisan kiimeler igin etkili degildir
o Heterojen verileri etkili bir sekilde kiimeleyemez.
e Karesi alinmis hata fonksiyonunun yerel optimumunu saglar.

o Klme merkezini rastgele se¢mek iyi sonuglar vermeyebilir.

Siltiet Analizi

Rousseeuw (1987) tarafindan gelistirilen bu yontemde veri setindeki her bir elemanin atandig
kiimeye uygunlugu [-1 +1] arasinda elde edilen siluet indeks degeri ile tanimlanmaktadir. Siluet
indeks degerinin pozitif olmasi elemanin dogru kiimeye atandigini, negatif olmasi ise elemanin yanlis
kiimeye atandigini ifade etmektedir. Siluet indeks degerinin miktari ise elemanin atandig kiimeye
olan Uyelik derecesini gdstermektedir (Ornegin tespit edilen Siluet indeks degeri +1 ise elemanin
kesinlikle dogru kiimeye atandigl, -1 ise elemanin kesinlikle yanlis kiimeye atandigi anlasiimaktadir).
Siluet indeks degeri Denklem 7 ile hesaplanmaktadir (Glinay Atbas, 2008; S6nmez ve Komisci,
2008).

~_  min{b(im)-a(i)}
S(I)_ max{a(i).min(b(i.m))} (7)

Burada, a(i); i. nokta ile ayni kiimede yer alan diger tim noktalar arasindaki ortalama mesafeyi.

b(i.m); i. nokta ile m. kimede yer alan tim noktalar arasindaki ortalama mesafeyi ifade etmektedir.

BULGULAR VE TARTISMA

Bu calismada Karadeniz Bolgesindeki 31 istasyona ait periyodu 1982-2020 vyillari arasini kapsayan
yillik ortalama riizgar hizi serilerinin benzer 06zellik gosteren kiimeleri belirlemek amaciyla K-
Ortalamalar ve Bulanik C-Ortalamalar algoritmalarindan yararlanilmistir. Analizler bilgisayar
ortaminda MATLAB R2016a programlama dili kullanilarak gergeklestirilmistir. Calismada maksimum
kiime sayisi istasyon sayisinin karekokiinden kiigclik olacak sekilde 5 secilmistir (Pal ve Bezdek, 1995;
Zhang vd., 2008; Karahan, 2011, 2019). G6zlem kayitlari kiimeleme analizi yapilmadan 6nce bu veriler

z=XiSj formuli kullanilarak standardize edilmistir. Burada x;; i. siradaki standardize edilen gézlem. X;
veri setinin ortalamasi. s, veri setinin standart sapmasi. z, standardize deger olarak tanimlanmaktadir
(Dikbas vd., 2011; Unal vd., 2003).

2’den baslayarak maksimum kiime sayisi olarak belirlenen 5’e kadar her bir kiime sayisi icin yapilan
siniflandirmada kullanilan istasyonlarin cografyadaki dagilimi Sekil 2’de gosterilmistir.

KARADENIZ @9
S
INEBOLU siNOP
AMASRA L 4 L 4
BARTIN BOZKURT HOPA
BAFRA
ZONGULDAKg L 4 KASTAMONU [ J razar® _,colin
) @/ MSUN AKGAABAT RIiZEQD L 4
AKGAKOCA OSMANCIK ®
DUZCE UNYE @
i TOSYA @usrzZIFoN | orDY Tirgsun TABZON
®amasya GUMUSHANE
GORUM @ @°KAT ® @BAYBURT
ZiLE SEBINKARAHISAR
SR
Ty
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Sekil 2. Kiimeleme Analizinde Kullanilan istasyonlarin Cografyadaki Dagilimi (Kir, 2021)
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Karadeniz Bolgesi rlizgar hizi serilerinin kime sayisi 2, 3, 4 ve 5 secilerek iki farkli yontem ile
olusturulan kiimeler Sekil 3-9’de, kiimelere ait 6zet bilgiler ise Tablo 3-9’de sunulmaktadir.
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Sekil 3. Kiime sayisi 2 i¢in K-Ortalamalar ve Bulanik C-Ortalamalar ile Olusturulan Kiimeler

Yillik ortalama riizgar hizi serilerinin K-Ortalamalar ve Bulanik C-Ortalamalar kullanilarak kiime sayisi 2
secildiginde elde edilen siniflandirma sonuglari her iki yontem igin de ayni olup Sekil 3’te
gosterilmektedir. Sonuglar incelendiginde A kiimesi Bati. Orta ve Dogu Karadeniz’'de yer alan 21
istasyondan olusmaktadir. B kiimesi ise Bati. Orta ve Dogu Karadeniz’de yer alan 10 istasyondan
olusmaktadir. Belirlenen kiimelerin maksimum, minimum, ortalama ve standart sapma degerleri
Tablo 3’te sunulmaktadir.

Tablo 3. Kiime sayisi 2 icin K-Ortalamalar ve Bulanik C-Ortalamalar elde Edilen Kiimelerin Ozeti (m s™)

Kime Minimum Maksimum Ortalama Standart Sapma
A 0.51 1.93 1.41 0.38
B 2.14 4.78 2.68 0.86
N
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Sekil 4. Kiime Sayisi 3 Secilerek K-Ortalamalar Yontemi ile Olusturulan Siniflar

Yillik ortalama riizgar hizi serilerinin K-Ortalamalar kullanilarak kiime sayisi 3 secildiginde elde edilen
siniflandirma sonuglari Sekil 4’te gosterilmektedir. Sonugclar incelendiginde C kiimesi bir 6nceki
dagilimda yer alan B kiimesinin bir alt kiimesi olarak ayrildigiI goériilmektedir. Burada A ve B kiimeleri
Bati. Orta ve Dogu Karadeniz’de yer alan sirasiyla 18 ve 11 istasyondan olusmaktadir. C kiimesi ise
Bati Karadeniz kiy1 kesiminde yer alan 2 istasyondan olusmaktadir. Belirlenen kiimelerin maksimum,
minimum, ortalama ve standart sapma degerleri Tablo 4’te sunulmaktadir.
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Tablo 4. Kiime Sayisi 3 icin K-Ortalamalar ile Olusturulan Kiimelerin Ozeti (m s™)

Kime Minimum Maksimum Ortalama Standart Sapma
A 0.51 1.76 1.33 0.35
1.84 2.84 2.19 0.28
3.56 4.78 4,17 0.86
N
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Sekil 5.Kiime Sayisi 3 igin Bulanik C-Ortalamalar ile Olusturulan Kiimeler

Yilhk ortalama riizgar hizi serilerinin Bulanik C-Ortalamalar kullanilarak kiime sayisi 3 secildiginde elde
edilen siniflandirma sonuclari Sekil 5'te gosterilmektedir. Sonuclar incelendiginde C kiimesi bir 6nceki
dagihmda yer alan B kiimesinin bir alt kiimesi olarak ayrildigi goriilmektedir. Burada A ve B kiimeleri
Bati. Orta ve Dogu Karadeniz’de yer alan sirasiyla 12 ve 17 istasyondan olusmaktadir. C kiimesi ise
Bati Karadeniz'de yer alan 2 istasyondan olusmaktadir. Belirlenen kiimelerin maksimum, minimum,
ortalama ve standart sapma degerleri Tablo 5’te sunulmaktadir.

Tablo Hata! Belgede belirtilen stilde metne rastlanmadi.. Kiime Sayisi 3 i¢in Bulanik C-Ortalamalar ile
Olusturulan Kiimelerin Ozeti (m s™)

Kime Minimum Maksimum Ortalama Standart Sapma
A 0.51 1.57 1.15 0.29
1.62 2.84 2.02 0.33
3.56 4.78 4.17 0.86
N
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Sekil 6. Kime Sayisi 4 icin K-Ortalamalar ile Olusturulan Kiimeler
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Yillik ortalama riizgar hizi serilerinin K-Ortalamalar kullanilarak kiime sayisi 4 secildiginde elde edilen
siniflandirma sonuglari Sekil 6’da gosterilmektedir. Sonuglar incelendiginde D kiimesinin bir dnceki
dagilmda yer alan C kiimesinin bir alt kiimesi olarak ayrildigi goriilmektedir. Burada A, B ve C
kiimeleri Bati. Orta ve Dogu Karadeniz'de yer alan sirasiyla 10, 11 ve 9 istasyondan olusmaktadir. D
kiimesi ise Bati Karadeniz kiyi kesiminde yer alan 1 istasyondan olugmaktadir. Belirlenen kiimelerin
maksimum, minimum, ortalama ve standart sapma degerleri Tablo 6’da sunulmaktadir.

Tablo 6. Kiime Sayisi 4 i¢cin K-Ortalamalar ile Olusturulan Kiimelerin Ozeti (m s™)

Kime Minimum Maksimum Ortalama Standart Sapma
A 0.51 134 1.08 0.25
B 1.47 1.93 1.72 0.13
2.14 3.56 2.45 0.47
4.78 4.78 4.78 -
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Sekil 7 Kime sayisi 4 icin Bulanik C-Ortalamalar ile Olusturulan Kiimeler

Yillik ortalama riizgar hizi serilerinin Bulanik C-Ortalamalar kullanilarak kiime sayisi 4 secildiginde elde
edilen siniflandirma sonuglari Sekil 7’de gésterilmektedir. Sonuclar incelendiginde Amasra ve inebolu
istasyonlari bir 6nceki dagihmdaki batanluginia koruyarak D kiimesine atandigi gortlmektedir.
Burada A, B ve C kiimeleri Bati. Orta ve Dogu Karadeniz’de yer alan sirasiyla 10, 11 ve 8 istasyondan
olusmaktadir. D kiimesi ise Bati Karadeniz kiyi kesiminde yer alan 2 istasyondan olugsmaktadir.
Belirlenen kimelerin maksimum, minimum, ortalama ve standart sapma degerleri Tablo 7’de
sunulmaktadir.

Tablo 7. Kiime Sayisi 4 igin Bulanik C-Ortalamalar ile Olusturulan Kiimelerin Ozeti (m s™)

Kime Minimum Maksimum Ortalama Standart Sapma
A 0.51 1.34 1.08 0.25
B 1.47 1.93 1.72 0.13

2.14 2.84 2.31 0.22
3.56 4.78 4.17 0.86
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Sekil 8. Kime Sayisi 5 icin K-Ortalamalar ile Olusturulan Kiimeler

Yilhk ortalama riizgar hizi serilerinin K-Ortalamalar kullanilarak kiime sayisi 5 secildiginde elde edilen
siniflandirma sonuglari Sekil 8 de gosterilmektedir. Sonuclar incelendiginde A, B ve D kiimelerinin bir
onceki dagilimdaki bitlnliklerini koruduklari. E kiimesinin ise bir dnceki dagilimda yer alan C
kiimesinin bir alt kiimesi olarak ayrildigi goriilmektedir. Boylece A, B ve C kiimeleri Bati. Orta ve Dogu
Karadeniz’de yer alan sirasiyla 10, 11 ve 8 istasyondan olusmaktadir. D ve E kimeleri Bati
Karadeniz’de yer alan 1 istasyondan olusmaktadir. Belirlenen kiimelerin maksimum, minimum,
ortalama ve standart sapma degerleri Tablo 8’de sunulmaktadir.

Tablo 8. Kiime Sayisi 5 icin K-Ortalamalar ile Olusturulan Kiimelerin Ozeti (m s

Kime Minimum Maksimum Ortalama Standart Sapma
A 0.51 1.34 1.08 0.25
B 1.47 1.93 1.72 0.13
2.14 2.84 2.31 0.22
4,78 4.78 4,78 -
3.56 3.56 3.56 -
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Sekil 9. Kiime Sayisi 5 icin Bulanik C-Ortalamalar ile Olusturulan Kiimeler

Yillik ortalama riizgar hizi serilerinin Bulanik C-Ortalamalar kullanilarak kiime sayisi 5 secildiginde elde
edilen siniflandirma sonuglari Sekil 9’da gosterilmektedir. Sonuglar incelendiginde C ve D kiimelerinin
bir dnceki dagilimdaki butlnliklerini koruduklari gériilmektedir. E kiimesinin ise bir 6nceki dagilimda
yer alan A kiimesinin bir alt kiimesi olarak ayrildig1 gortilmektedir. Boylece A, B ve C kiimeleri Bati,
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Orta ve Dogu Karadeniz’'de yer alan sirasiyla 6, 10 ve 8 istasyondan olusmaktadir. D kiimesi Bati
Karadeniz kiyi kesiminde yer alan 2 istasyondan olusmaktadir. E kiimesi ise Bati, Orta ve Dogu
Karadeniz’de yer alan 5 istasyondan olusmaktadir. Belirlenen kiimelerin maksimum, minimum,
ortalama ve standart sapma degerleri Tablo 9’da sunulmaktadir.

Tablo 9. Kiime sayisi 5 icin Bulanik C-Ortalamalar ile Olusturulan Kiimelerin Ozeti (m s™)

Kime Minimum Maksimum Ortalama Standart Sapma
A 1.19 1.47 1.31 0.10
B 1.57 1.93 1.74 0.11

2.14 2.84 2.31 0.22

3.56 4.78 4.17 0.86

0.51 1.06 0.88 0.22

2’den baslayip maksimum kime sayisi olarak belirlenen 5’e kadar her bir kiime sayisi icin K-
Ortalamalar ve Bulanik C-Ortalamalar kullanilarak kiimeler belirlenmistir. Olusturulan kiimelerin
dogrulugunu analiz etmek ve optimum kime sayisini belirlemek icin Siluet indeks analizinden
yararlaniimistir. Oncelikle her bir kiime sayisi icin elde edilen sonuglarin Siluet indeks degerleri
hesaplanmistir. Daha sonra her bir kiimeye ait ortalama siluet indeks degerleri ve negatif Siluet
indeks sayilari belirlenmistir. Optimum kime sayisi, ortalama siluet indeks degerinin maksimum
olmasi ve negatif Siluet indeks degerinin bulunmamasi kosuluna gore tespit edilmistir (S6nmez ve
Kémusgu, 2008).

Bulanik C- Ortalamalar ve K-Ortalamalar ile 2 kiime sayisindan 5 kiime sayisina kadar belirlenen her
bir kiime icin ortalama Siluet indeks degerleri ve negatif siluet indeks sayilari sirasi ile Tablo 10-11'de
verilmigstir. Tablolarda Optimum kiime sayilari kirmizi renk ile belirtilmektedir. En uygun siniflandirma
alti gizili olarak kalin punto ile gosterilmistir.

Tablo 10. Bulanik C-Ortalamalar ile Yapilan Siniflandirmalarin Siluet indeks Sonuglari

Kiime sayisi 2 3 4 5
Ortalama Siluet indeks Degeri 0.618 0.703 0.733 0.719
Negatif Siluet indeks Sayisi 5 - - 1

Tablo 11. K-Ortalamalar ile Yapilan Siniflandirmalarin Siluet indeks Sonuglari

Kame sayisi 2 3 4 5
Ortalama Siluet indeks Degeri 0.618 0.653 0.584 0.758
Negatif Siluet indeks Sayisi 5 2 5 -

Rlzgar hizi serisi icin optimum kime sayisi 5 tespit edilmis olup en uygun siniflandirma sonucu K-
Ortalamalar yontemi ile elde edilmistir.

Sonug ve Oneriler

Bu ¢alismada K-Ortalamalar ve Bulanik C-Ortalamalar kiimeleme algoritmalari kullanilarak Karadeniz
Bolgesindeki istasyonlara ait riizgar hizi gbzlem degerleri bakimindan benzer 6zellik gésteren kiimeler
belirlenmistir. Kimeleme analizi 2’"den 5’ e kadar 4 farkli kiime sayisi icin gergeklestirilmis olup
optimum kime sayisi Siluet indeks analizi yontemi kullanilarak belirlenmistir. Yapilan analizler
sonucunda Bulanik C-Ortalamalar yontemiyle 4 kiime, K-Ortalamalar yontemine goére 5 kiime
belirlenmistir. En uygun kiimeler ise Siluet indeks analizi sonucunda gore K-Ortalamalar yontemine ve
5 kime olarak belirlenmistir. Belirlenen kimelere ait planlanacak riizgar energisi santrallerinin
projelendirme islemlerinde tip projeler olusturulabilmesinde bu c¢alismanin kolaylik saglacagi
duslintlmektekdir. Bu ¢alismanin devami olarak

e Riizgdr hizina ek olarak akim, yagis, sicaklik, nem ve buharlasma gibi hidro-meteorolojik
parametreleri de dahil ederek literatiirde yer almayan cesitli kombinasyonlar ile iklim
siniflarinin belirlenmesi dnerilmektedir.
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e Hiyerarsik olmayan yontemlerin disinda Ward metodu gibi hiyerarsik yontemlerin de dahil
edildigi kimeleme calismalarinin yapilmasi 6nerilmektedir.

e Kimeleme analizi ¢alismasinin Tiirkiye cografyasinda yer alan diger bdlgeler icin de
gerceklestirilmesi 6nerilmektedir.
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Tirkiye yenilenebilir enerji kaynaklarindan jeotermal enerji agisindan, jeopolitik ve cografi konumu itibari ile
dnemli bir potansiyele sahiptir. Bu galismada, Ordu ili Fatsa ilgesi llica mahallesinde bulunan, bir Termal Otel
icin jeotermal kaynakli 1si pompasi ile duglardan olan sicak su ihtiyacinin karsilanmasi igin tesisat uygulama
projeleri cizilerek sistemin tasarimi yapilmistir. Calismamizin 6ncelikli amaci, dusik sicaklik ve debiye sahip
jeotermal bir kaynak igin uygun bir 1si pompasi secilerek kullanim sicak suyunun temin edilmesidir. Ornek
alinan tesis icin jeotermal kaynak suyu debisinin diisik olmasi sebebi ile jeotermal kaynagin dogrudan isi
pompasinda kullanilamayacagi tespit edilmis olup, bu sebeple termal havuzlarda giin igerisinde kullanilan
havuz suyunun kullanim saatleri disinda bosaltilip depolanmasi saglanmis ve bdylelikle atik su isisindan
faydalanilmasi amaglanmistir. Ayrica, jeotermal tesise ait kullanim sicak su ihtiyacinin, jeotermal kaynakli atik
su 1sI pompasi vasitasiyla karsilanabilmesi icin bir uygulama projesi hazirlanmig, 2023 yili gincel ilk yatirim
maliyeti, enerji tiketim giderleri ile beraber proje amortisman sireleri diger enerji kaynaklari ile
karsilastiriimasi yapilarak ekonomik agidan degerlendirilmesi yapilmistir. Isi pompasinin kalorifer yakiti fuel-oil
kullanimina gore % 59 avantajli oldugu goriilmiistiir. ilk yatirrm maliyeti agisindan bakildiginda ise hesaplama
yapilan klasik sistemlere gore yiksek oldugu gorilmektedir. Yakit ve enerji maliyetlerinin her ikisi beraber
degerlendirildiginde amortisman siresinin yaklasik 4.69 yilda kendisini amorti edecegi, ilk yatirnm maliyetinde
one cikan yliksek fiyatin yakit maliyeti ile beraber avantajli duruma gegecegi gorilmektedir.

Anahtar Kelimeler: jeotermal enerji, Isi pompasi, Isi geri kazanimi, proje amortisman siiresi

The Use of Geothermal Energy Potential in Heating System in Fatsa, Ordu
Abstract

Turkey has significant potential in terms of geothermal energy from renewable energy sources, given its
geopolitical and geographical position. In this study, design of the system was carried out by drawing
installation application projects for a Thermal Hotel located in llica neighborhood of Fatsa district in Ordu
province, in order to meet the hot water demand from showers using a geothermal heat pump. The primary
objective of our study is to provide hot water for domestic use by selecting a suitable heat pump for a
geothermal source with low temperature and flow rate. Due to the low flow rate of the geothermal source
water in the selected facility, it was determined that the geothermal source cannot be directly used in the heat
pump. Therefore, it was ensured that the pool water, which is used during the day in the thermal pools, is
drained and stored outside the usage hours, aiming to utilize the waste water heat. In addition, an application
project was prepared for meeting the hot water demand of the geothermal facility through a geothermal
wastewater heat pump, and the current initial investment cost, energy consumption expenses, and project
payback periods were evaluated economically by comparing them with other energy sources. It was observed
that the heat pump has a 59% advantage compared to conventional fuel-oil heating in terms of fuel
consumption. However, in terms of initial investment cost, it is higher compared to calculations made for
conventional systems. When both fuel and energy costs are taken into account, it is estimated that the
payback period will be approximately 4.69 years, and the high initial investment cost will become
advantageous when combined with fuel costs.

Keywords: geothermal energy, heat pump, heat recovery, project amortization period
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Giris
Jeotermal eneriji; yer altindaki birikmis 1sinin olusturdugu, sirekli olarak sicakhgi 20°C" den fazla olan
ve ¢evresindeki normal yeralti ve yer Ustl sulara oranla daha gesitli gazlar, gesitli tuzlar ile mineraller
iceren, i1sitmada, elektrik Uretiminde, cesitli sanayi tesislerinde, sogutma islemlerinde, ener;ji
hammaddesi olarak kullanilan, saglik ve turizm amaciyla da yararlanilan, kimyasal madde uretimine

elverisli ayrica basing altindaki buhar (akiskan) ve sicak su ile devamli yiizeye tasinan isi enerjisi olarak
tanimlanir (Oztiirk vd., 2010).

Jeotermal enerjinin kronolojisine bakildiginda 20. ylizyilda artan enerji ihtiyacini karsilamak tzere ilk
jeotermal elektrik tiretimi 1904 yilinda denenmis ve 1911 yilinda da italya'nin Larderello Bélgesi’nde
diinyanin ilk ticari elektrik Giretim santrali kurulmustur. italya'daki jeotermal elektrik santrali, 1958
yihina kadar diinyanin tek endistriyel Ureticisi olarak bilinmektedir. Yeni Zelanda'da ki Wairakei
istasyonu, 1958 yilinda italya’dan sonra en biiyiik ikinci endiistriyel (iretici konumuna gelmistir. ilk
jeotermal elektrik santrali, 1960'li yillarda Kaliforniya'da Geyser'lerde kurulmustur. 1967 yilinda iki
elemanli ¢evrim santrali ilk Rusya'da kurulmustur. 1981 yilinda bu teknoloji Amerika’ya da gelmistir.
Tum bu gelismelerden sonra Alaska Chena Hot Springs Bolgesinde, 2006 yilinda distik sicaklikh olarak
570°C'de elektrik Giretimi saglanmistir (Centez, 2011).

Maden Tetkik ve Arama Enstitlisi (MTA) verilerine gore llkemizde jeotermal enerji ile ilk i1sitma
uygulamasi 1964 yilinda Balikesir Gonen (82°C — 83l sn™") Park Oteli’nin isitilmasi ile baslamistir. 1987
yili itibari ile Balikesir-Gonen'de 650 yatakh otelin isitilmasi, 1 400 konutun isitilmasi, 2 000m? 'lik
seranin isitiimasi jeotermal enerji ile karsilanarak bu yonde énemli bir adim atilmistir (JECGR, 1996).
Konut isitma alaninda Cesme, Salihli, Sindirgi ve Dikili' de ise yine merkezi I1sitma sistemi icin
calismalar devam etmektedir (Ulusahin, 2009). Ulkemizde jeotermal enerji kullanilarak mevcut
kapasite ile yaklasik 115 000 konutun merkezi sistem ile i1sitiimasi yapilmaktadir (Akkus & Alan, 2016).
Turkiye’deki jeotermal enerjinin mevcut kullanim alanlari ve kapasiteleri, 2022’de hazirlanan Tirkiye
Jeotermal Strateji Raporu’nda glincel verilerle sunulmaktadir. Bu kapsamda Turkiye'deki kurulmus
olan dogrudan kullanim jeotermal kapasitesi 5113 MWt olarak hesaplanmistir. Yaklasik %47,8'i
termal turizm uygulamalari, %27,8'i merkezi i1sitma uygulamalari, %24,1'i sera i1sitma uygulamalari ve
%0,4'U 1s1 pompasl, kurutma ve sogutma uygulamalaridir (Sener, M.F. vd., 2022). Ayrica Eneriji
Kentleri Birligi tarafindan yapilan bir baska calismaya goére de Tirkiye'nin sehirler, ticari binalar,
tesisler igin i1sitma sistemlerinin giiniimizde en yaygin dogrudan kullanimin jeotermal enerji ile
oldugunu belirtmistir. Ulkemiz jeotermal enerjinin Merkezi jeotermal isitma ve termal tesis alani
Isitma uygulamalarinin dogrudan kullanim toplam kapasitesi 2102 MWt olarak giincellemnistir (EKB,
2022).

Self vd. (2013), yaptiklari calismada jeotermal 1si pompasi teknolojisini ve klasik i1sitma sistemlerini
maliyet, CO, emisyonlari ve diger parametreler acisindan karsilastirmislardir. Calismalarinda 1si
pompasi teknolojisi, toprak baglantilari, kullanimlarini arttiran uygulamalar ve glinimizde jeotermal
Isl pompasl sisteminin kullanimi ve son gelismeleri ele alarak genel sistemi incelemislerdir. Bu alanda
yapilan baska bir calismada ise jeotermal kaynakli 1si pompasinin mevcut klasik 1sitma sistemlerine
entegresi incelemesinde kurulan deney dlzeneginde isi pompasinin diger yakit tdrleri enerji
maliyetleri acisindan karsilastiriimasi yapilmistir. Isi pompasi ile isitmanin maliyeti Soma linyiti ve
dogal gaz ile yaklasik ayni gérinmesine ragmen, isi pompasinin isletme giderlerinin de hesaba
katilmasiyla daha verimli ve ekonomik olacagina karar verilmistir (Demiral vd., 2010). Ayni sekilde
Kizilcahamam jeotermal merkezi isitma sisteminin (JMIS) dogalgazh klasik merkezi 1sitma sistemiyle
(KMIS) karsilastiriimasi yapilmis ve JMIS’lerin KMIS’lere gbére daha ekonomik oldugu ve tamamen
yenilenebilir enerjinin kullaniminin daha ekonomik olacagi savunulmustur (Altas, 2010). Bursa inegdl
ilcesinde bulunan Oylat Jeotermal sahasinda bulunan otellerin isitmasi jeotermal merkezi 1sitma
sistemi ile karsilanmaktadir. Yapilan calismada jeotermal merkezi isitma sistemi ile dogalgazli 1sitma
sisteminin teknik ve mali agidan karsilastirilmasi ve termoekonomik analizi yapiimistir. Jeotermal
enerji kullanilarak isitma sistemi kurulum maliyetinin dogalgazli 1sitma sistemine gére 7 kat daha
uygun oldugu ve 1.8 yil yil icerisinde kendini amorti edecegi 6ngoérilmustir (Sahmerdan, 2020).
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Karadeniz Bélgesinde jeotermal potansiyele sahip kaynaklardan birisi de Fatsa ilgesi, llica
Mabhallesi’'nde bulunan Sarmasik Kaplicasidir. Bu bolge Fatsa ilcesine yaklasik olarak 13 km mesafede
uzaklikta olup, Karadeniz boélgesinde sahile en yakin termal otel olma 6zelligine sahiptir. Sarmasik
Kaplicasi ile ilgili yapilan ilk calisma istanbul Universitesi, Tibbi Ekoloji ve Hidro-Klimatoloji Kiirsiisi,
Tirkiye Maden Sulari arastirmasi ile yapilmistir. Bu ¢alisma ile Sarmasik kaplicasi sicak su kaynaginin
sicakhginin 47.5°C sicaklkta, debisinin 1.1 | sn™ olarak ve tek bir noktadan ¢iktigi belirtilmistir (Yenal
vd., 1976). MTA Genel Mudirliga tarafindan 1986 yilinda hazirlanan Sarmasik Kaplicasi Ilica-1 Sicak
Su Sondaji Kuyu Bitirme Raporu’nda inceleme alani igerisinde 598 metrede yapilan sondaj
calismasinda karsilasilan Olgimlerde su sicakliginin 23°C ve su debisinin 0.05 | sn™ oldugu
gorilmastir (Tangag ve Erzenoglu, 1986). 1992 yilinda hazirlanan Sarmasik Kaplicasi Ilica-2 Sicak Su
Sondaji Kuyu Bitirme Raporu’nda 397.4 metrede su sicakliginin 49.8°C oldugu gorilmustir (Uzel,
1992). 2005 yilinda hazirlanan Tirkiye Jeotermal Envanteri ¢calismasinda (Akkus vd., 2005) Sarmasik
Kaplica kaynaginin su sicakhgi 48°C, debisi 1.2 | sn™ olarak 6l¢tlmistir. Daha 6nceden yapilmis olan
sondaj calismalarinda 23-26°C sicaklik ve 0.1 | sn™" debi dl¢tlmustiir (MTA, 2005). Sarmasik (Fatsa-
Ordu) Kaynaginin Rezervuar Sicakhginin Tayini adli ¢alismada su kaynaginin 46.2 - 46.8°C sicakliga
sahip oldugu ve farkli mevsimlerde olglilen degerlerinin degismedigi belirtilmistir. (Gultekin vd.,
2015).

Miroslav vd. yapmis oldugu calismada Sirbistan Cumhuriyeti'nin kuzey kesimindeki jeotermal
potansiyelini inceleyerek  bolgesel i1sitma sisteminde jeotermal 1s1  pompasi teknolojisinin
kullanilmasinin sonuglarini ortaya koymuslardir. Yogun nifuslu bir sehir boélgesinde yer alan 1274
konutu besleyen altyapi icin enerji, ekonomik ve cevresel performans degerlendirilmistir. Temel
enerji, ekonomik ve cevresel performansi oOlcllmistir. Yapilan calisma ile jeotermal 1si pompasi
sisteminin temel faydasina, yilda yaklasik bir milyon metrekiip dogal gaz kullaniminin 6niine
gecmesini, enerjinin en az %30 oraninda azaltilmasina ayni zamanda 17 EUR/MWHh'lik bir eneriji
tasarrufuna, %38'e varan geri 6deme oranina sahip bu yatirrmin kendisini 4,9 yilda geri 6deme
siresine ulasacagi sonucuna varmislardir (Miroslav vd., 2020).

Jeotermal enerji ile 1sitma sistemleri ve ¢calisma bolgemizde yapilan arastirmalara bakildiginda sadece
bu bolgemizde sicaklik ve debi degerlerinin belirlenmesi konusunda bilgiler sunulmustur. Yapmis
oldugumuz bu ¢alismada Ordu il Fatsa ilgesinin igin yenilenebilir ve temiz enerji kaynaklarindan biri
olan jeotermal kaynaga iliskin debi ve sicaklk bilgileri glincellenerek, bdlgenin jeotermal enerji
potansiyelinin arastirilmistir. Bu maksatla, bolgede bulunan termal otelin kullanim sicak su sistemi
icin bir 1sitma projesi hazirlanarak (Ek-Kullanim suyu isitma projesi) alternatif yakit tirleri ve klasik
Isitma sistemleri ile enerji ve yatirrm maliyeti giderlerinin karsilastiriimasi yapilmis, yakit ve eneriji
acisindan saglayacagi avantajlar sunulmustur. Kullanim suyu isitmasi icin jeotermal kaynagin debisi
disik oldugundan projemizde 1si pompasi tercih edilmistir. Bu calismamiz ile diinyada hizla
gelismekte olan jeotermal 1si pompasi teknolojisi hakkinda teknik bilgi birikimini arttirmak ve ilgililerin
bu temiz enerji kaynagina dikkatini ¢ekerek bu konuda yapilacak olan uygulamalarin ve projelerin
hayata gecirilmesine oncilik ederek, konu ile ilgili farkindalik olusturmasi amaglanmaktadir.
Jeotermal enerjinin tikenmezligi, ekolojik dengeyi korumasi, cevreyi kirletmemesi ve en dnemlisi
yenilenebilir bir enerji kaynagl olmasi sebebi ile diger yenilenemeyen enerji kaynaklarina karsi isitma
sisteminde kullaniminin yayginlastiriimasi ve dogru bir politika uygulanarak hem (ilke ekonomisini
ayakta tutabilmesi hem de dogayi korumasi agisindan énemli olacagi vurgulanmistir.

Materyal ve Yontem

inceleme alanimizda bulunan Sarmasik Kaplica Termal Otel toplam 5 800 m? alana sahip olup,
toplamda 2 adet bay ve bayan termal havuzu, sauna, masaj salonu, fitness salonu, kafeterya,
restoran, toplanti salonu, 8 adet siiit odasi ile toplam 80 odali ve dort yildizli olma 6zelligine sahiptir.
Bu otel icin jeotermal su kaynagindan cikan su sicakhiginin (48°C) uygun ve debisinin (1.2 | sn™) disuk
olmasi sebebi ile merkezi isitma sisteminde kullanilamayacagi sadece kullanim suyu 1sima sisteminde
kullanilmasinin uygun olacagi distiniimistir. Bu sebeple otel icin sicak kullanim suyu kapasite hesabi
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yapilarak en uygun ve verimli bir bicimde calisacak kullanim suyu isitma sistemi tasarlanmistir.
Kullanim suyu isitma sistemi icin, 1s1 pompasi, kati yakit kazani, fue-oil kazani ve duvar tipi yogusmali
kazan kurulum maliyetleri ayrica bu sistemlerin sirasi ile kullandigi elektrik, komdir, fuel-oil ve dokme
LPG igin enerji giderleri hesaplanarak amortisman siireleri tespit edilmistir. Amortisman suirelerine
gore kullanilabilecek sistem ve cihaza karar verilerek uygulama projesi (Ek-Kullanim suyu isitma
projesi) hazirlanmistir (Sahin, 2019).

Bina Sicak Kullanim Suyu Depo Kapasitesinin Belirlenmesi

Otel su ihtiyacinin belirlenmesi icin kullanilan cihazlarin 60°C sicakhktaki saatlik ani sicak su ihtiyaci
degerleri (I h™) alinmistir (Makine Muhendisleri Odasi, 2018). Kullanilan cihazlarin 60°C sicakliktaki
saatlik ani sicak su ihtiyaci degerleri (I h™") ve cihaz sayilari Tablo 1. de listelenerek;

Tablo 1. Otel Sihhi Tesisat Cihaz Listesi ve Yiik degerleri (Sahin, 2019)

Cihaz Adi Miktar (Adet) Birim Yk Degeri (Ih™")  Toplam Yiik Degeri (I h™)
Ozel Lavabo 78 7.5 585

Genel Lavabo 7 30 210

Banyo 78 200 15 600

Evye 3 130 390

Camasir Makinesi 2 100 200

Bulasgik Makinesi 2 600 1200

Dus 7 250 1750

Toplam Su Hacmi 199351 h™

Sicak Su ihtiyaci : Ani Toplam Su Hacmi x Es Zaman Faktorii
V=19935x0.25=4983 | h™
Gerekli Boyler Hacmi = Sicak Su ihtiyaci x Depolama Faktorii
Vioplam= 4 983 x 0.8 =3 987 | h™"

yapilan hesaplamada 3 987 | h™" sicak su boyleri kapasitesi bulunarak, 2 adet 2 000 litre kapasiteli tek
serpantinli boyler tercih edilmistir. Hesaplanan boyler hacmine goére boyler isitici serpantin giici
Esitlik 1’ den;

Q = mg.c. (t; — tg) (1)
= 4000l 1 cal 60 — 15)°C (2)
Q= hx gr°Cx( )
Q = 180 000 kcal h™ (210 kw) olarak bulunmustur (3)

Esitlik 1’de (Q) Boyler isitici serpantin giicii (kcal h™), (mgs) Sicak su ihtiyaci (I h™), (c) Suyun Ozgiil
Isis1 (4,2 calgr °C™") (m3), (t;) Su gikig sicakligi (60 °C), (tg) Su giris sicakhigidir (15 °C).

Isi Pompasi Kapasitesinin Belirlenmesi

Isi pompasi; temel olarak elektrik enerjisi kullanarak bir kaynaktan g¢ikan isiy1 alip baska bir alana
tasiyan sistemlerdir. Burada enerji alinan kaynak; su, hava, jeotermal enerji, toprak atik gaz, atik is
olarak gosterilebilir (Anonim, 2019).

Ist pompalarina glinliik yasantimizdan 6rnek verecek olursak; buzdolabi, klima, derin dondurucular
birer 1s1 pompasi olarak gosterilebilir. Klimalar yazin sogutma amagl kullanildiklari igin i¢ ortama
soguk hava vermesi ayni zamanda dis Unitelerin fanindan sicak hava Uflemesi sebebiyle 1si pompasi
olarak gosterilebilir. Clinkl 1s1 pompasi enerji aldig kaynagi sogutma konumunda c¢alisirken isitir,
Isitma konumunda cgalisirken sogutur. Bir dongli halinde gerceklesen bu islem gazin faz degisimi ile
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enerji alma ve bu enerjiyi tasima olayidir. Genel anlamda isly1 iretmek yerine tasimayl amaclayan
sistemlerdir (Anonim, 2019).

Isi pompalari dért ana elemandan olusmaktadir; buharlastirici (evaporator), kompresér, yogusturucu
(kondenser) ve genlesme valfidir. Isi pompalari ve sogutma makinalari bir ¢calisma prensibine goére
calismaktadirlar ve dolasan akiskana sogutucu akiskan adi verilmektedir.

Calisma sistemine gore sogutucu akiskan kompresére (1) doymus buhar olarak girer ve izantropik
olarak sikistiriir. Daha sonra (2) halinde kizgin buhar olarak yogusturucuya girer ve akiskandan
cevreye Isl gecisi sonucu yogusturucudan (3) halinde doymus sivi olarak ayrilir. Akiskan daha sonra bir
genlesme valfi ile buharlastirici basincina kisilir ve boylece sogutucu akiskanin sicakhgi isi ¢ekilecek
ortam sicakliginin altina diser. Sogutucu akiskan sivi-buhar karisimi olarak buharlastiriciya (4) girer ve
ortamdan 1si1 alarak timuyle buharlasir ve kompresére girer ve ¢evrim Sekil 1’de gosterildigi gibi
tamamlanir.

> Kompresd
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Sekil 1. Isi Pompasi Calisma Sistemi

Isi pompalari, 1si kaynaklarina gére su kaynakli, hava kaynakli, glines kaynakli ve toprak kaynakl
olarak doérde ayrilmaktadir.

Calismamizda, disik debili termal kaynak kullanacagimizdan kullanim suyu isitma sistemimizde su
kaynakl 1si pompasi kullanimi tercih edilmistir. Bu sebeple i1si pompasi firma katalog degerleri
incelenerek cihaz giris sicakliklarinin minimum 25°C - 45°C araliginda oldugu tespit edilmistir. Ozellikle
disik sicakhktaki atik 1sidan 1s1 geri kazanimi saglanmasinda 1si pompalari Oncelikle tercih
edilmektedirler. Jeotermal kaynagimizin sicakligi 1si pompasi kullanimi icin yiksek oldugu, ayrica
debimizin de dislik olmasi sebebi ile jeotermal kaynagimizin ilk etapta termal havuzlarda kullanilarak,
glnlik kullanim sonrasi havuzlardan c¢ikan atik suyun depolanip kullaniimasinin daha uygun olacagi
gorlilmektedir. Tarif ettigimiz sekilde, jeotermal atik suyun enerjisinden faydalandigimiz takdirde
maksimum c¢alisma sicakliklarina cikilabilecegi, kullaniimis su re-enjekte edilmeden 6nce atik isi
enerjisinin tekrar geri kazanilarak enerji tasarrufu saglanmis olacaktir. Yukarida hesapladigimiz boyler
hacmine uygun olacak sekilde 1si pompasi glicli hesabi yapilir ise;

Buradan otelin (termal otel oldugu igin) giinliik su 1sitma ihtiyacinin 8 saat oldugu disiiniilerek Esitlik
4’te hesaplanmis;

8 1
Q =210 kwxﬁsaat = 210x§ =70 kw (4)

gliclinde 1s1 pompasi secilmesinin uygun olacagi gortlmustir.
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Bulgular

Boyler kapasitesi ve I1si pompasi giict tespit edildikten sonra kullanilacak yakitlarin enerji giderleri ve
diger klasik sistemlerin ilk yatirrm maliyetleri tespit edilerek karsilastirmali olarak tim sistemlerin
amortisman sureleri karsilastirilacaktir.

Enerji Giderlerinin Tespiti

Hesaplamalarda 70 kW kapasiteli 1si pompasi kullanilacagi disiiniilerek COP degeri piyasa verilerine
gore ortalama 4 alinmistir. Isi pompasi icin 6rnek yakit maliyeti Tablo 2’de verilen teknik verilere gore
hesaplanmistir. Yakit tiketimi icin Esitlik 5 kullanilarak (Makine Mihendisleri Odasi, 2022) diger
enerji (yakit) turlerine gore ayni hesaplamalar yapilmis ve eneriji giderleri karsilastiriimistir.

Q
Y= (5)
u- Nk

Esitlik 5'te, (By) yilhk yakit tiiketimini, (H,) terimi kullanilan yakitin alt isil degerini, (ni) ise kazan
verimini gostermektedir. Bu calismada yakit olarak; elektrik, linyit komura, fuel-oil (kalorifer yakiti) ve
dokme LPG kullanilmistir. Tablo 2’de ¢alismamizda kullanilan yakit tirlerinin alt i1sil degerleri, yanma
verimleri ve yakit birim fiyatlari gosterilmistir. Esitlik 5 ve 6 kullanilarak yilik yakit maliyetleri
hesaplanmistir.

Tablo 2. Bazi Yakit Tirlerinin Alt Isil Degerleri, Yanma Verimleri ve Yakit Birim Fiyatlari

vakit Tiirii Yakit :Alt'lsﬂ Yanma Verimi (%) Yakit Birim Fiyati (KDV Dahil)
Degeri TL

Elektrik 1 kw 400 (COP:4) 1.47 kw h™*

Yerli Kbmir 4 832 kcal 65 5.60 kg TL™'

Kalorifer Yakiti(Fuel-Oil) 9 200 kcal 82 14.22 kg TL™" **

T . 25.18 kg TL™1***
LPG (Saha i¢i gémme tank-Mix) 11 000 kcal 92 &

* 06.04.2023 https://www.enerjiatlasi.com/elektrik-fiyatlari/
**03.04.2023 https://bildirim.epdk.gov.tr/bildirim-portal/faces/pages/tarife/petrol/yonetim/bultenSorgula.xhtml|
**%03.04.2023 https://bildirim.epdk.gov.tr/bildirim-portal/faces/pages/tarife/lpg/yonetim/bultenSorgula.xhtml

Yillik 1sitma enerjisi ihtiyacina gore yillik yakit maliyeti Esitlik 6’dan hesaplanmistir;
M, = By, Cryqk (6)

Esitlik 6’da (M,) Yillik yakit maliyeti (B,) Yillik yakit miktari (m>) ve (Cra) Yakit birim fiyatini (m? TL™)
gostermekte olup, elektrik icin kwh, kémur, fuel-oil ve LPG igin TL kg™ birimleri kullanilmistir. Isi
pompasi yillik toplam yakit tiiketim degerleri hesabi i¢in Tablo 3’te belirtilen teknik veriler
kullanilarak;

Tablo 3. Isi Pompasi Teknik Verileri

Teknik Veriler Birim Degerler

Ist Pompasi Kapasitesi 70 kw (60 200 kcal)
COP Degeri 4

Ginluk 1sitma siresi 8 saat

Yillik Isitma Siresi 8 x 365=2 920 saat
Isitma enerjisi Elektrik

Ist pompasi enerji tiketimi (kw h™) 70 kw

Saatlik enerji tiiketimi (cop:4 igin) 4.50 kw

Yillik Isi Enerjisi (@y,;) 70 x 2 920=204 400 kwh
Birim fiyat 1.47TL A1
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Ist pompasi icin yillik enerji maliyeti igin;

204400 kwh
Y 45kwxl
B, = 45422 h

Buradan bulunan deger (6) numarali esitlikte yerine yazilir ise;
M, = 45422hx1.47TL h*=66770TL

yillik elektrik tiiketim degeri hesaplanmis olur.

Ayni sekilde kati yakit kazani, Fuel-oil (sivi, gaz yakith kazan) ve LPG’li (gdmme tank, dokme gazl)
duvar tipi yogusmali kazan kurulumu igin ayri ayri yillik toplam yakit tiiketim degerleri hesaplanmis ve
Tablo 4’ te tiim veriler sunulmustur. Yillik toplam yakit degerleri Sahin vd., (2019) tarafindan yapilan
tez calismasinda 2019 yil verileri hesaplanmis ve bu ¢alismamizda veriler glincellenerek 2023 yil
tarife fiyatlari referans alinmistir.

Tablo 4. Isi Pompasi ve Diger Yakit Tirleri Yillik Tiiketim Degerleri

Yillik Toplam Yakit Tiiketim Fiyati

Yakit Turi KDV Dahil

Elektrik 66 770.67 TL
Yerli Kbmur 156 710.14 TL
Kalorifer Yakiti (Fuel-oil) 165 671.29 TL
LPG (saha i¢i gmme tank) 218 687.80 TL

Tablo 4 incelendiginde 1si pompasi kullaniminin yakit maliyetine gére siralandiginda birinci sirada
oldugu bunun yaninda, yerli kémir kullanimina gére %17, kalorifer yakiti fuel-oil kullanimina gore
%57, LPG kullanimina gore %58 daha tasarruflu oldugu goriilmekte yakit sarfiyati bakimindan isi
pompasinin karli oldugu diuslnilmektedir. Uzun siirecte kar oranini hesaplayabilmek icin ilk yatirim
maliyet analizinin, isletme giderlerinin, bakim onarim giderlerinin de hesaplara katilmasi
gerekmektedir.

Yatinm Maliyetlerinin Tespiti

Calisma alanimizda bulunan termal otelin jeotermal isitma sistemi ile klasik 1sitma sistemleri arasinda
ekonomik karsilastirmalari yapabilmek igin ikinci olarak sistemlerin ilk yatirrm maliyetlerini de
hesaplamak gerekir. Sistemin ilk yatirm maliyeti i¢cin Sahin vd., (2019) tarafindan yapilan tez
¢alismasinda 2019 yih maliyet fiyatlari hesaplanmis ve Tablo 5.’ te veriler giincellenerek 2023 yili CSB
birim poz fiyatlari referans alinmistir.

2023 yili Turkiye Cumbhuriyeti Cevre, Sehircilik ve iklim Degisikligi Bakanligi mekanik tesisat birim
fiyatlari referans alinarak isi pompasi icin 6rnek olarak ilk yatirnm maliyeti verileri Tablo 5’te
hazirlanmistir.
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Tablo 5. Isi Pompasi Yatirim Maliyetleri

Poz L . 2023 Birim Toplam

Numaras! Malzeme Adi Birimi Miktari Poz Fiyatl (TL) (1)
2000It Minimum sicak su debisi

25.175.1412 22101t h™(40.0 kPa) tek serpantinli Adet 2 37 827.06 75 654.12
dik boyler

25.307.1108 ?é‘oy:q':]'m" elik boru 3" dis cap: @ Metre 40 610.69 24 427.60

Degisken devirli ( frekans
konvertorla )Islak Rotorlu
sirkiilasyon pompasi
(20-28) m3h™" (5 - 10) mSS
Isitma Kapasitesi 80 Kw, Sogutma
25.500.2109 Kapasitesi 64 Kw Su / Toprak Adet 1 391 591.99 391 591.99
Kaynakli Isi pompalari
Vanalar, borular, fittings malzeme,

Diger boru yalitimlari, manyetik filtre ) ) - 322211.58

25.350.3009 Adet 2 33 025.00 66 050.00

zel Pozlar Montaj, iscilik, elektrik isleri ve i i i 100 500.00
otomasyon

Toplam 879 935.29

Isi pompasi igin ilk yatirim maliyeti verileri bulunduktan sonra ayni sekilde kati yakit kazani (kdmarli),
Fuel-oil (sivi, gaz yakith kazan) ve LPG’li (gdmme tank, dokme gazli) duvar tipi yogusmali kazan
kurulumu icin ayri ayri ilk yatinnm maliyetleri hesaplanmis ve Tablo 6’ da sunulmustur.

Tablo 6. Isi Pompasi ve Diger Sistemler icin Yatirima Maliyeti Verileri (Sahin, 2019)

Cihaz Tiirii ilk Yatirrm Maliyeti Verileri (TL)
Ist Pompasi 879 935.29
Kati Yakit Kazani 398 875.71
Fuel-0il Kazani 415 997.83
Duvar Tipi Yogusmal Kazan 525 697.55

Tablo 4 ve Tablo 6’ da dort farkli enerji kaynagi icin yilhk yakit giderleri ve her bir sistem igin ilk
yatirim maliyet verileri Sekil 2’de grafik halinde gosterilmistir.
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Sekil 2. ilk Yatirim ve Enerji Tiiketim Maliyetlerinin Karsilastirilmasi

Hesaplanan maliyet analizlerine gore kullanilabilecek sistemlerin amortisman sireleri de gbz 6niinde
bulundurularak i1sitma sistemlerinin verimi, avantaj ve dezavantajlari yoniinden karsilastirmasini
yapmak daha uygun olacaktir. Tablo 7’de 6rnek olarak i1si pompasi ve fuel-oil kazani kullaniimasi
durumunda gerekli amortisman siiresi hesaplanmistir (Kilig ve Adali, 2021).
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Tablo 7. Amortisman Siiresi icin Gerekli Degerler (Isi Pompasi-Fuel Oil Kazani)

lsitma Sistemi ilk Yatirim ilk Yatirim Yihk Yakit Yilik Yakit Tiiketimi ~ Amortisman
Maliyeti (A) Maliyeti (B) Tiiketimi (C) (D) Siresi

Isi Pompasi 879935.29 TL - 66 770.67 - 4.69 Vi

Fuel-0il Kazani - 415 997.83 - 165 671.29 ’

Ornek Amortisman Siiresi Hesabi;

Amortisman Siresi = (A-B) / (D-C) igin buradan;

Amortisman Suresi = (879 935.29 — 415 997.83) / (165 671.29 — 66 770.67)
Amortisman Suresi = (463 937.46) / (98 900.62)

Amortisman Sidresi = 4.69 Yil olarak hesaplanmistir.

Ayni sekilde 1si pompasi ile diger yakit tirlerine de gbére amortisman sireleri hesaplanmis ve
hesaplanan siirelere gore Sekil 3’te amortisman sireleri grafigi gosterilmistir.

Amortisman Siireleri (Yil)

Kati Yakit Kazani
Fuel-Oil Kazani 4.69

Duvar Tipi Yogusmall Kazan — 7 33

0 2 4 6

5.34

Sekil 3. Isi Pompasi ve Diger Yakit Turleri Amortisman Sireleri Grafigi

Amortisman sirelerine bakildiginda, 1si pompasi kullaniminin getirecegi enerji kari yaklasik 4.69 yil
sonra kendini amorti edecek sekilde ortaya ¢ikmaktadir. ilk yatirm maliyeti agisindan en disiik
maliyete sahip, kati yakit kazani kurulumu olmustur. Bunun yaninda yillik toplam yakit tiiketim
degerlerine bakildiginda ise en yiksek maliyet fuel-oil yakiti kullaniminda gerceklesmistir. Kati yakit
kazani ve fuel-oil kazanlarinin kullaniminin getirecegi dezavantajlara bakildiginda kullanim émrinin
kisa olmasi, isletme giderlerinin ve ariza oraninin yiiksek olmasi ayrica yakit depolama alanina ihtiyag
olmasi sebebi ile 1si pompasinin uzun vadede getirecegi avantaj yoniinden kullaniminin son sistem
kurulan bir termal otel igin isletme yoniinden de karl olacagi disliniiimektedir.

Tartisma ve Sonug

Alternatif enerji kaynaklarindan jeotermal enerji; yenilenebilir, kesintisiz, cevre kirliligi olusturmayan
temiz ve disiik maliyetli olmasi sebebi ile yakin gelecekte (ilkelerin dGnemli enerji kaynagi konumuna
gelmesi beklenmektedir. Mevcut alanlarda yapilacak arama ve sondaj calismalari ile yeni sahalarin
kesfedilmesi halinde tlkemiz gelecek yillarda yasanabilecek enerji ihtiyacinin bir bolimana yerli
kaynaklardan karsilayabilecektir. Yapilan calismalarla jeotermal enerjinin dogrudan kullaniminda son
on yilda hizla artan bir gelisme g6zlenmektedir. Jeotermal enerjinin dogrudan kullanim kapasitesi
2009 yilinda 820 MW iken 2018 yili giincel verilerine gére 5 000 MW kapasiteye ciktigi gérilmektedir.

Ulkemiz jeotermal enerji kaynaklarinin tiimiine yakininin disiik entalpili olmasi, bu kaynaklarin
degerlendirilmesi sirecinde endustriyel alan ve konut isitmasi icin kullanilmasi gerektigini ortaya
cikarmaktadir. Yatirimci ve isletmecilerin, jeotermal kaynaklari, konut i1sitmasi ve endistriyel alanda
kullanmalarina yonelik yatirim yapmalari tlke ekonomisine katkida bulunarak, petrol icin harcanan
doviz giderlerimizi biylk oranda azaltacagindan 6nem kazanmaktadir.

Sicakhg1 30-60 °C’ ler arasinda degisen jeotermal su, konutlarin isitiimasini kolay ve pratik bir sekilde
saglamaktadir. Daha dusilik sicakliklara sahip jeotermal kaynaklardan yararlanmanin en verimli
yontemi ise 1si pompasi kullanmaktir. Fatsa ilgesi llica jeotermal alaninin mevcut debi ve sicakligi ile
kullanim suyu isitma sisteminde kullanilabilecegi gosterilmistir.
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Yapilan bu calismada; Ordu ili Fatsa ilcesi llica Mahallesi sicak su bélgesinde bulunan termal otelin
kullanim suyu isitma sistemi tasarlanarak isi pompasinin kullaniminin, diger yakitlarla ve isitma
sistemleri ile yakit ve yatinm maliyeti analizleri karsilastirilmasi yapilmistir. Sahin vd. (2019)
tarafindan bulunan sonuglar karsilastirilmis ve gilincel 2023 fiyatlari ile tekrar degerlendirilerek
sonuca ulasiimigtir. 2023 yili glincel yakit ve enerji maliyetleri hesaplanarak 1si pompasinin kémir
kullanimina goére % 57, kalorifer yakiti fuel-oil kullanimina gére % 59, LPG kullanimina gére % 69 daha
avantajli oldugu gorilmistir. Yatirnm maliyeti agisindan bakildiginda ise hesaplama yapilan diger
yakit sistemlerine gore yiiksek oldugu gorilmektedir. Yakit ve enerji maliyetlerinin her ikisi beraber
degerlendirildiginde amortisman siiresinin yaklasik 4.69 yilda kendisini amorti edecegi ve uzun sureli
kullanimlarda diger yakit (fosil yakitlar, petrol ve tirevleri, kdmir, vb.) sistemlerine gore karli olacagi,
ilk yatinm maliyetinde 6ne c¢ikan yiksek fiyatin yakit maliyeti ile beraber avantajli duruma gececegi
gorilmektedir. Isi pompasi kullanimi klasik sistemlere kiyasla isi enerjisi giderini azaltmakta ve bu
yonde onemli bir enerji kazanci saglamaktadir. Ayrica, i1si pompasinin kullanimi ile atik isinin
degerlendirilmis olmasi, bakim masraflarinin az olmasi, asinma sorunu olmamasi, kullanim émrinin
uzun olmasi, dislik sicakliklarda galismasi durumunda dahi sistem veriminin yiiksek olmasi, en
onemlisi de alternatif yakit tiirlerine ve bu sistemlere gore cevre kirliligi olusturmamasi gibi avantajlar
elde edildiginden sistemde I1si pompasinin tercih edilmesinin dogru oldugu gortlmektedir (Sahin, vd.,
2019).

Calisma kapsaminda yapilan incelemeler, alanin jeotermal potansiyelinin belirlenmesine yonelik
yapilan arastirmalar, kapasite ve potansiyel olarak verilen degerlere bakildiginda; mevcut saha
gelistirildiginde, rezervuar isletme sistemleri degistirildiginde (6rnegin re-enjeksiyon uygulamasi
yapilmasi vb.) yeni sondajlar yapilarak revize edilebilecek ve yukseltilebilecek degerdedir. Mevcut
sahamiz hakkinda yapilan ¢alismalara ilave olarak yeni jeolojik, jeofizik ve jeokimya c¢alismalari
arttikca ve daha fazla veri Uretildikce daha yiksek debi ve sicakliklara ulasmanin mimkin olacagi
dislintlmektedir. Bunun icin bolgede jeotermal arastirmalarin artarak devam etmesi gerekmektedir.
Ordu ili ve ilcelerinde yapilabilecek sondaj calismalari ile jeotermal kaynaklarin farkh uygulamalarda
kullanilabilecegi bu sayede yore halkina uzun vadede katki saglayacagi kaginilmazdir. Calismalar
sonrasinda belirlenecek jeotermal kaynaklar sayesinde bdlge ekonomisine ve turizmine katkida
bulunabilecek uygulamalarin (yol ve konut isitma, termal turizm, sera, kurutma, enerji Gretimi vb.)
yapilabilecegi ¢cok aciktir.
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Abiyotik stres etmenlerinden olan tuzluluk, bitki gelismesinde gerilemeye ve 6nemli oranda drin kaybina
neden olmaktadir. Deneme, sera kosullarinda tesadif parselleri deneme desenine gore saksi denemesi
seklinde yiritilmistir. Denemede, tuzlu kosullarda (4000 mg NaCl kg™ toprak) ve artan bentonit (%0, %5 ve
%10) dozlari uygulanmistir. Denemede bir ekmeklik (Vittorio) ve bir makarnalik (Cesare) bugday cesitleri
yetistirilmistir. Elde edilen sonuglara gore, tuzlu kosullarda artan dozlarda bentonit uygulamalari sonucunda
ekmeklik ve makarnalik bugdaylarin kuru madde verimlerinin arttigi belirlenmistir. Ekmeklik bugdaylarin
makarnalik bugdaylara gére daha fazla kuru madde Urettigi saptanmustir. En fazla kuru madde verimi ekmeklik
bugdayda %10 bentonit uygulamasindan 150 mg bitki”* olarak belirlenmistir. Tuzlu kosullarda ve artan (%0, %5
ve %10 toprak) dozlarda bentonit uygulamalari sonucunda, ekmeklik ve makarnalk bugday cesitleri kontrol
saksilariyla kiyaslandiginda; yesil aksam fosfor, potasyum, demir, bakir ve ginko konsantrasyonunda artis
meydana gelirken kalsiyum, magnezyum, sodyum, mangan ve bor konsantrasyonlari ise azalmalar meydana
gelmistir. Ozellikle kumlu topraklarda orta derecede tuzluluk sorunu olan alanlara bentonit uygulamasinin

bugdayda mineral beslenme problemlerinin bazilarinin giderilmesine katkisi olacagindan %5 dizeyinde
bentonit uygulanmasini énerebiliriz.

Anahtar Kelimeler: ekmeklik bugday, makarnalik bugday, NaCl, bentonit

The Effect of Bentonite Application on Dry Matter Yield and Mineral
Nutritional Elements of Durum and Bread Wheats in Salt Conditions

Abstract

Salinity, which is one of the abiotic stress factors, causes regression in plant growth and significant yield loss.
The experiment was carried out as a pot experiment in greenhouse conditions according to the randomized
plot design. In the experiment, increased doses of bentonite (0, 5% and 10%) were applied in saline conditions
(4000 mg NaCl kg™ soil). One bread (Vittorio) and one durum (Cesare) wheat cultivars were grown in the
experiment. According to the results obtained, it was determined that the dry matter yields of bread and
durum wheats increased as a result of increasing doses of bentonite in salty conditions. It was determined that
bread wheat produced more dry matter than durum wheat. The highest dry matter yield was obtained as 150
mg pIant'1 from 10% bentonite application in bread wheat. As a result of bentonite applications in saline
conditions and increasing (0%, 5% and 10% soil) doses, when compared to the control pots of bread and
durum wheat varieties; While the concentration of green parts phosphorus, potassium, iron, copper and zinc
increased, calcium, magnesium, sodium, manganese and boron concentrations decreased. Since the
application of bentonite to the areas with moderate salinity problem, especially in sandy soils, will contribute
to the elimination of some of the mineral nutrition problems in wheat, we can recommend the application of
bentonite at the level of 5%.

Keywords: Bread wheat, durum wheat, NaCl, bentonite
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Giris

Tarim alanlarinda en énemli amaglardan bir tanesi, Uriinlerde ylksek verim ve kaliteyi elde ederek
daha fazla gelir elde etmektir. Ginlimiizde, artan nifusa bagli olarak insanlarin gida ihtiyaglarini
karsilamaya yonelik olarak ylksek tarimsal Uretimi elde edebilmek ve siirdirilebilirligini korumak
onemlidir (Kilic ve Korkmaz, 2012). Son yillarda, bu amacla tarimsal alanlardaki Grlinlerin verimliligini
kisitlayan kuraklik, sicaklik, sel baskini, bitki besin elementi noksanliklari ile toksisite ve tuzluluk gibi
cesitli stres etmenlerin ortadan kaldirilmasi veya olumsuz etkisinin minimize edilmesi igin organik ve
inorganik uygulamalar yapilmaktadir (Karnez vd., 2021). Son vyillarda, Turkiye tarim topraklarinin
bliylk bir boliminin organik madde iceriklerinin diisik olmasi ve diger uygun olmayan toprak
Ozelliklerinden dolayr tarim topraklarinin bitki yetistirilmesinde uygun ortama sahip olmasi ve
topraklarin verimliliklerinin artmasi igin organik toprak dizenleyicileri, hayvan glibresi, kompost,
biocar, leonardit, zeolit, gidya ve bentonit gibi materyaller kullaniimaktadir (Eleroglu ve Korkmaz,
2016). Bitkisel iretimde topraklarda bircok stres etmeni bulunmakla birlikte tuzluluk stresi verimliligi
kisitlayan en 6nemli ve en yaygin olanlardan birisidir (Dinler vd., 2021; Korkmaz vd., 2020; Uyanik vd.,
2014). Diinyada tarim yapilan arazilerin 0.34x10° (%23) hektarlik kismini tuzlu topraklarin
olusturduklar, Tirkiye’de ise sulanabilir arazilerin yaklasik %32.5 inde drenaj, tuzluluk ve alkalilik
sorunu oldugu aciklanmistir (Gingor ve Erozel, 1994). Toprak tuzlulugunun yiliksek olmasi
durumunda topragin verimliligi olumsuz etkilenmektedir. Tuzlu topraklarda bitkiler tuz stresine
girerek bitkilerde ihtiyactan fazla miktarda Na iyonu birikmektedir. Bitkiler biinyelerine fazla miktarda
Na aldiklarinda bitki sitoplazmasinda biriken Na, protein sentezinin gerilemesine ve enzim
aktivitesinin diismesine sebep olarak bitkilere toksik etki yapmaktadir. Bu durumun neticesinde de
bitkilerde yiliksek miktardaki Na kaynakli toksik etki K'un alinimini engellemektedir. Tuzlulukda Na
iyonundan baska klor (CI*) anyonu da 6zellikle NO; alimi iizerine olumsuz etkileri sonucunda
bitkilerde iyon dengesinde bozulmalara yol agmaktadir (Ekbic vd., 2017; Gines vd., 1994; Munns ve
Tester, 2008). Kanber ve Unlii (2010) tarafindan, topraktaki tuz konsantrasyonu arttikca bitkilerin
topraktan su almalarinin zorlastigl, toprak yapisinin bozuldugu ve bitki blylmesinin yavasladig
actklanmugtir. Kaltlr bitkileri tuza dayanim olarak farkli tepkiler vermektedir. Bazi bitkiler tuzluluga
karsi daha hassas iken, bazi bitkiler daha dayanikhdir. Bugday bitkisi tuza orta derecede dayanikh bitki
olarak siniflandiriimaktadir. Diinyada tahillarin en 6nemlileri arasinda yer alan bugday (Triticum
aestivum L.), piring ve misirdan sonra Uglnclidir (Guo vd., 2018; Korkmaz vd., 2009). Diinyada
Uretilen bugdayin neredeyse %60' gida olarak tiiketilmekte ve artan gelir seviyeleri ve insan niifusu
arttikca, kiiresel olarak bugday talebinin 6nimizdeki birkag on yilda (2020-2050) tahmini olarak %70
oranina artmasi beklenmektedir (Vitale, 2020). Bugdaya olan talep strekli artmakta olup verimliligini
kisitlayan stres etmenlerin ortadan kaldirilmasi en énemli arastirmalari olusturmaktadir. Topraklara
ozellikle de kumlu topraklara bentonit ilavesiyle sorunlu tarim alanlarinda fiziksel ve kimyasal
ozelliklerinde iyilesmeler oldugu ortaya konulmustur. Bu tiir topraklarda yetistirilen bitkilere de daha
fazla iyon tasindiginda saptanmistir. Bitkilerde tuzun etkisi, ozmotik basing ve iyonik gerilime bagli
olarak bliyiime ve gelisme gerililigi olarak gortilmektedir (Ashraf ve Foolad, 2007). Bu arastirmada,
tuzlu topraga artan dozlarda bentonit uygulamasiyla tuzlulugun neden oldugu zararlanmanin
hafiflemesi ve bugdayin gelisimi ile mineral beslenme Uzerine etkisi arastiriimistir.

Materyal ve Yontem

Arastirma, Ordu Universitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme B&limi Arastirma
Seralarinda gergeklestirilmistir. Denemede toprak materyali Giresun ili Aydinlar koyl ciftci
tarlasindan 0-30 cm derinlikten alinip 4 mm elekten gegcirilip saksilara 1.75 kg doldurulmustur.
Denemede, ekmeklik (Vittorio) ve makarnalik (Cesare) cesitleri kullaniimistir. Denemede kullanilan
toprak ve bentonitin fiziksel ve kimyasal analiz degerleri Tablo 1’de verilmistir.
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Tablo 1. Denemede Kullanilan Topragin ve Bentonitin Bazi Fiziksel ve Kimyasal Ozellikleri

Toprak Ozellikleri Bentonit Ozellikleri

Tekstiir Kumlu-Tin SiO, (%) 65.61
pH 5.96 pH 7-9
EC, puscm™ 171 EC, us/cm 180
Kireg, % 0.6 Kireg, % 0.8
o.M. % 2.28 ALOs, % 14.17
N, % 0.21 Na,0, % 0.99
P, mgkg" 2.28 TiO,, % 0.12
K, mg kg™ 921 K,0, % 1.5
Ca, mg kg™ 5201 Cao, % 3.11
Mg, mg kg™ 323 MgO, % 2.07
Fe, mg kg™ 30.7 Fe,03, % 1.22
Cu, mg kg™ 1.12 Kizdirma Kaybi 4.7
Zn, mg kg’ 552 KDK (me/100g) 85
Mn, mg kg™ 30.8 Sisme (2 gr/ml) 9

Sera Denemesinin Yurutiilmesi

Arastirma, sera kosullarinda tesadif parselleri deneme desenine gore 3 tekerrirli olarak saksi
denemesi yiritilmustir. Ekimden 6nce her saksiya 4000 mg NaCl kg” sekilde iki defada (yarisi
ekimden 6nce yarisi ekimden 1 hafta sonra) verilmistir. Denemede, artan bentonit (%0, % 5 ve %10)
dozlari topraklara homojen sekilde karistiriimistir. Bunlardan baska, temel gibreleme olarak her
saksiya Ca(NO3),x4H,0 formundan 200 mg N kg™ ve potasyum di hidrojen fosfat (KH,PO,) formundan
100 mg P kg™ ve 125 mg K kg™ ekimden 6nce topraklara uygulanmistir. Temel giibreler ve deneme
amacina uygun tuz ve bentonit uygulamalari topraga homojen olarak karistirildiktan sonra, saksi
basina en az 10 tohum ekilmistir. Cimlenme tamamlandiktan 5 glin sonra her saksida 6 bitki kalacak
sekilde seyreltme yapilmistir. Bitkiler ihtiyaclarina gére 56 giin boyunca saf su ile sulanmis olup
blytme farkliliklarin olustugu déonemde yesil aksami hasat edilmistir.

Bitki Orneklerinde Yapilan Analizler

Yesil aksam toplam mineral besin elementleri (P, K, Ca, Mg, Na, Fe, Cu, Zn, Mn, B) belirlenmek
amaclyla mikrodalgada yas yakma yontemine gore, 0.2 g 6rnek lzerine 2 ml saf su, 2 ml H,0,
(%30’luk) ve 4 ml HNO; (%65°lik) iceren karisimla yakilmistir (CEM MARS, microwave Acceleration
Reaction System). Olciimler, ICP-OES (Inductively Coupled Plasma-Atomic Emmission Spectrometer;
Varian ICP-OES Vista Pro) cihazinda saptanmistir.

Bulgular ve Tartisma

Yesil Aksam Kuru Madde Verimi

Arastirmada yetistirilen, tuzlu (4000 mg NaCl kg™) kosullarda 3 farkli bentonit (%0, %5 ve %10) dozlari
altinda vyetistirilen ekmeklik (Vittorio) ve makarnalik (Cesare) bugday bitkilerinin yesil aksam kuru
madde agirliklari Tablo 2 de verilmistir.
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Tablo 2. Tuzlu Kosullarda Artan Dozlarda Bentonit Uygulamalarinin Ekmeklik ve Makarnalik Bugdayda
Yesil Aksam Kuru Madde Agirligi Uzerine Etkisi (mg bitki™)

Bentonit Uygulamasi Ekmeklik Bugday Makarnalik Bugday
%0 127 + 11 70 + 6
%5 132 + 4 126 +
% 10 150 + 12 95 + 3

Tuzlu kosullarda artan bentonit uygulamalari sonucunda ekmeklik ve makarnalik bugdaylarin kuru
madde veriminde farkliliklarin oldugu saptanmistir. Tuzlu toprakta artan bentonit dozlari altinda
yetistirilen ekmeklik bugday cesidinde yesil aksam kuru madde miktari kontrolde 127 mg bitki™ iken
Bentonit %5 ve %10 uygulamalarinda sirasi ile 132 ve 150 mg bitki™ arttigi belirlenmistir. Bu durum,
muhtemelen bentonitin artan dozlariyla yesil aksama daha fazla yararl iyonlarin tasindigi ve Na
aliminin azalmasiyla iliskilidir. Brohi vd. (1990) tarafindan yapilan arastirmada, kiregsiz kahverengi
orman topragina bentonit ve azot uygulanmasiyla misir bitkisinin yesil aksam kuru madde miktarinin
olumlu etkilendigi belirtilmistir. Yapilan diger bir arastirmada da benzer sonuglar bulunmus olup s6z
konusu arastirma, Dogu Uganda'daki kumlu topraklarda 2.5 t ha™ Ca-bentonit uygulamasinin tahil ve
baklagil bitkisinin verimi kontrol bitkileri ile karsilastirildiginda musir, dari, sorgum, ve yerfistiginin
veriminde sirasiyla % 11, %20, %14 ve %5 oranlarinda arttigi agiklanmistir (Semalulu vd., 2017).
Literatir bilgilerinden gorildigu gibi bentonit uygulamasinin kontrole goére bazi mineral elementleri
daha fazla tasiyarak kuru madde verimini artisina neden oldugunun acgiklanmasi tarafimizdan elde
edilen bulgularimizla benzer 6zellik gbstermektedir.

Tuzlu Kosullarda Artan Dozlarda Bentonit Uygulamalarinin Bugday Cesitlerinde Fosfor (P),
Potasyum (K), Kalsiyum (Ca) ve Magnezyum (Mg) Konsantrasyonlari Uzerine Etkisi

Deneme topragina 4000 mg NaCl kg™ uygulanmasiyla yaratilan tuzlu kosullarda bentonitin (%0, %5 ve
%10) dozlarinin uygulanmasi altinda vyetistirilen ekmeklik (Vittorio) ve makarnalik (Cesare)
bugdaylarin yesil aksam P, K, Ca ve Mg konsantrasyonlarinda kontrollerle (bentonit 0) kiyaslandiginda
onemli farkliliklarin oldugu saptanmistir (Tablo 3).

Tablo 3. Tuzlu Kosullarda Artan Dozlarda Bentonit Uygulamalarinin Ekmeklik ve Makarnalik Bugdayda
Yesil Aksam Makro Besin Elementleri Konsantrasyonu Uzerine Etkisi

Bentonit Uygulamalari

Cesit Besin Elementi

%0 %5 % 10
P, % 0.34 0.44 0.42
K, % 4.59 4.58 4.53

Ekmeklik Bugd '
mekiik Bugday Ca, % 0.63 0.60 0.59
Mg, % 0.18 0.16 0.14
P, % 037 0.47 0.40
K, % 2.91 3.08 2.92

Makarnalik Bugd '
axarnafi Bugcay Ca, % 0.82 0.73 0.73
Mg, % 0.13 0.12 0.11

Ekmeklik bugdayda kontrol uygulamasinda yesil aksam P konsantrasyonu %0.34 iken %5, ve %10
bentonit uygulamalarinda sirasi ile %0.44 ve %0.42 olarak bulunmustur. Benzer sonug makarnalik
bugday cesidinde de elde edilmistir. Buna gore, makarnalik bugdayda kontrol uygulamasinda yesil
aksam fosfor konsantrasyonu %0.37 olarak belirlenirken bentonit %5 ve %10 uygulamalarinda sirasi
ile %0.47 ve %0.40 olarak tespit edilmistir. Ekmeklik ve makarnalik bugdaylarda %5 bentonit
uygulamasinda en yiliksek P konsantrasyonu elde edildigi belirlenmistir. Yapilan ¢alisma sonucunda
ekmeklik bugdayda CdO uygulamasinda artan bentonit uygulamalari ile kontrole kiyaslandiginda
aralarinda ¢ok onemli farklarin olmamasina karsin makarnalik bugday olan Cesare cesidinde
kontrolde yesil aksam K konsantrasyonu %2.91’den %5 bentonit uygulamasi sonucunda %3.08
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dizeyine arttigl saptanmistir. Bu durum muhtemelen tuz zararindan etkilenen bitkilerde iyonlarin
serbest hale gelmesiyle bitkiler tarafindan daha fazla alinmasi olarak aciklanabilir. Bu bulguyu
destekleyen baska bir arastirmada, tuz stresinin olustugu ortamda birikmis bulunan NaCl
molekdillerinin iyonizasyona ugrar ve buna bagh olarak olusan CI" iyonlari pH’yr disiirmekte ve bu
duslise bagh olarak zar proteinlerinin hidrojen baglarinin kopmasiyla proteinlerden ve protein
pompalarindan K ve Ca gibi iyonlar da koparak ortama dagilmaktadir. Boylece, zarin zararlanmasi
oraninda ortamda serbest iyon konsantrasyonu artmakta ve bitkiler tarafindan alima hazir durumda
oldugu aciklanmustir (Oztiirk vd., 2003). Tuzlu kosullarda bitkilerde bazi elementler kontrole gére
artmasi veya azalmasi iyon dengesizliginden ileri gelmektedir. Yapilan arastirmada, tuzlu kosullarda
artan bentonit uygulamalari altinda yetistirilen Vittorio ekmeklik bugday cesidinde kontrole gore
azalmalarin oldugu bulunmustur. Buna goére, kontrol uygulamasinda yesil aksam Ca konsantrasyonu
%0.63 iken %5 ve %10 bentonit uygulamalarinda %0.60 ve %0.59 olarak saptanmistir. Ayrica, hem
ekmeklik hem de makarnalik bugday cesitlerinin Mg konsantrasyonlarinda énemli bir degisiklik
olmadigl da saptanmistir. Topraklarda tuzluluk yiksek diizeyde oldugunda bitki kdk sistemine zarar
gormekte ve boylece bitkiler tarafindan iyonlarin aliminda dengesizlikler olmaktadir. Bu arastirma
sonuglarinda gorildGgi gibi bentonit uygulamasinin hem %5 hem de %10 uygulamasinda yesil aksam
kontrole gore daha fazla P ve K tasinmasina karsilk Ca aliminda azalmalara neden oldugu
saptanmigtir.

Bentonit Uygulamalarinin Ekmeklik ve Makarnalik Bugday Cesitlerinde Sodyum (Na), Demir (Fe),
Bakir (Cu), Cinko (Zn) ve Mangan (Mn) Konsantrasyonlari Uzerine Etkisi

Tuzlu 4000 mg NaCl kg™ uygulandigi kosullarda 3 farkli bentonit (%0, %5 ve %10) dozlarinin
uygulanmasi altinda vyetistirilen ekmeklik (Vittorio) ve makarnalik (Cesare) bugdaylarin yesil aksam
Na, Fe, Cu, Zn ve Mn konsantrasyonlari kontrol ile karsilastirildiginda farkhhklarin oldugu
belirlenmistir (Tablo 4).

Tablo 4. Tuzlu Kosullarda Artan Dozlarda Bentonit Uygulamalarinin Ekmeklik ve Makarnalik
Bugdayda Yesil Aksam Mikro Besin Elementleri Konsantrasyonu Uzerine Etkisi

Bentonit Uygulamalari

Cesit Besin Elementi %0 %5 %10
Na, % 0.87 0.67 0.62

) . Fe, mg kg 66 71 73
Ekmeklik Bugday Cu, mg kg™ 6.63 7.85 7.87
Zn, mgkg™ 33 38 36

Mn, mg kg'1 155 72 63

Na, % 4.62 3.79 3.72

Fe, mg kg™ 58 61 61

Makarnalik Bugday Cu, mg kg™ 6.85 6.69 6.57
Zn, mg kg™ 43 39 32

Mn, mg kg™ 115 61 43

Yapilan galismada, tuzlu kosullarda ekmeklik bugdayda da kontrol uygulamasinda yesil aksam Na
konsantrasyonu %0.87 iken bentonitin %5 ve %10 uygulamalarinda sirasiyla %0.67 ve %0.62
olmustur. Benzer egilim Cesare makarnalik bugday c¢esidinde de kontrol uygulamasinda yesil aksam
Na konsantrasyonu %4.62 olarak belirlenirken bentonit %5 ve %10 uygulamalarinda sirasi ile %3.79
ve %3.72 olarak elde edilmistir. Arastirma sonuglarinda ekmeklik bugday ve makarnalik bugday
cesitlerinin Na biriktirme kapasitelerinin farkli oldugu saptanmistir. Makarnalik bugday cesidinin
ekmeklik bugday cesidine gore yaklasik 5.3 kat daha fazla Na biriktirdigi belirlenmistir. Denemede,
bugdaylarda yesil aksam Na birikmesine bagli olarak kuru madde verimi azalmasi ve iyon dengesizligi
olusturmustur. Buna gore, asiri Na biriktiren makarnalik bugdayda K konsantrasyonunda yaklasik
olarak 1.5 kat oraninda 6nemli azalma oldugu bulunmustur. Tuz stresinin bitkilerdeki genel etkisi,
dzellikle Na* ve CI” gibi iyonlarin toksik etkisi olup ilerleyen gelisme dénemlerinde bitkide besin
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aliminda ve tasinmasinda azalma veya toksisite olmasina neden olmaktadir (Dinler vd., 2021; Khan ve
Panda, 2008; Korkmaz vd., 2020; Marschner, 1995) bu etkinin sonucu olarak bitkinin vejetatif,
generatif verimini ve kalitesi olumsuz etkilenmektedir. Bu olumsuz etkiden kaynakli érnegin; tuz
stresinde bitkilerde asiri miktarlarda biriken Na, K’'un alimini engellemektedir (Atak vd., 2006; Parida
ve Das, 2005).

Denemede, artan bentonit dozlari uygulamalari sonucunda ekmeklik ve makarnalik bugdayda yesil
aksam demir konsantrasyonunda kontrole gore artislar olusturdugu saptanmistir. Denemede diger
onemli bir bulguda ekmeklik ve makarnalik bugdayda artan bentonit doz uygulamalariyla yesil aksam
Mn konsantrasyonunda kontrole gére 6nemli oranda azalmalar olusturmasidir. Buna gore; ekmeklik
bugday cesidinin kontrol uygulamasinda yesil aksam Mn konsantrasyonu 155 mg kg™ iken bentonit
%10 uygulanmasiyla 2.4 kat azalarak 63 mg kg™ oldugu saptanmistir. Benzer durum makarnalik
bugday cesidinde de en yiiksek doz olan %10 bentonit uygulanmasiyla kontrole gére 2.67 kat azaldigl
belirlenmistir. Bu sonuglardan da goriildUgi gibi tuz stresi altinda yetisen bitkilerde iyon dengesizligi
olabilmektedir. Tuzlu kosullarda bentonit uygulamalarinin tuz zararini dogrudan degil de dolayli
olarak hafiflettigi tespit edilmistir.

Sonug ve Oneriler

Kumlu topraklara bentonit ilavesi topraklarin su diizenini ve fiziksel 6zelliklerini iyilestirmektedir. Bu
calismada, tuzlu kosullarda artan dozlarda bentonit uygulanmasinin mineral besin elementleri
lizerine etki ettigi saptanmistir. Ozellikle hem ekmeklik hem de makarnalik bugdaylarin tuzluluktan
kaynakl Na iyonu alimlarinin farkh oldugu ve ekmeklik bugday gesidinin makarnalik bugday ¢esidine
kiyasla 5.3 kat daha az Na iyonu aldigi belirlenmistir. Bugday tuz stresine orta derecede dayanikli
oldugu bilinmekle beraber ekmeklik g¢esidin tuz stresine daha dayanikli oldugu tespit edilmistir.
Bentonit ve tuzluluk arasindaki iliski ise dolayh olarak artan bentonit uygulamalariyla Na aliminin
azalmasina bagl olarak bugdayda bliyiimede iyilesmeye neden oldugu saptanmistir.
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Bu calismanin amaci; Gemlik zeytin gesidinde sulama ile gigeklenme 6ncesi ve sonrasi donemlerde yapraktan
yapilan farkli glibre uygulamalarinin meyve agirligi, eni, boyu, indeksi (boy/en), et ve gekirdek agirliklari, et
orani {izerine etkilerini incelemektir. Calismada mineral (KNO;+H5B03+ZnS0O, ve Ure+MgS0,) ve organomineral
gubreler (Raykat Growth, Raykat Start ve Fitomare) kullaniimis, Kontrol agaglara su puskiartalmastir. Calisma
sonucunda, meyve agirligi bakimindan en yiksek deger ciceklenme 0Oncesi, sulama yapilan Fitomare
uygulamasinda 6.0 g, en dislik deger ise ciceklenme sonrasi sulama yapilmayan KNO;+H3;BO3+ZnSO, giibre
uygulamasinda 1.7 g olarak elde edilmistir. Sulama ile birlikte Ure+MgSO, giibre uygulamasinin meyve en
degerini 24.3 mm’ye, meyve boy degerini 39.7 mm’ye, et agirligini ise 3.4 g’a ulastirdigl tespit edilmistir.
Meyve et orani, sulama yapilan agaglarda %77, sulama yapilmayan agaclarda %65 olarak belirlenmistir.
Cekirdek agirliklari 0.8 g olarak saptanmis olup, incelenen faktorlerin gekirdek agirlig Gizerine etkisinin olmadigi
gorilmustir. Arastirmada incelenen gilibreler arasinda Raykat Growth ve Fitomare organomineral gibreler
sulamali ve sulamasiz kosullarda &n plana cikarken, bunlar sulamali kosulda Ure+MgSO, mineral giibre
izlemistir. Ozellikle meyve kalite kriterlerinden sofralik degerlendirme igin 6nemli olan tane agirligi bakimindan
sulama ile birlikte Ure+MgS0O, giibresi diger giibrelere gére daha etkin olmustur.

Anahtar Kelimeler: organomineral glibre, meyve irilik, kuraklik

Effects of Irrigation and Fertilization on Fruit Quality of Gemlik Olive Cultivar
Abstract

The objective of this study is to investigate the impact of irrigation and various fertilizer applications derived
from leaves during pre- and post-flowering periods on the fruit weight, width, length, index (height/width),
flesh and seed weights, as well as the flesh ratio in the Gemlik olive cultivar. In the study, mineral fertilizers
(KNO3+H3B0O3+ZnS0O,4 and Urea+MgSQ,) as well as organomineral fertilizers (Raykat Growth, Raykat Start, and
Fitomare) were applied. Meanwhile, control trees were subjected to water spray. According to the study
findings, the Fitomare application, which was irrigated before flowering, yielded the highest fruit weight value
of 6.0 g. On the other hand, the KNO3;+H3;B03;+ZnSO, fertilizer application, which was not irrigated after
flowering, resulted in the lowest fruit weight value of 1.7 g. The study revealed that the combined application
of Urea+MgS0O, fertilizer with irrigation had a significant impact. It increased in fruit width to 24.3 mm, fruit
height to 39.7 mm, and flesh weight to 3.4 g. Furthermore, the fruit-flesh ratio was found to be 77% in
irrigated trees compared to 65% in non-irrigated trees. The seed weights were found to be consistent at 0.8 g,
indicating that the examined factors had no significant effect on seed weight. In terms of fertilizers
investigated in the study, Raykat Growth and Fitomare organomineral fertilizers demonstrated prominence in
both irrigated and non-irrigated conditions, with Urea+MgS0O, mineral fertilizers also showing effectiveness in
irrigated conditions. Among the various fertilizers tested, Urea+MgSO, fertilizer combined with irrigation
demonstrated superior effectiveness in terms of fruit weight, which holds particular significance for table
evaluation, a key criterion for fruit quality assessment.

Keywords: organomineral fertilizer, fruit size, drought
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Giris
Zeytin, kurak ve sicak yazlarla karakterize edilen, tipik bir Akdeniz iklim bitkisidir. Diinya zeytin
Uretiminin  %90’lik kismini Akdeniz’e kiyisi olan lkeler gergeklestirmektedir. Zeytin, Akdeniz
mutfaginda ¢ok dnemli bir yere sahiptir. Son on yilda Tirkiye'nin zeytin agaci sayisi 90 milyondan 170
milyona ¢ikmistir. Covit-19 pandemisi, Ozellikle saglikh beslenmenin, bagisikhk sistemini glgli
tutmanin ve gida arzinin ne kadar 6nemli oldugunu, Glkelerin kendilerine yetebilecek gidalari Gretme
kapasitelerine sahip olmalari gerektigini ortaya koymustur.

Ulkemizde zeytin dikim alanlari, 2000 yilindan sonra devlet destegiyle yaklasik %20 oraninda artis
gostermistir. Oniimiizdeki yillarda da Tirkiye’de zeytin Uretim degerleri artis gosterecektir. Ancak
Ulkemizde zeytin yetistiriciligi yapilan alanlar yari kurak ve kurak bélgelerde olup, zeytinin gereksinim
duydugu donemlerde yeterli diizeyde yagis dismemektedir. Zeytin kurakhga dayanikli bir bitki
olmakla birlikte, kuraga toleransi; bolge, cesit, Uretim sistemleri, glibre uygulamalari, budama gibi
kosullara gore ¢ok degismektedir. Bu baglamda insan saghgi, gelir kaynagi ve cevre agisindan ¢ok
onemli olan yuzyilin bitkisi zeytinde ¢alismalar yiritmek hem bilimsel hem de pratik agidan ¢ok
blyik 6nem tasimaktadir.

Dinya zeytin Uretiminde genel olarak 4. sirada, Gretim alaninda 6. sirada yer alan Tirkiye, 6nemli
zeytin Ureticisi Ulkeler arasinda bulunmaktadir (FAO, 2023). Ulkemizde iretilen zeytinin %61’lik
bolimi zeytinyagina islenmekte, %39’luk béliimii ise sofralik olarak degerlendiriimektedir (TUIK,
2023). Uretim alanlarinin %30’unu sulanabilir, %70’ini ise kuru kosullara sahip bahceler
olusturmaktadir. Ote yandan zeytinin Tiirkiye’de ve Diinya’daki talebi hizla artmaktadir. Talebin
artmasinda insanlarin bilinglenmesi, saglikli beslenmeye yonelmesi ve zeytinyaginin tibbi nitelikleri,
tiiketiminin hizla artmasini saglamaktadir. Ozellikle gelismis olan (ilkelerde ve ilkemizde saglikli
beslenmeyle birlikte zeytine ve zeytinyagina talebin artmasiyla yeni tretim alanlari devreye girmistir.
Turkiye’de Akdeniz kiyilarinda yogun olarak yetistiriciligi yapilan zeytinin, gtibre kullanimiyla birlikte
birim alana disen verimi artmistir. Sofralik zeytinde kalite kriterleri; goriints, renk, acilik, meyve
etinin ¢ekirdege orani, uygun yag orani, seker miktari, meyve sertligi, meyve etinin ¢ekirdekten kolay
ayrilmasi ve meyve kabugu elastikiyeti olarak siralanabilmektedir (Gingor, 2010; Marsilio, 2002;
Tetik, 2005). Sofralik zeytinde kaliteye etki yapan faktorlerin basinda hammadde olarak zeytin
meyvesi gelmektedir. Bunun disinda isletmenin yapisi, zeytinin islenmesi, depolama, ambalajlama ve
piyasa kosullari gibi faktérler siralanabilmektedir. lyi bir hammadde temin edebilmek icin zeytin
tariminin ¢ok iyi yapilmasi vurgulanmaktadir. Baska bir deyimle, yetistiriciligi yapilan zeytin gesidine
uygun glbreleme, sulama, terbiye ve budama, hasat sekli, toprak isleme, kisaca hasat zamanina
kadar tim islemler iyi bir hammadde teminine etki yapmaktadir (Pastor ve Cobo, 1997). Sofralik
zeytinde kaliteyi etkileyen faktorlerin basinda goriiniis gelmektedir. Zeytinlerin meyve buydklikleri
homojen olmalidir. Sofralik zeytin cesitleri etli ve 6zellikle et ¢cekirdek orani yiiksek olmahdir. Meyve
eti dislik ya da orta seviyelerde yag (ortalama %20) ve uygun miktarda seker icermelidir.

Zeytin agaci, ihtiya¢c duydugu toprak suyunun dislik oldugu seviyelerde olmasi halinde hayatini
devam ettirmekle birlikte sulanmasi halinde; vejetatif biylime, tomurcuk sayisi ve ciceklenme,
ylksek oranda meyve baglama, iri meyve elde etme ile agac¢ basina verim ve daha fazla yag lretimi
gerceklestirmektedir (Michelakis, 2000). Ozkaya (2004), ise Gemlik zeytin cesidine farkli dénemlerde
uyguladigi bazi yaprak gilibrelerinin meyve verim ve kalitesi Gzerine etkilerini arastirmistir. S6z konusu
calismada gubreler; c¢iceklenme oncesi (Subat sonu veya Mart basi), meyveler mercimek
biyilkluginde (Mayis sonu veya Haziran basi), tohum sertlesme safhasinda (Hasat 6ncesinde) olmak
Gzere 3 donemde uygulanmistir. Cicek ve meyve hedeflenerek iki farkli multimineral yaprak giibresi
(10-33-21+1.8 B ve 8-16-40 multimineral), yapistirici olarak da Fertivant kullaniimistir. Ozellikle
ciceklenme oncesi %1’lik dozun etkili oldugu, hatta %1.8 diizeyinde bor bulunduran giibrenin
ciceklenmenin artmasina daha fazla etki yaptigi goriilmistir. Ayrica ¢iceklenme sonrasi potasyumun
meyve kalitesinde etkili oldugu gézlenmistir. Baska bir calismada Sofo vd. (2007), zeytin ve diger bitki
trlerinin kuraga dayanikhhgi ile ilgili yaptiklari calismalarda, zeytinin diger bitki tirlerine gére kuraga
farklh uyum mekanizmasi gelistirdigini ve diger bitki tirlerine gore daha yliksek bir toleransa sahip
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oldugunu belirtmislerdir. Ayvalik ve Gemlik zeytin ¢esitlerinin farkli sulama kosullarindaki morfolojik
tepkilerini inceleyen Kaya (2012), Ayvalik ¢esidinin kurakliga dayaniminin Gemlik ¢esidine gore daha
fazla oldugu bulmustur. Yapilan sulama uygulamalarinda, su miktari diistiikce Gemlik gesidinin daha
duyarh hale geldigi goriilmustir. Bu durumda, Ayvalik ¢esidinin sulama ile ilgili sikintilarin daha fazla
oldugu vyerlerde yaglik olarak yetistirilmesi tavsiye edilirken, sulama ile ilgili olanaklarin olmadigi
arazilerde, genellikle sofralik olarak yetistirilen Gemlik gesidinin 6nerilmemesi gerektigine dikkat
cekilmistir. Merken ve vd. (2012), baglarda organomineral giibrelerin, kalite kriterleri ve verime olan
etkisini arastirmislar ve iki yil siiren calisma sonucunda; organomineral glibre uygulamalarinda salkim
agirhgr ve sayisi, verim, tane agirlig ve suda ¢oziinir toplam kuru madde verilerinde artis oldugunu
bulmuslardir. Ote yandan Giinay (2014), aygicegi bitkisine farkli dozlarda organomineral ve mineral
glbreleri uyguladigi ¢alismasinda, verim ve kalite 6zellikleri ile birlikte bitkilerde besin elementi
iceriklerini incelemistir. Calisma sonucunda; tane verimi, bin tane agirligi, tabla capi ve agirhg, bitki
boyu, sap kalinligi verilerinde 06zellikle organomineral gilibre uygulamalarinda artis oldugu
gorilmastir. Yine ayciceginde verim Uzerine farkli glibrelerden Hexaferm 6-10-10 adli organomineral
glbrenin 6n plana ¢iktigl rapor edilmistir (Stizer ve Culhaci, 2016).

Gundesli (2016), iki yil siureyle Gemlik cesidine yapraktan farkli dozlarda bor uygulayarak meyve
tutma dizeylerini incelemistir. Bitkilere ilkbaharda ciceklenme baslamadan (¢ hafta 6nce yapraktan
g farkh dozda bor uygulanmasinin (250 ppm, 500 ppm, 750 ppm), meyve tutma oraninda kontrole
gore artis sagladigl, somak sayisi ile gigek verimliliginin %50 oraninda arttig rapor edilmistir.
Uygulama yapilan 250 ppm ve 500 ppm bor dozlarinin kontrole gore verimde yiiksek oranlarda artis
sagladigina da dikkat ¢ekilmistir.

Suizer ve Culhaci (2017), kuru tarla kosullarinda, farkli organomineral glibreler ile ¢iftci uygulamasi
olan inorganik kompoze giibrelerin ekmeklik bugdayda verim Uzerine etkilerini incelemislerdir. Sonug
olarak, kuru kosullarda yetistirilen kislik ekmeklik bugdayda birim alandan en yiiksek tane verimi elde
etmek icin tabana organomineral gibrenin, Ustten ise inorganik gilibrenin orantili bir sekilde
uygulanmasi tavsiye edilmistir. Benzer sekilde yine bugdayda, kimyasal ve organomineral glibre
uygulamalarinin verim ve kalite kriterleri (izerine etkilerinin karsilastirildigi baska bir ¢alisma
sonucunda, en yliksek tane verimi igin 16-15+OM ile %26 Azot+OM igerikli organomineral glibrelerin
birlikte uygulanmasi gerektigi bildirilmistir (Atici, 2020).

Sogan yetistiriciliginde organomineral (OMG) ve mineral gibrelerin (MG) 6 farkli kombinasyonunun
verim ve kalite Uzerine etkilerini arastiran Das (2020), organomineral glbrelerin, mineral gibrelerle
kombine edilerek uygulanmasinin bas sogan yetistiriciliginde verim, kalite ve bitki besleme Uzerine
olumlu etkiler yaptigini gézlemlemistir. Ayrica organomineral ve mineral glibrenin esit diizeyde
uygulandigi kombinasyonunun (OMG %50 + MG %50), tek basina mineral giibre uygulamasina gore
daha basarili sonuglar verdigine de dikkat cekilmistir.

Ataman (2021), Kilis ilinde yetistirilen Kilis Yaglik, Saurani, Arbequina ve Gemlik zeytin cesitlerinden
farkh hasat zamanlarinda aldigi meyve orneklerinde yaptigl analizlerde, tane 6zellikleri ve yag orani
acisindan farkhliklar oldugunu ortaya koymustur. Genel olarak Ekim ayindan Aralik ayina dogru
Olcilen parametrelerde artislar oldugu, bunun da nedeninin metrekareye dlisen yagislarin
artmasindan kaynaklandigi rapor edilmistir. Baska bir deyimle tanelerin irilestigi, yag miktarinin arttig
bildirilmistir. Denemedeki en kiigiik meyveleri Arbequina, en blylk meyveleri ise Saurani gesitlerinin
Urettikleri tespit edilmistir. Temmuz ayindan itibaren birer ay aralarla bes farkh fizyolojik donemde
hasat edilen Cekiste, Memecik, Yamalak sarisi, Esek zeytini ve Gemlik zeytin gesitlerine ait
meyvelerde incelemeler yapan Gillcemal (2021), calismasinda; meyve eni ve boyu, ¢ekirdek eni ve
boyu, toplam meyve agirlig, meyve et agirhgi, cekirdek agirligi, meyve et/cekirdek orani, meyve et
sertligi, meyve nem igerigi ile yag orani, serbest yag asitleri icerigi, protein icerigi, serbest aminoasit
miktari, toplam fenolik ve flavonoid madde igerigi, klorofil ve karatenoid miktarlari, tokoferol,
¢Oziinebilir ve indirgen seker miktarlarini belirlemistir. Arastirmaci Temmuz ayindan Kasim ayina
dogru incelenen bazi parametrelerde 6nemli diizeyde fark yaratacak sekilde artislar olduguna dikkat
cekmistir. Bu baglamda meyve ve ¢ekirdek boyutlarinda artislar oldugu, meyve et sertligi ile meyve
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nem iceriginde azalmalar gorildigi bildirilmistir. Yag oranlarinda artis, ¢ozlinebilir seker, indirgen
seker, toplam ¢ozilinebilir protein ve klorofil miktarlarinda azalis tespit edilmistir.

Sari (2021), Guney Ege Bolgesi’'nde dokuz ilcedeki bahceden (Cine, Kogarl, Soke, Bayindir, Milas,
Fethiye, Bordum, Torbali, Selcuk) aldigi, Memecik zeytin cesidine ait 6rneklerde yaptigi pomolojik
analizlerde; en iri meyvelerin Bayindir ve Cine, en kiiglik meyvelerin ise Kogarli ve Fethiye ilgelerinde
oldugunu bildirmistir.

Turan (2022), Kilis Yaghk zeytin cesidinde boncuklanmanin meyve yag orani ve kalitesi Uzerine
etkilerini, Kilis merkez (Ekrem Cetin, Kiipllice ve Sogitlidere) ve ilgelerinde (Elbeyli, Musabeyli ve
Polateli) belirlenen alti farkli lokasyonda yiratmuastir. Calismada agaglarin boncuklanma durumu,
yaprak boyutu, somak agirligi, somaklardaki meyve agirligi, meyvesiz somak agirligi, boncuklu meyve
agirhg, boncuklu meyve orani ve sayisi, kuzey ve giiney yoéndeki meyve sayisi, meyve eni, boyu ve
agirhg belirlenmistir. Ayrica, bahgelerden tek hasatta alinan zeytinlerden elde edilen zeytinyaglarinin
yag orani, serbest asitlik derecesi ve yag asitleri kompozisyonlari incelenmistir. Sonug¢ olarak;
fizyolojik bir olay olan boncuklanmanin gcevre kosullarindan etkilendigi, yag kalitesi lizerinde olumsuz
etkisinin bulunmadigi, ancak kiiclik meyve olusumu nedeniyle tane veriminin azaldigi belirlenmistir.

Kémirca (2022), Ayvalik zeytin cesidinde yavas salinimli glibre uygulamalarinin meyve verim ve kalite
ozellikleri Gizerine etkileri konusundaki calismasinda, aga¢ basina verimin kontrol grubunda 32.30 kg
oldugunu bildirmistir. Uygulama dozlari agac¢ basina verime etki yapmis olup, en yiksek verim 48.33
kg ile 500 g dozundan elde edilmistir. Meyve agirhigi kontrol grubunda 3.14 g olarak gerceklesirken,
500 g dozunda 4.15 g olarak tespit edilmistir.

Sahin (2023), Canakkale’nin Eceabat ilgesinde yetistiriciligi yapilan Arbequina, Ayvalik ve Gemlik
zeytin gesitlerinin pomolojik ozellikleri ile zeytinyaglarinda bazi biyokimyasal 6zellikleri belirledigi
calismasinda, zeytinleri Ekim ayinda hasat etmistir. S0z konusu zeytin meyvelerinde; meyve eni,
boyu, agirhgi, cekirdek eni ve agirligi, olgunlasma indeksi, meyve/et orani, meyve indeksi analizleri
yapimistir. Zeytin meyvelerinden elde edilen yaglarda ise peroksit degeri, toplam polifenol icerigi,
ultraviyolede 6zglil absorbans, kirilma indisi, serbest yag asitleri icerigi, iyot degeri, yag asidi metil
esterlerinin bilesimi gibi analizler gergeklestirilmistir. Calisma sonucunda, peroksit degeri, toplam
fenol degerleri, UV absorbans degerleri, kirilma indisi, serbest asitlik ve iyot sayisi degerlerinin Tirk
Gida Kodeksi ve pirina yagl tebliginde natiirel sizma zeytinyaglari i¢in olmasi gereken degerlere
uygunluk gosterdigi gortulmastir.

Bu calismanin yaratildigd Osmaniye, zeytin dikili alanlarinin en hizli gelistigi illerden birisidir.
Osmaniye ilinde zeytin Uretimi ve alani bakimindan Merkez, Kadirli ve Duzici ilceleri 6n plana
cikmaktadir. Osmaniye ilinin Diizigi ilcesinde zeytin tariminda 6nemli atiimlar gerceklesmektedir.

Bu calisma, Ulkemizde yetistiriciligi yaygin olarak yapilan Gemlik zeytin ¢esidinde, Osmaniye ili Diizigi
ilcesi’'nde rakimi 400 m olan cift¢i bahcesinde gerceklestirilmistir. Deneme, sulanan ve sulanmayan
kosullarda yetistirilen Gemlik zeytin cesidine, ciceklenme Oncesi ve sonrasi donemlerde yapraktan
yapilan farkli mineral ve organomineral glbre uygulamalarinin 0zellikle sofralik zeytin
yetistiriciliginde 6n plana cikan bazi meyve kalite kriterleri (izerine etkilerini belirlemek amaciyla
2019-2020 yih yetistirme sezonunda yurttilmastir.

Materyal ve Yontem

Bu calisma, 2019-2020 yetistirme sezonunda, Osmaniye ili Dlzigi ilgesi Yeniceharuniye mahallesinde,
deniz seviyesinden yiksekligi 400 m, koordinatlari 36028 N — 37016’ E olan ¢iftciye ait bir zeytin
bahcesinde yiiriitilmustir. Pomolojik analizler Cukurova Universitesi Ziraat Fakiiltesi Bahce Bitkileri
Bolimi laboratuvarinda yapilmistir.

Denemede, bitkisel materyal olarak dikim araligi 6x6 m olan 13 yasindaki Gemlik zeytin cesidi
kullanilmistir. Denemenin vyurataldiglt bahcede zeytin agacglari 2018 vyilinda hasattan sonra
budanmistir. Bahgede hastalik ve zararlilara karsi talimatlara uygun bir sekilde miicadele yapilmistir.
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Calismada sulanan ve sulanmayan agaclara, ciceklenme 6ncesi ve sonrasi donemlerde, yapraktan 5
farkli giibre (Ure+MgSO,, KNO3;+H;BO5+ZnSO, ile yeni organomineral giibrelerden ticari isimleri
Raykat Start-300cc/100lt su, Raykat Growth-300cc/100It su ve Fitomare-300cc/100lt su) ile Kontrol
(su) uygulamasi yapilmistir. Uygulamalar 3 tekerrirli ve her tekerriirde 1 aga¢ olacak sekilde
dizenlenmistir. Denemede toplam 72 agac kullaniimistir. Sulanan ve sulanmayan parseller arasinda
izolasyona dikkat edilmistir.

Materyal

Denemede bitkisel materyal olarak, Osmaniye ilinde en fazla yetistiriciligi yapilan “Gemlik” zeytin
cesidi kullanilmistir. Cesidin meyveleri orta bilylklikte olup, yuvarlaga yakin silindiriktir. Erken yasta
meyveye yatan bu cesidin verimi ylksek ve diizenlidir. Siyah sofralik olarak degerlendirilen en 6nemli
gesittir. Bu cesidin yiiksek adaptasyon yetenegi ve diizenli liriin vermesi nedeniyle Ulkemizdeki genis
bir yayilma alanina sahiptir.

Deneme bahcesinde her agaca taban glbresi olarak 750 g 18:46:0 DAP glibresi (%18 azot, %46 fosfor)
verilmistir. S6z konusu glbreleme cift¢i tarafindan yapilan rutin bir uygulama olup, bahgeden
uygulama oOncesi alinan yaprak orneklerinde c¢ok az disilik seviyedeki bor elementi disinda biitlin
makro ve mikro besin elementlerinin yeterli olmasi bahcenin oldukca bakimh bir bahce oldugunu
gostermistir. Bu nedenle calismada yenilik olarak agaclara farkli mineral ve organomineral sivi
glbreler giceklenmeden Once veya sonra tek doz olmak lzere bir defa yapraktan uygulanmistir.
Kontrol agaclara sadece su puskiirtilmustar.

Denemede organomineral glibre uygulamalari olarak, Atlantica Agricola firmasina ait NPK’li sivi 3
adet organomineral glibre firmanin ciftci icin 6nerdigi talimata gére 300cc/100It su olacak sekilde;
URE+MgSO, uygulamasi, treden %0.5’lik, magnezyum siilfattan %0.5’lik dozlar karistirilarak; KNO; +
H3BO; + ZnSO, uygulamasi ise, her (g glibrenin %0.5’lik dozlari karistirilarak yapraktan uygulanmistir.

Organomineral giibrelere ait bilgiler asagida sunulmustur.

Raykat Start iceriginde; serbest amino asitler % 4, mannitol % 0.1, toplam azot (N) % 6, nitrik azot (N)
% 4.3, organik azot (N) % 0.9, amonyum azotu (N) % 0.8, fosfor pentaoksit (P,0s) suda ¢ozliniir % 4.0,
potasyum oksit (K,O) suda ¢ozlinlir % 3, demir (Fe) EDDHA % 0.1, bor (B) suda ¢ozlinlr % 0.03, ginko
(Zn) EDTA % 0.02 bulunmaktadir.

Raykat Growth igeriginde; serbest amino asitler %4, mannitol %0.1, toplam azot (N) %6, nitrik azot
(N) %4.3, organik azot (N) %0.9, amonyum azotu (N) %0.8, fosfor pentoksit (P,0s) suda ¢6ziiniir %4.0,
potasyum oksit (K,0) suda ¢oziiniir % 3, demir (Fe) EDDHA %0.1, bor (B) suda ¢oziiniir %0.03, ¢inko
(Zn) EDTA %0.02 , molibden (Mo) suda ¢ozlinlir %0.01, manganez (Mn) EDTA %0.07, bakir (Cu) EDTA
%0.01 bulunmaktadir.

Fitomare igeriginde; mannitol %0.5, serbest amino asitler %2, toplam azot (N) %5.5, organik Azot (N)
%0.4, nitrik (N) azot %2.3, amonyak (N) azot %2.8, fosfor pentaoksid (P,0s ) suda ¢6zlinir %3, suda
¢Ozlnilr potasyum oksit (K,0) %3.5, suda ¢ozlinir bor (B) %0.35, suda ¢6ziinlir molibden (Mo) %0.2
bulunmaktadir.

Metot

Sulama Uygulamalari: Denemede toplam 72 agac¢ kullaniimistir. Denemede kullanilan zeytin
agaclarinin yarisi sulanip yarisi sulanmamistir.

Sulama yapilan uygulamalarda 36 agaca damlama sulama sistemi kullanilarak; Agustos ayi sonu, Eyll
ay! ortasi ve Ekim ayi basinda olmak lzere 3 kez sulama yapilmistir. Bu uygulamalarin zamanlari ve
sureleri giftcinin 6nceki tecriibelerine goére gerceklestirilmistir.

Sulama yapilmayan uygulamalarda ise 36 agaca sadece yetistirme sezonu boyunca gerceklesen
yagislar dikkate alinmistir. “Osmaniye Meteoroloji Miidiirligi Diizigi iklim istasyonu’nun 2019 ve
2020 yili kayitlarina gore; 2019 yilinda en dusuk sicaklik Ocak ayinda -1.5°C, en yuiksek sicaklik Mayis
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ayinda 38.1°C, ortalama sicaklik 18.65°C, toplam yagis miktari 842.2 mm, ortalama nispi nem %61.8
olarak tespit edilmistir. 2020 yilinda en diisiik sicaklik Subat ayinda -5.6°C, en yiiksek sicaklik Eyliil
ayinda 43.4°C, ortalama sicaklik 18.87°C, toplam yagis miktari 613.1 mm, ortalama nispi nem %60.4
olarak dlgtilmustiir. Ozellikle agaclarin suya ihtiyac duydugu yaz aylarindaki (Haziran-Eyliil) yagislarin
¢ok az olmasi bu kosullardaki agaglarin sulanmayan ve neredeyse kurak kosullarda yetistiriciligi
yansittigi dislinilmektedir.

Yapraktan yapilan glbre uygulamalarinda Ferti-Vant organik igerikli yayici yapistirici kullaniimigtir.
Kontrol ve glibre uygulamalari, giceklenme 6ncesi 14 Mart 2020 tarihinde ya da gigeklenme sonrasi
22 Mayis 2020 tarihinde tek doz olmak lizere sabah saatlerinde, otomatik sirt pompasi kullanilarak
yapilmistir.

incelenen Parametreler

Her tekerriirde 50 adet zeytin meyvesinin 0.05 grama duyarli terazide tek tek tartilmasiyla meyve
agirhg (g); meyvenin orta eksendeki en genis mesafeden dijital kumpas ile meyve eni (mm);
meyvenin stil ucu ile meyve sapi arasindaki mesafeden dijital kumpas ile meyve boyu (mm); meyve
boy degerlerinin meyve en degerlerine bdlinmesiyle meyve indeksi; meyvenin c¢ekirdekleri
¢ikarildiktan sonra meyve etinin 0.05 grama duyarli terazide tartilmasiyla meyve et agirligi (g);
meyvenin ¢ekirdeklerinin 0.05 grama duyarl terazide tartilmasi ¢ekirdek agirligi (g) ol¢lilmis olup,
meyve et agirhiginin tim meyve agirligina béliinmesiyle de meyve et orani (%) hesaplanmistir.

Calismada; sulama, giibreleme ve uygulama zamani olmak (izere (g faktor incelenmis olup, “Tesaduf
Bloklarinda Faktoriyel Diizen” deneme desenine gore 3 tekerrirli her tekerriirde 1 agac olacak
sekilde kurulmustur. Toplamda 72 agac¢ kullaniimistir. Analizlerde her tekerriirde 50 adet meyve
kullanilmistir. Calismada elde edilen verilere JMP istatistik paket programi kullanilarak varyans analizi
uygulanmis ve farkhlarin saptanmasinda LSD testinden yararlanilmistir. Hesapla bulunan ylzde
degerler birbirlerine yakin oldugundan agi transformasyonu uygulanmadan varyans analizi
yapilmistir.

Bulgular ve Tartisma

Dizici'nde sulama yapilan ve yapilmayan kosullarda yetistirilen Gemlik zeytin cesidine, ciceklenme
Oncesi ve sonrasi donemlerde, yapraktan yapilan farkli mineral ve organomineral sivi glibrelerin
meyve kalite Ozellikleri Gzerine etkilerinin arastirildig ¢calismadan elde edilen sonuglar, asagida alt
basliklar ve tablolar halinde sunulmus ve tartisiimistir.

Meyve Agirligi (g)

Sulama ile farkli dénemlerde giibre uygulamalarinin Gemlik zeytin ¢esidinde meyve agirlik degerleri
Tablo 1'de verilmistir. Meyve agirlik degeri Uzerine sulamanin etkisi istatistiksel olarak Gnemli
bulunurken, farkl giibre uygulamalarinin ve giibrelerin uygulanma donemlerinin teksel etkileri ile
bltlan faktorlerin ikili ve Gglt interaksiyonlari arasindaki farklar 6nemsiz olmustur.

Deneme kapsaminda incelenen Gemlik zeytin cesidinin meyve agirlik degerleri sulama yapilan
kosullarda ortalama 3.9 g iken, sulama yapilmayan agaclardan ortalama olarak 2.4 g agirhginda
meyveler derilmistir. Sulama yapilan agaclarin meyve agirligl, sulanmayan kosullarda vyetistirilen
agaglara gore % 62.5 daha fazla olmustur. Bu sonuglar Gemlik zeytin gesidinde sulamanin meyve
agirhg Gzerine 1.62 kattan fazla olumlu etki yaptigini géstermistir.

En yiiksek meyve agirlik degeri 3.7 g olarak Ure+MgSO, ile Fitomare giibre uygulamalarindan elde
edilmistir. Bu uygulamalari Raykat Start (2.9 g), Raykat Growth (2.9 g), Kontrol (2.9 g) ve
KNOs+H3BO3+ZnS0O, (2.8 g) uygulamalari izlemistir. Yapraktan yapilan gibre uygulamalarinin en
yuksek ve en dislik degeri arasindaki fark 0.9 g olmustur.

Glibre Uygulamasi X Sulama etkilesiminde, en agir meyveleri (4.9 g), sulama yapilan Fitomare
organomineral giibre saglamistir. S6z konusu uygulamayi sulama yapilan Ure+MgSO, (4.2 g)
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izlemistir. En dastk deger (1.9 g) sulama yapilmayan Kontrol grubundan elde edilmistir. Glbre
uygulamasi sulama ile birlikte 3.4 g ile 4.9 g agirhginda zeytin meyvelerinin olugsmasini saglamistir.
Sulanmayan kosullarda Ure+MgSO, giibresi, 3.3 g agirhginda zeytin meyveleri {iretirken, sulanmayan
ve glbre verilmeyen Kontrol uygulamasina (1.9 g) gbére meyve iriligini iki kata (1.73 kat) yakin
arttirmigstir.

Tablo 1. Sulanan ve Sulanmayan Kosullarda Yetistirilen Gemlik Zeytin Cesidine, Ciceklenme Oncesi ve
Sonrasi Donemlerde Yapraktan Yapilan Glbre Uygulamalarinin Meyve Agirlik Degerleri (g)

Uygulama Sulama . . Uygulama
Uygulama Dénemi Var Yok Uyg x Uyg Donemi Ort.
C. Oncesi 4.4 1.9 3.1
Kontrol 2.
ontro C. Sonrasi 35 1.9 2.7 9
Uyg x Sulama 3.9 1.9
- C. Oncesi 4.4 4.3 4.4
Ure+ MgS0. C. Sonrasi 4.0 2.2 3.1 3.7
Uyg x Sulama 4.2 33
KNOs+ C. Oncesi 34 2.2 2.8 )8
H;B03+ZnS0O, C. Sonrasi 3.8 1.7 2.8 '
Uyg x Sulama 3.6 2.0
C. Oncesi 3.6 2.4 3.0
Rayk 2.
aykat Start C. Sonrasi 3.4 2.4 2.9 9
Uyg x Sulama 3.5 2.4
C. Oncesi 3.8 2.4 3.1
Rayk h 2.
aykat Growt C. Sonrasi 3.0 25 2.7 9
Uyg x Sulama 3.4 2.4
. C. Oncesi 6.0 2.4 4.2
Fitomare C. Sonrasi 38 2.7 33 3.7
Uyg x Sulama 4.9 2.5
Sulama Ort. 39A 248B
LSDyyiama**** : 0.47 LSDgsnem : O.D. LSDsuixdsn : 0.D.  LSDye: O.D
LSDyyexdsn  : O.D. LSDyygxsul : 0.D LSDyygxdsnsul : O-D.

Ortalamalar arasindaki farklar ayri harflerle gésterilmistir.
0.D.: Onemli Degil, ***: P<0,001; **: P<0,01; * : P<0,05.

Gubre Uygulamasi X Donem etkilesiminde, en yiiksek meyve agirliklarini, ciceklenme oncesi
Ure+MgSO, uygulamasi 4.4 g olarak verirken, Fitomare organomineral giibre 4.2 g agirliginda
meyvelerin elde edilmesini saglamistir. En distk deger 2.7 g olarak ciceklenme sonrasi Kontrol ve
Raykat Growth uygulamalarindan alinmustir.

Denemedeki en agir meyveler, ¢iceklenme oncesi sulama yapilan Fitomare uygulamasinda 6.0 g; en
hafif meyveler ise ¢iceklenme sonrasi sulama yapilmayan KNO3;+H3BO3+ZnSO, glibre uygulamasinda
1.7 g olarak elde edilmistir. S6z konusu iki deger arasinda 4.3 g’lik bir fark vardir.

Denemede, meyve agirliginda meydana gelen farkliigin temel nedeninin sulama oldugu goézlenmistir.
Ancak sulamanin Fitomare organomineral giibre uygulamasi ile birlikte daha etkin oldugu, sulama
yapilmayan kosullarda ise Ure+MgSO, giibresinin diger uygulamalardan daha agir meyvelerin elde
edilmesini sagladigl gozlenmistir. Zeytinlerde meyvenin tane iriligi, ceside, agacin yasina, agacin
bulundugu boélgenin iklim ve cografi kosullarina, yapilan tarimsal uygulamalara ve periyodisite
gosterip gbstermemesine goére degisebilmektedir (Kiritsakis ve Markakis, 1988). Candzer (1991),
izmir'de yirittigt calismasinda, deneme kapsaminda inceledigi zeytin cesitlerinin meyve
agirhklarinin 1.76-7.50 g arasinda degistigini, Gemlik ¢esidinde ise bu degeri 3.72 g olarak ol¢tugiini
bildirmistir. Yapilan bu calismada s6z konusu degere sulama kosullarinda ulasilabilmistir. Patumi vd.
(2002), zeytinde yaptigi calismada olgunlasmayla birlikte su iceriginin artmasina bagh olarak meyve
boyunda ve agirliginda artislarin basladigini tespit etmislerdir. Ekinci (2010), Domat, Ayvalik, Gemlik
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ve Memecik, GOokceada zeytin cesitlerinin meyve agirliklarinin en yilksek 9.75 g olarak Domat
cesidinde oldugunu ve bu degeri sirasiyla Gemlik (5.40 g), Ayvalik (4.87 g) ve Memecik (4.80 g)
cesitlerinin izledigini rapor etmistir. Ekinci (2010)’'nin Gemlik gesidine ait sonuglari, giceklenme dncesi
sulama yapilan Fitomare uygulamasindan elde edilen degere yakin seyretmistir. Kutlu vd. (2011),
Gemlik gesidinde yaptiklari ¢alismada, meyve agirlik degerlerini 2006 yilinda 4.31-4.66 g, 2007 yilinda
ise 2.17-3.31 g olarak bulmuslardir. Sar1 (2021), Memecik zeytin ¢esidinde meyve agirlik degerlerinin
birinci deneme yilinda 2.48 g (Cine ilgesi) ile 6.13 g (Selguk ilgesi), ikinci deneme yilinda 2.85 g (Kogarli
ilcesi) ile 5.78 g (Bayindir ilgesi) arasinda degistigini tespit etmistir. Bu ¢alismalar meyve agirlk
degerlerinin yillara ve lokasyonlara gore 6nemli diizeyde degisebildigini acikca gostermektedir. Bu
gorils Kiritsakis ve Markakis (1988) tarafindan daha 6nce de bildirilmistir. Berk (2019), farkli zeytin
cesitleriyle yaptig calismada Gemlik cesidinin meyve agirlik degerini 4.49 g olarak belirlemistir.
Ataman (2021), Kilis ilinde yetistirilen farkli zeytin cesitlerinin meyve agirlik degerlerinin 2.21-9.04 g
arasinda dagihm gosterdigini, Aralik ayinda Gemlik ¢esidinde bu degeri 7.53 g olarak ol¢tiglini
bildirmistir. Glilcemal (2021), Gemlik zeytin ¢esidinde meyve agirhigini Temmuz ayinda 2.57 g, Kasim
ayinda 3.75 g olarak belirlemistir. Sahin (2023), Canakkale’nin Eceabat ilgesinde Gemlik ¢esidinin
meyve agirligini 4.73 g olarak belirlemistir. S6z konusu degerlere Osmaniye/Duzi¢i kosullarinda
tamamlanan bu ¢alismada sulama yapilan Fitomare ve Ure+MgSO, giibre uygulamalar ile ulasiimistir.
Daha 6nce yapilan calismalar ile yapilan bu calismadan elde edilen sonuglar birbirlerine yakin
seyretmis olup, sulamayla zeytinde meyve agirhiginin O6nemli O6lclide arttig, bazi glibre
uygulamalarinin iriligin artmasina daha da fazla katki sagladigi gosterilmistir.

Meyve Eni (mm)

Gemlik zeytin gesidinde sulama ile farkli ddnemlerde glibre uygulamalarinin meyve en degerleri Tablo
2’de verilmistir. Meyve en degeri lzerine deneme kapsaminda incelenen 3 faktériin hem basit hem
de ikili ve Ugll interaksiyonlari arasindaki farklar istatistiksel olarak Gnemsiz bulunmustur.

Tablo 2. Sulanan ve Sulanmayan Kosullarda Yetistirilen Gemlik Zeytin Cesidine, Cigeklenme Oncesi ve
Sonrasi Donemlerde Yapraktan Yapilan Glbre Uygulamalarinin Meyve En Degerleri (mm)

Sulama

Uygulama Uygulama Donemi Var Yok Uyg x Uyg Donemi Uygulama
C. Oncesi 17.7 12.6 15.1
K | 14.
ontro C. Sonrasi 16.1 13.1 14.6 9
Uyg x Sulama 16.9 12.8
. C. Oncesi 31.2 14.0 22.6
Ure+ MgSO, C. Sonrasi 17.5 13.6 15.5 191
Uyg x Sulama 24.3 13.8
C. Oncesi 16.1 13.8 14.9
KN H3B Z 14.
O3t HiBOs#ZnS04 - ooy 16.7 12.6 14.7 8
Uyg x Sulama 16.4 13.2
C. Oncesi 16.2 14.3 15.3
Raykat Start C. Sonrasi 16.4 14.1 15.2 15.2
Uyg x Sulama 16.3 14.2
C. Oncesi 30.0 14.3 22.2
Raykat Growth C. Sonrasi 15.6 14.3 15.0 18.6
Uyg x Sulama 22.8 14.3
. C. Oncesi 17.3 14.3 15.8
15.
Fitomare C. Sonras| 16.9 14.8 15.9 >8
Uyg x Sulama 17.1 14.6
Sulama Ort. 19.0 13.8
LSDgyama :0.D"  LSDasnem :O0.D.  LSDguaon : 0. LSDyy : O.D
LSDyygxdsn : O.D. LSDyygxsul : O.D LSDuygxdsnxsul - O.D.

0.D.: Gnemli Degil
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Sulama yapilan agaclardan meyve eni ortalama 19.0 mm olan zeytinler alinirken, sulama yapilmayan
agaclardan ortalama 13.8 mm ene sahip meyveler hasat edilmistir.

En yiiksek meyve en degeri (19.1 mm) Ure+MgSO, giibre uygulamasindan elde edilmis ve bunu yakin
bir degerle Raykat Growth (18.6 mm) organomineral glibre uygulamasi izlemistir. Gulbre
uygulamalarindan; Fitomare 15.8 mm, Raykat Start 15.2 mm, Kontrol 149 mm ve
KNO3+H3B0O3+ZnS0, 14.8 mm gibi birbirlerine yakin meyve enine sahip zeytinler Gretmislerdir.

Giibre Uygulama X Sulama etkilesiminde, en yiiksek meyve eni (24.3 mm) sulama yapilan Ure+MgSO,
gibre uygulamasindan alinmistir. Bu uygulamayi Raykat Growth organomineral gibre (22.8 mm)
izlemistir. En diisiik deger sulama yapilmayan Kontrol grubundan (12.8 mm) elde edilmistir.

Meyve eni en yiiksek 31.2 mm olarak ciceklenme ©6ncesi sulama yapilan Ure+MgSO, giibre
uygulamasindan alinmistir. Bu degeri ona ¢ok yakin meyve en degerine sahip meyveler olusturan
sulama yapilan, ciceklenme 6ncesi, Raykat Growth organomineral gibre uygulamasi 30.0 mm ile
izlemistir. En dislik deger ise 12.6 mm olarak sulama yapilmayan kosullardaki ¢iceklenme sonrasi
KNOs+H3;B0O3+ZnS0, ile ciceklenme dncesi Kontrol uygulamalarindan elde edilmistir.

Denemede, her ne kadar istatistiksel olarak 6nemli olmasa da; meyve eninde meydana gelen
farkhliklarin sulama ve giibrelemeden kaynaklandigi goérilmustir. Sulama yapilan kosullarda
Ure+MgSO0,, Raykat Growth giibre uygulamalarinin séz konusu parametre iizerine fazla etki yaptigi
dikkati cekmistir. Sulama yapilmayan kosullarda ise Fitomare organomineral gibrenin (14.6 mm)
diger uygulamalardan daha iyi degerler ortaya koydugu gozlemlenmistir.

Candzer (1991), Gemlik cesidinde meyve en degerini 17.9 mm, boy degerini ise 22.3 mm boy olarak
Olctliguni bildirmistir. Kaynas vd. (1996), meyve en degerlerini, Halhali ¢esidinde 16.80 mm, Gemlik
¢esidinde ise 16.50 mm olarak tespit etmislerdir. Ekinci (2010) meyve en degerini en fazla Domat
¢esidinde 20.33 mm, en az 16.65 mm ile Gokceada c¢esidinde belirlemistir. Ayni galismadaki
Olcimlerde Gemlik cesidinde meyve en degeri 18.18 mm olarak saptanmistir. Ataman (2021), meyve
en degerini Gemlik ¢esidinde 17.41 mm, Arbequina gesidinde ise 13.70 mm olarak tespit etmistir.
Gulcemal (2021), Gemlik zeytin cesidinde meyve en degerini Temmuz ayinda 15.21 mm, Kasim ayinda
17.28 mm olarak belirlemistir. Sari (2021), Glney Ege ilgelerinde Memecik zeytin ¢esidinin meyve en
degerlerinin 6nemli farkhliklar gosterdigini, birinci deneme yilinda 13.76 mm (Cine ilgesi) ile 19.61
mm (Selguk ilgesi) arasinda degistigini, ikinci deneme yilinda ise 15.58 mm (Selguk ilgesi) ile 19.38 mm
(Bayindir ilcesi) arasinda degistigini bildirmistir. Baska bir deyimle ayni cesitte bile meyve en
degerlerinin vyillara, yakin da olsa farkh ekolojilere, bakim kosullarina goére 6nemli dizeyde
degisiklikler gosterdigi ifade edilebilir. Turan (2022), Kilis Yaglik zeytin cesidinde meyve en
degerlerinin Kilis/Kiiplice’de 13.11 mm ile Kilis/Elbeyli’de 17.40 mm arasinda dagilim gosterdigi rapor
edilmistir. Sahin (2023), Canakkale’nin Eceabat ilcesinde Gemlik ¢esidinin meyve en degerini 18.19
mm olarak belirlemistir.

Osmaniye/Duzici kosullarinda tamamlanan bu calismada 12.6 mm ile 31.2 mm arasinda dagihm
gosteren meyve en degerlerinin, daha Once sonuglandirilan c¢alismalardan bazi uygulamalarin
etkileriyle dustk kaldigi ve fakat sulama, giibreleme gibi uygulamalarin etkileriyle o degerlerden
oldukga yiksek dizeylerde seyrettigi dikkati cekmistir.

Meyve Boyu (mm)

Zeytinlerin meyve boy degerleri Tablo 3’te verilmistir. Meyve boy degeri (izerine deneme kapsaminda
incelenen 3 faktoriin hem basit hem de ikili ve Ugll interaksiyonlari arasindaki farklar istatistiksel
olarak 6nemsiz bulunmustur.

Meyve boy degerleri sulama yapilan kosullarda ortalama 25.2 mm, sulama yapilmayan agaclarda ise
ortalama 22.5 mm olarak 6l¢tlmustr.
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Tablo 3. Sulanan ve Sulanmayan Kosullarda Yetistirilen Gemlik Zeytin Cesidine, Ciceklenme Oncesi ve
Sonrasi Dénemlerde Yapraktan Yapilan Glbre Uygulamalarinin Meyve Boy Degerleri (mm)

o Sulama Uyg x Uyg
Uygulama Uygulama Dénemi Var Yok Dénemi Uygulama
C. Oncesi 23.8 19.0 214
Kontrol C. Sonrasi 21.0 19.3 20.1 208
Uyg x Sulama 224 19.2
. C. Oncesi 39.7 20.5 30.1
M 25.
Ure+ MgSO, C. Sonras| 227 20.1 21.4 >8
Uyg x Sulama 31.2 20.3
.G i 21.8 20.1 21.
KNOs+ H3BO5+ZnS0, G- Oncesi 0 0 25.0
C. Sonrasi 38.4 19.6 29.0
Uyg x Sulama 30.1 19.9
.G i 22. 20.4 21.4
Raykat Start - Oncesi 3 0 24.7
C. Sonrasi 22.1 33.9 28.0
Uyg x Sulama 22.2 27.2
C. Oncesi 23.1 21.1 22.1
Raykat Growth C. Sonrasi 213 34.0 27.6 249
Uyg x Sulama 22.2 27.6
. Oncesi 23.0 20.3 21.7
Fitomare G- Oncesi 21.9
C. Sonrasi 22.7 21.3 22.0
Uyg x Sulama 22.9 20.8
Sulama Ort. 25.2 22.5
LSDsylama :_(.j.D1 LSDgsnem : Q.D. LSDgyix dsn :Q.D. LSDyyg : O.D
LSDygxdsn : O.D. LSDyygysu : O.D LSD yygxdsnxsul - O.D.

0.D.: Onemli Degil

En yiiksek meyve boyu Ure+MgSO, giibre uygulamasinda 25.8 mm olarak elde edilmistir. Bu degeri
sirasiyla KNO3+H3BO3+ZnS0O, (25.0 mm), Raykat Growth (24.9 mm) ve Raykat Start (24.7 mm) gibre
uygulamalari birbirlerine yakin seyreden meyve boy degerleriyle takip etmistir. Ote yandan Fitomare
organomineral glibre uygulamasi 21.9 mm meyve boyuna sahip zeytinler ile en diisiik diizeydeki (20.8
mm) degeri veren Kontrol uygulamasina yakin degerler alinmasina neden olmustur.

Glibre Uygulama X Sulama etkilesiminde, en ylksek meyve boyu (31.2 mm) sulama vyapilan
Ure+MgSO0, giibre uygulamasindan alinirken, en diisiik deger sulama yapilmayan Kontrol grubundan
(19.2 mm) elde edilmistir.

Meyve boyunda en yiiksek deger sulama yapilan ciceklenme éncesi Ure+MgSO, uygulamasindan 39.7
mm olarak, en disiik deger ise sulama yapilmayan ciceklenme 6ncesi Kontrol uygulamasindan 19.0
mm olarak ol¢ilmistir. S6z konusu iki deger arasinda 2 kattan daha fazla bir fark vardir.

Genel olarak, sulama yapilan kosullarda Ure+MgSO, ve KNO;+H;BO5+ZnSO, giibrelerinin meyve
boyuna etki yaptigi gortlmistir. Sulama yapilmayan kosullarda ise Raykat Growth organomineral
glbrenin (27.6 mm) diger uygulamalardan daha iyi degerler ortaya koydugu gézlenmistir.

Gemlik cesidinde meyve boy degerini; Kaynas vd. (1996), 20.60 mm, Ekinci (2010), 23.12 mm, Halil
(2019), Kahramanmaras’ta 21.11 mm, Ataman (2021), Kilis kosullarinda 22.17 mm, Gllcemal (2021),
21.75 mm, Sahin (2023), Canakkale’nin Eceabat ilcesinde 23.37 mm olarak tespit etmislerdir. Sari
(2021), Guney Ege ilcelerinden Memecik zeytin c¢esidine ait meyvelerde boy degerlerinin yillara ve
ilcelere gére 6nemli varyasyonlar gosterdigini; birinci deneme yilinda 20.43 (Soke ilgesi) mm ile 26.47
(Selguk ilcesi) mm arasinda, ikinci deneme yilinda ise 21.39 mm (Kogarli ilgesi) ile 27.10 mm (Bodrum
ilcesi) arasinda degistigini rapor etmistir. Turan (2022), Kilis yaghk zeytin ¢esidinde en dlisik meyve
boy degerini 17.10 mm ile Kiplice lokasyonunda belirlerken, bu agidan en yiiksek degeri 21.20 mm
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ile Elbeyli'de 6lgmistir. Calismalar diger zeytin cesitlerinde de meyve boy degerlerinin farkli
ekolojilerden ve deneme yillarindan énemli diizeyde etkilendigini ortaya koymustur.

Onceki calismalardan, Gemlik zeytin cesidinde meyve boy degerlerinin 20.60 mm ile 23.12 mm
arasinda dagilim gosterdigi  6zetlenebilir. Ayni ¢esidin sonuglandirilan bu ¢alismada farkh
uygulamalara gore 19.0 mm ile 39.7 mm arasinda degisen meyve boy degerleri ortaya koydugu
dikkati cekmistir. Farkl ekoloji, agac yasl, periyodisite vb gibi durumlar disinda bu ¢alismadaki sulama
ve glbreleme uygulamalarinin meyve boyunda 6nceki ¢alismalara gore iki kata yakin fark yarattig
gozlemlenmistir.

Meyve indeksi (Boy/En)

Meyve indeks degerleri Tablo 4’de verilmistir. Meyve indeks degeri Gzerine sulama, farkh gibre
uygulamalari, glibrelerin uygulanma doénemleri ile bu (¢ faktérin olusturdugu ikili ve Ggli
interaksiyonlar arasindaki farklar istatistiksel olarak 6nemsiz bulunmustur. Deneme kapsaminda
incelenen Gemlik zeytin cesidinde meyve indeksi sulama yapilan agaglarda ortalama 1.5, sulama
yapilmayan agaclarda ortalama 1.6 olarak hesaplanmistir. Bu durumda sulama yapilmayan
agaclardan sulama yapilanlara gore biraz daha oval meyveler elde edildigi diistinilmektedir.

Tablo 4. Sulanan ve Sulanmayan Kosullarda Yetistirilen Gemlik Zeytin Cesidine, Ciceklenme Oncesi ve
Sonrasi Dénemlerde Yapraktan Yapilan Giibre Uygulamalarinin Meyve indeks Degerleri (Boy/En)

. . Sulama . .
Uygulama Uygulama Dénemi Var Yok Uyg x Uyg Donemi Uygulama
C. Oncesi 1.4 1.5 1.5
K I 1.4
ontro C. Sonrasi 1.3 15 1.4
Uyg x Sulama 1.4 1.5
N C. Oncesi 2.3 1.5 1.9
Ure+ MgS0, C. Sonrasi 13 15 1.4 16
Uyg x Sulama 1.8 1.5
C. Oncesi 1.4 1.5 1.4
KNOs+ H3BO3#2n504 ¢ ooy 2.2 16 1.9 1.7
Uyg x Sulama 1.8 1.5
C. Oncesi 1.4 1.4 1.4
Rayk 1.
aykat Start C. Sonrasi 1.4 2.4 1.9 6
Uyg x Sulama 1.4 1.9
C. Oncesi 1.4 1.5 1.4
Rayk h 1.7
aykat Growt C. Sonrasi 1.4 25 1.9
Uyg x Sulama 14 2.0
) C. Oncesi 1.3 1.4 1.4
Fitomare G. Sonrasi 1.3 1.4 1.4 14
Uyg x Sulama 1.3 1.4
Sulama Ort. 1.5 1.6
LSDsylama Q.Dl LSDggnem : O.D. LSDsupxisn  : O.D. LSDyye: O.D
LSDygxdsn : O.D. LSDygxsul : O.D LSD ygxdsnxsul - O-D.

0.D.: Onemli Degil

Calismada uygulama donemlerinin ve farkli giibre uygulamalarinin meyve indeksi lzerine etkileri
onemli olmamakla birlikte, en ylksek meyve indeks degeri 1.7 olarak KNO3+H3;BO3+ZnSO, ve Raykat
Growth gilibre uygulamalarindan elde edilmistir. Kontrol ve Fitomare organomineral giibre
uygulamalarindan en disik (1.4) meyve indeks degerleri hesap edilmistir.

Glibre Uygulama X Sulama etkilesiminde, en yiiksek meyve indeks degeri (2.0) sulama yapilmayan
Raykat Growth organomineral glibreden alinmistir. En distk deger (1.3) ise sulama yapilan Fitomare
organomineral glibreden elde edilmistir.
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Denemedeki indeks degeri; en yiliksek ciceklenme sonrasi sulama yapilmayan Raykat Growth
uygulamasinda 2.5 olarak, en distk deger (1.3) ise ciceklenme sonrasi sulama yapilan Kontrol,
Ure+MgSO,, Fitomare ve ciceklenme 6ncesi sulama yapilan Fitomare uygulamalarinda tespit
edilmistir.

Canozer (1991), Gemlik ¢esidinde meyve indeks degerlerini 1.24, Ayvalik ¢cesidinde 1.22, Biiyik Topak
Ulak cesidinde 1.07, Domat cesidinde 1.37, Kilis Yaglk cesidinde 1.17, Memecik ve Uslu cesitlerinde
ise 1.32 olarak hesaplamistir. Ataman (2021), Kilis'de farkh cesitlerde yaptigi 6lgimlerde meyve
indeks degerlerinin 1.015 — 1.354 arasinda dagilim gosterdigini, bu acidan en disik degerin 1.015 ile
Gemlik, en yiksek degerin ise 1.354 ile Saurani gesitlerinden elde edildigini bildirmistir. Sahin (2023),
Canakkale’nin Eceabat ilgcesinde Gemlik ¢esidinin indeks degerini 1.28 olarak hesaplamistir.

Dizici  kosullarinda Gemlik zeytin ¢esidinde sonuglandirilan  bu c¢alisma genel olarak
degerlendirildiginde, sulama yapilan meyvelerin indeks degerleri baska bir deyimle meyve boyunun
enine oraninda daha vyuvarlaga yakin oval sekilli, sulanmayan kosullarda ve bazi giibre
uygulamalarinda ise daha uzun oval sekilli olduklar, ancak bu sonuglarin 6nceki c¢alisma
sonuglarindan biraz yliksek diizeylerde seyrettigi belirlenmistir.

Meyve Et Agirhgi (g)
Sulama ve farkh dénemlerdeki glibre uygulamalarinin meyve et agirlik degerleri Tablo 5’te verilmistir.

Tablo 5. Sulanan ve Sulanmayan Kosullarda Yetistirilen Gemlik Zeytin Cesidine, Ciceklenme Oncesi ve
Sonrasi Donemlerde Yapraktan Yapilan Glbre Uygulamalarinin Meyve Et Agirlik Degerleri (g)

Uygulama Sulama Uyg x Uyg
Uygulama Donemi Var Yok Donemi Uygulama
C. Oncesi 3.4 1.1 2.2
Kontrol C. Sonrasi 26 1.1 18 2.0AB
Uyg x Sulama 3.0ab! 1.1f
y C. Oncesi 3.4 1.5 2.5
Ure+ MgS0, G. Sonrasi 3.0 1.4 2.2 2.3A
Uyg x Sulama 3.2a 1.4def
C. Oncesi 2.5 1.4 2.0
KNOs+ HyBO5+ZnS0, C. Sonrasi 2.8 1.1 1.9 1.98
Uyg x Sulama 2.7bc 1.2ef
C. Oncesi 2.4 1.6 2.0
Rayk 2.0AB
aykat Start C. Sonrasi 2.4 15 2.0 0
Uyg x Sulama 2.4c 1.5de
G. Oncesi 2.8 1.5 2.2
Raykat Growth C. Sonrasi 2.2 16 1.9 2.0AB
Uyg x Sulama 2.5¢ 1.5de
. C. Oncesi 3.0 1.6 2.3
Fitomare G. Sonrasi 2.9 1.9 2.4 2.3A
Uyg x Sulama 3.0ab 1.7d
Sulama Ort. 2.8A 148
LSDqyjama++~ : 0.19 LSDggnem : O.D. LSDgupasn  : O.D. LSDy: 0.32
LSDuygxdén :0.D. LSDungSul*: 0.45 LSDuygxdénxsul: 0.D.

Ortalamalar arasindaki farklar ayri harflerle gésterilmistir.
0.D.: Onemli Dedil, ***: P<0,001; **: P<0,01; * : P<0,05

Meyve et agirligi Gizerine sulama ve glibre uygulamalarinin basit etkileri ile Glibre Uygulama X Sulama
interaksiyon etkisi istatistiksel olarak énemli bulunurken, glibre uygulanma dénemleri ile diger ikili ve
Uclu interaksiyonlar arasindaki farklar istatistik olarak Gnemsiz olmustur.
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Zeytin meyve et agirligi lizerine sulamanin etkili oldugu ve sulama yapilan agaclardan 2.8 g et
agirhgina sahip meyveler alinirken, sulama yapilmayan agaglardan 1.4 g seviyesinde et agirligi olan
meyveler toplanmistir. Sulama yapilan agaglarin meyve et agirhginda, sulanmayan kosullarda
yetistirilen agaclara gére % 100°liik bir artis olmustur.

Farkli giibre uygulamalari arasinda en yiiksek meyve et agirlig 2.3 g ile Ure+MgSO, ve Fitomare giibre
uygulamalarindan elde edilmistir. S6z konusu uygulamalari sirasiyla 2.0 g meyve et agirhigi ile Raykat
Growth, Kontrol, Raykat Start ve 1.9 g meyve et agirhg ile KNOs;+H3BO3+ZnSO, uygulamalari
izlemigtir.

Meyve et agirligina istatistiksel anlamda etkisi olan Gibre Uygulama X Sulama etkilesiminde, en
yiiksek meyve et agirligi (3.2 g) sulama yapilan Ure+MgS0, giibresinden elde edilmistir. Bunu sirasiyla
ayni istatistiksel grupta yer alan sulama kosullarindaki Kontrol (3.0 g) ve Fitomare (3.0 g)
organomineral giibre uygulamalari izlemistir. En disik meyve et agirhg (1.7 g) ise, sulama
yapilmayan Fitomare organomineral giibreden alinmistir. S6z konusu ikili interaksiyonda en yiksek ve
en disiuk deger arasinda 1.5 g gibi cok 6nemli bir fark vardir. Sulamanin giibre uygulamalariyla
birlikte meyve et agirliginda ¢ok 6nemli artislar sagladig, sulamasiz kosullarda ise Fitomare
organomineral glbrenin 1.7 g degeriyle Kontrol uygulamasindan yaklasik 0.6 g’'lik daha iri ete sahip
meyve Uretilmesini sagladigi dikkati cekmistir.

Meyve et agirliginda en yiksek deger (3.4 g), ciceklenme oOncesi sulama yapilan Kontrol ve
Ure+MgSO, uygulamalarindan, en disiik deger (2.2 g) ise, ciceklenme sonrasi sulama yapilan Raykat
Growth organomineral glbre uygulamasindan elde edilmistir. Sulama yapilmayan kosullarda ise en
yiuksek deger (1.9 g) ciceklenme sonrasi Fitomare organomineral giibre uygulamasindan elde
edilmistir.

Yapilan bu ¢alismada, meyve et agirliginda meydana gelen farkhligin temel nedeninin sulama oldugu,
s6z konusu parametre lizerine sulamanin Ure+MgSO, giibre uygulamasi ile birlikte daha da fazla etki
yaptigl ortaya konulmustur. Sulama yapilmayan kosullarda ise Fitomare organomineral giibrenin
diger uygulamalardan daha iyi sonug verdigi dikkati cekmistir.

Halil (2019), Kahramanmaras’ta yuruttigi calismada, farkli zeytin cesitlerindeki meyve et agirlik
degerlerini en ylksek olarak Domat ¢esidinde 5.24 g, en disik olarak ise Gemlik ¢esidinde 2.21 g
olarak tespit etmistir. Ataman (2021), meyve et agirlik degerini en yiksek Aralik ayinda hasat edilen
Saurani’de 8.46 g, en disilik degeri ise Ekim ayinda hasat edilen Arbequina cesidinde 2.03 g olarak
belirlemistir. Ayni calismada Gemlik cesidinde Ekim ayinda 5.71 g olan et agirlik degeri Aralik ayinda
7.06 g'a yiikselmistir. Gulcemal (2021), yine Gemlik zeytin cesidinde meyve et agirligi degerini
Temmuz ayinda 1.85, Kasim ayinda 2.71 g olarak belirlemistir. Halil (2019), tarafindan elde edilen
degerler, Dizici ekolojisinde tamamlanan bu calismanin sulamali kosullarda elde edilen meyve et
agirhk degerlerinden biraz disiik ancak sulamasiz kosullardakilerden biraz yiiksek diizeyde olup,
Gulcemal (2021)'in sonuclariyla paraleldir. Ataman (2021), tarafindan bildirilen meyve et agirlik
degeri ise bu calismadaki ve Halil (2019) tarafindan tespit edilen degerlerden oldukga yuksektir.

Meyve Et Orani (%)

Meyve et orani degeri lizerine sulama ile Glibre Uygulama X Sulama interaksiyonu arasindaki farklar
istatistiksel olarak 6nemli bulunurken, diger faktorler ve bunlarin etkilesimleri arasindaki farklar
onemsiz olmustur (Tablo 6). Sulama yapilan agaglardan meyve et orani %77 seviyesine kadar
¢ikarken, sulama yapilmayan agaglarda bu oran %65 olarak belirlenmistir. Glbre uygulamalarinin
meyve et orani Uzerine etkileri %69 ile %74 gibi dar bir alanda dagihim gostermistir.

istatistiksel olarak da 6nemli bulunan Giibre Uygulama X Sulama etkilesimindeki meyve et oranlari,
sulanan kosullarda Ure+MgSO, (%81), Kontrol (%80), KNO;+HsBO3+ZnSO, (%79), Fitomare (%78),
Raykat Start (%76) glbreleriyle birbirlerine ¢ok yakin degerler ortaya koymuslardir. Ayni kosuldaki
Raykat Growth (%72) glibre uygulamasi bu oranlardan biraz daha disiik seyretmistir. Ancak sulama
yapilmayan kosullarda, %69 meyve et oran degeriyle, Fitomare organomineral giibrenin diger
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uygulamalardan daha iyi sonug¢ verdigi gozlenmistir. S6z konusu etkilesimin, sulamasiz Kontrol
uygulamasindan %9 daha fazla oldugu da dikkati ¢ekmistir.

Tablo 6. Sulanan ve Sulanmayan Kosullarda Yetistirilen Gemlik Zeytin Cesidine, Ciceklenme Oncesi ve
Sonrasi Dénemlerde Yapraktan Yapilan Glbre Uygulamalarinin Meyve Et Orani Degerleri (%)

N Sulama Uyg x Uyg
Uygulama Uygulama Dénemi Var Yok Danemi Uygulama
C. Oncesi 81 60 70
Kontrol C. Sonrasi 79 60 70 70
Uyg x Sulama 80a' 60f
- C. Oncesi 81 66 73
Ure+ MgS0. C. Sonrasi 81 64 72 73
Uyg x Sulama 81la 65de
KNO;+ C. Oncesi 79 66 73 7
H3BO3+ZnS0O, C. Sonrasi 79 60 70
Uyg x Sulama 79a 63ef
C. Oncesi 77 67 72
Raykat Start C. Sonrasi 75 65 70 1
Uyg x Sulama 76ab 66de
C. Oncesi 77 66 72
Raykat G th 69
ayxat arow C. Sonrasi 66 67 66
Uyg x Sulama 72bc 66de
. C. Oncesi 80 68 74
Fitomare C. Sonrasi 76 70 73 74
Uyg x Sulama 78a 69cd
Sulama Ort. 77 A 65 B
LSDgyiama ***°: 0.20 LSDusnem :O.D.  LSDgypgsn :0.D.  LSDy,: O.D
LSDyyexdon - 0.D. LSDyygxsu™: 0.50 LSDyygxdanxsult 0.D.

Ortalamalar arasindaki farklar ayri harflerle gésterilmistir.
0.D.: Onemli Degil, ***: P<0,001; **: P<0,01; * : P<0,05

Denemedeki en ylksek meyve et oran degerlerinin sulama yapilan kosullarda ciceklenme 6ncesi ve
sonrasi Ure+MgS0, (%81) ile ciceklenme dncesi Kontrol (%81) uygulamalarinda hesaplandigi, sulama
yapilmayan kosullarda ise bu agidan en iyi oranin giceklenme sonrasi Fitomare (%70) oganomineral
glbreden elde edildigi belirlenmistir. Sulamasiz giceklenme 6ncesi ve sonrasi Kontrol ile ciceklenme
sonrasli KNO3+H3BO3+ZnSO, uygulamalari en disik meyve et oranlarinin (%60) alindigi etkilesimler
olmuslardir.

Denemede, meyve et oraninda meydana gelen farkhligin temel olarak sulamadan kaynaklandig
gbzlenmistir. Gemlik cesidinde meyve et oranini Toplu (2000) %82.9; Gilindogdu (2011), %85.36;
Sevgin ve Caner (2019), %85; Sahin (2023), % 86.34 olarak tespit etmislerdir. Sonuglandirilan bu
calismada meyve et orani %60 ile %81 arasinda dagilim gostermistir. Bu sonuglara gore, diger
arastiricilarin verilerine Diizigi kosullarinda sulama yapilmasi halinde ulasilabilmistir.

Cekirdek Agirhigi (g)

Deneme kapsaminda incelenen zeytinlerde g¢ekirdek agirlik degerleri Tablo 7’de verilmistir. Cekirdek
agirhgr Gzerine deneme kapsaminda incelenen (¢ faktériin ayri ayri ve bunlann ikili, Ggla
interaksiyonlari arasindaki farklar istatistiksel olarak 6nemsiz bulunmustur.

Sulama yapilan ve yapilmayan agaclardan elde edilen meyvelerin ¢ekirdek agirliklari ortalama 0.8 g
olarak saptanmustir. Farkl glibre uygulamalarinin ¢cekirdek agirligi Gizerine etkileri, KNOs+H;BO3+ZnS0O,
glibre uygulamasinda 0.7 g, diger buitiin glibre uygulamalarinda 0.8 g olarak belirlenmistir.
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Tablo 7. Sulanan ve Sulanmayan Kosullarda Yetistirilen Gemlik Zeytin Cesidine, Ciceklenme Oncesi ve
Sonrasi Dénemlerde Yapraktan Yapilan Glbre Uygulamalarinin Cekirdek Agirlik Degerleri (g)

Uygulama Sulama Uyg x Uyg
Uygulama Dénemi Var Yok Dénemi Uygulama
C. Oncesi 0.8 0.7 0.8
Kontrol C. Sonrasi 0.7 0.8 0.7 0.8
Uyg x Sulama 0.8 0.7
- C. Oncesi 0.8 0.8 0.8
M .
Ure+ MgSO, C. Sonras| 08 08 0.8 0.8
Uyg x Sulama 0.8 0.8
KNO5+ C. Oncesi 0.7 0.7 0.7 0.7
H3;BO3+ZnS0O, C. Sonrasi 0.8 0.7 0.7 '
Uyg x Sulama 0.7 0.7
C. Oncesi 0.8 0.8 0.8
Raykat Start .
aykat Star C. Sonrasi 08 08 0.8 0.8
Uyg x Sulama 0.8 0.8
C. Oncesi 0.8 0.8 0.8
Rayk h .
aykat Growt C. Sonrasi 0.7 0.8 0.8 0.8
Uyg x Sulama 0.8 0.8
. C. Oncesi 0.8 0.8 0.8
F .
tomare C. Sonrasi 1.0 0.8 0.9 0.8
Uyg x Sulama 0.9 0.8
Sulama Ort. 0.8 0.8
LSDgyama : O.D" LSDgsnem : O.D. LSDgupgsn  : O.D. LSDyye : O.D
LSDyygxdsn : O.D. LSD yygxsul : 0.D LSDyyexdnssul : O-D.

0.D.: Onemli Degil

Denemedeki en yiiksek cekirdek agirhk degeri, sulanan ve giceklenme sonrasi Fitomare uygulamasi
yapilan agaclardan alinan meyvelerde 1.0 g olarak 6lctilmustdr.

Gemlik cesidinde c¢ekirdek agirlik degerini Candzer (1991) 0.52 g; Ekinci (2010), 0.53 g; Ataman
(2021), 0.657 g; Gilcemal (2021), 2.56 g; Sahin (2023), 0.63 g olarak tespit etmislerdir. Ayni ¢esidin
cekirdek agirlik degerleri, Dlzigi kosullarinda 0.8 g olarak saptanmis olup, 6nceki ¢alismalardan biraz
yuksek seyretmistir. Ekoloji ve yapilan uygulamalarin, bu sonuglara neden oldugu distnilmektedir.

Sonug ve Oneriler

Arastirmada incelenen glibreler arasinda Raykat Growth ve Fitomare organomineral glbreler
sulamali ve sulamasiz kosullarda 6n plana ¢ikmistir. Bunlari sulamal kosulda Ure+MgSO, mineral
giibre izlemistir. Ozellikle meyve kalite kriterlerinden tane agirlig bakimindan Ure+MgSO, giibresi
diger glibrelere gore daha etkin olmustur.

Gemlik Zeytin cesidi sofralik olarak yetistiriliyorsa meyve iriligi ve kabuk yapisinin iyi olmasi nedeniyle
sulanmasinda yarar vardir. Baska bir deyimle sulama, taban glibresine ilave olarak yaprak gibresi
meyve iriligine cok etkili olmaktadir. Glbrelerin tek doz uygulanmasindaki basarilarin farkh doz ve
fazla sayida uygulamalarla nasil degisebileceginin, baska organomineral giibreler ve bunlarin dozlari
ile kuraga dayanimi arttiran ozmoprotektanlarla denemelerin kurulmasi, gerek sulama gerekse
glbreleme uygulamalarinin ekonomik analizlerinin yapilmasi, farkli rejimdeki su ile sulanan
bahcelerde, ticari 6neme sahip baska cesitlerde ve ekolojilerde denemeler kurulmasi 6nerilmektedir.

Destek ve Tesekkiir

Bu calisma, Cukurova Universitesi Bilimsel Arastirma Projesi Koordinasyon Birimi (FYL-2019-12430)
tarafindan desteklenmistir. Maddi desteklerinden 6tiirii C.U. BAP koordinasyon birimine ve
denemenin kendi arazisinde kurulmasina izin veren ciftcimiz Mehmet Yavsan’a tesekkiir ederiz.

93



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2023, 13(1), 79-96

Bu makale, Prof. Dr. Sevgi Paydas Kargi danismanliginda Olcay Celik tarafindan tamamlanan "Dizigi
(Osmaniye)’'nde Sulanan ve Sulanmayan Gemlik Zeytin Cesidine Yapraktan Yapilan Glbre
Uygulamalarinin Meyve Verim ve Kalitesi ile Zeytinyagi icerigine Etkileri" bashkli yiiksek lisans
tezinden dUretilmistir (Tez No. 733023).

Yazar Katkisi

Olcay Celik, deneme bahgesini belirledi, uygulamalari ve analizleri yapti ve denemeyi ylrittd.
Mehmet Ali Saridas, uygulamalarin yapilmasi ile verilerin istatistiksel analizlerini gerceklestirdi. Sevgi
Paydas Kargi, denemenin kurulmasini, uygulamalarin ve analizlerin yapilmasini, kisaca denemenin
bastan sona ylratilmesini takip etti. Yazarlar makaleyi birlikte yazdi, okudu ve onayladi.

Etik

Bu makalenin yayinlanmasiyla ilgili herhangi bir etik sorun bulunmamaktadir.
Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini belirtmektedir.

ORCID

Olcay Celik "= https://orcid.org/0000-0002-4446-4654

Mehmet Ali Saridas “* https://orcid.org/0000-0002-5180-1874

Sevgi Paydas Kargi = https://orcid.org/0000-0001-5781-8581

Kaynaklar

Ataman, E. (2021). Kilis ilinde yetistirilen bazi zeytin gesitlerinin farkli hasat zamanlarina gére tane
6zellikleri ile yag veriminin arastiriimasi. [Yayimlanmamis yliksek lisans tezi]. Kilis 7 Arahk
Universitesi.

Atici, C. T. (2020). Kimyasal ve organomineral giibre uygulamasinin bugday bitkisinin verim ve bazi
kalite 6zellikleri iizerine etkisi. [Yayimlanmamis yiiksek lisans tezi]. Kahramanmaras Siitcii imam
Universitesi.

Berk, G. (2019). Bazi zeytin gesitlerinde hasat dénemlerinin zeytin ve zeytinyadi kalitesine etkileri.
[Yayimlanmamis yiiksek lisans tezi] Hatay Mustafa Kemal Universitesi.

Canozer, 0. (1991). Standart zeytin cesitleri katalogu (No:334, Seri:16). Tarim ve Kdyisleri Bakanligi,
Tarimsal Uretim ve Gelistirme Genel Midirliigli, Bornova Zeytincilik Arastirma Enstitiisi
Mudarlaga.

Das, E. (2020). Cukurova bélgesinde sogan (Allium cepa |.) yetistiriciliginde organomineral giibrelerin
verim ve kaliteye etkileri [Yayimlanmamis yiiksek lisans tezi]. Cukurova Universitesi.

Ekinci, E. (2010). Gékgceada zeytininin, énemli zeytin cesitleriyle morfolojik, pomolojik ve genetik
ozellikler bakimindan karsilastiriimasi [Yayimlanmamig yiiksek lisans tezi]. Canakkale On Sekiz
Mart Universitesi.

FAO, (2023). https://www.fao.org./faostat/en/#data/QV adresinden 22 Temmuz 2023 tarihinde
alinmistir.

Gllcemal, N. (2021). Bazi zeytin (Olea europea L.) gesitlerinin farkli gelisim dénemlerinde gériilen
pomolojik ve fizyolojik degisimlerin incelenmesi [Yayimlanmamis yliksek lisans tezi]. Isparta
Uygulamali Bilimler Universitesi.

Gunay, A. (2014). Organomineral giibre uygulamalarinin ayciceginin verim ve kalite parametreleri
lizerine etkileri [Yayimlanmamis yiiksek lisans tezi]. Ege Universitesi.

94


https://orcid.org/0000-0002-4446-4654
https://orcid.org/0000-0002-5180-1874
https://orcid.org/0000-0001-5781-8581
https://www.fao.org./faostat/en/#data/QV
https://orcid.org/0000-0002-4446-4654
https://orcid.org/0000-0002-5180-1874
https://orcid.org/0000-0001-5781-8581
https://orcid.org/0000-0002-4446-4654
https://orcid.org/0000-0002-5180-1874
https://orcid.org/0000-0001-5781-8581
https://orcid.org/0000-0002-4446-4654
https://orcid.org/0000-0002-5180-1874
https://orcid.org/0000-0001-5781-8581

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2023, 13(1), 79-96

Gundesli, M. A. (2016). ilkbaharda yapraktan bor uygulamasinin gemlik zeytin cesidinde meyve
tutumu Uzerine etkisi, Meyve Bilimi Dergisi, 3(2), 13-19.
https://dergipark.org.tr/en/pub/meyve/issue/27295/287389

Glindogdu, M. A. (2011). Bazi yerli ve yabanci zeytin gesitlerinin fenolojik ve pomolojik ézellikleri ile
zeytinyagi bilesenlerinin aylik degisimlerinin incelenmesi [Yayimlanmamis ylksek lisans tezi]
Canakkale Onsekiz Mart Universitesi.

Guingér, O. F. (2010). Farkli yérelerde yetistirilen gemlik zeytininden sofralik siyah zeytin elde edilmesi
sirasinda temel bilesenlerinde meydana gelen degismeler (izerine bir arastirma [Yayimlanmamis
yiksek lisans tezi]. Ege Universitesi.

Halil, S. (2019). Degisik zeytin c¢esitlerinde yag ve protein icerigi ile morfolojik ve pomolojik
ozelliklerinin arastirilmasi [Yayimlanmamis yiiksek lisans tezi]. Kahramanmaras Siitcii imam
Universitesi.

Kaya, U. (2012). Ayvalik ve gemlik zeytin fidanlarinda farkli sulama diizeylerinin bazi biyiime
parametreleri Uzerine etkisi, Zeytin Bilimi, 3(1), 35-42.
https://dergipark.org.tr/en/pub/zeytin/issue/28965/309891

Kaynas, N., Stit¢Q, A. R. ve Fidan, A. E. (1996). Zeytinde adaptasyon (Marmara Bélgesi). Atatlirk Bahge
Kiltiirleri Merkez Arastirma Enstitiisi, Bilimsel Arastirma ve incelemeler, Yayin No: 82.

Kiritsakis, A. ve Markakis, P. (1988). Olive oil: A review. Advances in Food Research, 31(1988), 453-
482. https://doi.org/10.1016/5S0065-2628(08)60170-6

Kémircl, M. (2022). Ayvalik zeytininde yavas salinimli giibre uygulamalarinin meyve verim ve kalite
ozelliklerine etkisi [Yayimlanmamis yiiksek lisans tezi]. Ege Universitesi.

Kutlu, E. ve Sen, F. (2011). Farkh hasat zamanlarinin gemlik zeytin (Olea europea L.) ¢cesidinde meyve
ve zeytinyagl kalitesine etkileri. Ege Universitesi Ziraat Fakiiltesi Dergisi, 48(2). 85-93.
https://dergipark.org.tr/tr/pub/zfdergi/issue/5101/69641

Marsilio, V. (2002). Sensory analysis of table olives. Olivae, 90, 32-41.

Merken, O., Unal, A., inan, M. S. ve Karabat, S. (2012). Sultani ¢cekirdeksiz iiziim cesidinde farkli form
ve dozdaki organomineral giibrelerin verim ve kaliteye olan etkileri lizerine bir arastirma. Manisa
Bagcilik Arastirma Enstitlisi Organomineral Glbre Raporu. https://www.unaldi.com.tr/bagcilik-
arastirma-enstitusu-organomineral-gubre-raporu/

Michelakis, N. (2000) Water requirements of olive tree on the various vegetative stages. Proceedings
of the International Course on Water Management and Irrigation of Olive Orchards, 39-49,
Cyprus.

Ozkaya, M. T. (2004). Gemlik zeytin gesidinde farkli dénemlerde uygulanan bazi yaprak giibrelerinin
meyve verim ve kalitesi Uzerine etkileri. Tarim Bilimleri Dergisi, 10(3), 353-357.
https://doi.org/10.1501/Tarimbil 0000000919

Pastor, M. ve Cobo, M. (1997). Zeytin yetistirme teknikleri. Dinya Zeytin Ansiklopedisi, Uluslararasi
Zeytinyagi Konseyi.

Patumi, M., Andria, R., Marsilio, V., Fontanazza, G., Morelli, G. ve Lanza, B. (2002). Olive and olive oil
quality after intensive monocone olive growing (Olea europaea L., cv. Kalamata) in different
irrigation regimes. Food Chemistry, 77(1), 27-34. https://doi.org/10.1016/50308-8146(01)00317-
X

Sari, i. (2021). Giiney ege bdlgesi memecik zeytin c¢esidinde meyve ve yad ozelliklerinin
karsilastiriimasi [Yayimlanmamis yiiksek lisans tezi]. Aydin Adnan Menderes Universitesi.

95


https://dergipark.org.tr/en/pub/meyve/issue/27295/287389
https://dergipark.org.tr/en/pub/zeytin/issue/28965/309891
https://doi.org/10.1016/S0065-2628(08)60170-6
https://dergipark.org.tr/tr/pub/zfdergi/issue/5101/69641
https://www.unaldi.com.tr/bagcilik-arastirma-enstitusu-organomineral-gubre-raporu/
https://www.unaldi.com.tr/bagcilik-arastirma-enstitusu-organomineral-gubre-raporu/
https://doi.org/10.1501/Tarimbil_0000000919
https://doi.org/10.1016/S0308-8146(01)00317-X
https://doi.org/10.1016/S0308-8146(01)00317-X

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2023, 13(1), 79-96

Sevgin, N. ve Caner, S. (2019). Mardin ve Sirnak illerinde vyetistiriciligi yapilan bazi zeytin
genotiplerinin meyve ve yag 6zelliklerinin belirlenmesi. Tiirk Tarim ve Doga Bilimleri Dergisi 7(1),
54-59. https://doi.org/10.30910/turkjans.679908

Sofo, A., Manfreda, S., Dichio, B., Fiorentino, M. ve Xiloyannis, C. (2007). The olive tree: A paradigm
for drought tolerance in Mediterranean climates. Hydrol. Earth Syst. Sci., 12(1), 293-301.
https://doi.org/10.5194/hess-12-293-2008

Stizer, S. ve CGulhaci E. (2017). Farkli organomineral ve inorganik kompoze giibrelerin kishk ekmeklik
bugday tane verimi ve bazi verim unsurlari lizerine etkileri. Tarimsal Arastirma Enstitlsl. Toprak
Bilimi ve Bitki Besleme Dergisi, 5(2), 87-92.
https://dergipark.org.tr/tr/pub/tbbbd/issue/32854/365411

Suizer, S. ve Culhaci, E. (2016). Effects of different organomineral and inorganic ompound fertilizers on
seed yield and someyield components of sunflower (Helianthus annuus L.). 19th International
Sunflower Conference, Edirne, Turkey.
https://www.isasunflower.org/fileadmin/documents/19thISCEDIRNE2016/Crop production _an
d management/suzer.pdf

Sahin, U. (2023). Canakkale’nin Eceabat ilgesinde yetistiriciligi yapilan bazi zeytin ¢esitlerinin (Olea
europaea L.) pomolojik 6zellikleri ile zeytinyadi kalite bilesenlerinin belirlenmesi [Yayimlanmamis
yiiksek lisans tezi]. Canakkale Onsekiz Mart Universitesi.

Tetik, H. D. (2006, Eylul 15-17). Sofalik zeytinin kalitesine etki eden faktérler [S6zIG sunum]. Ulusal
Zeytin ve Zeytinyagl Sempozyum ve Sergisi, izmir, Turkiye.

Toplu, C. (2000). Hatay ili degisik tiretim merkezlerindeki zeytinliklerin verimlilik durumlari, fenolojik,
morfolojik ve pomolojik 6zellikleri ile beslenme durumlari lizerindeki arastirmalar
[Yayimlanmamis doktora tezi]. Cukurova Universitesi.

TUIK, (2023). https://data.tuik.gov.tr/Kategori/GetKategori?p=Tarim?-111 adresinden 22 Temmuz
2023 tarihinde alinmugtir.

Turan, E. (2022). Kilis yaglik zeytin ¢esidinde boncuklanmanin yag orani ve kalitesi iizerine etkilerinin
arastirilmasi [Yayimlanmamus yiiksek lisans tezi]. Kilis 7 Aralik Universitesi.

96


https://doi.org/10.30910/turkjans.679908
https://doi.org/10.5194/hess-12-293-2008
https://dergipark.org.tr/tr/pub/tbbbd/issue/32854/365411
https://www.isasunflower.org/fileadmin/documents/19thISCEDIRNE2016/Crop_production_and_management/suzer.pdf
https://www.isasunflower.org/fileadmin/documents/19thISCEDIRNE2016/Crop_production_and_management/suzer.pdf
https://data.tuik.gov.tr/Kategori/GetKategori?p=Tarım?-111

Ordu Universitesi Bilim ve Teknoloji Dergisi Ordu University Journal of Science and Technology
Ordu Univ. Bil. Tek. Derg. U Ordu Univ. J. Sci. Tech.

E-ISSN: 2146-6459 2023, 13(1), 97-109 Arastirma Makalesi / Research Article

http://doi.org/10.54370/ordubtd.1314245

Experimental Investigation of Increasing the Liquefaction Velocity of

Crystallized Flower Honey
Mithat Akgiin® (2, Turgay Sahin®
'ordu Universitesi, Fen Bilimleri Enstitiisii, Yenilenebilir Enerji Anabilim Dali, Ordu
Gelig Tarihi / Received Date: 13.06.2023 Kabul Tarihi / Accepted Date: 22.06.2023
Abstract

After the honey is harvested from the bee colony, it is removed from the honeycomb with mechanization and
stored as a liquid in cans or barrels. Honey crystallizes depending on the chemical structure, type of its, and
impurity or ambient temperature. In Turkey, liquid (wax) honey is generally not consumed as crystallized. For
this reason, honey is liquefied and packaged again. When the honey crystallizes, which is stored in tin cans, an
air oven or hot water pool is usually used as a liqguefaction medium. The liquefaction time of honey depends
on the type of its, melting medium, the ambient temperature, and the geometry of the honey container. As
the ambient temperature and melting time increase, both chemical and color-taste changes occur in honey. In
this experimental study, crystallized honey stored in tin cans (18 dma) was liquefied in an air-type oven at 50°C
using two different methods (conventional and mechanical vibratory). During liquefaction, time-dependent
temperature changes were determined in honey’s x and y axes. Moisture, diastase, proline, and HMF
(Hidroksimetilfurfural) changes in the heat-treated honey were measured. As a result of the obtained data, it
was determined that the mechanical vibration liquefaction time was 35% shorter than the conventional
liguefaction time. At the end of the heat treatment with both methods, the change of chemical values in
honey was found to be in accordance with the Turkish Food Code.

Keywords: flower honey, crystallization, liquefaction methods, characteristics of honey, mechanical vibration

Kristallenmis Cicek Balinin Sivilasma Hizinin Artirllmasinin Deneysel

Incelenmesi
0z

Ballar ari kolonisinden hasat edildikten sonra mekanizasyonla bal peteginden ¢ikarilarak kutu veya figilarda sivi
olarak depolanmaktadir. Balin kimyasal yapisi, tiirt ve icerdigi yabanci maddeler veya ortam sicakhigina bagh
olarak bal kristalize olmaktadir. Tirkiye’de genel olarak sivi (wax) bal kristalize olarak tiketilmemektedir. Bu
nedenle bal tekrar sivilastirilarak paketlenmektedir. Dikdoértgen prizma kutularda depolanan bal
kristallesdiginde sivilastirma ortami olarak genellikle haval firin veya sicak su havuzu kullanilmaktadir. Balin
sivilagma suresi balin tipine, sivilasma ortamina, ortam sicakli§ina ve bal kabinin geometrisine bagldir. Ortam
sicakhgi ve sivilagsma siresi arttikga balda hem kimyasal hem de renk ve tat degisimleri olmaktadir. Bu deneysel
calismada, dikdértgen prizma kutularda (18 dm3) depolanan kristarilize bal 50 °C’deki haval tip firinda
sivilastiriimasi iki farkli yontem (geleneksel ve mekanik titrestirici) ile gerceklestirildi. Sivilasma sirasinda balin x
ve y eksenlerinde zamana bagli sicaklik degisimi belirlenmistir. Isil islem gérmis balin icerigindeki nem, diastaz,
prolin ve HMF (Hidroksimetilfurfural) degisimleri 6lctlmustir. Elde edilen veriler sonucunda mekanik titresimli
sivilastirma siresi geleneksel sivilastirma siiresine gére %35 daha kisa oldugu tespit edilmistir. Her iki yontem
ile yapilan isil islem sonunda baldaki kimyasal degerlerin degisimi Tirk Gida Kodeksine uygun oldugu
gorilmustar.

Anahtar Kelimeler: gicek bali, kristalizasyon, sivilastirma metotlari, balin 6zellikleri, mekanik titresim

Sorumlu Yazar / Corresponding Author: Mithat Akglin e makgun@odu.edu.tr
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Introduction

Flower honey is a sweet and thick liquid of different colors produced from the nectars contained in
the essence of flowers by bees. Honey bees convert into honey by combining with their own
enzymes nectars collect of their. The moisture, color and other components of honey depend on the
type of flowers, the altitude of the region and climatic conditions. Generally honey contains 10-20%
water, 70-80% sugar, vitamins, minerals, proteins and amino acids (Ouchemoukh et al., 2007). While
the initial humidity of the nectar that the bees take from the flower and put into the comb is 25-45%,
this humidity in the hive is reduced to 16-23% by the bees depending on the climatic conditions of
the region and the bee genus.

The event that the sugary substance in honey becomes saturated in terms of dextrose ratio and the
dextrose molecules become crystalline is considered crystallization. The liquid honey harvested from
the honeycomb turns into a cream-like structure over time and then becomes a solid crystal with the
growth and condensation of the crystals. The balance between the two main sugar groups, fructose,
and glucose, in combination with honey, causes honey to crystallize quickly or slowly. Other factors
affecting crystallization are water content and storage temperature. In general, temperatures of 10°C
and below reduce the viscosity of honey, delaying the formation and spreading of crystals. However,
the crystallization of honey accelerates if the temperature values fluctuate between 10-20°C.
Another factor affecting crystallization is foreign particles in honey. The presence of unwanted
substances such as pollen, seed particles, and wax crumbs in honey accelerates crystallization (Yao et
al., 2003).

Heating and pasteurization in honey are generally used to prevent the crystal structure of honey to
become liquid and to prevent crystallization that will occur over time. The heating process stops the
fermentation as a result of killing the micro-organisms in honey, reduces the amount of water it
contains, increases its fluidity, and also provides ease of marketing. In general, the heating process is
done with a double benmary and air-type ovens, but microwave and infrared radiation and
ultrasonic bath methods have also been tried (Hebbar et al.,, 2003; Sandhu, 1986; Thrasyvoulou,
1994). Bogdanov et al. (2014) stated that the heat transfer bain-marie water pool is the most suitable
method. However, due to some inconveniences caused by this method, air-type heaters have started
to be used more widely. In addition, microwave and infrared radiation applications for the
liqguefaction of honey were made by Hebbar et al. (2003), and they stated that the liquefaction time
could be shorter than traditional methods. Kabbani et al. (2011) heated it at different temperatures
and times at 40 kHz using an ultrasonic bath and showed that the crystal structure of honey
deteriorates rapidly in experiments performed at temperatures below 50 °C.

When the heating process applied to honey is not applied correctly and in a controlled manner, the
nutritional and quality value of honey (Diastas, invertase, HMF) is lost. If honey is heated at a high
temperature or for a very long time, the taste and aroma of honey change, and its color becomes
darker. With the loss of the diastase enzyme, fructose is broken down and an increase in the amount
of hydroxymethyl furfurol (HMF) occurs. For this reason, the way to be followed by heating honey
should be to destroy the microorganisms that will cause fermentation and keep it at the lowest
temperature to prevent crystallization and for as little time as possible (Gliney, 2010).

Heating affects the color, taste, and texture of honey. Therefore, alternative methods such as
filtration, additives, pasteurization, and preheating prevent crystallization in honey. Crystallized
honey is generally not consumed in this form. Crystallization must be removed in order to both
supply and package honey to the consumer. Before packaging, honey is heated to a maximum
temperature of 50 °C, and its crystallization is removed (Gliney, 2010).

The time-dependent liquefaction curve of crystallized honey and the total liquefaction time depend
on the heating methods, the selected temperature, the type of honey, the storage geometry, and the
amount of honey. In conventional heaters (oven, benmary), while the temperature of the heating
medium is by natural convection, conduction from the outer surface of the container to the inner
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surface of the honey and from the inner surface of the honey to the honey by only conduction at the
beginning of the heating, natural convection becomes dominant in the liquefaction of honey later on.

The liquefied honey, which is heated and lightened during natural convection, completes its cycle
upwards along the heated wall along the solid-liquid (crystallized honey) interface. This flow licks the
solid-liquid interface and heat transfer to the solid surface occurs. Following the heat transfer, the
liguefied honey flows down the solid-liquid interface. The convection effect of melting honey causes
liquefaction in the upper layer of honey to be faster. Thus, while liquefaction continues, the melting
shape is curved (Pal & Joshi, 2001). However, towards the end of the liquefied process, as the flow
rate of honey will decrease in the middle of the tank, the natural convection effect on the solid
surface will decrease and the total liquefaction time will increase due to a small amount of honey (De
Lucia & Bejan, 1990). As it is known, prolongation of the liquefaction time will cause undesirable
changes in honey. The schematic view of the heat transfer to the honey in the oven and the
liguefaction of honey is given in Figure 1.

m

rectangular prism tin box

liqueficd honey

liquefaction zone

conduction
box

convection
air

Figure 1. Schematic View of Liquefaction of Honey in the Container

In this experimental study, it was aimed to shorten the liquefaction time of crystallized honey stored
in the tin can (18 dm?®) and thus eliminate the deterioration in food values caused by the long
liguefaction time of conventional air-type liquefiers. For this purpose, a machine has been designed
and manufactured that transforms the natural convection mechanism that occurs in conventional
liguefaction processes into forced convection. It has been oscillate made to honey in the tin can at a
certain frequency and amplitude during the liquefaction by this machine. The liquefaction of honey
by traditional methods has been studied in the literature. With this study, the effects of forced
convection on the liquefaction geometry, liquefaction time and food properties of honey have been
revealed and an important contribution has been made to the literature.

Material and Method

The flower honey used this experimental study was harvested from Corum/Mecit6zi region. The
honey was stored as 24 kg in the two tin cans at dimensions of 236x236x350 mm. The honey nectar
of the region consists of highland flowers and sunflowers.

It has been manufactured by designing a mechanical vibrator that can transmit the outdoor
temperature more quickly and homogeneously to the center of the honey by converting the natural
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convection mechanism of the honey to forced convection in order to ensure that the inner heat of
the oven is transmitted to the center of the honey.

The experimental setup in which the honey is vibrated is given in Figure 2. The tin placed in the
chamber is vibrated mechanically by means of eccentric parts connected to the shaft, which take the
rotational power from the electric motor. The speed of the electric motor has been reduced by gear
systems and the gear on the shaft that allows vibration movement rotates at 60 rpm and the
vibration amplitude is 70 mm.

The amplitude was determined as 70 mm so that the maximum mobility of the liquefied honey does
not exceed the distance between the thermocouples.

Honey tin can

Camshaft

Figure 2. The Experimental Setup of Mechanical Melting (with Vibrator)

Temperature-measuring elements are placed inside the tin can with 20 T-type thermoelements on
the x-axis (horizontal) and y-axis (vertical) in a way that does not disturb the heat convection as given
in Figure 3.

Thermocouples were placed into the tin can in the form of ladder steps so as not to interfere with
natural transport during liquefaction and not to create flow resistances. The movable legs which the
thermocouples are attached are made of thin dry wood in order not to conduct heat conduction in
the honey and to prevent errors in temperature measurements.
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movable
wooden foot

280

200

Figure 3. Layout Plan of Thermocouples in the Tin Can

Experiments were carried out in the mechanical liquefaction system placed in the air drying chamber
of Ordu Apiculture Research Institute. 18 dm?® tin can to be used in the 24 kg flower honey
experimental setup was placed in a box and crystallized in cold storage. In the traditional liquefaction
experiment, the crystallized honey container was liquefied by natural convection in a preheated oven
at a constant temperature of 50 °C. This temperature was chosen because it is given in the literature
as the highest value at which honey will not deteriorate during liquefaction.

In the second experiment, the crystallized honey container was placed on the mechanical vibrator in
the same environment and the liquefaction process was carried out to activate the heat transfer by
forced convection with the mechanical vibrator. In both liquefaction methods, temperatures were
measured with thermoelements, and when the temperature measured by all thermoelements
reached approximately 45°C, the experiments were terminated since the honey became liquid.
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Figure 4. Crystallized and Liquefied Honey in Tin Can

A view of from crystallized and liquefied honey is given in Figure 4. HMF, proline, diastase, and
moisture values were measured in the laboratory of Ordu Apiculture Research Institute on
crystallized and liquefied honey samples to compare the quality of honey.

Results and Discussion

During the liquefaction process with the traditional method (natural convection), the time-
dependent local temperature changes in the horizontal (x) and vertical (y) directions (4 different
points at 40 mm distances from the horizontal tin side surface and 80 mm intervals vertically) are
graphically given in Figure 5.
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Figure 5. Time-Dependent Temperature Change in the Horizontal (X) Direction at Y distances in
Conventional Liquefaction
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When the graphs in Figure 5 are examined, the temperatures similarly decrease as you move away
from the surface of the container at each height (y=40 mm, 120 mm, 200 mm, 280 mm). When the
T(y, 3) point at each altitude reached 39 °C, there was a temperature fluctuation with other points
and the temperatures remained approximately constant for a certain period. The reason for this is
the initiation of mass movement due to the liquefaction of honey in this direction and the rapid
transfer of heat due to the increase in heat convection. While the oven temperature was 50 °C, the
inner surface temperature of the container reached an average of 47 °C at the end of liquefaction.
The latest liquefaction took place at the T(y,3) point and at different distances in the y direction
(40mm, 120 mm, 200 mm, 280 mm) at the T(y,3) point, the time when the temperature of the
dissolved honey reached 45 °C and the liquefaction ended was 2390 minutes, respectively. It is 1960
min., 1950 min., 1620 min. It has been determined that the liquefaction process of honey by natural
convection is approximately 40 hours under this storage (18 dm?) condition in air melting systems at
50 °C.
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Figure 6. Temperature Change on Both Inner Surfaces of the Container in Conventional Liquefaction

In the graph given in Figure 6, point T(1,1) is in the direction of vibration, and point T(1,5) represents
the temperature measurement point on the inner surface of the container at 90° perpendicular to
the vibration. It is seen that the temperatures measured on the inner surface of the honey container
at the same height are approximately equal during liquefaction. This situation is approximately the
same in natural convection for temperature values measured at different altitudes.

In the liquefaction experiment using a mechanical vibrator, the initial liquefaction temperature of
crystallized honey was measured in the range of 18-19 °C at all points.

The time-dependent local temperature changes in the horizontal and vertical (x, y) directions during
the liquefaction process of honey with a mechanical vibrator are given in Figure 7 as graphics. These
graphs show fluctuations in temperature values over time. The main reason for this is the
displacement of cold hot regions due to the mobility of liquefied or partially crystallized honey due to
forced convection.

When examining the graph in Figure 7, temperature fluctuations were observed when the
temperature on the surface of the container was moved away from 40 °C at every height (y=40 mm,
120 mm, 200 mm, 280 mm). This situation started when the temperature of honey in the inner
regions reached 37 °C. Due to the mobility of the vessel, the crystallized honey will dissolve and
transfer heat by forced convection and indicate the beginning of a turbulent movement.
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Figure 7. Temperature Change in Horizontal (X) Direction in Y Direction in Liquefaction by Mechanical
Vibration

While the oven temperature was 50 °C, the inner surface temperature of the container reached an
average of 49 °C at the end of liquefaction. The latest liquefaction took place at the T(y,3) point and
at different distances in the y direction (40 mm, 120 mm, 200 mm, 280 mm) at the T(y,3) point, the
temperature of the dissolved honey reached 45 °C and the ending of liquefaction time was found to
be 1525 mins, 1535 mins, 1545 mins, and 1560 mins, respectively. In air-mechanized melting systems
at 50 °C, under this storage (18 dm?) condition, the liquefaction of honey in the y direction at the
T(y,3) point was approximately at the same time and it was determined that it was 26 hour. The
experiments were terminated when the honey temperature reached 49 °C at each point.
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Figure 8. Temperature Change on Both Inner Surfaces of the Container in Liquefaction by Mechanical
Vibration
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Although the temperatures measured perpendicular to each other on the inner surface of the honey
container at the same height are approximately equal to each other during liquefaction, it is seen in
Figure 8 that when the honey temperature reaches 40 °C, the temperature on the surface
perpendicular to the vibration T(1,5) increases slightly after the 10th hour compared to the
temperature at the T(1,1) point.

This situation is similar to the temperature values measured at the T(y,1) points. Temperature
fluctuations are higher above 40°C and this fluctuation is much less on both surfaces of the container
compared to the inner regions. The comparison curves of horizontal and vertical temperature
changes of conventional method (G.Y.) and mechanical vibrator (M.T.) honey liquefaction systems
are given in Figure 9-10.
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Figure 9. Local Temperature Comparison Graphs for Y=40 mm

While the temperatures were similar in both liquefaction processes up to 44 °C and 1355 mins at the
T(1,1) point on the inner surface of the honey container given in Figure 9, a rapid temperature
increase was observed in the liquefaction system with mechanical vibrator after this time and the
mechanical vibrator was 30% shorter at this point to complete the process. While the temperature
separation at the T(1.4) point in the middle of the honey pot took place at a lower temperature and
time (31 °C and 500 mins), the mechanical vibrator completed the liquefaction process in a 33%
shorter time.
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Figure 10. Local Temperature Comparison Graphs for Y=120mm

While the temperatures were similar in both liquefaction processes up to 43 °C and 1095 mins at the
T(2,1) point on the inner surface of the honey container given in Figure 10, an increase in
temperature was observed in the liquefaction system with mechanical vibrator after this time, and at
this point, the mechanical vibrator liquefied in a 32% shorter time to complete the process. While the
temperature separation at the T(2,4) point in the middle of the honey pot took place at a lower
temperature and time (24 °C and 325 mins), the mechanical vibrator completed the liquefaction
process in a 30% shorter time.

105



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2023, 13(1), 97-109

T(3,4) point
55 T(3.1) point 33 AP
50 50
45 /"(’_’ 45
3 %)
<40 V 40
z el =
2 35 ~ £ 35
£ g
2 3 2 30
5
25 ’f = 25
20 —G.Y M. T 20
15 15 —G. Y M. T
10 10
(=]

Time (min) Time (min)

Figure 11. Local Temperature Comparison Graphs for Y=200 mm

While the temperatures were similar in both liquefaction processes up to 41 °C and 570 mins at the
T(3.1) point on the inner surface of the honey container given in Figure 11, an increase in
temperature was observed in the liquefaction system with mechanical vibrator after this time, and at
this point, the mechanical vibrator liquefied in 29% less time to complete the process. While the
temperature separation at the T(2,4) point in the middle of the honey pot took place at a lower
temperature and time (22 °C and 90 mins), the mechanical vibrator completed the liquefaction
process in a 27.7% shorter time at this point.
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Figure 12. Local Temperature Comparison Graphs for Y=280 mm

While the temperatures were similar in both liquefaction processes up to 40 °C and 260 mins at the
T(4,1) point on the inner surface of the honey container given in Figure 12, an increase in
temperature was observed in the liquefaction system with mechanical vibrator after this time, and
liguefaction took 12% in a shorter time with the mechanical vibrator on the surface of the container
to complete the process. While the temperature separation at the T(2,4) point in the middle of the
honey pot took place at a lower temperature and time (22 °C and 60 mins), the mechanical vibrator
completed the liquefaction process in a 28.3% shorter time.

In the middle of the honey container, when the temperature of honey reaches approximately 49 °C,
depending on the height (40 mm, 120 mm, 200 mm, 280 mm), the liquefaction times of honey with
the help of conventional liquefaction method and a mechanical vibrator are 1600/2390, 1670/2390,
1730/2395 and 1590/2220 minutes. As expected, in the traditional air honey liquefaction system, the
bottom and top of the container liquefied early, while the middle parts liquefied later. However, in
the honey liquefaction system with a mechanical vibrator, the height caused by the difficult
convection had little effect on the liquefaction time.
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Honey Analysis

The analysis results of the samples taken before and after liquefaction from honey liquefied with the
help of the traditional liquefaction method and mechanical vibrator are given in Table 1. The
humidity (g/100g) value is below the desired value, and as expected, it is about the same as raw
honey for both liquefaction processes.

Proline values (304.6) decreased by approximately 1% compared to raw honey in both liquefaction
processes. This decrease is negligible. Diastase number decreased by approximately 10% in
conventional liquefaction and increased by 10% in mechanical vibratory liquefaction. The number of
HMPFs increased in both kinds of honey in the heat treatment process. These expected increases are
well below the maximum HMF value (40).

Table 1. Food Analysis Results of Crystallized Honey Before and After Liquefaction

Order Honey Raw Hone :Sra\:r:??)t?cd) :ss;Tgt?g)
Number Name of the Analysis Notification (CrystallizeZ) (Tra(\:llitional (Me!hanical
Value liquefaction) liquefaction)
1 Proline min. 300 304.6 301.2 300.2
2 Fructose (g/100g) - 37.7 37.4 37.4
3 Glucose(g/100g) - 33.9 33.5 33.6
4 Fructose + Glucose(g/100g) min. 60 71.6 70.9 71
5 Fructose/ Glukoz 0.9-1.4 1.11 1.12 1.11
6 Sucrose (g/100g) max. 5 nd nd nd
7 Maltose(g/100g) - 1 1.4 0.9
8 Humidity(g/100g) max. 20 16.99 16.06 16.98
9 Briks - 81.66 81.3 81.31
10 pH - 4.06 4.08 3.97
11 Electrical conductivity max. 0.8 0.258 0.26 0.221
12 Free Acidity (meqg/kg) max. 50 11 11 13
13 Diastase Count min. 8 9.5 8.8 10.7
14 HMF max. 40 0.8 1.1 2.4

* nd; not determined
Conclusion and Suggestions

As a result of time-dependent temperature changes and food analysis of honey liquefied by both
methods in a tin can (18 dm?),

1. The conventional liquefaction of honey in the air oven (natural convection) took 40 hours,
while it took 26 hours with the mechanical vibrator (forced convection). Therefore,
liguefaction with the mechanical vibrator was realized in a 35% shorter time.

2. Liguefaction with mechanical vibration does not have the effect of spoiling the food
properties of honey.

3. Since the machine is not complicated, it is cheap to manufacture and easy to maintain and
repair.
Suggestions for future work,

1. Liquefaction studies should be carried out at different ambient temperatures and
temperature curves of honey based on time in the x and y directions should be obtained.
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2. By changing the vibration amplitude and frequency, the time-dependent liquefaction
behavior of honey in the x and y directions should be revealed.

3. The economic analysis of the manufactured system should be done.
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